10 Tutorials

This chapter presents information and sample problems to explore some of Thermal
Desktop’s features. Before beginning the tutorials, AutoCAD 2000/2000i/2002/2004, Ther-
mal Desktop, and SINDA must be installed. Refer to the AutoCAD and Thermal Desktop
installation instructions to complete these installations if the software is not already installed.

Tutorial files may be found in the \Tutorials subdirectory which is located in the Thermal
Desktop installation directory (usually C:\Program Files\Cullimore And Ring\Thermal Desk-
top). The Tutorials subdirectory includes additional subdirectories, one for each of the tu-
torials covered in the subsequent sections of this chapter. As tutorials are successfully com-
pleted, a \completed directory is created with the results of that tutorial.

It is recommended that the Tutorials directory be copied to the user’s own working area
before beginning the tutorials. This ensures a copy of the original tutorial files will be
available for use by other users at a later time.

The tutorials attempt to introduce a variety of concepts. Most often there is more than
one way to accomplish the “task” of a tutorial. Different techniques are shown in an attempt
to expose the user to the variety of features present in Thermal Desktop. In particular, there
are many ways of selecting objects, and both noun-verb and verb-noun order is supported
for most commands. Identical tasks may be performed differently to illustrate a particular
feature.

It is also strongly suggested that each new user take the time to work through each of
the tutorials (in this chapter as well as the other tutorial chapters (see “RadCad Tutorials”
on page 11-1 and see “FloCad Tutorials” on page 12-1). Although completing the tutorials
requires time, doing so will provide the user with enough knowledge and skills to allow the
user to quickly become effective and efficient while working in Thermal Desktop.

There are seven tutorials in this chapter, as follows:
» Section 10.1: Getting Started on page 10-5
* Section 10.2: Setting Up a Template Drawing on page 10-33
» Section 10.3: Circuit Board Conduction Example on page 10-37
» Section 10.4: Beer Can Example on page 10-55

* Section 10.5: Combined Radiation/Conduction Using Finite Elements on page
10-94

* Section 10.6: Mapping Temperatures From a Course Thermal Model to a
Detailed NASTRAN Model on page 10-120

» Section 10.7: Model Browser Example on page 10-139
* Section 10.8: Simple Meshing Methods on page 10-151
» Section 10.9: Dynamic SINDA Example on page 10-161

» Section 10.10: Parameterizing for a Common Input on page 10-185
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Functionality in the tutorials reflects the most recent version of Thermal Desktop. Every
effort has been made to present the user with the exact system prompts, messages and
commands, and dialog boxes the user will see when using Thermal Desktop. Please note
that occasionally minor changes may be made between application releases and, as such,
small changes to wording in such items may be experienced. The “how to” functionality
will not change.

Typographical conventions used in the examples are as follows:

Typographical Conventions

» Prompts, instructions and other lines of text directed to the user that appear in the
Command Line area, dialog boxes and such are shown in Arial type font. For exam-
ple:

Specify base point or displacement:

» Actions requiring input by the user will be numbered and shown in italic font:

1. Pick a point or enter coordinates.

» User response, meaning text which is to be typed by the user exactly as shown, is
written in bold Arial type font. The user many be prompted to input, or type,
information into the Command Line area, into a dialog box or some other text box.
For example:

Command: 3dface
or combined with a numbered action requiring user input:

2. Type 9X in the Command line.
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Typographical Conventions (Continued)

* Menu functions are shown in bold Arial type font. Sclecting commands from a
cascading pulldown menu is shown using Arial type font, starting with the top
level choice, and with a right facing angle bracket ( > ) used to show selections on
the cascading menus:

Thermal > Surfaces/Solids > Disk

Thermal > Surfaces/Solids > Disk represents the user clicking on, or selecting,
the pulldown menu selections, beginning with Thermal, located on the menu bar:
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Figure 10-1  Pulldown Menu Example
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Typographical Conventions (Continued)

Pressing the Enter key is implied after entering text in response to a command
prompt.

The symbol <Enter> represents pressing the Enter key when no text is to be
entered but an Enter key entry is required.

Anytime the user is required to press a function or other keyboard key, the key will
be shown in bold Arial type font and enclosed in angle brackets. For example, if
the user is to press function key F2, the key is shown as follows:

<F2>

Many menu functions have the option of using shortcut keyboard commands com-
prised of holding down a key such as the Control (Ctrl) key and then holding down
an additional key. If a menu has such an option, the shortcut keyboard command
may be included in the exercise options. The keys to be pressed will be shown in
bold Arial type font and enclosed in angle brackets. For example, if the user wants
to copy text the Copy function can be performed by highlighting the text and click-
ing on Edit on the menu bar followed by clicking on Copy. The Copy function has a
shortcut keyboard command Control key and the C key, or:

<CtrI><C>

When an icon exists to perform the same function as a pulldown menu command, it
will be displayed as:

or Thermal > Surfaces/Solids > Disk.

The user can either double click on the icon on the tool bar or select the displayed
sequence of menu picks from the pulldown menu.

In many instances, the user has the option of selecting an icon, making a pulldown
menu selection or typing in a command in the Command Line area. In these
instances, the user may use any of the options.

If the user is required to click on an icon and there is no corresponding pulldown
menu choice (for example launching Thermal Desktop/AutoCAD), the icon and the
name of the icon will be displayed:

ERL Thel’mal AutoCAD icon.

If a command is mistyped, press the Escape key, or <Esc>, to cancel the command
in progress. Edit > Undo may also be used to undo an action.
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10.1 Getting Started

The Getting Started section of the tutorial is broken into several different sections. These
sections are:

» User Interface

* Graphical Objects

* Grip Points

» Selection

* Pan/Zoom/Rotate

* Shading/Wireframe
* Layers

* Colors

The section offers information and, in some cases, instructs the user to perform an action
as a means to familiarize the user with Thermal Desktop functions.
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10.1.1 User Interface

This section provides an overview of the User Interface detailing icons, Thermal pull-
down menu commands, and various components of the main AutoCad window.

User Interface

At this point, you should start up AutoCAD. The way to start AutoCAD is a func-
tion of the flavor of AutoCAD that you have installed.

The first thing to check is if you have a Thermal Desktop Icon on your Desktop. If
you have that, go ahead and double click on that icon. That will startup our OEM
version of AutoCAD, either based on AutoCAD 2002 or AutoCAD 2005.

If you don’t see a Thermal Desktop icon on your Desktop, go to Start>Programs>
and look for AutoDesk or AutoCAD 2000/20001/2002. If you see AutoCAD 2002/
20001/2002, then follow that to the AutoCAD executable (i.e.Start>Pro-
grams>AutoCAD 2002>AutoCAD 2002). If you see AutoDesk, follow that to the
version of AutoCAD installed, and then follow that to the executable (i.e. Start-
>Programs>AutoDesk>Mechanical Desktop 2005>AutoCAD 2005.

If you still haven’t seen how to start the program, try Start>Programs>Cullimore
And Ring>Thermal Desktop>Thermal Desktop.

Important: Please note that if you have Mechanical Desktop
installed, the Thermal Desktop will run fine, but the AutoCAD
interface for Mechanical Desktop is very different than regular
AutoCAD, and tutorials are written for regular AutoCAD. In
this case, you should run regular AutoCAD to do the tutorials
and not Mechanical Desktop.

Important: If it is not possible to complete the Getting Started
drawing (drawingl.dwg) in the same setting, exit Thermal
Desktop (File > Exit) and respond NO when prompted to save
the drawing. To save the drawing, perform a Save As and
change to a directory other than the initial system installation
directory.
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User Interface (Continued)

The Thermal Desktop/AutoCAD win- | The English/Metric choice in the Startup
dow appears with the Startup dialog dialog box does not set units for Thermal
box displayed. If you do not see this Desktop. This setting is used for setting

window, that is not a problem, just go | up a drawing grid and for setting up plot-

ahead and go to the next step. ting to a printer. Either choice may safely
K startup @] be used.
%ﬁﬂ o Serseh The Units of the Thermal Desktop model
T are set with the Thermal > Prefer-
ences, Units Tab command. The

default units are metric with the length
being meters.

Tip
Uses the default Engish [feet and inches] settings.

Note: If a startup menu does not ap-

3. Select Start From Scratch in the pear, then you are in the default Of

Startup dialog box (second icon from start from scratch. Just go to the
the left) if not already selected. next step in the tutorials.

4. Select OK to close the dialog box.
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User Interface (Continued)

A Thermal Desktop/AutoCAD dialog | It is recommended that drawing files are
box appears (may appear) stating the | not saved to the default directory but to
default directory for the new drawing, | another directory created by the user

named Drawingl.dwg, is the where the drawings can be easily
AutoCAD installation directory. accessed.
The starting directory is where al the
3 ‘our default directory is the AutoCAD installation directary ﬁles Thermal DeSktop generates Wlll
hiis is wh hermal Desktop h d ical and . . . . . .
£ Temophyeical roperty datdbates. reside. When this is the installation direc-
All ather output generated by Thermal Deskbop will also go . . .
to ths directory, tory, sometimes users can’t find their
1t is highly recommended that vou perform a Savess command ﬁles or don’t even have Write permis_
to set_the default directory to someplace else, ) R 4 R X K
;ﬁ;cTéngF also want to create new property databases in that sions tO the dlrectory. DOUblG-Cllelng on
the .dwg file to start a model is much pre-
ferred than Starting AutoCad and per-

' forming a Save As command.
5. Select OK to close the dialog box.
Later in the tutorial, a drawing template

will be created. The template will then be
copied for each new model, keeping the
template in its original form. It is recom-
mended this process be followed, copying
the template to a directory or folder that is
associated with the work being per-
formed, renaming the template to a logi-
cal name, and then double clicking on the
newly renamed .dwg file to open Thermal
Desktop.
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User Interface (Continued)

6. Close the Properties window.

The Thermal Desktop window may
display with the Property window dis-
played to the side of the screen.
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The Properties window will be dis-
cussed later in the tutorials.
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User Interface (Continued)

1. Select Thermal > About Thermal
Desktop...

Note: A dialog box may appear in-
structing the user to set a profile.
The profile controls how the user in-
terface looks.

This dialog box will not appear for
users that have Thermal Desktop with
CAD built-in.

* Click Yes, if the Profile dialog
box appears.

The About Thermal Desktop/
RadCAD/FloCAD dialog box appears
displaying version, license, author and
C&R Technologies information.

About Thermal Deskiop/RadCAD/FlaCAD X

Wersion Themal Deskiop 4.7 Patch 41
License: Thermal Desktop, Riadcad, Flocad

Installed Sinda: Sinda/Fluint 4.7 patch level 11-Compilerless

wiittsh by For mors information, cotact
Steve Ring 9 Red Fox Lan

Littleton, CO 80127, USA
[303) 5E7-4514
info@citech.com

uuuuu

pace Fliaht Conter o visit our web site at

ontact
“william Til/EDES it crtech. com

2. Select OK on the About Thermal
Desktop/RadCAD/FloCAD dialog
box.

If the Thermal pulldown does not exist,
then the menus have not been installed
properly. This can be fixed by executing
Start > Programs > Thermal Desktop >
User Menu Setup.

For those users the Thermal Desktop ver-
sion without CAD, a Profile dialog box
may appear. A profile controls how the
menus come up on the screen. Advanced
users may want to set up different profiles
for different AutoCAD applications. This
dialog box will not come up if Thermal
Desktop is already the current profile.

Finally, the About Thermal Desktop
screen displays which version of the soft-
ware is installed, and what the user has a
license for.
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User Interface (Continued)

Figure 10-4 shows the opening default screen with the exception that the drawing
background is white instead of black. The change in color is to facilitate the reproduc-
tion of this manual.

Much of the screen utilizes standard Windows elements such as title bars, a main menu
bar and various toolbars.

The Thermal menu contains all of the commands specific to Thermal Desktop. The
other menu options located on the menu bar contain commands created by AutoCAD,
many of which are standard Windows commands. The AutoCAD commands (MOVE,
COPY, ARRAY, etc.) work on the Thermal Desktop objects.

As with other Windows based applications, most of the commonly used menu com-
mands have associated toolbars displaying icons corresponding to menu commands.
Toolbars provide quick access for the user to perform a command. There is no differ-
ence between using a pulldown menu versus using a toolbar icon to perform a com-
mand.

The toolbars are arranged in three primary groups.

» Toolbars located on the left of the screen are used for creating entities such as sur-
faces, nodes, lumps, and conductors.

» The toolbars located on the right of the screen are used to edit the entities, as well as
change what is viewed such as active sides and post processing.

» The toolbars located at the top of the screen are used to open and save files, manip-
ulate layers, and also to rotate/pan/zoom a view.

To learn what each icon on the toolbar represents, position the cursor over an icon and
then stop moving the mouse. When the cursor pauses over an icon a short text descrip-
tion called a tool tip is displayed. The tool tip shown in Figure 10-4 at the top left,
shows the command to create a Thermal Desktop rectangle.

At the lower left of the graphics area, the UCS (User Coordinate System) icon is dis-
played. All points input and displayed are in this coordinate system. In this display, a
“W” is displayed on the axis. This “W” stands for world, meaning the view uses the
world coordinate system. The UCS icon shown in Figure 10-4, is the 2D format. A 3D
UCS icon is available under View > Display > UCS Icon > Properties.

Also located at the lower left of the screen, the current location (X, Y or X, Y, Z) of the
cursor in the drawing area is displayed. As the cursor is moved in the drawing area, the
coordinates change as the cursor moves. This update can be very handy when selecting
points on the screen.
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User Interface (Continued)

At the bottom of Figure 10-4 resides the Command Line area. The Command Line
area is where the user will be prompted to type in a command or value(s) and will see
various messages. While the user can only see a few lines of text in that area, the entire
text area can be displayed by selecting the <F2> function key.

1. Press <F2> to open the Thermal Desktop Text Window.
Use this window to view commands and actions performed in the current session.

2. Press <F2> again to close the window.
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Figure 10-4 Default Thermal Desktop Window
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10.1.2

Graphical Objects

This section introduces the user to some general Thermal Desktop functionality.

Graphical Objects

. If Thermal Desktop/AutoCAD is not
currently running, launch Thermal

Desktop.

[

or Thermal > Surfaces/Sol-
ids > Rectangle.

Command: _RcRectangle
Origin point <0.0.0> appears in the
Command Line area.

Click on a point in the lower left of
the graphics area with the cursor.

Point for +X axis and X-size <@1,0,0>
appears in the Command Line area.
Click on a second point in the

graphics area that is to the right of the
first point.

Point to set XY plane and Y-size
<@0,1,0> appears in the Command
Line area.

Click on a third point in the graphics
area that is above the second point.

Create an arbitrary rectangle by following
the steps noted to the left. The actual
coordinates are not important.

The picture should look similar to Figure
10-5. The boundaries of the rectangle are
shown by the solid lines, and the circle in
the middle represents the node associated
with the rectangle.

Tutorials
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Graphical Objects (Continued)

The Thermal Model Data dialog box When viewing the rectangle, solid lines

appears. are visible around the outside of the rect-
angle. In the center of the rectangle is a
Subdvisiens | Numbering | Radietion | Cond/Cap | Cartact | Insulation | Surface | Trans/Rat | node_ Dashed lines from the SideS Of the
& Centeed Hodsd " EdgeNodes
rectangles to the nodes may or may not be
Al e visible. These dashed lines represent the

node locations.

Enter

interior nodal boundaries &5 fraction from 0.0 to <1.0

oK Cancel | Heb |

6. Select OK to close the dialog box
without making any changes.

The rectangle is created.
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Graphical Objects (Continued)

Autot:AD 2002 - [Drawingl.dwg]
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Figure 10-5 Getting Started - Building a Rectangle

The rectangle in Figure 10-5 has arrows pointing to dashed lines and solid lines. The
solid lines represent the node boundaries, and the dashed lines represent the lines that
the node resides on. The user can control how many dots are used to represent the
dashed lines with the LTSCALE command.

When the geometry gets very complicated, sometimes it is easier to select a surface by
clicking on the dots instead of a boundary that might be shared with another object.

7. Type LTSCALE in the Command The number displayed in <> after issuing
Line. the command LTSCALE is the current set-
Enter new linetype scale factor ting for LTSCALE. Entering a smaller
<1.0000> appears. number Wlll d1sp'1ay more dots in the '

dashed lines, while a larger number will

8. Type A display less dots.

Additional dashed lines appear.
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10.1.3 Grip Points

This section demonstrates the use of grip points to edit a surface. Grip points provide
for an immediate, interactive editing of objects without entering any specific commands on
the command line. Grip editing is a quick and easy way to modify an object.

Grip Points

When an object is selected with the mouse, the object’s solid lines change into dashed
lines and grip points (small squares) become visible. The grip points’ color is often preset

to blue, but the user can control grip point color and size by selecting Tools > Options...
and then clicking on the Selections tab in the Options window, as shown below.

& options. @@
Cunert drawing:  thsmal dwg

Fics | Display | Open and Save | Flatting | System | User Freferences | Drafing  Selection |

Girps

W Enable grips
I™ Use Shift to add to selection

I~ Press and drag
o Unselected gip color
¥ Implisd windowing
HEBLe -
™ Object giouping
I™ Associative Hatch

I~ Enable giips within biocks

Selested grip color

M Fied -

Figure 10-6 Options Selection Tab

Grip points provide an easy form of editing an object.
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Grip Points (Continued)

1. Ifnot already opened, launch Thermal Desktop and create a rectangle as
shown in the previous tutorial (See Section 10.1.3.

2. Select the rectangle by positioning the cursor on one of the solid lines making up
the rectangle and clicking the mouse.

The solid lines change to dashed lines and grip points appear at various points on
the rectangle.

3. Position the cursor over one of the grip points.
A tool tip associated with the grip point appears.

As shown in Figure 10-5, the tool tip at the end of the X axis of the rectangle
(Stretch X Length) instructs the user that the grip point associated with that tool tip
can be used to modify the X length the rectangle.

4. Click on the grip point referenced above.

The grip point changes color and the tool tip Endpoint is displayed.
5. Move the cursor to a new point and click the mouse button.

View the change to the rectangle.

Select <CtrI><Z> key to cancel the operation.

The rectangle returns to its previous dimensions and is deselected (no longer high-
lighted).

Note: The <Esc> key can also be used to deselect an object.

8. Position the cursor on the other grip points on the rectangle to view the tool tip
messages.
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10.1.4 Selecting Objects

The selection of objects is probably the most difficult new things to learn when working
with a CAD program and this section introduces the user to some basic selection concepts.

Selecting Objects

There are two types of selection, pre-selection and post selection.

» Pre-selection means one or more objects are selected and then a command such as
Thermal > Edit or Modify > Copy is issued.

* Post selection means a command is issued and then one or more objects are
selected. The cursor changes shape (box) and waits for the user to select the
object(s) to be affected and click the right mouse button. Post selection only works
if nothing is selected when the command is issued.

The easiest way to make sure nothing is selected before you issue a command is to
press the <Esc> key. Pressing <Esc> resets the selection set to empty. In AutoCAD
2000, the <Esc> must be selected twice.

The cursor appears as crosshairs with a square box, called a pick box, in the middle
of the cursor (Figure 10-7). When selecting an object, position the cursor over the object
to be selected. The item positioned within the pick box is the object that will be selected
when the mouse is clicked.

In the left-most graphic in Figure 10-7, the pick box includes the solid line of a
rectangle. When the cursor is paused over an object, the tool tip associated with the object
displays what is being selected. The tool tip shows the type of object, followed by an
object identifier (format ::OBJECTID), which is unique for each object.

Note: If the tool tip doesn’t display, select Tools > Options,
User Preferences and make sure Display hyperlink tool tip
is selected (check mark in the box).
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Selecting Objects (Continued)

Still working with Figure 10-7, the cursor is positioned over the node which is located
in the center of the rectangle. If the cursor is positioned over the node as shown in the
center graphic, the tool tip still shows the rectangle as the object. This is because there
are two items in the pick box—the dashed lines of the rectangle, and the solid circles
from the node. The user has limited control over what will be selected in this instance;
however, there are two methods to assist in choosing the node:

* Method 1: The easiest method is to move the cursor so that only the node is in the
pick box, as shown in the example on the farthest right of Figure 10-7.

* Method 2: The second method is to select the rectangle, then select Tools >Dis-
play Order > Send to Back. This will make the node be the first item selected
when the rectangle and the node are both in the pick box.

A third option is to hold down the <Ctrl> key, which will cycle through the items
available in the pick box. This last option can be tedious and difficult to learn, but may
be worth investigating as an additional option.

Pick Box \,

Figure 10-7 Getting Started - Selection

The size of the pick box can be changed by typing PICKBOX in the Command line
and changing the input value. The default value of 3 is often too small to be useful; many
users prefer a value of 5.
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Selecting Objects (Continued)

Selecting objects one at a time is a common occurrence but there many times when
a user may want to select multiple objects without having to go through the process of
selecting and performing an operation on each object individually. Multiple objects can
be selected by first drawing a box around a group of objects to select them and then
performing an operation. As simple as this seems, there are different methods to encircle
some objects for selection, and these different methods will result in different selection
sets.

Using Figure 10-8 as an example, consider the situation of an Ellipse, Disk, and a
Line. Drawing a box around all three of the items will result in all three being selected.
The selection set will be different when the drawing box crosses the lines of some of the
items as shown with the solid black line. If the user draws the box by picking in the upper
left corner (#1) and then dragging the cursor to the lower right (#2), only the items com-
pletely enclosed in the box will be selected. In this case, only the disk is selected.

If the user reverses the order of drawing the box by picking in the lower right corner
(#2) first and then dragging the cursor to #1, the items enclosed and crossing the box will
be selected. In the case shown in Figure 10-8, all three of the of the items will be selected.

The drawing box method of selecting multiple objects will be used in a future tutorial,
the “Beer Can Example” on page 10-55.

1

2
Figure 10-8 Getting Started - Selection Boxes

10.1.5 Pan, Zoom, Rotate, and Views

This tutorial demonstrates several methods of changing the view on the screen. The view
can be zoomed in for a closer view of an object or zoomed out for a higher-level view of
an object or a drawing. The view can be panned—moved to the right, left, up or down—
which will change the view on the screen without zooming in or out. Changing the view of
a drawing or a specific object can assist the user when creating detail

Graphical Objects

1. If not already opened, launch Thermal Desktop and create one or more rectangles
as shown in the previous tutorial (See Section 10.1.3.

10-20 Tutorials



Graphical Objects (Continued)

+

or View > Zoom > Realtime.

The cursor changes into a small mag-
nifying glass with plus and minus
signs.

Move the mouse up and down on the
screen.

The view zooms in (closer, more
detail) as the mouse is moved upward;
the view zooms out (higher level, less
detail) as the mouse is moved down-
ward.

When finished, right mouse click
and select EXit from the drop down
menu

Use this function to enlarge the view of
the objects on the screen (zoom in, more
magnification) or decrease the view of the
objects (zoom out, less magnification) as
the mouse is moved.

Note that when Zoom Realtime is initi-
ated, the message Press ESC or ENTER
to exit, or right-click to display shortcut
menu appears in the Command Line area.
Remember to look to the Command Line
for additional information.

or View > Pan > Realtime.
The cursor changes into a small hand.

Move the mouse up and down on the
screen.

The view zooms in (closer, more
detail, more magnification) as the
mouse is moved upward; the view
zooms out (higher level, less detail,
less magnification) as the mouse is
moved downward.

Leave the view on the screen so that
some of the object(s) are off to the side
or not visible.

When finished, right mouse click
and select EXit from the drop down
menu

Use this function to change view on the
screen by shifting the view up, down, left
or right as the mouse is moved. The mag-
nification level does not change (no zoom
in or zoom out occurs).

Note that when Pan Realtime is initiated,
the message Press ESC or ENTER to
exit, or right-click to display shortcut
menu appears in the Command Line area.
Remember to look to the Command Line
for additional information.
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Graphical Objects (Continued)

or View > Zoom > Extents.

All of the objects in the drawing are
moved back into view.

Adjusts the view on the screen by
zooming out until all objects in the drawing
are visible. Use this function if a desired
object or area is no longer within the draw-
ing area because of panning or zooming.
This function will quickly return to the
complete drawing area view.

or View > Zoom > Window.

Specify corner of window: appears in
the Command line.

Pick on a point that represents the first
corner of a rectangle that will enclose
the object/area to be viewed.

Specify corner of window: Specify
opposite corner: appears in the Com-
mand line.

Pick at point diagonally opposite the
first point. A box is drawn around the
area between the two points as the
cursor moves.

The view zooms in around the area
enclosed by the rectangular area
defined by the two points.

Click the right mouse button and
select Zoom > Extents to return the
drawing area to its full extents.

When finished, right mouse click
and select EXit from the drop down
menu

Use this function to quickly zoom into a
specific object or area in the drawing
area. This command has the user define a
rectangle that encloses the portion of the
drawing area to be viewed by clicking on
two points. The first point sets a first
“corner” of the rectangle; the second
point determines the opposite, diagonal
corner of the area to be viewed.

Note that when zooming and panning, the
right mouse menu can be used to switch
between the various zooming and pan-
ning options.

When Zoom > Window is initiated
from the right mouse menu, the cursor
changes into a pointer with a filled-in box
attached to it. Move the cursor to a point
that represents the first corner of the area
and then hold down the left mouse button
and drag the mouse to a point opposite the
first point. Release the mouse button.

or View > Zoom > Previous.

The view in the drawing area returns
to the last view in the zoom/pan
sequence.

When finished, right mouse click
and select EXit from the drop down
menu.

Use this function to quickly return to the
last zoom/panned view.
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Graphical Objects (Continued)

Use this function to 3D view a drawing.
1. & or View > 3D Orbit. When activated, a circle, called. an arcball,
appears around the selected object. As the
An arcball appears on the screen. The | yger selects points and drags the mouse, the

arcball is a large circle, or sphere. view of the selected object changes so the

There are four smaller circles at the user sees the object from whatever angles

quandrant points on the arcball. the user desires (vertically and horizontal-
2. Position the cursor within the archall. | 1¥)-

The cursor changes shape (two arrows A special right mouse menu offers ad-

circling a sphere). ditional 3D view options.

3. Hold down the left mouse button and
drag the cursor within the arcball.

The rectangle (or all objects if more
than one object is in the drawing area)
rotates in all directions. Watch the
USC icon as the cursor moves.

4. Release the mouse button. Position the
cursor outside of the arcball.

The cursor changes shape (an arrow
circling a sphere).

5. Hold down the left mouse button and
drag the cursor outside of the arcball.

The object rotates around an axis a the
center of the arcball.

6. Release the mouse button. Position the
cursor on one of the quadrant circles.

The cursor changes shape (an arrow
elliptically circling a sphere). This

function changes the vertical and/or
horizontal rotations of the object(s).

7. Hold down the left mouse button and
drag the cursor away from the quad-
rant circle.
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Graphical Objects (Continued)

The object(s) rotate around a horizon-
tal axis (if the 3:00 or 9:00 quadrant
circles were selected) or around a ver-
tical axis (if the 12:00 or 6:00 quadrant
circles were selected).

8. Release the mouse button and right
click to display the right mouse menu.

Exit

Fan

Zaom
v Orbit

Adjust Distance
Swivel Camera
Continuous Orbit
Zoom Window
Zaoom Extents

Projection
Shading Modes  »
Visual Aids

Reset Yiew Orbit Maintains 2

P kWi 3
reset views v Orbit uses AutoTarget

Adjust Clipping Planes
Front Clipping On
Back Clipping On

The 3D Orbit right mouse menu offers
zoom and pan commands as well as
various shading and projection com-
mands. Clicking on More displays the
pulldown menu shown above

9. Press <Esc> three times to close right
mouse menus and end the 3d Orbit
command.
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Graphical Objects (Continued)

Redraw
Regen
Regen Al

Zaom
Fan
Aerial View

Viewports
Mamed Yiews. ..

Pl VIEWS
30 Orhit
Hide:
Shade
Render

Display
Toolbars...

metric.

desired.

1. Click on View > 3D Views.

The 3D Views pulldown menu appears.

WERN Insert  Format  Tools Draw  Dimension
GogdO0

s\Cullimore and Ring'

Viewpoint Presets,.,
Viewpoink
Plan View 3

Top
Battorm
Left
Right
Front
Back.

W Isometric
SE Isometric
ME Isometric
MW Isometric

2. Select View > 3D Views > SW Iso-

The view of the rectangle (or other
objects in the drawing area) changes to
that of the SW Isometric view.

3. Select View > 3D Views > Top.

The view of the rectangle (or other
objects in the drawing area) changes to
a top-down view of the rectangle.

4. Repeat additional view options as

Many predefined orientations are shown
under View > 3D views.

The user can also create and store views
of particular areas of a drawing with the
View > Named Views function. View
> Named Views allows a user to
quickly return to a previously designated
area of a drawing.

10.1.6 Shading/Wireframe Views

The Shade and Wireframe View commands offer the user different ways to view models.

Tutorials

10-25



Shading & Wireframe Views

The Shade and Wireframe commands are found under the View > Shade pulldown
menu.

WEWN Insert  Format  Tools Draw  Dimension  Modify
Redraw DomS0ao

Regen
Regen Al

Zaom 3
Fan 3
Aerial View

Viewports .3
Mamed Yiews. ..

30 Views 3
30 Orhit

Hide:
20 Wireframe

Render 30 Wireframe

Hidden

Flat shaded

Gouraud Shaded

Flat Shaded, Edges On

Gouraud Shaded, Edges On

Display 3
Toolbars...

The first three items in the pull down are 2D Wireframe, 3D Wireframe, and Hidden.
The differences between the three can be subtle, but each has it’s uses. Figure 10-9
illustrates the differences in the three views.

e 2D Wireframe: Shows dashed lines to locate the nodes.

* 3D Wireframe: Does not show the dashed lines; surface boundaries are more
defined.

e Hidden: This view is similar to 3D Wireframe but the lines behind surfaces are
removed, making the image on the right easier to see.

Figure 10-9 Getting Started - 2D - 3D wireframe and Hidden views
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Shading & Wireframe Views (Continued)

There are four options for shaded modes—Flat Shaded, Gourand Shaded (Smooth
Shaded), Flat Shaded, Edges On and Gourand Shaded, Edges On. Of the four modes,
the Gouraud Shaded option is the best looking and the most often used.

Toolbar icons exist for the 2D/3D Wireframe, Hidden, and Gouraud shaded com-
mands.

4 & 5 Q

These icons are in the top toolbar as shown in Figure 10-4.

Below is an example of an object viewed using the seven View > Shade commands.

2D Vfireframe 3D Vfireframe Hidden

cce

Flat Shaded Flat Shaded Edges On Gouraud Shaded  Goumud Shaded Edges On

Figure 10-10 Shade Examples

10.1.7 Layers

Everything in a drawing is associated with a layer. Layers are separate drawing areas,
one on top of the other, and are used to organize and to manipulate what is currently being
viewed in a model including the color, linetype and lineweight of an object. Layers are a
good way to group and display related objects in a drawing or model.

When a new object is created, it is placed on the current layer. Layer properties such as
name and color are managed in the Layer Properties Manager dialog box and by using
additional Layer controls. Figure 10-11, shown below, shows the Layer Properties Man-
ager. The Layer pulldown menu is included on Figure 10-4 and discussed later in this
section.

Note: Changing object layers will be discussed later in the tutorial.
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Every model has a layer numbered (. The 0 layer is system generated and cannot be
deleted or renamed. Another layer, the ASHADE, is internally used by AutoCad to control

the lighting settings of the objects. The ASHADE layer is locked. Locking a layer means
the entities cannot be changed.

Important: C&R Technologies highly recommends that the
user does NOT lock layers, as odd results can occur. Please also
note that AutoCAD 2000 version models will not have an
ASHADE layer unless the user invokes Render commands.

The next section creates a new layer and familiarizes the user with the Layer Properties
Manager.

Layers

1. If not already opened, launch Thermal Desktop and create one or more rectangles
as shown in the previous tutorial (See Section 10.1.3 if no objects are displayed.

Create a new layer to be called layerl.
2. or Format > Layer.

or type layer in the Command Line.

Layer Properties Manager

Mamed layer filkers N Delet |
- = elete
|Sh0w all layers v| ) [ Invert hlter.. .
[~ Apply to Object Properties toolbar, Current | Show details |
Current Laper: 0 Save state... | Restore state... |
M arne | On | Freeze... | L. | Color Linetype: Lineweight | Plaot Style | Plot
) " [#] = [ 'whie Continuous Detault
ASHADE 2 [} & [whie Continuous Default &
Current Layer
2 Total lapers 2 Layers displayed
0K Cancel Help
Figure 10-11

Getting Started - Layer Manager
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Layers (Continued)

The Layer Properties Manager
appears. The two default system-gen-
erated layers are listed.

3. Select New.
A new line is added for Layerl.

Note: A layer (other than layers ()
and ASHADE) may be renamed by
clicking the layer name twice to se-
lect it and typing in the new name.

4. Select the light bulb icon in the On
column of the new Layerl.

The icon changes and “turns off”
(darkens).

5. Select the color icon for layer 0 (cur-
rently White).

The Select Color dialog box appears.

6. Select Red from the standard colors
selections to change 05 value to red

(top left).
7. Select OK to close the Select Color
dialog box.

The Color value for 0 should display
the color red in the Layer Properties

[ElLayer Properties Manager
Named layer fi
I~ Invenfier ‘ New | Delete |
Showall loyers B
I Applyto Object Propetties toalkar, i | Hidedeals |
[Current Layer: 0 Save stal | Restore stat |
Name [on [ Freezeinall vP [Lock or | Linetype
9 o &£ Conti o
[ASHADE 9 a | WWhite  Cont " Defeut
Layert ? @ £ WWhie Con — Defoult
| i
Detal
erme I Offor sl
Color ~
Lineweight -
Linetype ~
Plat style: By Color >

‘3 Totallayers 3 Layers displayed

8. Select OK fto close the Layer Proper-
ties Manager.

Next to the layer names are two columns
with icons underneath the column head-
ings.

e On
* Freeze in all VP

Note: VP is an abbreviation for
viewport.

These icons control whether or not
objects residing on a layer are displayed
or not. If either the On or Freeze in all VP
icons are off (blue), then the objects will
not be seen graphically. If the Freeze in
all VP icon is blue, then the object won’t
be included when ALL is entered at the
select prompt. While this is very subtle, it
can explain why the ZOOM ALL com-
mand may not fit the model properly in
the window.

When the Layer Properties Manager is
closed, note the objects within the graphi-
cal screen have changed to red.
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Layers (Continued)

ni- Every graphical object has properties
9. ™ ,rTools > Properties or fype associated with them, some of which can
properties in the Command area or be chgng‘ed by the user as qeedqd. Dou-
press <Ctrl><1>. ble-clicking on an object will bring up the
Properties window. This form is mode-
less and can stay up while working in

Properties - C:\Documents and Settings’

|No selection j vy' |:’§ A
utoCAD.
Alphabetic Categorized ]

=
Color W EvyLayer
Layer o
Linetype BylLawer
Linetvpe scale 1.0000
Lineweight EylLayer
Thickness 0.0000

= Plot style
Plok style
Plok style table Maone

Plot table attached to
Plok table bype

=] Yiew
Center 1
Center
Center £
Height
‘Width
= Misc
UCS icon On Yes
UCS icon at arigin Yes

UCS per viewpork Wes
UCS Mame

The Properties dialog box appears.
Note that layer 0 is the current layer.

10. Select a of rectangle on the screen.

The Properties dialog box changes to
show a list of property values.
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Layers (Continued)

Tools Draw Dimension  Modify  Window IGES/STEP T

j | M BylLayer j

3| oumLED

WGl g & O ASHADE
¥ O & 0 Layert

11. Click on the Layer pulldown menu
arrow and select Layer1.

A Thermal Desktop/AutoCAD dialog
box appears stating / object changed
to a frozen or off layer and removed
from the selection set.

Remember that Layerl was turned off
in the Layer Properties Manager.

12. Click OK fto close the Thermal Desk-
top/AutoCAD dialog box.

The rectangle is no longer visible on
the screen.

13. Click on the Layer pulldown menu
arrow and select the On icon (light
bulb that is currently blue—off) for
Layerl.

The rectangle previously selected
reappears on the screen, in white,
Layer1’s default color.

14. Click on the X in the upper right cor-
ner of the Properties dialog box to
close it.

The Layer pulldown menu, shown to the
left and in Figure 10-4, can be used to
manipulate some layer properties without
having to open the Layer Properties Man-
ager. These properties are:

¢ Turn a layer On of Off

» Freeze or thaw in ALL viewports

» Freeze of thaw in current viewports
* Lock or Unlock a layer

* Color of layer

Once a rectangle is selected, the Color

box says “ByLayer”. Color of an entity
can be changed from the By Layer set-
ting.

When changing to a different layer, if no
objects are selected and the layer is
changed, then the selected layer becomes
the new “current” layer and all new
objects will be created on that layer.

If one or more objects are selected when

the layer is changed using the Layer pull-
down menu then the selected objects will
be moved to the newly selected layer.

When an object’s layer is changed to one
that is not visible, a warning dialog box
appears. Also note that when the layer of
an object is changed, the node associated
with the object is also changed to the
same layer.
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10.1.8 Colors

Colors

Just as each object has a layer associated with it, an object has a color associated with
it. The default color for objects is set to Color By Layer, which means the color of an
object is the same as the color defined for the layer, which is set in the Layer Properties
Manager, from the Layer pulldown menu or by clicking on Color in the Properties dialog
box and selecting a color from the pulldown menu as noted above in Section 10.1.7.

M Byl ayer < |

[ BuBlock.

H Red

O vellow

@ Green

O Cyan

M Elus

[ Magenta

™ w'hite
(2 Other...

If changing an object’s color using the Color pulldown menu, shown above and in
Figure 10-4, while no objects are selected, then the color selected will become the default
color for newly created objects.

If an object’s color is changed using the Color pulldown menu when one or more
objects are selected, the selected items will be assigned the newly selected color.

All colors that are assigned to objects will be overridden by Thermal Desktop when
post processing of data or Display Active Sides is performed.

15. Select File > Exit. Exit Thermal Desktop and respond no

A Thermal Desktop/AutoCAD dialog when prompted to save the drawing.
box appears asking to save the draw-
ing changes.

16. Select No.
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10.2 Setting Up a Template Drawing

A template is something that can be used as a pattern for future projects. In Thermal
Desktop, a template drawing file can be created and used as a foundation for creating new
Thermal Desktop drawings. When creating a template it is important to consider how the
template will be used, if the template will be used by only one user or by more than one,
what preferences should be associated with the template and other such considerations.

In this tutorial, a template drawing file (file extension .dwg) will be created. The template
will be used in some of the upcoming tutorials and may be used as a permanent template
for use in future thermal analysis tasks. Creating and then using a template drawing starts
a new analysis with an environment set to pre-determined preferences, helping to keep
drawings consistent and easy to use.

Before beginning a new thermal analysis task, copy the template to a directory chosen
to store the work for that particular task or project. Once a copy is made, rename the copied
template drawing to a meaningful name related to the thermal task or project. Then start
Thermal Desktop by double-clicking on the renamed drawing file. Thermal Desktop will
start with the preferences saved in the template, and the current working directory will be
set to the directory which contains the drawing file. All database files created by Thermal
Desktop for view factors, radiation conductors, and orbital heating rates will be placed in
this working directory.

Important: If Thermal Desktop is not launched using the drawing
file for the task and instead is started from the AutoCAD Icon,
the current working directory will be the Thermal Desktop in-
stallation directory. This is not recommended, since multiple
thermal analysis tasks may overwrite each other s database files.
Data stored in the AutoCAD installation directory may also be
lost when installing future upgrades.

The following exercise creates a template file with preferences set to be convenient for
working with Thermal Desktop. The user is encouraged to experiment with the available
options as a means to discover which settings are compatible to each individual’s work style.

Setting Up a Template Thermal Desktop Drawing File

2

1. or Thermal Desktop/AutoCAD icon o, for getting started the first
time, select Start > Programs > Thermal Desktop > Thermal Desktop.
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Setting Up a Template Thermal Desktop Drawing File

The Thermal Desktop/AutoCAD win-
dow appears with the Startup dialog
box displayed.

startup )
@’E@ Start from Scratch
wv.au 1
nd inchy

es)
s seings.

Cancel

2. Select Start From Scratch in the
Startup dialog box (second icon from
the left) if not already selected.

3. Select OK to close the dialog box.

The drawing area title bar changes to
the default drawing name
Drawingl.dwg.

This section of the tutorial creates a new
drawing to be used as a template that will
be copied and renamed as future drawings
are created.

English (Feet and Inches) and Metric are
default settings, English pre-selected. The
English/Metric settings in this dialog box
do not set the units for Thermal Desktop.
This setting is used for setting up a draw-
ing grid and for setting up plotting to a

printer. Either choice may be safely used.

Note: Units of the Thermal Desktop
are set by selecting Thermal > Pref-
erences, and then selecting the
Units Tab. The default units are
metric with the length being meters.

4. Select View > 3D Views > SW Iso-
metric.

Note the UCS icon changes to reflect
the view.

3D Views will be discussed in further
detail later in the tutorial. Selecting View
> 3D Views > SW Isometric here sets
an isometric view parameter for the new
template.
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Setting Up a Template Thermal Desktop Drawing File

5. Select View > Display > UCS This step locates the User Coordinate
Icon> Origin. System (UCS) display icon at the origin
YEON Insert Format Tools Draw  Dimension  Modify  Window Of the mOdela rather than ln the lower left
Redraw = |Q G SOn j ,ﬁ corner Of the screen.

Regen
Regen Al

If the UCS origin is not in the display
o . area, then the UCS will be displayed in
heril Vew the lower left corner.

Viewports 3
Mamed Yiews. ..

30 Views 3
30 Orhit

Hide:

Shade 3
Render 3
] d v On

Toolbars, .. Attribute Display [l Crigin
Properties...

Text Window F2

6. Confirm a check mark is dis-
played next to Origin. If a check
mark is not visible, click the left mouse
on Origin to select the option.

Note: Depending upon the experience and preferences of the user, before saving
the template the toolbars on the main window may be rearranged. The default
arrangement of toolbars reduces the horizontal size of the viewport. The toolbars
can be moved to the sides of the viewport to produce a viewport with a more
square aspect ratio. Put the cursor in the border of a toolbar (not on an icon) and
drag by holding the left mouse button down to the new desired location. As a
toolbar is moved close to the sides of the screen, the toolbar will automatically
dock to that side.

The View >Toolbars menu choice may also be used to turn specific toolbars on
and off and to customize the icons in each toolbar. See the AutoCAD help for more
details on customizing toolbars. It is helpful to remove infrequently used icons from
some toolbars so that more toolbars may be displayed without taking up excessive
screen space.
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Setting Up a Template Thermal Desktop Drawing File

7. Select File > Save As. Be sure to save the files in your copy of

The Save As dialog box appears. the tutorials directory.

8. Change the name of Drawingl.dwg to
thermal in the \Tutorials\template
directory.

9. Select Save.

The drawing area title bar is updated
with the new name of the drawing,
thermal.

10. Select File > Exit.
Thermal Desktop is closed.

As experience is gained with Thermal Desktop and some of the advanced options, create
a new template file with different parameters such as Units and other property settings as
desired.

Important: Remember to create a copy and rename the template
before beginning design work to insure the template remains
in its original state. If copying the template at the directory/file
level by dragging the template file icon to the working directory,
be sure to hold the <Ctrl> key down when dragging the template
drawing file so that the template is copied, rather than moved.
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10.3 Circuit Board Conduction Example

What you should learn:
* Overview of how Thermal Desktop works
* How to create material properties
* How to apply edge contact resistance
* How to apply area contact resistance

In this exercise, a circuit board will be mounted to an aluminum face. The circuit board
will have a chip placed on it.

Circuit Board Example

1. Copy the template thermal.dwg file created in the first tutorial to the \Tutori-
als\board directory.

Note: Be sure to hold the <Ctrl> key down if dragging the template file icon to
the new directory so that the file is copied, rather than moved.

2. Rename the copied template file to board.

3. Start Thermal Desktop by double clicking on the board drawing file icon in
the board directory.
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Circuit Board Example (Continued)

1. Select Thermal > Thermophysical
Properties > Edit Property Data.

The Edit Thermophysical Properties
dialog box appears.

Edit Thermophysical Properties @
Current Thermophysical Property Database
TdThema.tdp
Mew property to add; Add

Mame, Cond [//m/K], Density [ka/m"3), Specific Heat [J/kg/K]

[ Edt | [(eete ] [ Comw | [Rename]| [ impot |

[ ok ] [cawed | [ Hep |

2. Type Aluminum in the New property
to add field.

3. Select the Add button.

The Thermophysical Properties dia-
log box appears.

Thermophysical Properties Xl
Property: Aluminum Set Color.
Cormment: ||
Conductivly (W]
3 i Edi Table.. | 1~ Use Table Pressue.. | [ UseFres
| T |~
| r | r
 |sotropic
" Anisahiopic
Spesiic Heat [J/kark]
» i Edit Table.. | [ Use Table Fusion I™ Use Fusion
Density [ka/n"3]
ho i
Effective erissivily
estar 0 (used for insulation and core)
Ablation
™ Use &blation
0K [Ea] ‘ Help ‘

4. Highlight the current value in the
Conductivity k field and type 2317.

5. Highlight the current value in the Spe-
cific Heat cp field and type 900.

This part of the exercise defines the ther-
mophysical properties for aluminum, fr4,
and the chip.

The default units for Thermal Desktop are
SI. These properties have the units of:

W/m/K for conductance
J/Kg/K for specific heat

kg/m”3 for density.
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Circuit Board Example (Continued)

6. Highlight the current value in the
Density rho field and type 2702.

7. Select OK.

The Edit Thermophysical Properties
dialog box reappears with Aluminum
and the above values displayed in the
main property/description field.

8. Type fr4 2 oz copper in the New
property to add field.

9. Select the Add button.

The Thermophysical Properties dia-
log box appears.

10. Highlight the current value in the
Conductivity field and type 17.7.

11. Highlight the current value in the Spe-
cific Heat field and type 0.

12. Highlight the current value in the
Density field and type 0.

13. Select OK.

The Edit Thermophysical Properties
dialog box reappears with fr4 2 oz
copper and the above values displayed
in the main property/description field.

Zero values (0) for specific heat will
make the nodes arithmetic.

14. Type chip in the New property to add
field.

15. Select the Add button.

The Thermophysical Properties dia-
log box appears.

16. Highlight the current value in the
Conductivity field and type 0.

17. Highlight the current value in the Spe-
cific Heat field and type 837.32.

18. Highlight the current value in the
Density field and type 2000.

The chip will be a single node. Therefore
the chip’s internal conductivity is not
used for these calculations. These values
are approximations that are not really
indicative of any particular chip.
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Circuit Board Example (Continued)

19. Select OK to close the Thermophysi-
cal Properties dialog box.

The Edit Thermophysical Properties
dialog box reappears with chip and the
above values displayed in the main
property/description field.

20. Select OK to close the Edit Thermo-
physical Properties dialog box.

(4]

1. or Thermal > Preferences.

The User Preferences dialog box

User Preferences 3
Units | Graphics Visibilty | Graphics Size | Themnal Analyzer | Advanced
Units Output Units For FLUINT Models
Model Length: m ] [[] Dont scale model to new length units

Temperature:  [K

Energy: J Note: Orly used ff 2 FLUINT model
exsts

-
-

v

Time. sec v
Mass kg -
Otbial Length: ~ [km -
Pressure Fa v
v

Force: N

2. Select the Units tab if not already dis-
played.

The model is to be built in inches.

Notice that the energy units are in Joules,
time in seconds, thus the energy rate units
are Watts.

The properties set earlier have been con-
verted to inch (In) units.

3. Click on the arrow next to the Model
Length field and select in (inches)
from the pulldown menu.

4. Select OK to close the User Prefer-
ences dialog box.
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Circuit Board Example (Continued)

Input the appropriate data to make the
aluminum plate with the proper nodaliza-
tion. A rectangle will be created for the
aluminum plate.

1. or Thermal > Surfaces/Sol-
ids > Rectangle.

Command: _RcRectangle
Origin point <0,0,0> appears in the
Command Line area.

2. Type 0,0 in the Command line.

Note: Remember to press <Enter>
after typing in a command.

Point for +X axis and X-size <@1,0,0>
appears in the Command Line area.

3. Type 6,0 in the Command line.

Point to set XY plane and Y-size
<@0,1,0> appears in the Command
Line area.

4. Type 0,3 in the Command line.
The Thermal Model Data dialog box

Thermal Model Data @
Subdivision | Nunbering | Radiation | Cond/Gap | Contact | Insulation | Surface | TranséRot |
@ [Ceriered Hades " Edge Nodes
Kediestion V-diection
* Equal 1 © Equa 1

 List  List

Ente interior nodal boundaties as fraction from >0.01t0 <1.0

oK. Eaed] ‘ Help ‘

5. Click on the Subdivision tab if not
already displayed.

6. Leave Centered Nodes selected.

7. Highlight the current value in the X-
direction Equal field and type 6.

8. Highlight the current value in the y-
direction Equal field and type 3.
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Circuit Board Example (Continued)

9. Click on the Cond/Cap tab.

New information is displayed.

Thermal Model Data @

Subdvision | Numbering | Radiation Cond/Cap | Contact | Insulation | Surface | TranséRot |

v 3enciate Nodes and Condasiors
Cond Submodel  [MAIN -

Gen Nodes:

Matesial

DEFALLT - 0333701

Thickness(in] Multipliers:

Densiy

—

UorX Cond |1

[ =
I =

[ WorZCond [1

VorY Cond |1

3 Cancel |

Hep |

10. Click on the arrow next to the Mate-
rial field and select Aluminum from
the pulldown menu.

11. Highlight the current value in the
Thickness field and type .05.

12. Select OK to close the Thermal Model
Data dialog box.

13. or View > Zoom > Extents.

Generate Nodes And Conductors must be
selected to change the material and the
thickness.

At the end of these steps, the screen
should look similar to the view below:

Figure 10-12  Aluminum Plate
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Circuit Board Example (Continued)

[4]

1. or Thermal > Preferences.

The Thermal Preferences dialog box
appears.

2. Select the Graphics Visibility tab.

Units

hics Visibilty | Graphics Size | Themmal Analyzer | Advanced

Global Show Options
[Z1 TD/RC Nodes

Lumps [l Conductors

User Defined Nodes Paths [ Contactors
Suffaces Ties

Ofre et tedd e

[ Contact Conductance

Heat Loads/Hesters/Pressures
Material Orienters
[ Color Cortours [ Trackers

 Assemblies

Select Al Desslect Al

b

3. Click on TDIRC Nodes to deselect it
(remove the check mark from the box).

4. Select OK to close the User Prefer-
ences dialog box.

The nodes are no longer displayed.

The rectangle displayed in the drawing
area is divided into six units long the X
axis and three along the Y axis. There are
small circles in the center of each unit.
The small circles are the nodes. The node
display is to be turned off.

This step in the exercise turns off the
node display starting from the Thermal
menu.

-

Note that a much faster way to tog-
gle the display of nodes is to use the Tog-
gle TD/RC Node Visibility icon located
at the lower the right side of the screen.

Note: Some tool bar icons may not
be visible within the Thermal Desk-
top window borders. As with basic
Windows functionality, tool bars
can be moved and docked as desired
by the user.

1. or Thermal > Surfaces/Sol-
ids > Rectangle.

Command: _RcRectangle
Origin point <0,0,0> appears in the
Command Line area.

2. Type .5,1.5 in the Command line.

Point for +X axis and X-size <@1,0,0>
appears in the Command Line area.

3. Type @5,0 in the Command line.

Point to set XY plane and Y-size
<@0,1,0> appears in the Command
Line area.

4. Type @0,0,3 in the Command line.

The Thermal Model Data dialog box
appears.

This part of the exercise creates the cir-
cuit board.

Notice that the nodes don’t line up with
the aluminum plate.

The @ sign input tells the program to
input a point relative to the last point
input. In this example, the @5,0 is the
same as typing 5.5,1.5.

Tutorials
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Circuit Board Example (Continued)

5. Click on the Cond/Cap tab if not
already displayed.

Subefvisian | Numbering | Radiaion Cond/Cap | Cantact | Insulstion | Surface | TranséRot|
¥ Generate Nodes and Conductors

Cond Submodel:  |MAIN -

Gen Nodes:

Based on material property hd

Mateial Thicknesslinl g e

DEFALILT -] [moasaot Densiy: i
| 2 | Uorx Cond |1
| =l VoY Cond [T

I WorZCond: i

ox. Cancel \ Help \

6. Click on the arrow next to the Mate-
rial field and select fr4 2 oz copper
from the pulldown menu.

7. Highlight the current value in the
Thickness field and type .03.

8. Highlight the current value in the

Cond Submodel field and type board.

Additional information for the circuit
board is to be added.

When inputting board for the Cond sub-
model, the word board must be typed in.
In the next step, on in the Numbering tab,
board will have been added to the pull-
down list.

10-44

Tutorials




Circuit Board Example (Continued)

9.

Ther

Click on the Subdivision tab.

Before displaying the Subdivision tab,

a Thermal Desktop/AutoCAD dialog
box appears asking the user if
BOARD is to be added to the Sub-
model list.

mal Desktop

10.

11.

12.

13.

Then

Sut

Select Yes.

The Subdivision tab information is
displayed.

Highlight the current value in the X-
direction Equal field and type 5.

Highlight the current value in the y-
direction Equal field and type 3.

Click on the Numbering tab.

The Numbering information appears.

mal Model Data X

b Numbeing | Radietion | Cond/Cap | Cantact | Insultion | Surtace | Transrfiat |

¥ Usz same [0 on both sides
Boh Side
Submodel: [MAIN | [ =
@ UsestatlD: [T o —

" Uss List o

ok Cancd | He |

14.

Click on the arrow next to the Sub-

model field and select Board from the

pulldown menu.

Tuto

rials
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Circuit Board Example (Continued)

15. Click on the Contact tab.

The Contact information appears.

Thermal Model Data 3
Subdivision | Numbering | Radiation | Cond/Cap Centact | Insulation | Surface | Trans/Riat |
Generate contact conductors to adjacent surfaces for,
Tep/Batiom
I foprti Side ™ Use Absalute
I~ Botion/n Side ™ Use Absalute

Generate area contact at: ¥ Exlerior " Midplane

Edges:

™ Along'r atX=0: I Use

I~ Along% at Vmas

-
I Along't atXmax mu
’—

I Blong® atv=0: [ Use Absalute

Absolute
™ Use Absolute

se: Ahsolute

[ Cancel |

Hep |

16. In the Edges field, click in the box next
to Along X at Y=0 ro display a check
mark.

17. Highlight the current value in the W/
in/K field and type 5.

18. Select OK to close the Thermal Model
Data dialog box.

When finished, the model should look
similar to the drawing below. Notice the
half cylinder along the x axis shows that
contact resistance has been applied along
that surface.

Figure 10-13 Board on aluminum plate
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Circuit Board Example (Continued)

1. Click on the newly created circuit Change the color of the circuit board.

board to select it. The default color (current color) of the

. circuit board is the color of the current
layer. The color is being overridden to
change the circuit board to green.

or type Properties in the Com-
mand line.

The Properties window for the circuit
board (a rectangle) is displayed.
EOX)

et AR L, =

88 P Ereb o NEE| R BICE ELL OWAD

ONESENR| *#YXxr Y| PHHREKEEER &

EErMEEINEE SEOdXKEEE-=>=+3|0

3. Click in the Color field to display the
Color pulldown menu arrow. Click on
the arrow and select Green to change
the color from the current value of
ByLayer.

4. Close the window by clicking on the X
in the top corner of the window.

Tutorials 10-47



Circuit Board Example (Continued)

1. or Thermal > Surfaces/Sol-
ids > Rectangle.

Command: _RcRectangle
Origin point <0.0.0> appears in the
Command Line area.

2. Type 2,1.5,1.5 in the Command line.

Point for +X axis and X-size <@1,0,0>
appears in the Command Line area.

3. Type @1,0 in the Command line.

Point to set XY plane and Y-size
<@0,1,0> appears in the Command
Line area.

4. Type @0,0,1 in the Command line.

The Thermal Model Data dialog box
appears.

Click on the Numbering tab.

6. Highlight the current value in the Sub-

model field and type chip.
7. Click on the Cond/Cap tab.

Before displaying the Cond/Cap tab, a
Thermal Desktop/AutoCAD dialog
box appears asking the user if CHIP is
to be added to the Submodel list.

8. Select Yes.

The Cond/Cap tab information is dis-
played.

9. Click on the arrow next to the Cond
Submodel field and select CHIP from
the pulldown menu.

10. Click on the arrow next to the Mate-
rial field and select CHIP from the
pulldown menu.

11. Highlight the current value in the
Thickness field and type 1.

12. Select OK to close the dialog box.

Create a chip on the circuit board.

The chip is purposely being placed so that
it overlaps the nodes on the board.

Instead of inputting the points, the points
could be snapped to the drawing if
desired.

Hint: <Shift> and click the right
mouse button and the node will snap to
the center of a surface.
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Circuit Board Example (Continued)

1. Select the newly created chip. Change the color of the chip to red.

my It may be necessary to ZOOM in to select
the chip. When finished, the model

2. ™ lor type Properties in the Com- o ;
should look similar to the drawing below.

mand line.

The Properties window for the chip (a

rectangle) is displayed to the right of
the icons located on the right side of

the screen.

3. Click in the Color field to display the
Color pulldown menu arrow. Click on
the arrow and select Red to change
the color from the current value of

ByLayer: S

4. Close the window by clicking on the X |Figqure 10-14 Chip on Circuit Board
in the top corner of the window.

1. Select the newly created chip. It is good modeling practice to move the

2. Select Modify > Move. chip off of the board.
Specify base point or displacement: The distance of the offset shall be set to
appears in the Command line area. half of the sums of the thickness of the
board (.03) and the chip (.1), which

3. Click on any point on the chip. equals .065. The direction is in the nega-
Specify second point of displacement | tive Y direction because that is the direc-
or <use first point as displacement>: tion in the current World Coordinate
appears in the Command line area. System (WCS).

4. Type @0,-.065,0 in the Command
line.

The chip is moved away from the cir-
cuit board.
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Circuit Board Example (Continued)

EF_I The chip needs to conduct to the board.
1. or Thermal > FD/FEM Net- | 1his can be accomplished by using a con-
work > Contactor. tactor.

Select from objects: appears in the
Command line area.

2. Select the red chip in the drawing
area.

Select from objects: appears in the
Command line area.

3. Press <Enter>.

Select to surfaces: appears in the
Command line area.

4. Select green circuit board in the
drawing area.

Select to surfaces: appears in the
Command line area.

5. Press <Enter>.
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Circuit Board Example (Continued)

The Contactor dialog box appears.

Contactor Ej
Comment: |
Conduscter Submodst [ MAIN v Integrations Intervals: |10
Contact From Faces v Tolerance: 383701021 | jn
Conduetion Cosflisient (Conductancaérea) Apply Surface Thickness To Test Points
g .
J WA/ Testing Algorthm
ClWs Time  [1¥s. Temp Dift ® Paint Algarith
4
] Use Absolute Conductance Mas Check Objects
© Rap Trace Algoithm
[ Use Material
[JRadiation ] One'wap

[1Use MiiNodes
Conduction Cosfficient Sealing

[ Usediection Scaling

From (1
Fect 80 Top

Toll}
Flect. 70

[ Use Y-direction Scaling

odd | [ Deete | [ Edt | [ add | [ Deke

ok ] [ caneel | [ Hew |

6. Click on the arrow next to the Conduc-
tor Submodel field and select CHIP
from the pulldown menu.

7. Highlight the current value in the
Conduction Coefficient field and type
5.

8. Select OK to close the Contactor dia-
log box.

The Contactor dialog box is displayed.
Once the changes have been made and
OK is selected, the graphical image for a
contactor is displayed.

e The from surface will be shown as a
green arrow showing the side
selected for contact.

* The to surfaces will be shown in gold
and will have arrows pointing to both
sides of the surfaces.

Figure 10-15 Contactor

Notice the green arrow points away from
the circuit board. Since the default con-
tactor has infinite tolerance and uses a
point distance method, this will work fine
for this case, but technically the contactor
should be edited, and then the user should
double click on the from surface to
change the side of contact. If the surface
had different nodes on each side, or if the
ray trace algorithm was being used for the
contactor, then this change would be
mandatory in order to get the correct
results.

Tutorials
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Circuit Board Example (Continued)

1. Select Thermal > Model Checks >
Show Contactor Markers.

Select contactors to display markers:
appears in the command line area.

2. Click on one of the contactors.
3. Press <Enter>.

Yellow lines representing the contacts
are displayed.

This part of the exercise utilizes the Show
Contactor Markers command which
shows the actual calculations for the con-
tact. When items “hook up”, yellow lines
are drawn from the contact point(s) to the
node that is hooked up to.

Figure 10-16  Contactor Markers

Contactor g]
Comment: |
Conductor Submodel: [MAIN v Itearations Intervals: |10
Contact From Faces v Tolerance: TIT 016021 | in
Conduction Cosficient [Conductanceréez) geohisiatacslhcknassiionesthoris
2 T2 Testing Algoiithm
[Jws Time Vs Temp Diff @ Paint Algoithm
4
[ Use Absolute Conductance blacthockbect
O Ray Tracs Algarthm
[ Use Materiak
[JRadiation [ 0ns'way
[JUse MiNodes
Conduction Cosfficisnt Sealing
[ Use X-drection Sealing [ Use -diection Sealing

From (1)
Fect:80 Top

Tollk
Rect:7C

acdd | [ Delete | [ Edt | [ add ] [ Deete

[ ok ] [ concal ] [ Heb ]

Note: The number of test points is
controlled in the Contactor dialog
box, displayed earlier when the
contactor was being created, as the
Integration Intervals. A value of 10
integration intervals means the
10*10, or 100, points will be tested.
In this model, notice that the chip
hooks up to 4 nodes.

If something doesn’t hook up to a
node, then it is displayed as a red
point. For something not to hook up,
the tolerance on the Contactor dialog
box must be changed from the default
of infinity to a smaller value.

[
4. or Thermal > Model Checks
> Clear Contact/or Markers.

This command deletes the contactor
marker lines. It actually deletes all the
items on the “Radcad_rays” layer.
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Circuit Board Example (Continued)

1. Select Thermal > Cond/Cap Cal- This part of the exercise demonstrates the
culations > Output SINDA/FLU- | Output SINDA/FLUINT Cond/Cap com-
INT Cond/Cap. mand. This command outputs the conduc-

tors and capacitance for the model to the
file sinda.cc located in the same directory
as the drawing, in this case in the board
directory.

If the sinda.cc file is opened in a text edi-
tor three different node blocks—main
(aluminum base), circuit board, and
chip—are detailed.

In the conductor data for the chip the chip
is tied evenly to four different nodes on
the circuit board representing the planar
contact area. Likewise, the circuit board
is tied to several nodes on the base repre-
senting the linear contact conductance.

1. Select File > Exit. Note: It is good practice whenever

A Thermal Desktop/AutoCAD dialog working on a computer (o periodi-

box appears asking if the user wants to cally p erfo.rm File > Save com-
save changes to the board.dwag. mands during the course of a ses-
sion to help ensure work is not lost.

2. Select Yes.

The drawing is saved and Thermal
Desktop is closed.
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10.4 Beer Can Example

What you should learn:
* overview of how Thermal Desktop works
* use of solid elements
* use of arbitrary conductors
* use of the Case Set Manager

In this example, a beer can full of beer will be constructed. The initial temperatures will
be set to something similar to a refrigerator temperature of 5C. Free convection heat transfer
coefficients will be applied to the sides of the can and the top of the can.

Beer Can Example

1. Copy the template thermal.dwg file created in the first tutorial to the \Tutori-
als\beercan directory.

Note: Be sure to hold the <Ctrl> key down if dragging the template file icon to
the new directory so that the file is copied, rather than moved.

2. Rename the copied template file to beercan.

3. Start Thermal Desktop by double clicking on the beercan drawing file icon
in the beercan directory.
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Beer Can Example (Continued)

Select Thermal > Thermophysical
Properties > Edit Property Data.

The Edit Thermophysical Properties

dialog box appears.

Curent Thermophysical Fropeity Database
TdTherma tdp

Mew property to add; Add

Mame, Cond [//m/K], Density [ka/m"3), Specific Heat [J/kg/K]

This part of the exercise defines the ther-
mophysical properties for aluminum and
water.

Depending upon the Thermal Desktop
platform being used, and if the tutorials
are being performed from the beginning
of the tutorial chapter or randomly, the
Edit Thermophysical Properties dialog
box may already list Aluminum as fol-
lows:

[ Eat | [ eete | [ cCopw | [ Rename | [Cmpont ]

[ ok ] [cawed | [ Hep |

2. Type Aluminum in the New property
to add field.

Note: See comments in the right-
hand column.

3. Select the Add button.

The Thermophysical Properties dia-
log box appears.

Thermophysical Properties @
Propetty: Aurminum Set Celor...
Comment |
Conductivity [/ /m K]
3 [ EdiTable | [~ UseTable  Pressue. | I UsePres
[— | |
— | | r
* lsoiopic
" Anisotopic
Specific Heat [J/kark]

o 1 Edit Table. I UseTable Fusion. . I Use Fusion
Density [ka/m*3]

tha 1
Effective emissivity

estar |0 (used for insulation and core)
Ablation

I Use &blation

oK Cancel \ Help \

4. Highlight the current value in the
Conductivity k field and type 237.

If using the Thermal Desktop standal-
one product, Aluminum is already in
the list. Skip to Step 6 to add Water to
the list and continue from that point.

Note: In the future, if a Material is
already listed in the Edit Property
Data dialog box but one or more of
the properties is different than what
is needed, double click on the mate-
rial of interest. The Thermophysical
Properties dialog box will appear
allowing changes to be made.

If using Thermal Desktop inside of
AutoCAD, instead of redefining these
properties, it is possible to use the
Thermal > Thermophysical Prop-
erties > Open/Create Property
DB... command to open the database
created in the board example. If this
approach is used, the Aluminum
defined there could be used. Add the
Water definitions to that database.
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Beer Can Example (Continued)

5. Highlight the current value in the Spe-
cific Heat cp field and type 900.

6. Highlight the current value in the
Density rho field and type 2702.

7. Select OK to close the Thermophysi-
cal Properties dialog box.

The Edit Thermophysical Properties
dialog box reappears with Aluminum
and the above values displayed in the
main property/description field.

8. Type Water in the New property to
add field.

9. Select the Add button.

The Thermophysical Properties dia-
log box appears.

10. Highlight the current value in the
Conductivity k field and type .6.

11. Highlight the current value in the Spe-
cific Heat cp field and type 4200.

12. Highlight the current value in the
Density rho field and type 1000.

13. Select OK to close the Thermophysi-
cal Properties dialog box.

The Edit Thermophysical Properties
dialog box reappears with chip and the
above values displayed in the main
property/description field.

14. Select OK to close the Edit Thermo-
physical Properties dialog box.
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Beer Can Example (Continued)

These steps change the units for the
model to inches and turns off TD/RC

1. or Thermal > Preferences. M
node visibility for all the nodes that are
The User Preferences dialog box attached to the surface.
appears.

2. Select the Units tab if not already dis-
played.

3. Click on the arrow next to the Model
Length field and select in (inches)
from the pulldown menu.

4. Select the Graphics Visibility tab.

Urits | Graphics Visbiity | Graphics Size | Themal Analyzer | Advanced

Global Show Options
TD/A des Lumps [ Conductors

User Defined Nodes Paths [¥] Contactors
[ Contact Conductance
Heat Loads/Heaters/Pressures

Material Orienters

[¥] Color Cortours [ Trackers

Assembiies

Select Al Deselect Al

0K Cancel Help

5. Click on TDIRC Nodes to deselect
it (remove the check mark from the
box).

6. Select OK to close the User Prefer-
ences dialog box.
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Beer Can Example (Continued)

Create the bottom of the aluminum can.

or Thermal > Surfaces >
Disk.

Pick or enter point for center of disk
<0,0,0>: appears in the Command line
area.

Type 0,0 in the Command line.

Pick or enter point for +Z axis of disk
<@0,0,1>: appears in the Command
line area.

Tipe 0,0,1 in the Command line.

Enter maximum radius or pick/enter
point <1.0>: appears in the Command
line area.

Type 1.3125 in the Command line.

Enter minimum radius or pick/enter
point <0.0>: appears in the Command
line area.

Press <Enter>.

Enter start angle or pick/enter point
<0.0>: appears in the Command line
area.

Press <Enter>.

Enter end angle or pick/enter point
<360.0>: appears in the Command line
area.

Press <Enter>.
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Beer Can Example (Continued)

The Thermal Model Data dialog box
appears displaying default values.

8. Click on the Subdivision tab if not
already displayed.

9. Click on the radio button next to
Edge Nodes ro select it (display a
dot in the circle).

10. Highlight the current value in the
Angular Equal field (subdivisions) and
type 9.

11. Highlight the current value in the
Radial Equal field (divisions) and type
3.

12. Click on the Cond/Cap tab.

13. Click on the arrow next to the Mate-
rial field and select Aluminum from
the pulldown menu.

14. Highlight the current value in the
Thickness field and type .05.

15. Select OK to close the Thermal Model
Data dialog box.

16. or View > Zoom > Extents.

When completed, this disk will represent
the bottom of the beer can. This part of
the exercise sets the disk properties.

Figure 10-17 Bottom of Beer Can
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Beer Can Example (Continued)

1. Select the newly created disk.

2. Select Thermal > FD/Fem Network
> Extrude Normal To Planar Ele-
ments into Solids.

The Extrude/Revolve Planar Ele-
ments to Solids dialog box appears.

Extrude/Revolve Planar Elements into Solids E
&+ Even Breakdowns Optiots
Total Distance; 1 in I” Delete Diiginal Flanar Elements
Solids created along path: |1 1D increment for new nodss: |0
n Breakdowns
Enter “Thickness, Material" of each layer
0K Concel | Heb |

3. Leave Even Breakdowns selected (dot
in the circle).

4. Highlight the current value in the
Total Distance field and type 4.75.

5. Highlight the current value in the Sol-
ids created along path field and type
4

6. Highlight the current value in the ID
Increment for new nodes field and type

100.

Extrude/Revolve Planar Elements into Solids @
% Even Breakdowns Dptions
Total Distance: 4.75 I Delete Original Planar Elements
Solids created along path: |4 1D increment for new nodes: 100
n Breskdow
Enter "Thickness. Material" of each laper
0K el ‘ Help ‘

7. Select OK to close the dialog box.

The disk will be extruded into solid ele-
ments.

Figure 10-18 Extruded Disk

Note: After the extrusion is com-
pleted, if the geometry looks like
there is a hole in the middle of the
extruded solids then Edge Nodes
(Subdivision tab in the Thermal
Model Data dialog box) was not se-
lected when the disk was created.
Perform the following steps to make
the correction:

* Press <CtrI>< Z> to undo the
extrusion.

» Edit the disk to make the nodes
edge nodes as follows:
» Select the disk in the drawing
area.

» Select Thermal > Edit.

* In the Thermal Model Data dia-
log box, select the Subdivision tab
and make the corrections. Click on
OK.

* Redo the extrusion.
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Beer Can Example (Continued)

*]
1. or Thermal > Edit.

Select Objects or [Indiv]: appears in
the Command line area.

2. Type all in the Command line.

The model in the drawing area is
selected and Select Objects or [Indiv]:
appears in the Command line area.

3. Press <Enter>.

The Object Selection Filter dialog box
appears.

Object Selection Filter:

Select Type to filter:
Additional Criteria:

Submodel: v

ar Elements
[85]
Solid Elements(64]

M aterial: v
Oplics: v
Analysis Group: v

Other: v

ok |

l Cancel ] [ Help

4. Click on Solid Elements(64) ro
select it.

5. Select OK to close the dialog box.

The newly created solids must be edited
to change their material to water. The
properties of water are being used as an
assumption of the properties of beer.

Only one type of object can be edited at a
time. The Object Selection Filter makes it
easy to select the desired object from the
list.
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Beer Can Example (Continued)

The Solid Elements Attributes dialog

box appears.

Solid Element Attributes @

Comment: ||

Material: |Alum|num

Multiplication Factars:

Material Orienter:
Cond submodel: MaIN -

Density: ’17
% Conductivity: ’17
' Conductivity: ’17
Z Conductivity: ’17

oK | Cancel |

= |

Help |

6. Click on the arrow next to the Material
field and select Water from the pull-

down menu.

7. Select OK to close the dialog box.

A Thermal Desktop/AutoCAD dialog
box appears confirming the change.

and select Yes.

Read the content of the dialog box
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Beer Can Example (Continued)

~

Select Thermal > FD/Fem Network

> Surface Coat Free Solid Faces.

Select the solids for free face calcula-
tions: appears in the Command line
area.

N

Type all in the Command line.

Select the solids for free face calcula-
tions: appears in the Command line
area.

3. Press <Enter>.

8 free tri faces found
40 free quad faces found appears in
the Command line area.

The Thermal Model Data - Multiple
Surface/Element Edit Mode dialog
box appears.

Thermal Model Data - Multiple Surface/Element Edit Mode 9]

Radiation | Cond/Cap || Cortact | Insulation | Comment

Analysis Group Name, Active Side
Top/Out Side Optical Property:

DEFAULT v

Bottom/In Sids Optical Propety:
DEFAULT ~

Top Side Overides...
Bottom Side Oveides...

[ ok J[ cancel J[ Hek

N

Click on the Cond/Cap tab.

Click on the arrow next to the Mate-
rial field and select Aluminum from
the pulldown menu.

“

6. Highlight the current value in the
Thickness field and type .03.

7. Select OK to close the dialog box.

Place the aluminum shell around the rest
of the can. The solids will be surface
coated to place the shell around the outer
cylinder and the top.

Surface coating will place a planar ele-
ment using the same nodes used by the
solid elements. The command is smart
enough to figure out that the outside faces
are not hooked up to other solids (and cre-
ates the planar element there), while the
inside faces are hooked to more than one
solid, so those faces are not free.
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Beer Can Example (Continued)

A Thermal Desktop/AutoCAD dialog
box appears confirming the change.

Read the content of the dialog box ( §

and select Yes.
. =] T[S
or View > Zoom > Extents.
=l =
=l =

Figure 10-19  Aluminum Shell
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Beer Can Example (Continued)

6.

or Thermal > Edit.

Select Objects or [Indiv]: appears in
the Command line area.

Bype all in the Command line.

The objects in the drawing area are
selected and Select Objects or [Indiv]:
appears in the Command line area.

Press <Enter>.

The Object Selection Filter dialog box
appears.

Click on Nodes(85) in the Select
Type to Filter field to select it.

Select OK to close the dialog box.

The Node - Multi Edit Mode dialog
box appears.

Node - Multi Edit Mode =

Submodel: | SR ~ Initial temp: | 292,15 K
1D:
Comment:

[ealcuiated by elements)

[ 0venide caloulations by elements/surfaces

I Put in sub-natwork,

ok ] [ Cawcel | [ Hep

Highlight the current value in the Ini-
tial temp field and type 278.15.

Select OK to close the dialog box.

This part of the exercise edits all of the
nodes to set their initial temperatures.

A Thermal Desktop/AutoCAD dialog
box appears confirming the change.

Read the content of the dialog box
and select Yes.
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Beer Can Example (Continued)

or Thermal > FD/Fem Net-
work > Node.

Enter location of node: appears in the
Command line area.

Tpe 3,0,0 in the Command line.

The node appears to the right of the
model.

Create a node to connect to a convective
conductor. This node will represent the
ambient air temperature.

Figure 10-20 Node Created
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Beer Can Example (Continued)

1. Select the newly created node. The node will be edited to make it a
boundary node and placed in submodel

%] air.
2. or Thermal > Edit. ' '
The temperature of the node will be dis-

The Node dialog box appears. played as a symbol, making it easy to set
up a second case that has different air

Sutmace v el (2375 K temperature.

o Note: The Expression Editor is dis-

. played when the mouse is double
Themmalbass: |1 i3 clicked in aﬁeld.
[ Use material

O Arithmetic

O Boundary

O Clone

[ Putin sub-network

ok | [ cancel | [ Heb |

3. Highlight the current value in the Sub-
model field and type Air.

4. Click on the radio button next to
Boundary in the Type field to select
it (display a dot in the circle).

5. Double click in the Initial temp

field.
The Expression Editor dialog box
appears.
Select units for. Temperature
K -~ Syrbol Manager...
[ H =
Expression:
Group: | ﬂ
D
Comment it
-
I~ Disable Warnings for this Expression
0K Cancel Help
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Beer Can Example (Continued)

6. Select the Symbol Manager but-

ton.

The Symbol Manager dialog box

appears.

NewSywbolame: I Add

i Rename.

Delete:
Purge

Symbol Groups -> Add. Rename.

7. Type Airtemp in the New Symbol
Name field.

8. Select Add.

An Expression Editor dialog box for
Airtemp appears.

9. Type 20 in the main entry field.

Expression Editor @
\ Alrtemp

el

Desciiption

™ Awray

Group: ‘ganeral j

ok Cancel | Help |

10. Select OK to close the Airtemp
Expression Editor dialog box.

10-69



Beer Can Example (Continued)

The Symbol Manager dialog box is
updated with the Airtemp information
displayed.

11. Select Done.

The Expression Editor dialog box
reappears.

12. Click on the arrow underneath Select
units for: Temperature and select C
from the pulldown menu.

13. Type Airtemp in the Expression field.

™ Disable Warmings for tis E xpression

oK Cancel Help

14. Select OK to close the Expression Edi-
tor dialog box.

15. Select OK to close the Node dialog
box.

A Thermal Desktop/AutoCAD dialog
box appears asking for confirmation to
add Air to the submodel list.

Thermal Desktop

1] E Are you sure you wank to add submodel AIR to the submodel list
.

es Mo

16. Select Yes.

The node’s shape is changed to reflect
its designation as a boundary node.

The symbol for the air temperature must
be defined. Once that is done, the expres-
sion used for the temperature of the
boundary node can be created.

Note: When this portion of the ex-
ercise is completed, the shape of the
node changes to designate that it is
now a boundary node.

Figure 10-21 Boundary Node
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Beer Can Example (Continued)

. Select View > 3D Views > Front.

The view changes. Note the UCS icon
also moves to the lower left of the
drawing area.

Type Zoom in the Command line.

All/Center/Dynamic/Extents/Previous/
Scale/Window/ <real time>: appears in
the Command line area.

Type .9X in the Command line.

Change the view from the current SW
Isometric to a Front view.

The view should look as follows.

Figure 10-22 Beer Can Front View
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Beer Can Example (Continued)

A new layer is to be created for the con-
ductors to reside on. Visibility will be
turned off, so that when the conductors

are placed on this new layer, they will

> Layer may also be used.

1. or type layer in the Command
line.

. _ If using AutoCAD without Mechanical
The Layer Properties Manager dialog | add-ons, the layer command can be found
box appears. with Format > Layer.

Current it Shaow details
Current Layer. 0 Save state. State Manager.

Name On Freez. L. Color Linlype Lineweight __Plot Style | P.

T Bt
Bt &

n ? 0]
WSHADE ¢ Q B O white

2Totallayers 2 Layers displayed

2. Select New.
A new layer named Layerl1 is added.

3. Highlight the name Layerl (if not
already highlighted) and type Con-
ductors to change the name of this
newly created layer.

4. Select the On icon (light bulb) for
the Conductors layer to turn if off
(darken the light bulb).

5. Select OK to close the Layer Proper-
ties Manager dialog box.
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Beer Can Example (Continued)

1. EFI or Thermal > FD/Fem Net-
work > Node to Surface Conduc-
tor.

Select node: appears in the Command
line area.

2. Click on the boundary node (lower
right on the screen).

Select surfaces: appears in the Com-
mand line area.

3. Select surfaces: Select from 1 to 2
as shown in Figure 10-23 and as
noted below:

» Using the example to the right as a
guide, click the left mouse outside and
above the upper left corner of the sur-
face area (1).

Specify opposite corner: appears in the
Command line area.

* Position the mouse outside and
below the opposite, lower right corner
of the surface area as shown in the
example and click the left mouse but-
ton (2). Note that as the mouse is
moved, a box is drawn around the
area.

Select surfaces: appears in the Com-
mand line area.

4. Press <Enter>.

The next steps create the conductors and
connect them to the surface.

When prompted to select the surface
areas on the beer can, it is important to
drag-select from the top left to bottom
right since selecting in the reverse direc-
tion has a different meaning in AutoCAD
(see example below).

1

Figure 10-23 Beer Can Selection Points

A set of eight lines (representing the
conductor) from the boundary node to
the surface area are displayed.

e bl

Figure 10-24 Conductor Created
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Beer Can Example (Continued)

1. Select the new conductor. Edit the new conductor.
Note: The new conductor set can be For the disk:
selected by picking any line of the

* area=pi*r'2
set.

* perimeter = pi*r*2

* Area/Perimeter = radius/2

e radius=1.3125.

*]
2. or Thermal > Edit.

The Conductor dialog box appears.

Comment: [l

Submodel RAIN -

+ Auta-number ID

1D number:

Tope: [Gareris =
[~ s Time
Value 0 WK, Ay
I~ Ws Temp Diff
I Use material
™ Radiation conductar
[~ Dne way conductor I~ Perrea
I MLI/Insulation Nades
From Node: AlR.1:243 Reselect
To
Quad Elem:222 Top a
Duad Elem:224 Top
Titlem 213 Top e |
TiElm215  Top
Quad Elem: 223 Top &
Duad Elem: 226 Top
Duad Elem:232 Top _ e |
Duad Elem: 236 Top v

3 Cancel | Help |

3. Type Top Convection in the Com-
ment field.

4. Click on the Type arrow and select
Natural Convection Horizontal
Flat Plate Upside from the pull-
down menu.

5. Highlight the current value in the
Area/Perimeter field and type .65625.

6. Select OK fto close the dialog box.
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Beer Can Example (Continued)

1. Select the new conductor.

2. ™1 ortype Properties in the Com-

mand line.

Note: The menu selection Tools >
Properties or <Ctrl><1> may
also be used.

The Properties window for the con-
ductor appears.

=

|reconpucTor

Alphabetic
B
Color
Layer
Linetype:

Plat style
Lineweight
Hyperink

Categarized |

O ByLayer
a

Linetype scale 1.0000

= V|G|

ByLayer

ByLayer

3. Click in the Layer field and then click
on the Layer arrow and select Con-
ductors from the pulldown menu.

This part of the exercise moves the con-
ductor to the Conductor layer that was
turned off in the previous step. Doing this
will make the display less cluttered.
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Beer Can Example (Continued)

The Properties window goes blank and
a Thermal Desktop/AutoCAD dialog
box appears asking for confirmation of
the change.

Thermal Desktop

[} 1 object changed to a frozen or off layer and
. removed from the selection set.

4. Select OK to confirm the change and
close the dialog box.

The conductor moves to the Conduc-
tor layer, which is turned off, and dis-
appears from the screen. The
Properties window display changes to
No selection.

5. Close the Properties window.
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Beer Can Example (Continued)

The drawing below shows the correct
7 or Thermal > FD/Fem Net- point selection order to be used for the

work > Node To Surface Con- next steps. It is important to begin in
the lower right area of the beer can

ductor. .

‘ (first point, 1), as shown, and move the
Note: the menu selection Tools > mouse to the upper left area (second
Properties or the shortcut keys point, 2).

<Ctrl><I1> may also be used. ) )
When selecting from the bottom right to

Select node: appears in the Command | he top left, any entity that is fully or par-

line area. tially enclosed will be included in the
2. Select the boundary node (lower selection set. If the selection order is
right). changed (point 2 and then point 1) only

the items that are fully included in the box

Select surfaces: appears in the Com- will be included in the selection set.

mand line area.

3. Draw a selection box from points 2
1 to 2 as shown in Figure 10-25 and
as noted below:

» Using the example to the right as a
guide, click the left mouse at the lower
right area of the surface area (1). 1

Specify opposite corner: appears in the
Command line area. Figure 10-25 Beer Can Selection Points

* Position the mouse on the opposite,
upper left of the surface area as shown When these steps are completed, the

in Figure 10-25 and click the left screen should appear similar to the exam-
mouse button (2). Note that as the ple below.
mouse is moved, a box is drawn T

around the area.

Select surfaces: appears in the Com-
mand line area.

4. Press <Enter>.

A set of sixteen lines (representing the
conductor) from the boundary node to
the surface area are displayed.

-
=

Figure 10-26  Conductor Created
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Beer Can Example (Continued)

1. Select the new conductor.

*
2. or Thermal > Edit.
The Conductor dialog box appears.

3. Type Side Convection in the Com-
ment field.

4. Click on the Type arrow and select
Natural Convection Vertical Cyl-
inder - Isothermal from the pull-
down menu.

The content of the Conductor dialog
box changes to reflect the selection.

5. Highlight the current value in the
Height field and type 4.75.

6. Highlight the current value in the
Diameter field and type 2.625.

Comment: [Side Canvection
Submodel |
= Auto-number ID
1D number R
Type: [Natural Convection Vertical Cylinds - lsothermal |
Height: 475 in
Diameter [z i
Muligication Facter [T
Flid [air ~|
Fluid Pressure: [imzs — pa
Fluid State £ Liqud & Gas
I MU/Insulation Nodes
Fiom Mode AIR1:243 Reselect
Tor
GQuadElem: 240 Top ~
bl 75 To o |
uodEln 21 To oeke
GuedEim 25 To e |
Quad Elem: 227 Top ]

o ] B | Help ‘

7. Select OK to close the Conductor dia-
log box.
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Beer Can Example (Continued)

Select the new conductor.

or type Properties in the Com-
mand line.

The Properties window for the con-
ductor appears.

Click in the Layer field and then click
on the Layer arrow and select Con-
ductors from the pulldown menu.

The Properties window goes blank and
a Thermal Desktop/AutoCAD dialog
box appears asking for confirmation of
the change.

Thermal Desktop

N

1 object changed to a frozen or off layer and
removed from the selection set.

Select OK to confirm the change and
close the dialog box.

The conductor moves to the Conduc-
tor layer, which is turned off, and dis-
appears from the screen.

Close the Properties window.

As with the first conductor, this new con-
ductor will be moved from layer O to the
layer Conductor so that it doesn’t clutter
up the display.

Select Thermal > Model Checks >
List Duplicate Nodes.

Listing of duplicate nodes
No duplicate nodes were found
appears in the Command line area.

Note: If the above statement does
not appear in the command line,
press <F2> to view the complete
Command line comments.

Before any geometry building is com-
plete, it is important to look for duplicate
nodes. If any duplicate nodes are found, it
may be necessary to use the Resequence
IDs command to renumber them.

Note: See “Resequence IDs” on
page 2-81.

Look at the output and see if any are
found.
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Beer Can Example (Continued)

Turn off the display of the air node.

1. or Thermal > Preferences.
The User Preferences dialog box
appears.

2. Select the Graphics Visibility tab if
not already displayed.

3. Click on User Defined Nodes o
deselect it (remove the check mark

from the box).
Units | Graphics Visbility | Graphics Size | Thermal Analyzer | Advanced
Global Show Options.
[] TD/RC Nodes Lumps Conductors
[ User Defined Nodes Faths [] Cantactors

Surfaces Ties Cortact Conductance

= Pipes Heat Loads/Heaters/Pressures

Matenal Orienters

Color Cortours Trackers

Assemblies

Select Al Deselect Al

[ ok ][ cancel | [ Heb

4. Select OK to close the dialog box.

The air node disappears from the
drawing area.
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Beer Can Example (Continued)

or type layer in the Command
line.

The Layer Properties Manager dialog
box appears.

Select New.

A new layer named Layer] is added
underneath the three existing layers (0,
ASHADE and Conductors).

Highlight the name Layerl if not
already highlighted. Type RightSide
to change the name of this newly cre-
ated layer.

Select the On icon (light bulb) for
the RightSide layer to turn if off
(darken the light bulb).

(Curent Layer: 0 Restore state.

[ ProtStyle [ Prat [

olor [ Linetype [ Linewsight
‘white: il

Name. FightSide ¥ Offor cisplay
&g e ™ Look for ediing
™ Do ot pt
Lineweight Defaut |E I Freeze in ol viewparts
Linetype: Continuous = -
=
[ Totallayers 8 Layers displaped
'3 Cancel Helo

Select OK to close the Layer Proper-
ties Manager dialog box.

Create a new layer called RightSide,

which is where the right side of the beer

can will be placed.
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Beer Can Example (Continued)

1. Select the right side of the beer Split the beer can into two sides so that
can by drawing a selection box the temperatures in the middle of the
from points 1 to 2 as shown in Fig- | beercan can be determined later in the
ure 10-27 on the right and as noted | exercise. \
below:

» Using the example to the right as a
guide, click the left mouse at the lower
right area of the surface area (1).

Specify opposite corner: appears in the
Command line area.

* Position the mouse as shown in Fig-
ure 10-27 (above and to the right of
the middle line) and click the left Figure 10-27 Beer Can Select Right Side
mouse button (2). Note that as the
mouse is moved, a box is drawn
around the area.

The right side of the can is selected in
the drawing area.

2. ™1 ortype Properties in the Com-
mand line.

The Properties window for the con-
ductor appears.

=
T — 2 N
Aphabetic  Categorized |

[Eceneral I

Color O Bytayer
0

Layer
Unetype  —— Bylayer
Linstype scale 1,0000

Plot style:
Linevieight
Hyperlink

ByLayer
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Beer Can Example (Continued)

3. Click in the Layer field and then click | Once the selected right side is moved to
on the Layer arrow and select Right- | the RightSide layer, the drawing area
Side from the pulldown menu. should look similar to the example below:

El
ho selection ~| V| G| 8

Alphabetic Catequnzed}

ElGeneral

Linetype
Lintype scale

sssss
EIPlot style
Flot style
Plot style table Hone
Flat table attached ta
Flot table type
1 View
Center ¢
Center ¥
Cenker Z
Height
Width
EMisc
uCS icon o0 ves

UCSicenaterign Ves X

Figure 10-28 After Right Side Moved

UCS Hame

Specfies the current layer

The Properties window goes blank and
a Thermal Desktop/AutoCAD dialog
box appears asking for confirmation of
the change.

Thermal Desktop

[} 57 ohjects changed to a frozen or off layer and
. removed from the selection set.

4. Select OK to confirm the change and
close the dialog box.

5. Close the Properties window.
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Beer Can Example (Continued)

6. Select View > 3D Views > SE Iso-
metric.

The new view appears in the drawing
area.

The new view should now look as fol-
lows.

Figure 10-29 Beer Can SE Isometric View

7. K or Thermal > Model Checks
> Color by Property Value > Con-
ductivity.

Note: If the blue is a little dark, feel
free to rotate a little bit to see if bet-
ter. This is also a good time to re-
view  graphics  settings  (see

“Graphics Settings ”’ on page 13-2).

This command verifies that the materials
are set correctly. The picture should look
similar to the view below with the alumi-
num being about 6 and the water being
about .01. If the values are not right, edit
the material property of the incorrect enti-
ties.

Figure 10-30 Beer Can Property Checks
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Beer Can Example (Continued)

¥
8. or Thermal > Model Checks
> Color by Property Value > Off.

The model reverts back to the previous
wireframe view.

9. or Thermal > Case Set Man-
ager.
The Case Set Manager dialog box
appears.

[ Save drawing before unning

(] Run with loweer system prioriy
Duplicate Nodes: Prompt if Found e
[ o [ cancal Help

10. Select Edit.

The Case Set Information dialog box
appears.

Case Set Information - Case Set 0 X

Radistion Tasks | S/F Caleulations | S/F Output || SINDA | Dynamic | Advanced | Props || Symbals || Comments

Analysis Group. Orbi, Type of Calc. Method

Add rays to database if possible.
othenwise recalculate

@ Radks (accumacy of curent database:
wil be refined)

Anclysis Group: [ BASE ~

@ (0 Aways reuse datz fro testing

Method: @ Morte Carlo O Progressive

The Case Set Manager changes the view
from the geometric model to temperatures
with the click of a button.

The default process is to run a steady state
case, but a transient run is what is needed
here.
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Beer Can Example (Continued)

11. Select the SIF Calculations tab.

Riadiation Tasks  5/F Caloulations | /F Output | SINDA | Dynamic | Advanced | Praps | Symbels | Comments |
SINDA Model Options Solution Type
¥ Generate Cond/Cap Fie, ¥ Steady State

casellce I™ Transient (FWDBCK)
[ Build SINDA Input File:
caselling ™ Patametric Edit.

I R SRR i B Bt

¥ Post Process SINDA Save File b lterations (NLOOPS NLOOPT 1000
¥ Generate Log File Max Temperatue Change [DALXCAARLXCA) 001

caselllog System Level Energy Balance: [EBALSA] 0.01
Nodal Level Energy Balance: [EBALNA) o

ox Cacel | Heb |

12. Click on Steady State in the Solu-
tion Type field to deselect it (remove
check mark from the box).

13. Select Transient in the Solution Type
field to select it (place a check mark
in the box).

14. Highlight the current value in the End
Time field and type 3600.

15. Select the SIF Output tab.

Radiction Tasks S/F Caieulations | §F Output | SINDA | Dynamic | Advanced | Props | Symbels | Comments |
SINDA Model Optians Solulian Type

W Generale Cond/Cap Fie, I Steady State
feweicc M Transient PWOBCK)  StatTime: [0 sec
[ Buid SINDA Input Fie: EndTime: |00 sec
eascbinp I~ Petametic Edt.

RS Convergence Criteria

¥ Post Process SINDA Save File M lterations (NLOOPS AHLOGPT ) 1000
¥ Generate Log Fie Mae Temperature Change [DRLXCA/ARLXCA) 001

-

oK [ ‘ Help |

16. Highlight the current value in the Out-
put Increment field and type 100.

17. Select OK.

The Case Set Manager dialog box is
on the screen.
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Beer Can Example (Continued)

18. Select Run Case.

A SINDA/Fluint Run Status dialog
box appears stating the successful
completion of the processor.

19. Select OK to close the dialog box.

The model changes from the geometric
view.

When the run is complete the temperature
view should look similar to the following.

Nade

eeeee

roture [KI, T1

Figure 10-31

=0

Solution

20. Ein or Thermal > Post Process-

ing > Edit Current Dataset.

The Set SINDA Dataset Properties
dialog box appears.

Set Sinda Dataset Properties

&

Select a Time/Record [see]  Deta to View

Temperatus  (T]

I~ Plot dats for MLI Nodes

1.40e+003 1324

Cammen :
[SINDA/FLUINT Save Fie:

[ %mant Color Bar Cyciing

casell say
Description:

21. Scroll down the list in the Select a
Time/Record [set] field and select
3600 (3.60e+003).

22. Select OK.

After the solve is completed, the initial
temperatures are displayed on the model
in the post processing state.

Note: If the colors don 't look right,
please see “Graphics Settings” on
page 13-2.

Figure 10-32 Beer Can Post Processed
View
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Beer Can Example (Continued)

23. or Thermal > Post Process-
ing > PostProcessing Off.

The model returns to the geometric
view in the drawing area.
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Beer Can Example (Continued)

24. or Thermal > Case Set Man-
ager.

The Case Set Manager dialog box
appears.

25. Select Copy.

The Add New Case Set dialog box
appears.

Add New Case Set

Mew Case Set Mame:

SIMD& Filenames:

|case1

v Maintain Unigue R adiation Filenames

=]

Cancel | Help |

26. Highlight the current value in the in
the New Case Set Name field and type

Hot Case.
27. Select OK fto close the dialog box.

The Case Set Manager dialog box
updates to reflect Hot Case in the Case
Sets field.

Select Hot Case.
Select Edit.

The Case Set Information - Hot Case
dialog box appears.

28.
29.

30. Select the Symbols tab.

Case Set Information - Hot Case ﬁ\

Radiation Tasks | $/F Caloulations || S/F Output | SINDA || Dynarmic | Advanced | Props | Symbois | Comments

Ovemide List

Global List: Symbol  Overide

Aitemp 20

Global

ok J[ cencel ][ Heb

Let’s create a hot case where the air tem-
perature is 25 C.

By overriding the global definition of 20
C with 25 C, the new case can be run
quickly and it will be able to go back to it
at a later time.

When this case is run, all the SINDA files
will go to casel.*

Once the run is finished, edit the post pro-
cessing dataset to change to the end time.

“““““““““

Figure 10-33 Hot Case
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Beer Can Example (Continued)

31. Select airtemp in the Global List field
to highlight it.

32. Click on the right arrow located in
the center of the dialog box.

Case Set Information - Hot Case E‘

Radiation Tasks | $/F Caloulations || S/F Output | SINDA || Dynarmic | Advanced | Props | Symbois | Comments

Ovemide List
Symbol  Ovenide Global

A=

Global List.
Aitemp 20

ok J[ concel ][ hHeb ]

The Expression Editor (Airtemp) dia-
log box appears.

33. Highlight the current value in the
main entry field (20) and type 25.

34. Select OK to close the dialog box.

The Case Set Information - Hot Case
dialog box displays the change.

Case Set Information - Hot Case X

Riadiation Tasks | S/F Caiculations | 5/F Output | SINDA | Dynamic | Advanced | Praps  Symbols | Comments |
Overide List

Symbol  Override: Global
atemp 25 20

Global List

0k | Cawd | He |

35. Select OK to close the Case Set Infor-
mation - Hot Case dialog box and re-
display the Case Set Manager dialog
box.

36. Select Run Case.

A SINDA/Fluint Run Status dialog
box appears stating the successful
completion of the processor.

37. Select OK to close the dialog box.

When the run is complete, the view
should look similar to the following:

K T o

Figure 10-34 New Solution
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Beer Can Example (Continued)

The model changes from the geometric
view.

@ or Thermal > Post Process-
ing > Edit Current Dataset.

The Set SINDA Dataset Properties
dialog box appears.

38.

39. Scroll down the list in the Select a
Time/Record [set] field and select
3600 (3.60e+003).

40. Select OK.

|
41. == or Thermal > Utilities >
Capture Graphics Area.

The Thermal > Utilities > Capture
Graphics Background will save the
current graphics window to
ScreenCapturel.bmp. The program deter-
mines the lowest ScreenCapture# that it
can use so as to not overwrite an existing
file. For example, a second command
would save to ScreenCapture2.bmp.

To verify the graphic is saved, open the
beercan directory folder and
ScreenCapturel will be included.

E or Thermal > PostProcess-
ing> Animate Through Time.

42.

The Continuous Cycle Dialog dialog
box appears.

Continuous Cycle Dialog @
’1—

@+ Mumber of Cycles:

" Continous Cpcle

Drelay After Each Update: 0 B0

™ Send F4 After Each Update

=]

Cancel Help

43. Select OK.

44. View the screen.

This command will animate through all
the times on the post processing file.

The command can be used in conjunction
with HyperCam to make a movie file (see
“Animate Through Time” on page 7-10).

10-91



Beer Can Example (Continued)

ing > PostProcessing Off.

The model returns to the geometric
view in the drawing area.

45. or Thermal > Post Process-

46. Select an element in the drawing

47. Select Thermal > Post Process-
ing > X-Y Plot Data vs. Time.

48. View the results.

This command will bring up the external
XY Plotting program. This program will

plot the transient for nodes of the element
that have been selected.

Fo el press 1.

Figure 10-35 XY Plotting

Note: The results will be different
depending upon what was selected
in the drawing area.

The user can change the nodes displayed
by selecting the Data Sets > Open com-
mand.

The nodes being displayed and any plot
customization can be saved to a file that
can then be brought up external to Ther-
mal Desktop.

49. Select File > Exit.

box appears asking to save the draw-
ing changes.

50. Select Yes.

A Thermal Desktop/AutoCAD dialog

Exit Thermal Desktop and save as
prompted.
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Try the following for practice:

Use the Model Browser (Thermal > Model Browser) to edit the convection con-
ductor values and rerun the model. (Set up a symbol to do so.)

Add a conductor to account for the surface radiation to the environment.

Analyze with the can being half full by changing the top half of the solid elements to
air (cp=0., k=.025 W/m/k).

Try and plot the temperature versus time for a both cases that were solved for node
MAIN.101. Start with a new XY Plot and use Data Sets > Open to access each save
file.

Start over from scratch and rebuild the model using a solid finite difference cylinder

object. Note that 2 disc and a cylinder will need to be used to model the aluminum
shell.
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10.5 Combined Radiation/Conduction Using Finite Elements

What you should learn:
* How to create a finite element model
* How to verify proper connections of elements
* How to apply radiation to solids

In this example, a finite element model will be created. The process begins by creating
a single quad element. The AutoCAD array command will be used to create a grid of
elements. The planar quad elements will be extruded and revolved into 3D solid elements.
Radiation will be placed on the solid elements. Temperature boundary conditions will be
applied and the model will be solved by SINDA.

Finite Element Example

1. Copy the template thermal.dwg file created in the first tutorial to the \Tutori-
als\finiteElement directory.

Note: Be sure to hold the <Ctrl> key down if dragging the template file icon to
the new directory so that the file is copied, rather than moved.

2. Rename the copied template file to fe1.

3. Start Thermal Desktop by double clicking on the fe1 drawing file icon in the
finiteElement directory.
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Finite Element Example (Continued)

1. Select Thermal > Thermophysical | Create the property aluminum with a con-
Properties > Edit Property Data. | ductivity of 240. Only the conductivity
will be entered/updated. This will be a

The Edit Th hysical Properti
¢ bdit 1hermophysical Froperties steady state example.

dialog box appears.

2. Type Aluminum in the New property Depending upon where the user started

the tutorials, Aluminum may already
to add field. ’
0 add fie exist. If so, perform Step 1, double click
3. Select the Add button. on Aluminum in the Edit Thermophysical

Properties dialog box and move to Step 4.

The Thermophysical Properties dia-
log box appears.

Propety:  Aluminum Set Colot
Comment e |
Conductivty (W /m/K]
K i Edt Table.. | [~ Use Table Pressure. | [ Use Pressure
[Esa. ]| T [Fese. ]|
[ Ed Ve | I P |
& Isolropic
€ Arisotipic
Specific Heat [Jékgrk]
& i Edi Table.. | [~ Use Tatle Fusion I Use Fusion
Density [ka/m*3]
ho i
Elfective emisshity
estar [0 (used for insulation and core)
Ablation
I Use Ablstion
oK Cancel \ Help \

4. Highlight the current value in the
Conductivity k field and type 240.

5. Select OK to close the Thermophysi-
cal Properties dialog box.

The Edit Thermophysical Properties
dialog box reappears with the updated
Aluminum value displayed in the main
property/description field.

6. Select OK fto close the Edit Thermo-
physical Properties dialog box.
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Finite Element Example (Continued)

o This part of the exercise creates 4 nodes.
7 or Thermal > FD/Network > When finished, the model should look
Node. similar to the example below.

Enter location of node: appears in the
Command line area.

D
2. Type 0,0 in the Command line.
The first node is created at the origin. o <
3. or Thermal > FD/Network >
Node.

Figure 10-36 Newly Created Nodes
Enter location of node: appears in the

Command line area.
4. Type 1,0 in the Command line.

The second node is created.

i
5. or Thermal > FD/Network >
Node.

Enter location of node: appears in the
Command line area.

6. Type 1,1 in the Command line.
The third node is created.

7. or Thermal > FD/Network >
Node.

Enter location of node: appears in the
Command line area.

8. Type 0,1 in the Command line.
The fourth node is created.

9. or View > Zoom > Extents.
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Finite Element Example (Continued)

or Thermal > FD/Fem Net-
work > Element.

Select Objects: appears in the Com-
mand line area.

Select node 1, the node at the axis of
the UCS icon.

Select Objects: appears in the Com-
mand line area.

Select node 2, the node to the left of
the first node.

Select Objects: appears in the Com-
mand line area.

Select node 3, the node above the
first node.

Select Objects: appears in the Com-
mand line area.

Select node 4, the node to the right of
the first node.

Select Objects: appears in the Com-
mand line area.

. Press <Enter> to end the selection

process.

Lines appear on the screen connecting
the four nodes.

A quad element is being created from the
four new nodes.

The order in which the nodes are
picked is extremely important. Refer to
the drawing below to select the nodes.

The order follows the right hand rule to
determine which side is up. For example,
picking the nodes in the order 1,2,4,3
would produce a quad where the diago-
nals would cross.

=

@m

Figure 10-37 Node Selection Order

When the element is created, the view
should be similar to that below:

z

L

Figure 10-38 Quad Element
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Finite Element Example (Continued)

1. Select the new quad element ro
highlight it.

*]
2. or Thermal > Edit.

The Thermal Model Data dialog box
appears.

Thermal Model Data

(%

Radiation | Cond/Cap || Contact | Insulation | Comment

Analysis Group Name, Active Side
EASE _ boih
Top/Out Side Optical Property:

DEFAULT 3

Bottom/In Side Optical Property:
DEFAULT -

Top Side Overides
Eatiom Side Overides...

[ ok ][ cancal ][ Hep

3. Select the Cond/Cap tab.

Thermal Model Data El
Radiation | Cond/Cap | Cortact || Insulation | Comment
Generate Nodes and Conductors
Cond Submodsl: [MAIN w
Gen Nodes: Based on material property v
Matsrial Thicknessin) g iers:
DEFAULT v| [oom Densty: 1
UorXCond: |1
VorYCond: |1
Material Orientation name {aniso FEM arlly): WorZCond: |1
ok ][ cance J[ Hep |

4. Click on the arrow next to the Mate-
rial field and select Aluminum from
the pulldown menu.

5. Select OK to close the dialog box.
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Finite Element Example (Continued)

1. Select the new quad element. This part of the exercise uses the Array
2 Select Modify > Arrav. command to create a 4x3 grid of quad ele-
eree y y ments. When completed, the model

The Array dialog box appears. should look similar to the view below.
KJArray E]@
% Rectangular &ray " Polar Anay E Select abjects
E Fows 7 m| — 7 1 objects selected
Offset distance and direction
ow offse! 1.0000 Sooo
Gl ﬂﬂ So=s
Column offset: 1.0000 M
Angle of array: a M
T3 By defaul, :;:j tr:je m
coovlujmar:eoffseﬁs Og h
TR added to the left Cancel
Predew Figure 10-39 Array of Quad Elements

3. Select Rectangular Array if not
already selected (display a dot in the
circle).

4. Highlight the current value in the
Rows field and type 4 if a different
value is displayed.

5. Highlight the current value in the Col-
umns field and type 3.

6. Highlight the current value in the Row
Offset field and type 1 if a different
value is displayed.

7. Highlight the current value in the Col-
umn Offset field and type 1 if a differ-

ent value is displayed.

Note: The Row Offset and Column
Offset fields display as 1.0000.

8. Select OK to close the dialog box.

9. or View > Zoom > Extents.
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Finite Element Example (Continued)

1. Select Thermal > Model Checks >
Show Free Edges.

Select the elements for free edge cal-
culations: appears in the Command
line area.

2. Type all in the Command line.

Select the elements for free edge cal-
culations: appears in the Command
line area.

3. Press <Enter>.

The grid lines turn red and

48 individual edges found

48 free edges found

appears in the Command line area.

The next steps use the Show Free Edges
command to determine if these nodes are
properly connected.

Once the Show Free Edges command is
executed, notice that red lines cover the
whole grid of the model. What has hap-
pened is that the Array command has cop-
ied the nodes as well as the elements and,
therefore, the nodes are lying on top of
each other. If the user output the model at
this point (after resequencing the nodes),
there would be no conduction between
the elements.
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Finite Element Example (Continued)

. Press <Enter>.

This group of steps merge the coincident

or Thermal > FD/Fem Net- | nodes.
work > Merge Coincident Nodes.

Select Objects: appears in the Com-
mand line area.

Type all in the Command line.

Select Objects: appears in the Com-
mand line area.

The Merge Coincident Nodes dialog
box appears.

Merge Coincident Modes

Coincidence Tolerance: I m
QK | Cancel | Help |

. Highlight the current value in the
Coincidence Tolerance field and type
.01.

Select OK to close the dialog box.

A Thermal Desktop/AutoCAD dialog
box appears asking for confirmation of
the merge.

Select Yes.
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Finite Element Example (Continued)

1. Type regen in the Command line.

The array turns white.

2. Select Thermal > Model Checks >

Show Free Edges.

Select the elements for free edge cal-

culations: appears in the Command
line area.

3. Type all in the Command line.

41 found
29 were filtered out

Select the elements for free edge cal-

culations: appears in the Command
line area.
4. Press <Enter>.

The outside edge of the array turns
red.

The regen command is performed here to
clear the screen from the previous Show
Free Edges and Merge Coincident Nodes
commands.

The free edges are checked again and
now only the outlying edges are drawn in
red.
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Finite Element Example (Continued)

1. Select Thermal > FD/Fem Network | The planar elements are extruded to make
> Extrude Planar Elements into | bricks.
Solids.

Select Planar Elements/Edge Conics
for Revolve/Extrude: appears in the
Command line area.

2. Type all in the Command line.

41 found /

29 were filtered out
Select Planar Elements/Edge Conics
for Revolve/Extrude: appears in the
Command line area.

3. Press <Enter>. Figure 10-40 Extruded Elements

Select point to extrude from: appears
in the Command line area.

4. Type 0,0 in the Command line.

Select point to define extrude vector/
distance: appears in the Command
line area.

5. Type 0,0,5 in the Command line.

The Extrude/Revolve Planar Ele-
ments into Solids dialog box appears.

Extrude/Revolve Planar Elements into Solids EJ

{+ Even Breakdowns Options

Total Distance: 5 m [ Delete Original Planar Elements

Solids created slong path: |1 1D increment for new nodes: |01

™ Uneven Breakdowns

Enter "Thickness, Material" of each layer

NEPEN

TURE Concel | Heo |

6. Leave Even Breakdowns selected
(dot in the circle).

7. Highlight the current value in the Sol-
ids Created along path field and type
5.
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Finite Element Example (Continued)

Select OK to close the dialog box.

Type zoom in the Command line.

[All/Center/Dynamic/Extents/Previous/
Scale/Window] <real time>: appears in
the Command line area.

Type extents in the Command line.
The view shifts to show the full array.
Type vpoint in the Command line.

Current view direction: VIEWDIR=
-1.0000,-1.0000,1.0000

Specify a viewpoint or [Rotate] <dis-
play compass and tripod>: appears in
the Command line area.

Bpe -1,-1,0.9 in the Command line.

The view of the extruded model is
rotated.

The view of the model is zoomed to the
extents of the drawing area and then
rotated a little bit to move the model off
of the isometric view. The model should
look similar to the view below.

%

Figure 10-41 Extruded Elements
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Finite Element Example (Continued)

or Thermal > FD/Fem Net-
work > Hide Solid Interior Faces.

The view in the drawing area shifts.

Since the model was rotated off the nor-
mal, notice that there are many double
lines that can be seen. These are the edges
of the interior of the model. These lines
can clutter up the model, especially if the
model is the meshed.

The next step turns off these lines. By
turning off these lines redisplays, rota-
tions, and post processing of the model
will process faster.

The calculation to hide the interior lines is
only made when the user selects the com-
mand. Thus, if more geometry is added,
or deleted, the user may need to re-exe-
cute the command to get the proper view.

Figure 10-42 Interior Lines Hidden
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Finite Element Example (Continued)

1. Select Thermal > FD/Fem Network
> Revolve Planar Elements into
Solids.

Select Planar Elements/Edge Conics
for Revolve/Extrude: appears in the
Command line area.

2. Type all in the Command line.

201 found

189 were filtered out

Select Planar Elements/Edge Conics
for Revolve/Extrude: appear in the
Command line area.

3. Press <Enter>.

Select base point to revolve from:
appears in the Command line area.

4. Type -3,0 in the Command line.

Select point to define revolve axis:
appears in the Command line area.

5. Dype -3,3 in the Command line.

The Extrude/Revolve Planar Ele-
ments into Solids dialog box appears.

Extrude/Revolve Planar Elements into Solids EJ

' Even Breakdowns Optiores

Total Distance: 360

Solids created slong path: |1

degiees | | Delete Original Planar Elements

1D increment for new nodss: |0

" Uneven Breakdowns

Enter "Thickness, Material" of each layer

[T

Cancel | Help |

6. Leave Even Breakdowns
selected.

7. Highlight the current value in the
Total Distance field and type 90.

These steps revolve the planar elements.

“All” can be used in the Command line
for selection purposes since the nodes and
the solids will be filtered out.
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Finite Element Example (Continued)

8. Highlight the current value in the Sol-

ids created along path field and type
9.

9. Select OK to close the dialog box.

Use the Hide Interior Faces command to
10. or View > Zoom > Extents. | clean up the display as needed. The
model should look similar to the drawing
below.

Figure 10-43 After Revolved Elements
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Finite Element Example (Continued)

1. Select Thermal > Modeling Tools | The model now consists of planar ele-
> Make AutoCAD group > From | ment and solids. The planar elements
Thermal Objects. must be deleted because their function is

Select entities to make into a group: complete.

appears in the Command line area. The objects will be put into a group and
then the AutoCAD Delete function to

2. Type all in the C d line.
ype all in the Lommand iine delete that group will be used.

Select entities to make into a group:

. . Once all the object are selected, the filter
appears in the Command line area.

appears and allows the planar objects to

3. Press <Enter>. be filtered from the solids and nodes.
The Object Selection Filter dialog box
appears.

Object Selection Filter: ]

Select Type to filker:
Additional Criteria:

Salid Elements(168) Submode! -
Mon Thermal Desktopld]
Material -
Optics: A

Analysiz Group: £

Other: -

I Ok J [ Mo Filtering ] [ Help ]

Leave the current selections as they
appear.

4. Select OK to close the dialog box.

The Group Name Input Form dialog
box appears.

Group Name Input Form

Input Group M ame: ||

QK | Cancel | Help

5. Type plane in the Input Group Name
field.

6. Select OK fto close the dialog box.
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Finite Element Example (Continued)

. Press <Enter>.

Select Modify > Erase. These steps will delete the planar ele-
ments. Note that the letter ‘g’ could be

Select objects: appears in the Com- .
) PP used instead of the word “group”.

mand line area.
Type group in the Command line.

Enter group name: appears in the
Command line area.

Type plane in the Command line.

Select objects: appears in the Com-
mand line area.
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Finite Element Example (Continued)

1. Select Thermal > FD/Fem Network | Radiation must be removed from the sol-
> Surface Coat Free Solid Faces. | ids.

Select the solids for free calculations: | The Surface Coat Free Solid Faces com-
appears in the Command line area. mand will calculate all of the solid free
faces and place a planar element on that
face so that the active side is top. The
Select the solids for free calculations: | thickness of the planar element is set to

2. Type all in the Command line.

appears in the Command line area. zero so that it doesn’t effect capacitance
3 Press <Enter>. and conductance calculations.

0 free tri faces found This same planar element can be used for

220 free quad faces found area contact conductance, or as mli insu-

appears in the Command line area and | lation nodes.

the Thermal Model Data - Multiple Display active sides to make sure the

Surface/Element Edit Mode dialog radiation has been placed correctly if
box also appears. desired.

Thermal Model Data Note: See Section 5.1.1: Displaying
Active Sides on page 5-1.

Radiation | Cond/Cap | Contact || Insulation || Comment

Analysis Group Name, Active Side
BASE  bath

Top/Out Side Optical Property:
DEFAULT -

Bottom/In Side Optical Property:
DEFAULT -

Top Side Overides
Eatiom Side Overides...

ok | [ cancel ][ Hep

4. Select the Cond/Cap tab.

Click on the arrow next to the Mate-
rial field and select Aluminum from
the pulldown menu.

6. Select OK fto close the dialog box.
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Finite Element Example (Continued)

A Thermal Desktop/AutoCAD dialog
box appears asking to confirm the
change.

Thermal Deskiop ]
In mulki-edit made, only fields that are changed are updated For all the edited objects.
! ! For a field to be changed, the walue or string must be different than the original value,
For instance, if the value was 60, byping in 60, or 60.0 does NOT make the field changed,
TF the field already has the value in the field that you want, you might need to change
the Field to another walue, and then perform the same edit again and change it back to the
desired value.

The fallowing fields were determined to be changed (any displayed values are in MKS urnits):
Top Material

Select YES to perform these changes on all edited objects

Select MO o cancel this edit
es Ma

7. Select Yes to close the dialog box.

Select View > 3D Views > Front.
2. Type zoom in the Command line.

[All/Center/Dynamic/Extents/Previous/
Scale/Window] <real time>: appears in
the Command line area.

3. Type .8X in the Command line.

Change the view to make it easier to
select the nodes on the ends. The nodes
will be selected and changed to boundary
nodes.

Figure 10-44 Front View
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Finite Element Example (Continued)

1. Select from points 1 to 2 as shown | The nodes on the top of the object must
in Figure 10-45 and as noted below: | be edited.

* Using the example to the right as a | Refer to the example shown below (Fig-
guide, click the left mouse above the ure 10-45) when selecting the nodes,

upper left corner of the surface area starting the selection box at point 1. After
(1). the first point is selected, select point 2.
Specify opposite corner: appears in the 1

Command line area. T 2

* Position the mouse on the opposite,
lower right corner of the selection
area as shown in the example and
click the left mouse button (point 2).
Note that as the mouse is moved, a box
is drawn around the area. 3

*]
2. or Thermal > Edit.
The Object Selection Filter dialog box

appears. Figure 10-45 Node Selection Order
3. Select Nodes[20] in the Select Type
to filter field. When points 1 and 2 are selected in the
correct order, not only are the nodes
T selected but the surface coated planar ele-
it : ments that were createfi earhe'r are also
s ———1 selected. When the Edit function is
Opice: | selected, the function determines that
wopte [ ] more than one type of entity has been
e =l selected. The Object Selection Filter dia-
Corced_| heb | log box is displayed.
Note: The Object Selection Filter
4. Select OK to close the dialog box. dialog box can also be displayed by

selecting Thermal > Modeling
Tools > Toggle Filter On.
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Finite Element Example (Continued)

The Node - Mulit Edit Mode dialog

box appears.

Node - Multi Edit Mode
Submodet: | [EEI » Initial temp:  [293.15
1D:
Comment:

[calculated by elements]

[ Ovenide caloulations by elements/suracss

[1 Put in sub-network

5

ok ] [ cameel | [ H

ok

5. Click on Override calculation by
elements/surfaces o place a check

mark in the box.

The Type field activates.

Node - Multi Edit Mode
Submodel: | MAIN » Initial temp:  [293.15
1D:
Comment:

Tope
@ Diffusion
Themal Mass: |1 I

[ Use material:
() Arithmetic.

© Boundary

O Clone

Overide calculations by elements/sutaces

[1 Put in sub-network

ok ] [cameel |

Hep |

6. Click on Boundary to place a dot in

the circle.

7. Highlight the current va

lue in the Ini-

tial temp field and type 373.15.
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Finite Element Example (Continued)

Submodel: [MAIN - Initial temp: |373.15 K
D

Comment: |

Type

" Diffusion

—
~ | |

O Aithmetic

" Boundary

I Time warying Edi...

" Clone

¥ Overide calculations by elements/sufaces

™ Putin sub-network

oK. Cancel | Heo |

8. Select OK to close the dialog box.

A Thermal Desktop/AutoCAD dialog
box appears asking for confirmation of
the changes.

9. Select Yes to close the dialog box.
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Finite Element Example (Continued)

10. Select from points 3 to 4 as shown

11.

12.

13.

14.

15.

earlier in Figure 10-45 and as noted
below:

s Click the left mouse at point 3 as
shown in Figure 10-45.

Specify opposite corner: appears in the
Command line area.

* Click the left mouse at point 4 as
shown in Figure 10-45.

or Thermal > Edit.

The Object Selection Filter dialog box
appears.

Select Nodes[20] in the Select Type
to filter field.

Object Selection Filter:

Select Type to fier
Addtional Criteria

Submodel A

Material -
Node Type -
Other -

B | Help |

Select OK to close the dialog box.

The Node - Multi Edit Mode dialog
box appears.

Click on Override calculation by
elements/surfaces to place a check
mark in the box.

The Type field activates.

Click on Boundary fo place a dot in
the circle.
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Finite Element Example (Continued)

16. Highlight the current value in the Ini-
tial temp field and type 273.15.

Submodel: [MAIN =] inialtemp: [27379 K
ID: [
Commert. |
Type
" Difusion

—

r [ |
" Aiithmetic
 Boundaty

I Time varying Edit.
" Clane

[V Ovenide calculations by elements/surfaces

I™ Putin sub-netwark

oK el ‘ Help |

17. Select OK to close the dialog box.

B

Thermal Desktop

In multi-edit mode, only Fields that are changed are updated For al the edited obiscts.
' \ For afiekd to be changed, the value or string must be different than the original walue.
For instance, iF the value was 60., typing in 60. or 600 doss NOT make the field changed.
F the Field already has the value in the field that you wartt, you might need to change
the Field b another value, and then perForm the same edit again and change it back to the
desired value.

The Following fields were determined ta be changed (any displayed valuss are in MKS units):
Node Type
User Override
Inital Temp changed from 293.150000 ko 273.149994

Select VES to perform these changes on all edited objects

Select NO ko cancel this edit
Yes M

18. Select Yes to close the dialog box.

1. Select Thermal > Modeling Tools
> Resequence IDs.

Select entity(s) for Node ID Rese-
quencing: appears in the Command
line area.

2. Type all in the Command line.

Select entity(s) for Node ID Rese-
quencing: appears in the Command
line area.

3. Press <Enter>.

This part of the exercise resequences the
node IDs.
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Finite Element Example (Continued)

The Resequencing Node IDs dialog
box appears.

Resequence Node IDs @

Reszequence nodes in Submodel: MAIN v
Starting node number: 1
Wode number increment: 1

[] &dd increment to existing node number

[ [ [ Cancel ] [ Help ]

4. Select OK to close the dialog box.

300 nodes were changed appears in
the Command line area.

1. or Thermal > Case Set Man-
ager.
The Case Set Manager dialog box
appears.
Case Sets: Manage
Rename...
Delete.
Maowe Up

[ Save drawing before running
I~ Riun with lowser system priority

Prompt if Found -

Duplicate Nodes:

oK. Cancel | Heo |

2. Click on Edit.

The primary purpose of the Case Set Man-
ager is to allow the user to set up different
thermal analyses cases and to have the cal-
culations made from doing radiation cal-
culations to creating and running the
SINDA model to postprocessing tempera-
tures with the click of a single button.

Once parameters are set and the Run Case
button is clicked, Thermal Desktop will
calculate the radiation conductors and
heating rates for all of the tasks set up for
the current case set. Nodes and conductors
are then computed and output. A SINDA/
FLUINT model is then built and run. And
finally, the temperature results are dis-
played mapped onto the thermal model in
color. Add the radiation to the case set
properties.

Selecting solve will allow the Case Set
Manager to solve the radiation, output the
conductors and capacitance, build the
SINDA model, solve the SINDA model,
and display the steady state temperatures
back on the model.
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Finite Element Example (Continued)

The Case Set Information - Case Set ()
dialog box appears.

Case Set Information, - Case Set 0 @

Riackation Tasks | 8F Caloulations | S/F Dutput | SIND | Dynamic | Advanced | Frops | Symbeks | Commerts |

s Options
_femove | o Rewse calculsted dat if valid,
othervise iecalculate
Copp
Fropsrtiss (~ Recalculale data [cunent
databiase vill be replaced]

Analysis Group, Orbit, Type of Cale, Method

Add/Change Tasks
e e Add rays to database i
- possible, olerwise recaleuizte
 Radks & & [aceumacy of cumert database
wil be refined)
Bnabsis Gioun |BASE =
Orbit ~ Alnaps reuse data [no testing
formed
Method: @ Monte Carlo  Progiessive eiened)

i3 Cancel Help

3. Click on Add.

The main entry field is updated.
4. Select OK to close the dialog box.

The Case Set Manager dialog box
reappears.

5. Click on Run Case.
The Case Set program is run.

When complete, the graphic output
appears in the drawing area. the
SINDA/Fluint Run Status dialog box
appears on top of the graphic output
confirming successful completion of
the process.

6. Select OK fto close the dialog box.

10-118




Finite Element Example (Continued)

Hede yama

Figure 10-46  Solution

1. Select File > Exit. Exit Thermal Desktop.

A Thermal Desktop/AutoCAD dialog
box appears asking if the user wants to
save the changes made to the drawing.

2. Select Yes.

The drawing is saved and Thermal
Desktop closes.

Notice the temperatures may actually be less than 273.15K. This is because the default
SPACE node temperature is Absolute Zero, or 0 K. To change the space node temperature,
create a node, edit it to be in submodel SPACE, make it a boundary node, and set the desired
temperature.
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10.6 Mapping Temperatures From a Course Thermal Model to
a Detailed NASTRAN Model

What you should learn:
* How to map temperatures from one type of model to another type of model.

This tutorial maps temperatures from a coarse model of a plate with two holes in it to a
different mesh of the same model that has much finer detail. This situation is very common
when the stress analyst has a very detailed model for a part, but the thermal model must be
made coarse so as to get the part integrated into the entire thermal model.

C&R would like to give a special thanks to Jim Braley for providing the sample NAS-
TRAN models for this tutorial.

Mapping Example

1. Copy the template thermal.dwg file created in the first tutorial to the \Tutori-
als\mappingExample directory.

Note: Be sure to hold the <Ctrl> key down if dragging the template file icon to
the new directory so that the file is copied, rather than moved.

2. Rename the copied template file to coarse.

3. Start Thermal Desktop by double clicking on the coarse drawing file icon in
the mappingExample directory.

In addition to the copied template drawing, there are two existing files in the map-
pingExample folder:

» coarse_quad.nas
 fine quad.nas.

The two files will be imported into the model during the exercise.

1. Select View > 3D Views > Top. Change the view in the drawing area to

The UCS icon reflects the new orien- the top view.

tation.
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Mapping Example (Continued)

1. Select Thermal > Import > NAS-
TRAN.

The FE Model Units dialog box
appears.

FE ModelUnits X
Biefore importing a finite element model, the Thermal Desktop units
must match those in the finite element model.

If this isn't true, press "Cancel” and reset the units using
Thermal-> Preferences.

“r'ou may alzo wish to turn off node display for large models
in order ta speed up the graphical display.

()8 | Cancel |

2. Read the contents and select OK to
close the dialog box.

The FE Model Options dialog box
appears.

FE Model Import Options X

(&) Import FE model as a thermal model

() Impart FE madel as graphics only

Submodel tAaIN A
Layer: 1] .

[] Convert Themal Boundary Conditions

[ ak. 1 [ Cancel ] [ Help ]

3. Leave the default settings as they

appear and select OK to close the dia-

log box.
The Open dialog box appears.
Lok ine | 9 mappingExample =/ oy E-
File name: | Open
Files of type: bl flesl” bdf) | Cancel
[~ Open as read-only

The next step imports the
coarse_quad.NAS file into the drawing.
When the import process is complete, a
model of a plate with two holes in it will
be displayed.
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Mapping Example (Continued)

Open, @@

Lookin: | 53 mappingE xample =l cF B

Open

4. Type coarse_quad.NAS into the file name field or type the first letter (c) and
select coarse_quad.NAS from the pulldown menu as shown below:

RIX]

File: mame:

Look in: | 5 mappingE xample | o B~

Files of type: [ b fles

¥ Dpen as rsad-only

be listed.

Note: Another option is the click on the File type arrow and change the drawing
type to display additional file types. Once selected, files of the selected type will

5. Select Open to import the file and
close the Open dialog box.

The model should look similar to the
example below.

Figure 10-47

Imported Drawing
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Mapping Example (Continued)

Select the nodes on the left edge Some boundary conditions must be cre-

of the model by drawing a selection ated so the model can be run and some

box from points 1 to 2, as shown in | gradients obtained. The nodes on the left

the example to the right. edge of the model are to be designated as
boundary nodes.

Note: In this case, selection order

is not important in that only the [
nodes are to be selected rather than
the nodes and any other objects that
may be partially enclosed by the se-
lection box. Remember that select-
ing objects from top to bottom will
only select those items fully en-
closed by the selection box whereas
selecting objects from bottom to top
will include items not fully enclosed

by the selection box into the selec- Figure 10-48 Selection Points
tion set.

or Thermal > Edit.

The Node - Mulit Edit Mode dialog
box appears.

Node - Multi Edit Mode 3
Submodel v Initial temp: 28315 K
[t
Comment i
lcalculated by clements]
(] Everids cakeulstions by slemerts/suntacss
] Put in sub-network
ok | [ Cancel | [ Hep
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Mapping Example (Continued)

3. Select Override calculations by
elements/surfaces o place a check
mark in the box.

The Type fields activate.

4. Select Boundary (place a dot in the
circle).

Node - Multi Edit Mode X
Submodel: | MaIN v Initial temp: | 292,15 K

1D

Comment:

Type
O Difusion

O Arithmetic

® Boundary

e

O Clone

Overide calculations by elements/surfaces

[ Putin sub-network

ok | [ cCancel | [ Hep

5. Select OK to close the dialog box.

A Thermal Desktop/AutoCAD dialog
box appears asking for confirmation of
the node changes.

Thermal Desktop X
In multi-edit mode, onky Fields that are changed are updated for all the edited objects.
! E For afield to be changed, the value or string must be different than the original value.
For instance, if the walue was 60., kyping in 60, of 60.0 does MOT make the field changed.
If the field already has the value in the Field that vou want, you might need ta change
the field to another value, and then perform the same edit again and change it back ta the
desired value.

The fallawing figlds were determined ko be changed (any displayed values are in MES units):
Mode Type
User Owerride

Select YES ko perform these changes on all edited objects

Select MO ko cancel this edit
Yes Mo

6. Select Yes to confirm the changes and
close the dialog box.
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Mapping Example (Continued)

1. Select the nodes on the right edge | A heat load of 10 watts is to be applied to
of the model by drawing a selection the nodes on the right edge of the model.
box from points 3 to 4, as shown in the 3
example to the right.

Note: As in the selection of the
nodes on the left edge, selection or-
der (top to bottom versus bottom to
top) is not important in this case as
only the nodes on the right edge are
being selected in this step.

2. Select Thermal > FD/Fem Network ' ) 1 4
> Heat Load on Nodes. Figure 10-49 Selection Points
The Heat Load Edit Form dialog box
appears. Note: Because of the top view of the
model, once the heat load has been
- | applied it appears the nodes change
= color from white to red. If the model

HesiLosdlv) is rotated to look at from another

Value: [0 Time Dep... | [~ Use Time Dep .
angle, small red arrows are dis-

played which give the illusion of the

& Absohute " Flux

- red nodes from the top view.

b If the model is rotated back to a top
EEEE%E@ e | view, the nodes appear white in color
a1 L= again, with small spots of red.

[ Carcel | Heb |

3. Highlight the current value in the Heat
Load [W] Value field and type 10 .

4. Select OK to close the dialog box.
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Mapping Example (Continued)

1. or Thermal > Case Set Man-
ager.
The Case Set Manager dialog box
appears.
Case Sets: Manage
Add Impart,
Capy... Expart...
Rename.
Delete..
Mave Up
Mave Down
Edit.
I Save drawing before running
Run Case [~ Run with lower spstem priority
Duplicate Nodes: Prompt if Found -
oK Eereel \ Help |

2. Click on Edit.
The Case Set Information dialog box

appears.
Case Set Information - Case Set 0 E
adiation Tasks alculations utput amic | Advanced || Props | Symbols | Comments
Radiation Tasks | S/ Calcul S/F O SINDA | Dyn: Advanced | Pr Symbols || C
Analysis Group, Orbit, Type of Calc, Method
Options
e-use calculated data if valid.
(@ R s caadteddta v
cthernise recalculate
Copy
(o Recalouate dta curet

database will be replaced)

Add/Change Tasks

A ray o detabase T possble
cthernise recalculate

® Radks {accurracy of curent database
will be refined)

Analysis Group. BASE v

Orbt (- Aways reuse data (no testing
performed)

Methed. @ Monte Caro O Progressive

ok | [ Ganed || Heb

Use the Case Set Manger to process a
steady state solution on the problem.

The primary purpose of the Case Set
Manager is to allow the user to set up dif-
ferent thermal analyses cases and to have
the calculations made from doing radia-
tion calculations to creating and running
the SINDA model to postprocessing tem-
peratures with the click of a single button.
When the Run Case button is clicked,
Thermal Desktop will first calculate the
radiation conductors and heating rates for
all of the tasks set up for the current case
set. Nodes and conductors are then com-
puted and output. A SINDA model is then
built and run. And finally, the tempera-
ture results are displayed mapped onto the
thermal model in color.

The user may set up different case sets to
be steady state or transient analyses. Each
case set may have different start and stop
times for transient runs. The user can also
have different SINDA Logic, property
databases or aliases, or even different
symbol values
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Mapping Example (Continued)

3. Click on the SIF Calculations tab.

Fiadiation Tasks  54F Caloulations | 5.F Output | SIND# | Dynamic | Advanced | Praps | Symbals | Comments |

SINDA Model Options

v Generate Cond/Cap File:

casell.eo

i Build SINDA Input File:
v Run SINDA Model
lv Post Process SIND& Save File

W Generats Log File

caselllog

Solution Type

¥ Steady State

[~ Transient [FWDBCK)
I Parametic M

Convergence Cilteria

ta Iterations (NLOOPSMLOOPT]: 1000

Mar Temperature Changs [DRLXCARLRCA) 001

System Level Energy Balance: [EBALSA) 0.01

Nodal Level Energy Balance: [EBALNA) 0

0K, Eereel \ Help |

Steady State in the Solution Type field
is already selected.

4. Select OK to close the dialog box and
return to the Case Set Manager dialog

box.

5. Click on Run Case.
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Mapping Example (Continued)

The solution is processed. When complete, the data displays on the screen along
with a SINDA/FLUINT Run Status dialog box confirming successful completion of
the run.

6. Click on OK to close the dialog box.

Nade

»5E9. 2

Je%. 2

505, &

4822

458, 4

434, 8

411.

3876

264

340, 4

3168

293 1

€293, 1
Temperature CK1, Time = 0 soc

Figure 10-50 So/ut)'on
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Mapping Example (Continued)

Select Thermal > Export > Map The stress analyst has added a more

Data to NASTRAN Model. detailed model titled fine quad.nas. and

The Map Data to External Model dia- needs the temperatures for the nodes in

log box appears. this model in order to perform thermal
stress calculations.

Map Data to External Model @
Nashan input e il  Bowe. |
Olutput fie: mapliutput dat m

Mapping Tolerance
& Constant 0 m
" Variable
Data To Map
& Map Cunent Post Processed Data
€ Map All Data Paints in Current Post Processing Dataset
Set Objects To Be Tested when Performing Mapping Furctions
 Map to all objects in the modsl
" Drlyp Consider Objects in the Selected ListWhen Performing Mapping
Create,
I Create points for test points that fail to map
oK el ‘ Help |

The input file name is fine_quad.NAS
which is located in the mappingExam-
ple folder.

Click on the NASTRAN input file
Browse button.

The Open dialog box appears.

Click on the arrow next to the Files of
type field and select .nas files[*.nas]
from the pulldown menu.

The two .nas files located in the map-
ping Example folder are displayed.

Double click on fine_quad.nas.

Map Data to External Model dialog
box reappears.

The nastran input file name field is
updated to fine quad.nas.

The output file name is to be
temps.out.
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Mapping Example (Continued)

5. Highlight the current value in the Out-
put file field and type temps.out.

6. Highlight the current value in the
Mapping Tolerance Constant field and
type 1.e-5.

7. Select OK to close the dialog box.

The file temps.out contains mapped temperatures in the format necessary for them to
be included into the Stress model. The engineer must cut and paste these into the
proper place in the NASTRAN model in order to perform the thermal stress calcula-

tions.

1. Select Thermal > Utilities > Cap-
ture Graphics Area.

Graphics area is now in the current
buffer and can be pasted to another
program.

ScreenCapture1.bmp has been saved
appears in the Command line area.

2. Select File > Exit.

Note: Thermal Desktop can also be
exited using the Windows Close
button (X) in the upper right corner
of the screen.

A Thermal Desktop/AutoCAD dialog
box appears asking to save the draw-
ing changes.

3. Select Yes.

This part of the exercise creates a bitmap
of the captured screen and exits Thermal
Desktop.

Technically the mapping example is complete; however, in reality, it is best to check to
make sure the temperatures were mapped correctly.
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Mapping Example (Continued)

To check the mapping, use the template to create a new drawing named fine by com-
pleting the following steps.

1. Copy the template thermal.dwg file created in the first tutorial to the \Tutori-
als\mappingExample directory.

Note: Be sure to hold the <Ctrl> key down if dragging the template file icon to
the new directory so that the file is copied, rather than moved.

2. Rename the copied template file to fine (the .dwg file extension will be automati-
cally attached).

3. Start Thermal Desktop by double clicking on the fine file drawing icon in the
mappingExample directory.
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Mapping Example (Continued)

1. Select Thermal > Import > NAS- The next step imports the fine_quad.NAS
TRAN. file into the fine drawing. When the
The FE Model Units dialog box import process is complete, the model of

should be similar to the drawing below.
appears.

2. Read the contents and select OK to
close the dialog box.

The FE Model Options dialog box
appears.

3. Highlight the current value in the Sub-
model field and type NASTRAN.

FE Model Import Options 53 .
() Import FE model as a thermal model Flgure 10-51 /mported Dra Wlng
O Import FE model az graphics only
Submodel: MASTRAN| w
Layer: 1] w
[ Corvert Thermal Eoundary Conditions
[ QK ] [ Cancel ] [ Help ]

4. Select OK to close the dialog box.

A Thermal Desktop/AutoCAD dialog
box appears asking for confirmation to
add NASTRAN to the submodel list.

Thermal Desktop

1] E Are you sure you wank to add submodel MASTRAN to the submodel list
.

es Mo

5. Select Yes.
The Open dialog box appears.

6. Browse and select fine_quad.NAS
to display the file the File name field.

Note: Hint: Type the letter f into the
File name field and then click on the
associated arrow.

7. Select Open to import the file and
close the Open dialog box.
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Mapping Example (Continued)

1. Select Thermal > Post Processing | This part of the exercise creates a text file
> Manage Datasets. dataset and uses Thermal Desktop’s Post

The Postprocessing Datasets dialog Processing functionality.

box appears. When the data was previously mapped, a
: file containing the Node Numbers and
.
P mapped values was written to the map-
Akt pingExample folder and named nas-
s Cuner tranTemps.dat.
e | When complete, if the picture is grey,
Rename .
- then Step 3, changing the Submodel field
. to NASTRAN, was not performed. Edit
the nodes, make the Submodel NAS-
TRAN, and then redisplay the current
post processed dataset.
[

2. Select Add New.

The Data Set Source Selection dialog
box appears.

Data Set Source Selection @

Postprocessing set name:

Data Souce

" Sinda/Fluint " Radks
" TestFile " Form Factors

(™ Tewt Transient File ¢ Heating Rates

Ok Cancel | Help |

3. Type nastranTemps.dat into the
Postprocessing set name field.

4. Click on the Text File radio button to
select it (place a dot in the circle).

Data Set Source Selection @

Postprocessing set name:  |nastranTemps.dat

Data Source

" Sinda/Fluint " Radks
* TeutFile " Farrn Factars

" Test Transient File  Heating Rates

ok I Cancel Help

5. Select OK.
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Mapping Example (Continued)

The Text Data File Selection dialog
box appears.

Text Data File Selection

Text Data File Mame

| Browse...

QK | Cancel | Help |

6. Select Browse.
The Open dialog box appears.
7. Double click on nastranTemps.dat.

The Text Data File Selection dialog
box reappears with nastranTemps.dat

displayed in the Text Data File Name
field.

8. Select OK.

The Set Text Dataset Properties dialog
box appears.

Set Text Dataset Properties g|

Comment:
Teut D ata File:

nastrantemps. dat
Drescription:

[] Plot D ata for Inzulation Nodes

[ QK ] I Cancel I [ Help

9. Select OK.
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Mapping Example (Continued)

The Postprocessing Datasets dialog
box updates to display nas-
tranTemps.dat in the Current Data Set

field.

Postprocessing Datasets

Current Data Set: nasharTemps.dat

Comment:

Add Mew

Set Current

Delete

Rename

D

Edit

Text Data File:
nastrartenips. dat
D escription:

Close

Help

10. Select Close.

The model displays in the drawing area.

Nade  s0q 2

529 2

303, 6

482

— | 4524

—] 4348

411, 2

38T 6

— 354

240, 4

216 8

2921

<2951

nactrontemps. dat

Figure 10-52 Model View
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Mapping Example (Continued)

1. Open the Tutorials\mappingExample

folder and select the ScreenCapture

1 image file (of coarse.dwg),
2. Compare the two models.

For a comparable format, change the

view on the screen to a top view:

» Select Views > 3D Views > Top.

4. If desired, repeat the process to create

a Bitmap image of fine.dwg.

* Select Thermal > Utilities >
Capture Graphics Area.

Note: This graphic will be named
ScreenCapture?.

Compare the coarse and fine models.
Before exiting Thermal Desktop a Bitmap
image file of coarse.dwg was created and
stored in the mappingExample folder
(ScreenCapturel). Use that image as a
comparison to the current fine.dwg dis-
played on the screen.
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Figure 10-53 Compare Drawings

Coarse Model

Finer Resolution
Model
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Mapping Example (Continued)

5. Select File > Exit.

A Thermal Desktop/AutoCAD dialog
box appears asking to save the draw-
ing changes.

6. Select Yes.

Exit Thermal Desktop and save as
prompted.
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10.7 Model Browser Example

This tutorial demonstrates some of the capabilities of Thermal Desktop’s Model Browser
(MB). The example model for this tutorial is very simple but the capabilities extend very
well to larger models.

Model Browser Example

1. Double click on the file ModelBrowser.dwg located in the Tutorials/Model-
Browser folder.

Thermal Desktop opens with the ModelBrowser drawing on the screen.

¥

Figure 10-54 Initial View
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Model Browser Example (Continued)

Thermal Desktop’s Model Browser can be used to view information about a model. A
modeless window (can be resized and minimized) will list model data based on the
type of data to be selected. The default is to list by Submodel and ID.

The user may select the List menu (within the Model Browser window) to see what
types of objects are available for listing. The choices are:

* Submodel-Id

* Analysis Group,
* Optical Props

* Thermo Props

» Surfaces/Solids

* Contact

» Assemblies/Trackers
» Conductors

» Heaters

* Heatloads

* Orienters

* Pressures

* Fluid Submodel.Id
e Paths

» Ties

* Pipes

* Symbols

* Groups

* Map Sets

The user can manipulate the AutoCad graphics by simply making that screen active
and then performing operations in that window.

The user can determine what has been selected by looking in the output list. The output
list will detail how many items have been selected and their type, the visibility state,
the layers that the objects reside on, and additional data for the selected items.

As items in the top portion of the Model Browser are selected, additional information
about the selected item is displayed in the lower portion of the window. Single clicking
on an item results in high-level information about the selected item being displayed
below. Double clicking on an time in the upper portion of the Model Browser results in
the expansion of the data tree and more detailed information being displayed.
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Model Browser Example (Continued)

Display the Model Browser.

1. or Thermal > Model
Browser.

The Model Browser window appears
on the left side of the screen.

M Model Browser @@@

List Edit Display Options Help
FREEEOREN  — -

Submodel Mode Tree
# ABAL
3 EEBE
# [alaleled
4] DDDD

Hothing selected

2. Click on Submodel Node Tree When Submodel Node Tree is selected,
located in the main view area of the all of the submodels that make up the
Model Browser. model are selected, and displayed in the

= ot Bover OE® lower area.
iR GGt [0 =l * 20 objects selected

* 11 TD/RC Nodes
* 1 User Node

* 1 boundary
» 4 surfaces
* 3 conductors
e 1 heatload

Note: Use the scroll bar on the right
of the lower area to view additional
data.

70 objects selected ~
11 TD/RC Fodes
1 User Hode
1 boundary
1 surfaces
3 conductors

1 heat load
All Selected Items Visible
Layers

o
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Model Browser Example (Continued)

3. Select submodel AAAA.

The display at the bottom of the Model
Browser changes to show only the
objects associated with AAAA.

As individual items, in this case sub-
model AAAA, are selected, the display
area changes to reflect the components of
the selected item.

AAAA includes:

* 2 TD/RC Nodes

* 1 User node (boundary)
* 1 surface

* 1 conductor.

4. Double click on submodel AAAA.

The tree expands to show nodes, 1, 2, and
3 are associated with submodel AAAA.

5. Select node 1.

Note: Select by single clicking on
the object with the left mouse but-
ton, or click on the plus sign (+) to
the left of the object

Node 1 consists of a User node and a sur-
face.

6. Double click on node 1.

The tree underneath node 1 is expanded
and AAAA.1::47 is displayed.

Items with the symbol :: (double colon)
means the item is a graphical entity. The
numbers after the :: are unique for each
entity.

7. Select submodel AAAA.1::47.

Only the node is selected. The surface,
that is below the node is not selected.

When an item with a :: is selected the
objects below it in the tree are not
selected

When an entity without a :: is selected all
the objects below it are selected.

8. Double click on submodel
AAAA.1::47.

The submodel AAAA tree expands again
and Rect::45 is displayed underneath
AAAA.1::45.

9. Select Rect::45.

The lower portion of the Model Browser
shows that Rect::45 is a surface and is the
only object selected.
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Model Browser Example (Continued)

Being a separate window, the Model Browser has its own title bar, menu bar, tool bar

icons and Windows control buttons.

H Model Browser,
List Edit Display Options Help

*1[rR &l %[0 ]A VLR,
Figure 10-5656 Model Browser Menu

o [~

*
10. ] or Edit > Edit. on the Model
Browser menu bar.

The Thermal Model Data dialog box
appears.

Note: The Thermal Model Data di-
alog box for Rect::45 can also be
displayed by double clicking on it.

11. Select the Surface tab.

Subdivision | Numbering | Radistion | Cond/Cap | Contact | Insulaion  Sutace | Trans/Fiot |

12. Type Fred in the Comment field.
13. Select OK.

14. |E to rebuild the data tree and
deselect the Rect-Fred::45.

Once the comment is added and OK
selected, the tree “flashes” and rebuilds
itself. The rectangle is renamed Rect-
Fred::45, incorporating the comment that
was entered.

This rebuilding capability is controlled
with the Model Browser Options > Auto
Update command. The Auto Update fea-
ture is useful with small models, but as
models become larger, this can be time
consuming.

Deselect Rect-Fred::45 and rebuild the
tree.
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Model Browser Example (Continued)

15. Select submodel AAAA.

16. Select Display > Only on the Model
Browser menu bar.

Notice the graphics in the main Thermal
Desktop drawing area change to show
only the selected items. Submodel AAAA
is in the lower left of the drawing area.

< o 1T

Figure 10-56 Model Browser AAAA

Note: It may be necessary to move
the Model Browser out of the way
to view the drawing area.

17. Select Submodel Node Tree.

The message Mixed Visibility for selected
items appears in the lower portion of the
Model Browser. This message means that
although there are many objects in the
submodel node tree (and they are listed in
the lower portion) some of the selected
items in the drawing area cannot be seen
by the user (not visible).

18. Select Display > Undo Turn Visi-
bility Off.

All the entities in the drawing are now
visible.

19. Select submode! BBBB.

The lower portion of the Model Browser
changes to display the objects associated
with BBBB.
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Model Browser Example (Continued)

E?] or Display > Turn Ids On on
the Model Browser menu bar.

20.

The node IDs are displayed for submodel
BBBB.

ale HBHB.1FBEB BB

==

Figure 10-57 Model Browser IDs On

21. Select Options > Copy Selection
Set to ACAD 1o activate the option if
it is not already selected (check mark
next to it).

22. Select submodel CCCC.

The CCCC submodel is highlighted in the
drawing area and grip points are dis-
played.

BERE.IEEHE 23888,

Figure 10-568 Model Browser CCCC

Also, these entities are now a AutoCAD
selection set, so any command issued,
such as Modify >Move, will function on
these selected objects.

This capability is very powerful, but can
be slow as models get larger. Because of
this, the default setting is Off.
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Model Browser Example (Continued)

23. Hold down <Ctrl> and select sub-
model DDDD.

Both CCCC and DDDD are selected.

4| @ SEREIEEREZEEES

¥

Figure 10-59 CCCC/DDDD Selected

Note: Standard Windows <Ctrl>
and <Shift> selection functions
work in this tree.

24. or Thermal > Case Set
Manager on the main Thermal
Desktop menu/toolbar.

The Case Set Manager dialog box
appears.

25. Select Run Case.

A Thermal Desktop/AutoCAD dialog
box appears with a message stating
Thermophysical Property DEFAULT
has not been found.

Thermophysical Property DEFAULT is not defined for:
! Rectii62

The best way to find and edit this entity is to bring up the
Model Browser, and List by Thermo Props

26. Select OK to close the dialog box.

27. Select List > Thermo Props on the
Model Browser menu bar:

This command rebuilds the Model
Browser so that objects are listed by the
materials that use them.

List Edt Display Options Help
oRELE | =

Thermaphysical Props
B 50% Alum 6061-Té - Cond: Temp Yary Cp: Temp Vary Densit
= DEFAULT - Thermo Property DEFALILT not Found
1 [E] aluminum alloy 7078 -> Cond: 121,34 Wjm/k Cp: 795 Jfky/K Del
= magniesium -> Cond: 150,62 WK Cp! 1004 Jjkg/K Density: 1

Figure 10-60 New Display
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Model Browser Example (Continued)

28. Click on the + next to DEFAULT ->
to expand the list.

29. Double click on Rect::62 (the sur-
face).
The Thermal Model Data dialog box
appears.

30. Click on the Cond/Cap tab.

Thermal Model Data X

Subdivision | Numbering | Radiation | Cond/Cap | Contact || Insulation | Surface | Trans/Rot
[ Generate Nodes and Conductors
Cond Submadel:  [MAIN v

Gen Nodes: Based on material property v

Material Thicknes:
DEFAULT

S uiplers
v oo Densiy

U or X Cond
VorY Cond:

W or Z Cond.

0K ][ Cancel | [ Hep

31. Click on the arrow next to the Mate-
rial field and select Stainless Steel
from the pulldown menu.

32. Select OK to close the dialog box.

Change the DEFAULT material to Stain-
less Steel.

33. or Thermal >Case Set Man-
ager on the main Thermal Desktop
menu/toolbar.

Note: Rect::62 is still selected in the
Model Browser:

The Case Set Manager dialog box
appears.

34. Select Run Case.

A Sinda/Fluint Run Status dialog box
appears confirming the successful
completion of the process.

35. Select OK to close the dialog box.

Solution

Figure 10-61
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Model Browser Example (Continued)

1. Select List > Submodel.ld from the
Model Browser menu bar:

2. Scroll down the list in the lower por-
tion of the Model Browser look at the
additional available information.

The submodel tree rebuilds and the win-
dow is back to its original form.

In addition to the summary of the con-
tents of the model, the lower portion of
the Model Browser includes the tempera-
tures of the selected nodes, along with the
Max and Min of the current selection set.

These values are the current post pro-
cessed data. If the current post processed
data was heat rates, then these values
would be heat rates.

3. Select Options > Temperatures
from the Model Browser menu bar.

4. View the Output area.

Scrolling in the text window, you’ll see
the output looks more like a SINDA
TPRINT.

Submodel : AAAA Hax({3)=306.23

Diffusion Nodes for Submodel: AdAd
2 299.71 3 306.23

Boundary-Heater Hodes for Submodel: AAAA
1 293 .15

Min(1)=293(n
Hax(3)=

Submodel: EBEB Max(3)=323.72 Min(1)=307
Diffusion Hodes for Submodel: EBEE Hax(3)=

1 307.23 2 315 .48
Submodel: CCCC Max({1)=331.36 Min(3)=324
Diffusion Hodes for Submodel: CCCC Hax({l)=

1 331.36 2 331.36

v

< ¥

Figure 10-62 Model Browser Output

5. Select Options > Output Window
on Bottom from the Model Browser

menu bar to deselect it (remove the
check mark).

This moves the output area to the right of
the tree. The Model Browser window
may be resized as desired. The example
below shows the window resized horizon-
tally and shortened.
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Model Browser Example (Continued)

M Mo del Browser,
List Edit Display Options Help

] )

Max(3)=329
es_for Subnods)
07.23 2

CCC Max(1)=33)
Nodes for Submode]
331.36 2

20 chjects selected

11 TD/RC Hodes

1 User Node

1 boundary

4 surfaces

3 conductors

1 heat Lo
i1l Selected Items Visible
Layers

0

Temperature(K) Data from: casel.sav, Time = 0.000000

Submodel: AARA Max(3)=306.23
Diffusion Nodes for Submodel: AARA

Min(1)=293 15
Max(3)=306.23  Min(2)=299.71
2 239 71 3 306.23
Boundary Heater Nodes for Submodel: AAA
1 29315

Submodel: BEBBE Max(3)=323.72 Min{1)=307.23

Diffusion Nodes for Submodel: BEBB Max(3)=323.72 Min{1)=307.23
1 307.23 2 315.48 3 323.72

Submodesl: CCCC Max(1)=331.36
Diffusion Nodes for Submodel: CCCC
1 331 36 2 331 .36

Min(3)=324.72

Max(1)=331.36  Min(3)=324.72
3 324.72

Submodel . DODD
Diffusion Nodes for Submodel: DDDD
1 331.36 2

331.36 3 331.36

Figure 10-63 Model Browser Output

Select Submodel BBBB.
View the Output area.

N

Selecting on a single submodel, such as
BBBB will show the data only for that
submodel.

Go

Select Options > CSG from the
Model Browser menu bar:

9. Select Submodel Node Tree.
10. View the Output area.

Selecting Options > CSG shows the
CSG of the selected nodes, sorted in low-
est to highest order. The CSG directly
effects the timestep of the model for tran-
sient runs.

In order for the CSG to work, the SINDA
save file must have capacitance and con-
ductors saved on it.

11. Select Options > Node Map firom
the Model Browser menu bar.

12. View the Output area.

Options > Node Map shows a SINDA-
like NODMAP capability in order for the
user to determine how energy is trans-
ferred into a node.
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Model Browser Example (Continued)

13. Select Options > Heat Map in the
Model Browser.

14. Select submodel CCCC.
15. View the Output area.

The heat map shows the energy summary
for energy into and out of the selected
nodes. Energy between the selected nodes
is not in the tabulation.

If submodel CCCC is selected, the heat
map implies a load of 3W and has 3W
leaving into submodel BBBB.

If submodels BBBB and CCCC are
selected the heat map output will show
the energy going from submodel BBBB
into submodel AAAA, along with the 3W
heat source on submodel CCCC.

16. Select Options > Heat Flow
Between Submodels in the Model
Browser window.

The Heat Transfer Between Submod-
els dialog box appears.

Heat Transfer, Between Submodels @

From Submadel: [MaIN ~|
To Submadel: | |
QK | Cancel |

17. Click on the arrow next to the From
Submodel field and select AAAA from
the pulldown menu.

18. Click on the arrow next to the To Sub-
model field and select BBBB from the
pulldown menu.

19. Select OK.
20. Close the Model Browser.

The results of the heat flow analysis 3W
going from submodel AAAA to sub-
model BBBB. The program cycles
through all the nodes in submodel AAAA
and sums the heat flows of all the conduc-
tors that connect to submodel BBBB.

21. Select File > Exit.

A Thermal Desktop/AutoCAD dialog
box appears asking to save the draw-
ing changes.

22. Select Yes.

Exit Thermal Desktop and save as
prompted.
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10.8 Simple Meshing Methods

In this example, some simple methods on how to create a mesh and convert it to either
Thermal Desktop polygons or finite elements are introduced.

Simple Meshing Methods

Create a new folder named mesh and start with a new thermal.dwg template file.

1. Copy the template thermal.dwg file created in the first tutorial to the \Tutori-
als\mesh directory just created.

Note: Be sure to hold the <Ctrl> key down if dragging the template file icon to
the new directory so that the file is copied, rather than moved.

2. Rename the copied template file to mesh.

3. Start Thermal Desktop by double clicking on the mesh drawing file icon in
the mesh directory.

1. Select View > 3D Views > Top. The UCS icon reflects the new orienta-
tion.
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Simple Meshing Methods (Continued)

2. or Draw > Line.

mand line area.
3. Type 0,0 in the Command line.

_line Specify next point or [Undo]:
appears in the Command line area.

4. Type 0,1 in the Command line.

Specify next point or [Undo]: appears
in the Command line area.

5. Press <Enter>.

The first line displays in the drawing
area.

6. or Draw > Line.

_line Specify first point: appears in the
Command line area.

7. Type 1,0 in the Command line.

Specify next point or [Undo]: appears
in the Command line area.

8. Type 1,2 in the Command line.

Specify next point or [Undo]: appears
in the Command line area.

9. Press <Enter>.

A second line displays in the drawing
area.

Specify first point: appears in the Com-

The exercise begins by drawing two lines
and drawing a ruled surface between the
two.

These lines could also be arcs or polylines
if desired.

The RULESURF command draws 3D
surfaces between two objects: point and
line; line and line; or, arc and line.

There are three related commands, one of
which will be used later in this exercise:

EDGESUREF: Draws a 3D polygon mesh
bordered by 4 edges.

REVSURF: Draws a 3D surface of revo-
lution.

TABSURF: Draws a 3D tabulated sur-
face.
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Simple Meshing Methods (Continued)

10.

11.

12.

Type RULESUREF in the Command
line.

Note: The menu selection Draw >
Surfaces > Ruled Surface may
also be used.

Select first defining curve: appears in
the Command line area.

Select the first line.

Note: Select the line at either the top
or the bottom of the line.

Specify second defining curve:
appears in the Command line area.

Select the second line.

Note: Select the second line at same
end of the line that the first line was
selected at.

Connecting lines, a mesh, appear
between the two lines.

A mesh has been created between the 2
lines. This mesh could then be converted
to Thermal Desktop polygons or finite
elements.

o
1

AN

X
Figure 10-64 Mesh Created

Note: If the lines looked crossed,
then different ends of the lines were
selected. Undo <CtrI><Z>) and
redo the command selecting near
the X axis for both of the lines.

Y.

Figure 10-65 Incorrect Mesh
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Simple Meshing Methods (Continued)

13. Select Thermal > Surfaces/Solids
> From AutoCAD Surface.

Select entity for adding thermal model
data: appears in the Command line
area.

14. Select a point on the mesh.

Select entity for adding thermal model
data: appears in the Command line
area.

15. Press <Enter>.

The Thermal Model Data dialog box
appears.

16. Select OK to close the dialog box
without making any changes.

A node appears on the mesh.

Make a set of polygons from the new
entity.

After completing these steps, notice that
while there are 6 polygons, only a single
node represents all of them.

LY
[

TR

Figure 10-66 Polygon Created

By default, these surfaces are represented
by a single node. Each facet of the con-
verted surface may be a separate node by
using the Toggle Mesh Nodalization
functionality, the next functionality to be
covered.
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Simple Meshing Methods (Continued)

17. Select Thermal > Modeling Tools
> Toggle RD Mesh Nodalization.

Select FD Meshes to toggle nodaliza-
tion: appears in the Command line
area.

18. Draw a box around the entity to select
the polygons.

Select FD Meshes to toggle nodaliza-
tion: appears in the Command line
area.

19. Press <Enter>.

Additional nodes display.

At the completion of these steps, there are
now 6 nodes representing the polygons.

Figure 10-67 Additional Polygons

Thermal Desktop’s Modeling Tools >
Toggle Mesh Nodalization command
allows the user to change the nodalization
scheme used by surfaces that were con-
verted to the Thermal Desktop from
AutoCAD geometry. A Thermal Desktop
surface created from an AutoCAD sur-
face initially contains one nodal region
with the same or separate node IDs on
each side. Mesh surfaces may be con-
verted to one nodal region per mesh facet
by using the Modeling Tools > Toggle
Mesh Nodalization command (per-
forming the command a second time will

change the mesh back to one node per
side).

10-155




Simple Meshing Methods (Continued)

20. Select the mesh to highlight it in the
drawing area.

21. Press <Delete>.

The mesh is deleted and original two
lines are displayed.

22. Type SURFTABA1 in the Command

line.

Enter new value for SURFTAB1 <6>:
appears in the Command line area.

23. Type 3 in the Command line.

Note: The new value for
SURFTABI is 3. To verify this,
press <F2> and view the command
line remarks.

Delete the mesh and use the SURFTABI
command to change the polygons from 6
to 3.

SURFTABI controls how many polygons
that will be displayed when the mesh is
converted.

24. Type RULESUREF in the Command
line.

Select first defining curve: appears in
the Command line area.

25. Select the first line.

Specify second defining curve:
appears in the Command line area.

26. Select the second line.

Three polygons are created.

Use RULESUREF to remesh and create 3
polygons.

LY
[

AN

- K
Figure 10-68 After Rulesurf

27. Select the mesh to highlight it in the
drawing area.

28. Press <Delete>.

The mesh is deleted and original two
lines are displayed.

Delete the mesh again.
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Simple Meshing Methods (Continued)

29.

30.

31.

32.

33.

34.

35.

36.

or Draw >Line.

_line Specify first point: appears in the
Command line area.

Bype 0,0 in the Command line.

Specify next point or [Undo]: appears
in the Command line area.

Bype 1,0 in the Command line.

Specify next point or [Undo]: appears
in the Command line area.

Press <Enter>.

A line connecting the first two lines
along the X axis displays in the draw-
ing area.

or Draw >Line.

Specify first point: appears in the Com-
mand line area.

Tipe 0,1 in the Command line.

Specify next point or [Undo]: appears
in the Command line area.

Type 1,2 in the Command line.

Specify next point or [Undo]: appears
in the Command line area.

Press <Enter>.

A fourth line displays in the drawing
area.

Draw another set of lines.

LY

it

Figure 10-69 Another Set of Lines
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Simple Meshing Methods (Continued)

37.

38.

39.

40.

41.

Type EDGESUREF in the Command
line.

Select object 1 for surface edge:
appears in the Command line area.

Select the first line.

Note: Lines may be selected in ei-
ther clockwise or counterclockwise
direction.

Select object 2 for surface edge:
appears in the Command line area.

Select the second line.

Select object 3 for surface edge:
appears in the Command line area.

Select the third line.

Select object 4 for surface edge:
appears in the Command line area.

Select the fourth line.

The 3x6 mesh is created.

These steps create a 3x6 mesh. The

SURFTAB2 parameter could be changed
to change the 6 breakdown to something

else.

Figure 10-70 3x6 Mesh
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Simple Meshing Methods (Continued)

42. Select Thermal > FD/FEM Network

> Convert AutoCAD Surface to
Nodes/Elements.

Select entity for adding thermal model

With finite elements, the geometry is
bounded by the nodes, which generally
gives a much better conduction model
than converting to polygons.

data: appears in the Command line
area.

43. Select the mesh to highlight it. N

Select entity for adding thermal model
data: appears in the Command line
area.

44. Press <Enter>.

The Thermal Model Data - Multiple
Surface/Element Edit Mode dialog
box appears.

Thermal Model Data - Multiple Surface/Element Edit Mode 3]

Radiation | Cond/Cap || Cortact | Insulation | Comment

Figure 10-71 Convert to Finite Elements

Analysis Group Name, Active Side
BASE _both
Top/Out Side Optical Fropeny:

DEFAULT A

Bottom/In Side Optical Propety:
DEFAULT v

Top Side Overides
Bottom Side Overides...

[ ok [ ceneal | [ Hee

45. Select OK to close the dialog box
without making any changes.

A Thermal Desktop/AutoCAD dialog
box appears confirming nothing was
changed in the Thermal Model Data -
Multiple Surface/Element Edit Mode
dialog box.

Select OK.

Additional nodes are added to the
mesh.

46.
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Simple Meshing Methods (Continued)

47. Select Thermal > Modeling Tools | Resequence the node IDs so they are
> Resequencing ID’s. unique.

Select entity(s) for Node ID Rese-
quencing: appears in the Command
line area.

48. Draw a selection box around the
mesh.

Note: Or type all in the Command
line.

Select entity(s) for Node ID Rese-
quencing: appears in the Command
line area.

49. Press <Enter>.

The Resequencing Node ID’s dialog
box appears.

Resequence Node IDs @

Resequence nodes in Submodel: AN -

Starting node number; 1
Mode number increment: 1
[ Add increment to existing node number
Cancel | Help |
50. Select OK.
51. Select File > Exit. Exit Thermal Desktop and save as

A Thermal Desktop/AutoCAD dialog prompted.
box appears asking to save the draw-
ing changes.

52. Select Yes.
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10.9 Dynamic SINDA Example

This example uses Thermal Desktop’s Dynamic Solver interface to optimize the com-
ponent (cylinder and box) locations and the thickness of the double plate such that the mass
of the doubler plate is minimized. Constraints will also be placed on the components such
that their individual temperatures limits are not violated. The components are connected to
the plate via contact conductance.

Please reference Section 5 of the SINDA/FLUINT manual for a detailed documentation
of the Advanced Design Modules such as the SINDA Solver.

The exercise consists of three parts, or steps:

» Step 1: Parameterizes the locations of the box and the cylinder, so that their best loca-
tion can be found by the SOLVER interface.

» Step 2: Sets up the problem in the Case Set Manager.
+ Step 3: Solves the problem.
This problem took approximately 10 minutes to solve on a 1.5 GHz P4.

Dynamic SINDA Example

1. Double click on the file dynamic.dwg located in the Tutorials/Dynamic folder.

Thermal Desktop opens with the dynamic drawing on the screen.

SPACEL

Figure 10-72 Dynamic SINDA Initial View

Take a few moments to examine the model.

There are several layers. Notice that the cylinder and the box are currently on top of
each other at the origin. Also notice the heat loads on the top of the cylinder and on a
node on the box. Finally, notice that a space node has been created for radiation to the
environment.
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Dynamic SINDA Example (Continued)

1. Select Thermal > Symbol Man-

Symbol Manager 3]
New Syrbol Mame: || Add
general
name, evaluated result, expression, comment:
P T
hbond 1000 1000 contact condustance
hba 0.05 005 boxheight
hel 01 010 cylnder height
Kba 185 1B bk
keyl 185 185, Cylinder K.
kplate 165 165 Plate K
|box 0.075 0075 b lengti
Hste 03 plate length Import
i 374159 3141532653505793
porbor 15 15
el 003 003 cylnder rads
thos 0005 Q005 boxthickness
el D005 Q005 cyinderthickness
tplats 0.005 0005 plate thickness
tsink 250 250
whow 01 1 b width
wiste 06 060
Symbol Groups -> Add,

2. Type xbox in the New Symbol Name
field and select Add.

The Expression Editor dialog box
appears.

Expression Editor @

*bow

Description

[ &ray

Group: general [

[ Ok 1 [ Cancel ] [ Help ]

3. Dype 0.1 in the main input field and
select OK to close the dialog box.

The New Symbol Manager dialog box
updates to display xbox in the main
general list area.

Create symbols for the box and the cylin-
der to set up to parameterize the location
of the box and cylinder.

Notice that much of the model is already
parameterized.
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Dynamic SINDA Example (Continued)

4. Repeat the process to create symbols

for the following:

general |

YBOX=
XCYL =
YCYL =

Symbol Manager

0.1
0.
0.

45
15

New Symbol Name:  [ve1

name, evalusted result, expression, comment

Add

Edit

Rename

emis

[E]
1000
0.05
01

03

1000 eontact conductancell
005 bos height
010 cylinder height
165 bos k.

165 Cylinder K
165 Flale k.

0075 box length

03 plate length
3141592653589753

15

El]

003 eylinder radius
0.005 bow thickness
0.00G cylinder thickness
0.005 plate thickness
250

1 bow width

Delete

Purgs

Import

Export

P Il el

Help

Symbol Gioups >

Add., Rename...

Done

'

5. Select Done to close the dialog box.
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Dynamic SINDA Example (Continued)

Use Thermal Desktop’s Layer functional-
ity by making the box layer the current

1. or type layer in the Command
layer and turn off all other layers.

line.

Note: The menu selection Format
> Layer may also be used.

The Layer Properties Manager dialog >
box appears.
1% Layer Properties Manager 2x
Named layer fiters
] Dt
[ Apply to layers toolsar. [ cwen ]
Nafie. On Fresz.. L. Color Lineweight Plot Stle P,
i G 0 hite  Befault =
ASHADE a U Defaut by
bax Q —— Default &
oylinder a enta —— Default &
plate: Q o] —— Defaut Y
RADCAD_POST ] & —— Default &
space ’ @] —— Defaut &
Figure 10-73 Box Layer Current
7Totallayers 7 Lapers displayed

2. Click the On (light bulb-visibility)
icons for all of the layers except
the box layer to turn them off
(darken the light bulb).

3. Select the box layer.
Select Current.

The Current layer changes from layer
0 to layer box.

T# Layer Properties Manager

Named layer fiters:

[shon e V] [ et fter.
[ 4pply o layers toolbar.
un

RADCAD_POST
space

7Totallayers 7 Layers displayed

4. Select OK.
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Dynamic SINDA Example (Continued)

Select Thermal > Articulators >
Create Assembly.

Enter origin of articulator: appears in
the Command line area.

Type 0,0,0 in the Command line.

The Edit Assembly dialog box
appears.

. Highlight the current value in the
Name field and type BOX.

. Highlight the current value in the Size
field and type 0.1.

Assembly | Trans/Fiot |
Name:; ‘BUX
Size: o1 o
W At
ok Cancel Help
Select OK.

A red line along the X axis appears on
the screen representing the box assem-
bly.

This part of the exercise creates an assem-
bly—a collection of surfaces associated
with a single coordinate system—for the
box. The assembly coordinate system is
displayed in the graphics area on the
screen.

The translations will be edited after the
geometry is attached to the assembly.
The order of this is very important.
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Dynamic SINDA Example (Continued)

10. Select Thermal > Articulators >
Attach Geometry.

Select an articulator: appears in the
Command line area.

11. Click on the red assembly articu-
lator.

Select objects to attach to articulator:

appears in the Command line area.

12. Create a selection box around the
box.

Select objects to attach to articulator:

appears in the Command line area.
13. Press <Enter>.
The geometry is attached.

Note: The Command line reflects
the change. Another way to verify
the objects were attached is to press
<F2>toviewthe command line text
window.

Geometry is attached to the assembly.
When the assembly is modified, via a
rotate or a move, the location of the sur-
faces attached to that assembly will also
be modified. An assembly can be
attached to another assembly, and the
nesting can be infinitely deep.

Once this occurs, when the assembly is
moved, the geometry will move with it.
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Dynamic SINDA Example (Continued)

14. Draw a selection box around the
box o highlight it.

15. or Thermal > Edit.

The Object Selection Filter dialog box
appears.

16. Select Articulators[1] and click on
OK.

The Edit Assembly dialog box for
BOX appears.

17. Select the Trans/Rot tab.

Edit Assembly @
Assembly ] Trans!HUt]
Narne: |HDX
Size: ol m
W Active
,Tl Cancel | Help ‘

18. Double click in the Translation X
field to display the Expression Editor
dialog box.

Selectunitsfor:  Length
n B Symbal Manager.

bl

I Giroup: | general |
< Insert | | emis -

Comment

5

™ Disable Warnings for this Expression

oK Bl | Help |

19. Type xbox in the Expression field and
select OK to close the dialog box.

Edit the box assembly.

Z translation is entered so that the contact
conductance works properly.

When the editing is complete, the graphic
is updated in the drawing area to show 2
axis connected by a blue line. The origi-
nal assembly is at 0,0 while the evaluated
assembly is at .1,.1.

Figure 10-74 Geometry Attached
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Dynamic SINDA Example (Continued)

Note: Upper or lower case letters
may be entered.

The Edit Assembly dialog box updates
to show 0.1, the value defined earlier
for xbox, in the Translation X field.

20. Double click in the Translation Y
field to display the Expression Editor
dialog box.

21. Type ybox in the Expression field and
select OK to close the dialog box.

The Edit Assembly dialog box updates
to show 0.1, the value defined earlier
for xbox, in the Translation Y field.

Edit Assembly 3]
Assembly | Trans/Rot
Translation X 0.01 m
Translation ¥ 0.1 m
Translation Z: 0.005 m
Rotation 1 0 X | deg
Rotation 2: 0 Y | deg
Rotation 3 0 Z  w| deg
[ OK 1 l Cancel ] [ Help ]

22. Double click in the Translation Z
field to display the Expression Editor
dialog box.

23. Type .5*(tbox+tplate) in the Expres-
sion field and select OK to close the
dialog box.
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Dynamic SINDA Example (Continued)

uuuuuuuuuu

[] Disable Warings for this Expression

o) [ Eencel | [ Heb ]

24. Click OK to close the Expression Edi-
tor dialog box.

The Edit Assembly dialog box updates
to show 0.005 in the Translation Z
field.

25. Click OK to close the dialog box.

Turn visibility for the cylinder layer on
and visibility for the box layer off. Dis-
play only the cylinder by making that
layer the current layer.

1. or type layer in the Command
line.

The Layer Properties Manager dialog
box appears.

2. Click on the On (light bulb) icon for
the box layer to turn visibility off
(darken the bulb).

Note: A Thermal Desktop/Au-
toCAD dialog box appears stating
the current layer (meaning box) is
turned off. Click OK to close the di-
alog box.

3. Click on the On (light bulb) icon for
the cylinder layer o turn visibility
on.

Figure 10-75 Cylinder Layer Current

4. Select Current with the cylinder
layer highlighted.

5. Select OK to close the dialog box.
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Dynamic SINDA Example (Continued)

6. Select Thermal > Articulators > Create an assembly at the origin for the
Create Assembly. cylinder. The order of attaching the
items before putting in the translations

Enter origin of articulator: appears in . .
IS very important.

the Command line area.
7. Type 0,0,0 in the Command line.

The Edit Assembly dialog box appears
with the last selected tab (Trans/Rot)
displayed.

Select the Assembly tab.

9. Highlight the current value in the
Name field and type CYLINDER.

10. Highlight the current value in the Size
field and type 0.1.

Edit Assembly @
#ssembly | Trans/Rot |
Meme [evLinDER
Size: 01 m
v Acti
’T‘ Carcel Help

11. Select OK.

A green line along the Y axis appears
on the screen representing the cylinder
assembly.
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Dynamic SINDA Example (Continued)

12.

13.

14.

15.

Select Thermal > Articulators > Attach the cylinder to the assembly.
Attach Geometry.

Select an articulator: appears in the
Command line area.

Click on the green assembly artic-
ulator.

Select objects to attach to articulator:
appears in the Command line area.

Create a selection box around the
cylinder.

Select objects to attach to articulator:
appears in the Command line area.

Press <Enter>.

The geometry is attached.
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Dynamic SINDA Example (Continued)

16. Draw a selection box around the
cylinder to highlight it.

*]
17. or Thermal > Edit.

The Object Selection Filter dialog box
appears.

18. Select Articulators[1] and click on
OK.

The Edit Assembly dialog box for
CYLINDER appears.

19. Select the Trans/Rot tab.

20. Double click in the Translation X
field to display the Expression Editor
dialog box.

21. Type xcyl in the Expression field and
select OK to close the dialog box.

Note: Upper or lower case letters
may be entered.

The Edit Assembly dialog box updates
to show 0.45, the value defined earlier
for xcyl, in the Translation X field.

22. Double click in the Translation Y
field to display the Expression Editor
dialog box.

23. Type yeyl in the Expression field and
select OK to close the dialog box.

The Edit Assembly dialog box updates
to show 0.15, the value defined earlier
for xbox, in the Translation Y field.

24. Double click in the Translation Z
field to display the Expression Editor
dialog box.

25. Type .5*(tcyl+tplate) in the Expres-
sion field and select OK to close the
dialog box.

Edit the cylinder assembly.

As with the box, the Z translation is
entered so that the contact conductance
works properly.
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Dynamic SINDA Example (Continued)

The Edit Assembly dialog box updates
to show 0.005 in the Translation Z
field.

Edit Assembly 3]

Agsembly | Trans/Rot

Translation X: 0.45 m
Trenslation Y: 0.15 &
Translation Z:
Rotation 1 0 % | deg
Rotation 2 0 Y | deg

Rotation 3: 0 Z v deg

ok [ cancel [ Hep ]

26. Click OK to close the Edit Assembly
dialog box.

The drawing area is updated and the
cylinder moved out of the current
viewing area.

27. or Zoom > Extents.

When the editing is complete, the graphic
is updated in the drawing area to show 2
axis connected by a blue line. The origi-
nal assembly is at 0,0 while the evaluated
assembly is at 0.45,0.15. When complete,
the view should look similar to the exam-
ple below.

Figure 10-76 Cylinder Assembly

1. or type layer in the Command
line.

The Layer Properties Manager dialog
box appears.

2. Click on the On (light bulb) icons
for the box and plate layers to turn
visibility on.

3. Select OK to close the dialog box.

Reactivate visibility for the box and plate
layers so all three models are visible.

& X

Figure 10-77 Layer Visibility Changes
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Dynamic SINDA Example (Continued)

Edit the default case set. Add a radk job
and edit the properties to use the same
random number seed. This will help the

program give consistent results from radk
The Case Set Information dialog box | un to radk run.

appears.
Select Edit.
Select the Radiation Tasks tab if

not already visible.
4. Select Add.

A radk job displays in the Analysis
Group, Orbit, Type of Calc, Method
field.

Case Set Information - Case Set 0

Fiadiation Tasks | 5,F Calculations | 5/F Output | SIND# | Dynamic | Advanced | Praps | Symbals | Commems}

~

or Thermal > Case Set Man-
ager.

woN

Analysis Giroup, Orbit. Type of Cals. Method

Options:
m s Peuse calculated data i vald,
olherwise recalculate
Copy
Propetiss  Recalculate deta (cunent

dalabass wil be replaced]
Addfcnange Tasks

D‘a"gE Add raps to database if
- possible. stherviss recalculete
& Badks s s [accurracy of current database
vl be tefinec]
Analsis Group:  [BASE =
Orbit (~ Ahways reuse data [no testing
eifermed)
Method @ Monts Carlo € Frogessive "
oK Cancel Help

5. Select Properties.

The Radiation Analysis Data dialog
box appears.

Radiation Analysis Data X

Control \Aavancea Control | Fiadk Dutput | Spin | Overlapping Surfaces |
Defau |
Rays Per Node: 5000 add
Percent Error Desired: 0 o
Riays Before Initial Enor Check: 200
Eneray Cuteff Fraction: 0.1
Nodes Posilions
& Al &
© List © List
7 P ~
i3 Cancel Help
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Dynamic SINDA Example (Continued)

6. Select the Advanced Control tab.

Control | Advanced Control | Radk Output | Spin | Overlapping Surfaces

Oct Cells
Use Octres to acoelerate calculations

Max octtree subdivisions:

Max sufaces per cell g

Random Number Seed Control

emes
@® Genersl © Speciic

@ Irfrared © Solar

Wavelength Dependert Propeties

(® Use unique random rumber seed at start of caiculations
() Use same random number seed sequent

O lUse same random rumber seed sequen

Radk Calculation Spectrum - Used for Model

s at start of caloulations

e at star of every node

© Top/Battom Specic

ling Lamps

7. Select Use same random number
seed sequence at start of every
node in the Random Number Seed
Control field (put a dot in the circle).

8. Click OK to close the Radiation Anal-
ysis Data dialog box.

9. Select the SIF Output tab in the
Case Set Information dialog box.

Case Set Information - Case Set 0 E

Radiation Tasks | 5/F Calculations  S4F Dutput ISINDA] Dynamic | Advanced | Props | Symbols | Comments | lates-

Output Incremert: 0 seo
Text Output

(Output Filename W

IV Temperatures ~
[~ Mode Summary |7
I™ Incident Heat 1
[ Capacitance

™ Register Summary

™ HeatMap

Output Submodel ~ [(8UT0) -
Output far Color Postprocessing and X Plots

Save Filename: casell.say

I™ Allfor Steady State/End of Transient
a0

¥ Temperatures ™ Register

I™ Incident Heat W

™ Capacitance ~

I™ Conductors W

0K, Eereel \ Help |

10. Click on Temperatures in the Text
Output field to deselect it (remove

the check mark).

11. Click on Temperatures in the Out-
put for Color Postprocessing and XY
Plots field to deselect it (remove the

check mark).

These runs can quickly generate a lot of
data if these are left on. The temperatures
will still be able to be seen while it calcu-
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Dynamic SINDA Example (Continued)

12. Select the SINDA tab in the Case Set
Information dialog box.

Fiadiation Tasks | SF Calculations | 5/F Ouput SINDA | Dynamic | Advanced | Praps | Symbals | Comments |

Global S/F Inputs  Thermal Inputs Flint Inputs:

Build OPTIONS® BOx FLow
Submodels CONTROL” CrL
REGISTER FLATE

OPERATIONS
SUBROUTINE
OTHER

SPACE

Include File: Browse

oK, Cancel \ Help

13. Double click on OPERATIONS in
the Global S/F Input field.

The Operations Data dialog box
appears.

CALL TDHTR % Hold Heater Temps for steady state
CALL STEADY
CALL TDREL § Release heaters for transient

Cancel

14. Highlight the existing the text in the
first line from TDHTR and the other
lines of text and type SOLVER.

Note: By leaving the word CALL on
the first line (it wasn t highlighted),
the resulting text is CALL SOLVER.

Replace the current OPERATIONS input
text with CALL SOLVER.

Note: CALL SOLVER is a FOR-
TRAN program and must start in
the 7th column.
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Dynamic SINDA Example (Continued)

mput text.
Edt  Search
CaLL SOLVER
< >
Cancel

15. Select OK to close the Operations
Data dialog box.

CALL SOLVER is all that remains as

16. Select the Dynamic tab in the Case
Set Information dialog box.

Case Set Information - Case Set 0 E‘

Radiation Tasks | S/F Calculations || S/F Output | SINDA | Dynamic | Advancs d | Props | Symbols | Comments

Solver Data Reliabilty Data

Random

Dynamic SINDA Options
[ Use Dynamic SINDA

Submodels...| | Desion
Constraint Constraint

Control Control

Procedure Procedure

LOGIC 0 Output

LOGIC 1

[ 5how Temps While Calculating LoGIC 2

Output

Reset Symbols Upon Completion

o
=

Cancel | [ Hep

17. Click on Use Dynamic SINDA and
Show Temps While Calculating

to select them (place check marks in
the boxes).

Note: Leave Reset Symbols
Upon Completion selected.

When Use Dynamic SINDA is
selected, the program opens a connection
between SINDA and Thermal Desktop so
that they can communicate to change the
design variable.
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Dynamic SINDA Example (Continued)

18. Double click on Design in the Solver
Data column.

The Solver Design Variables dialog
box appears.

olver Design Variables

U

ik

19. Double click on XboX in the Global
Symbols field.

The Define Variables dialog box

appears.
Define Variables E3]
Marme: who
[ Min Walue:
[ Max v alue:
Comment:
[ Disabled

20. Select Min Value to place a check
mark in the box and activate the input

field.
21. Type .05 in the Min Value field.

22. Select Max Value to place a check
mark in the box and activate the input

field.
23. Type .55 in the Min Value field.
24. Select OK.

To achieve the goal of minimizing the
doubler plate mass, specify which param-
eters must be manipulated.

Additional design variables and parame-
ters will be defined, by editing several of
the subroutines listed in the Solver Data
field.

Case Set Information - Case Set 0 E‘

Radiation Tasks | 5/F Calculations | S/F Output | SINDA | Dyn

Submodels | | | Desiar

ced | Props | Symbals | Comments

Reiiabilty Data

Dynamic SINDA Options Random

[ Use Dynamic SINDA
Reset Symbols Upon Completion

[ Show Temps While Calcuiating

[ ok

) [ concel | [ el

Figure 10-78 Solver Data Field

In this problem, the components will be
allowed to move in their XY locations in
addition to varying the thickness of the
plate. Note the minimum and maximum
XY values are defined to prevent the
components from moving off the plate.
The plate thickness must be at least 1 mil.

SOLVER design variables for the box,
the cylinder and the plate must be
defined.
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Dynamic SINDA Example (Continued)

The Solver Design Variables dialog Use the table shown below for variable

box reappears with the variables for input values.

xbox displayed in the Solver Design

Variables field.

OBJECT MIN VALUE MAX VALUE
pptmmi XBOX 05 o
\ YBOX 0375 2625
gﬁim ‘gggz?sszssasssm =] e | XCYL .03 ‘57
= =il | yeYL 03 27
TPLATE 001
Cancel

25. Repeat the process for the ybox,
xcyl, yeyl and tplate. Use the
SOLVER Design Variables table
shown to the right as a reference.

Note: Note that the tplate does not
have a maximum value.

When complete, the Solver Design
Variables dialog box should look simi-
lar to the graphic below:

26. Select OK to close the Solver Design
Variables dialog box.

The Case Set Information dialog box
is visible. An asterisk (*) is displayed
next to Design in the Solver Data field
to show the variables have been
changed.
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Dynamic SINDA Example (Continued)

27. Double click on Constraint in the
Solver Data column.

The Solver Constraint Variables dia-
log box appears.

CoJ

The Global Symbols field is grayed
out and cannot be accessed.

28. Type box.t8 in the text input field at
the bottom of the dialog box and select

Add--->.

The Define Variables dialog box
appears with box.t8 displayed in the
Name field.

Define Variables ®
Marme: b b2
[ Min Walue:
[ Max v alue:
Comment:
[] Disabled
&

29. Select Max Value to place a check
mark in the box and activate the input
field.

30. Type 310 in the Max Value field.

31. Select OK to close the dialog box and
return to the Solver Constraint Vari-
ables dialog box.

What distinguishes a viable design from a
bad design must be defined for SOLVER.

For this problem, if the box or cylinder
exceed their maximum allowable temper-
ature, the design is invalid. This type of
information must be defined as constraint
data.

SOLVER constraint variables must be
defined as follows.

OBJECT MIN VALUE MAX VALUE
BOX.T8 - 310
CYL.T112 - 340

Use the above table for variable values
input.

10-180




Dynamic SINDA Example (Continued)

32. Repeat the process for the cyl.t112.
Use the Constraint Variables table as
a reference (for the max value).

Note: If box.t8 is displayed in the
Solver Design Variables dialog box
input field, simply highlight the text
and type cyl.t112.

When complete, the Solver Constraint
Variables dialog box should look simi-
lar to the graphic below:

L
fE

itz
ok [ Concel

33. Select OK to close the Solver Con-
straint Variables dialog box.

The Case Set Information dialog box
is visible. An asterisk (*) is displayed
next to Constraint in the Solver Data

field to show the variables have been
changed.
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Dynamic SINDA Example (Continued)

34. Double click on Control in the Solver
Data column.

The Solver Control Information dialog
box appears.

Solver Control Information @

Reauited | Intermediate | dvanced |

GOAL of the solution

& Minimize

" Marimize

 Target Value: [femo
DBJELT to be diiven toward GOAL T
(Can be caloulated in Frocedure]
Masimum Rerations [NLOOPOJ 100

Solution Method (METHO]
Unconstrained/Constrained

" BFGS/Feasible Directions
@ FletcherReeves/Sequentisl Linear

" None/Sequential Quadratic

Tolerance of problems NERYUS]
@ Stop at first sign of touble

" Tolerate canverged, stable but unbalanced themal
" Tolerate alsa nanconwergence in Transient

" Tolerate aksa nonconvergence in Steady State

Reset to Defaults

vl \ Help \

=1

35. Highlight the current value in the
Maximum iterations field and type

200.
36. Select OK to close the dialog box.

The Case Set Information dialog box
is visible. An asterisk (*) is displayed
next to Control in the Solver Data field
to show the variables have been
changed.

For Solver Control, change the Maximum
iterations from 100 to 200.
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Dynamic SINDA Example (Continued)

37. Double click on Procedure in the
Solver Data column.

The Solver Procedure dialog box

M Solver Procedure X
Edit Search

C If your PROCEDURE involwes a transient, add a call to SVPART('-R
C where mtest is a unigue integer register or user constant, then w
c CAIL RESPAR(mtsst) § replace mtest with the integer variable
C TIHED = 0.0 % or vhatever start time is require
C TIMEN = TIMEOQ
C
C CALL TDSETDES $ Send Design Variables and Update to TD
C CALL TDCASE $ TD Solves Case
C
C CALL TDHTR ¢ Hold Heater Temps for steady state
C CALL STEADY
C
o CALL TDREL ¢ Release Hesters for transient
C
C CALL TRANSIENT
C CALL TDHTOT & Output Heater Summary Data
C
C QBJECT = 77?77
C CALL TDOBJ ¢ Send object wvalus to TD

< 2

Corece

38. Highlight the current code and
comments in the dialog box and
type the text shown in the chart
in the right hand column.

Note: Remember that the text must
begin at column 7. (Enter 6 spaces
before beginning the first line and
type CALL beginning on the 7th

space.)
M Solver, Procedure E‘
Edit Search

CALL TDSETDES
CALL TDCASE
CALL STEADY
OBJECT = TPLATE
CALL TDOBJ

CALL REGT&E

Cancel

39. Select OK to close the dialog box.

This is FORTRAN code, so all the output
must go to (begin at) Column 7.

For information on these Subroutine
calls, please see “Subroutine Calls from
SINDA to Thermal Desktop” on page 6-
18.

For SOLVER Procedure, input use the
following data:

CALL TDSETDES
CALL TDCASE
CALL STEADY
OBJECT = TPLATE
CALL TDOBJ
CALL REGTAB
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Dynamic SINDA Example (Continued)

The Case Set Information dialog box
is visible. An asterisk (*) is displayed
next to Procedure in the Solver Data
field to show the variables have been
changed.

40. Select OK to close the Case Set Infor-
mation dialog box and return to the
Case Set Manager dialog box.

41. Select Save drawing before run-
ning to place a check mark in the box.

42. Select Run Case.

Save the drawing and the run the case.

As the model runs, notice the box and
cylinder move around the drawing area.
Once postprocessed, the commands will
quickly follow to move the box and cylin-
der, thus making a hot spot on the board
when the object is no longer in that loca-
tion.

Look at the output. The best solution is found at the end of the file. The temperature
may be slightly greater than the maximum constraint input, but it is within the con-
straint violation control parameter.(Solver Control > Advanced tab).

Figure 10-79 Solution

43. Select File > Exit.

A Thermal Desktop/AutoCAD dialog
box appears asking to save the draw-
ing changes.

44. Select Yes.

Exit Thermal Desktop and save as
prompted.
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10.10 Parameterizing for a Common Input

Sometimes it is common that the same geometry is used over and over in the same
model. This geometry can be as simple as a five or six-sided box or can be much more
complicated. In this example, a simple five sided-box with centered nodes that has conduc-
tors between each of the faces has been created. The geometry has been parameterized so
that the user can simply change the x, y, and z sizes so that the box will automatically update
when the user changes the symbols.

Parameterized Box Example

1. Double click on the file box.dwg located in the Tutorials/Parameterized Box For
Insert folder.

Thermal Desktop opens with the drawing on the screen.

)
8]
i

P
\v

[
o /;}

Figure 10-80 Box Drawing Initial View
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Parameterized Box Example (Continued)

1. Select Thermal > Symbol Man-
ager.

The Symbol Manager dialog box
appears.

Symbol Manager,

New Symbol Name: | Add

!

general ]
Edi
name. evakisted resull, expression, comment

thickbox 0.1 1

sbox 10 10
ybor a0 20
2bo 0 3m

Impott

kil

Symbol Groupe -> Add Rename.

2. Select Done to close the dialog box.

Take a few moments to examine the
model.

Bring up the Symbol Manager. Notice the
parameters for x, y, and z sizes. There is
also a parameter for the thickness of the
faces on the box.

1. Click on the top of the box o select
it.

*]
2. or Thermal > Edit.

The Thermal Model Data dialog box
appears.

3. Select the Surface tab.

&2 8 8B 8 2

[ Cancal |

Help |

4. Look at the X Max and Y Max fields.

Look at some of the data that make up the
top of the box. After selecting the top, uti-
lize Thermal Desktop’s Edit function to
display the Thermal Model Data dialog
box.

Notice the lengths of the X and Y axis are
parameterized (Surface tab) and that the Z
translation is also programmed (Trans/
Rot tab).

Take a moment to select some of the
other surfaces and conductors to get an
idea of how they are programmed.
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Parameterized Box Example (Continued)

5. Select the Trans/Rot tab.

Thermal Model Data E

Subeivision | Numbeiing | Radiation | Cond/Cap | Cortact | Insulation | Suface  Trans/Ret |

Translation 3 o m

Transtation ¥: 0 m

Translation Z: 300 m

Fiotation 1: 0 R | deg

Rotation 2 0 Y v| deg

FRotation 3 0 Z  w| deg

oK Cancel | Hel

6. Look at the Translation Z field.
Select OK to close the dialog box.

8. Repeat the process for some of the
other surfaces and conductors as
desired.

9. Select File > Exit. Close box.dwg without saving it and exit

A Thermal Desktop/AutoCAD dialog Thermal Desktop.
box appears asking to save the draw-
ing changes.

10. Select No.

1. Copy the template thermal.dwg file created in the first tutorial to the \Tutori-
als\Parameterized Box For Insert directory.

Note: Be sure to hold the <Ctrl> key down if dragging the template file icon to
the new directory so that the file is copied, rather than moved.

2. Rename the copied template file to parameter.

3. Start Thermal Desktop by double clicking on the parameter drawing file
icon in the Parameterized Box For Insert directory.
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Parameterized Box Example (Continued)

4. Select Insert > Block.

The Insert dialog box appears.

— B
Name - Brows
Pathy
Insertion point Seale Riotation
I~ Specity Or-screen I~ Speciy Onsereen I~ Specity Onscreen
% [To0o Angle [
¥ [1.0000
2 [1.0000
[ Uriform Scale:
I Explode oK Cancel Help

5. Select Browse.

The Select Drawing File dialog box
appears with two drawings displayed
in the drawing field.

6. Select box.dwg ro highlight it.
Select Open.

The Insert dialog box reappears with
box displayed in the Name field.

8. Select Specify On-Screen in the
Insertion field (place a check mark
in the box) if not already selected.

Qinsent PR
Nome:  [oon = [ Bome,
Path: IACR
Inserion point Scal Fiotaiion
¥ Specily Orvse I Speciy On-sereen I Specity Onsereen
% [1.0000 Angle: o
¥ [1.0000
Z[1.0000
I Unfoim Scale
I" Explode i3 Cancel Help

9. Select OK to close the dialog box.
Specify insertion point or [Scale/X/Y/

Z/Rotate/PScale/PX/PY/PZ/PRotate]:

appears in the Command line area.

10. Click at any point on the screen to
place the box.

A close view of a box corner appears
in the drawing area.

11. or Zoom > Extents.

Bring the box drawing into the template
copy.

Each user will have a somewhat different
image appear in the drawing area because
of the insertion point selections but, in
general, the drawing should appear simi-
lar to the drawing below once zoomed
extents is performed.

T

Box Drawing

z

Figure 10-81
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Parameterized Box Example (Continued)

12.

13.

14.
15.

16.

Select Modify > Explode.

Select objects: appears in the Com-
mand line area.

Click on the box.

The whole box is selected and Select
objects: appears in the Command line
area.

Press <Enter>.
Click on the top of the box.

Notice that only the top is now
selected.

Select other surfaces as desired and
press <Esc> to deselect when fin-
1shed.

Explode the box so that it is no longer an
AutoCAD Block, but are individual Ther-
mal Desktop entities.

Once Explode is performed, individual
components of the box can be selected
rather than only the whole box.
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Parameterized Box Example (Continued)

17. Select Thermal > Symbol Man-
ager.

The Symbol Manager dialog box
appears and the dialog box’s fields are
empty.

18. Select Import.

The Open dialog box appears with the
file boxsymbol displayed in the
main field.

19. Select boxsymbol o highlight it and
then select Open.

The Symbol Manager dialog box reap-
pears with the symbols displayed.

Symbol Manager

5]

Men Spmbol Name: Add
eeeeee /|
Ed
ame, evaluated resul, expressi
thickbor 01 7 m
wbo 1 m
vber 0 2w Delele
zbon -] e |
[Fm |
Import
Evport
Help
Symbol Groups -> Add, Renane...

Use the Symbol Manager Import com-
mand to import the file boxSymbols.sym.
Xbox, ybox, zbox and thickness symbols
are imported.
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Parameterized Box Example (Continued)

20. Select the 4 symbols:

* Click on thickbox to highlight it and
then, hold down the <Shift> key and
click on zbox, or

 Highlight thickbox and while hold-
ing down the left mouse button, drag
the cursor down the list to zbox;
release the mouse button.

21. Select Rename.

The Multiple Rename dialog box
appears.

22. Type _1 in the text input field.
Multiple Rename FE

Input string to be appended to each existing symbal:

-l

Cancel

23. Select OK.

The Symbol Manager dialog box reap-
pears displaying the new symbol names.

5]

Symbol Manager

New Spmbol Mame: Add

Delete
Purge
Impiort
Export

elp

_ e |

Symbol Groups -5 Add

Rename.

The box is to be imported multiple times,
so the imported symbols must be
renamed. Append 1 (underscore 1) to
each of the symbol current names.

10-191




Parameterized Box Example (Continued)

24. Select xbox_1. Edit the symbols for xbox, ybox, and
25 Select Edit zbox to be one tenth of their original val-
' ' ues.

The Expression Editor dialog box
appears with the current xbox 1 infor-
mation.

The box changes in the drawing area to
reflect the changes in size.

Note: Double clicking on a symbol
also displays the Expression Editor.

26. Highlight the current value in the
Expression field if not already high-

lighted and type 10.
27. Select OK. /
The changed parameters for xbox_1 v E\JZ/X &

are reflected.
Figure 10-82 Edited Box
28. Repeat the process for ybox and

zbox, changing the values to 1/10 of
the current value.

The Symbol Manager dialog box dis-
plays the new values.

29. Select Done to close the Symbols
Manager dialog box.
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Parameterized Box Example (Continued)

30. Select Insert > Block.

The Insert dialog box appears with
box in the Name field highlighted.

Dlimsert B
Name:  [box | | Browse
Path  IACR
Insertion point Scale Rotation
[¥ Specify Dn-scieen ™ Specifty On-screen [ Specify Dn-scieen
[ # - [1.0000 Angle: [
[ i [1.0000
[ 2 [1.0000

I™ Uniform Scale

I~ Esxplode

oK | Caesl | Help |

Specify On-Screen in the Insertion
field is already selected from the pre-
vious insertion.

31. Select OK to close the dialog box.

A box is attached to the cursor waiting
for insertion.

Specify insertion point or [Scale/X/Y/
Z/Rotate/PScale/PX/PY/PZ/PRotate]:
appears in the Command line area.

32. Click at any point on the screen to
place the new box.

The new box appears on the screen.
Notice the difference in the sizes of
the two boxes—the first box’s size
was changed to 1/10 of'its original size
(xbox_1).

33. Select Modify > Explode.

Select objects: appears in the Com-
mand line area.

34. Select the newly placed box.

Select objects: appears in the Com-
mand line area.

35. Press <Enter>.
The second box is exploded.

36. Click on various parts of the box as
desired to confirm “explosion” and
press <Esc> when finished.

Insert another box. Use the Insert >
Block command, but this time it is not
necessary to reselect the box.dwg file,
simply change the Name: pull down to
box and select OK.

Select any point on the screen to place the
box, and then explode the box.

T

Figure 10-83 Second Box Inserted

Once the second box is inserted, explode
it so the individual entities.
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Parameterized Box Example (Continued)

37. Select Thermal > Symbol Man-
ager.

The Symbol Manager dialog box reap-
pears with the symbols renamed ear-
lier displayed.

38. At the bottom of the Symbol Manager
dialog box, select Add to create a new
Symbol Group.

aaaaaaaaaaaa s s | e

A new tab named groupl is displayed.
39. Click on the general tab.

40. Select all 4 symbols.
41. Select Edit.

The symbols listed in the Symbol Man-
ager belong to a group named general.
Add a second symbol group named
groupl.
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Parameterized Box Example (Continued)

The Symbol Edit - Multi Edit Mode
dialog box appears.

Symbol Edit - Multi Edit Mode ®

42. Click on the arrow next to the Group
field and select group1 from the pull-
down menu.

Symbol Edit - Multi Edit Mode X

43. Select OK to close the Symbol Edit -
Multi Edit Mode dialog box.

The Symbol Manager dialog box
shows the symbols are removed from
the general symbol group and moved
to groupl. The general tab is empty.

Note: Click on the groupl tab to
verify the move
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Parameterized Box Example (Continued)

44. Select the general tab if not already | Add another set of symbols and append
selected. the names of the entities with 2.

45. Select Import. Also change the values of xbox, ybox and

The Open dialog box appears with the zbox to 1/2 of the current values.

file boxsymbol displayed in the
main field.

46. Select boxsymbol to highlight it and
then select Open.

Another set of the original symbols are
imported and display in the general
tab.

47. Select the 4 newly imported sym-
bols.

48. Select Rename.

The Multiple Rename dialog box
appears.

49. Type _2 in the text input field.
50. Select OK.

The Symbol Manager dialog box reap-
pears displaying the new symbol
names.

NowSpmbolMome: [ sW |

51. Select xbox_2.
52. Select Edit.

The Expression Editor dialog box
appears with the current xbox 2 infor-
mation.
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Parameterized Box Example (Continued)

53. Highlight the current value in the The second box reflects the change in
Expression field if not already high- size.
lighted and type 50 (1/2 of the current
value of 100).

54. Select OK to close the Expression Edi-
tor dialog box.

The edited value displays in the Sym-
bol Manager.
55. Repeat this process for ybox and ol

zbox, changing the current values by Figure 10-84 Second Box Edited
1/2.

The Symbol Manager dialog box
reflects the changes.

56. Select Done fo close the Symbol Man-
ager.

These steps may be repeated for as many boxes that are in the model.

57. Select File > Exit. Exit Thermal Desktop and save as

A Thermal Desktop/AutoCAD dialog prompted.
box appears asking to save the draw-
ing changes.

58. Select Yes.
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11 RadCad Tutorials

RadCad Tutorials is a continuation of the tutorials presented in Chapter 10: Tutorials.
It is assumed the user has completed the tutorials in that chapter before beginning the new
tutorials presented in this chapter. Chapter 10: Tutorials introduce the user to how things
work inside of Thermal Desktop, as well as the nomenclature used in the tutorials.

The tutorials in this chapter all focus on setting up and analyzing models for radiation
and heating rate purposes. There are seven tutorials, as follows:

* Section 11.1: Radks for Parallel Plates on page 11-1

* Section 11.2: Space Station Oct Tree Example on page 11-20

» Section 11.3: Importing a TRASY'S model and using Articulators on page 11-32
* Section 11.4: Satellite on page 11-49

* Section 11.5: Orbital Heating Rates on page 11-104

» Section 11.6: Simple Satellite on page 11-122

+ Section 11.7: Orbital Maneuvers on page 11-136

1.1 Radks for Parallel Plates

What you should learn:
* Overview of how Thermal Desktop works
* Overview of Radiation Calculation functionality

In this example, a set of parallel plates will be constructed, and the radks between them
and to space will be computed. This example is intended to give an overview of Thermal
Desktop; later examples will delve into Thermal Desktop concepts in more detail.

The parallel plates will be identical and directly opposed to each other. Length and width
will be 10 X 5 inches. The plates will be separated by 12 inches. Surface 1 will be defined
as the lower pate, leaving the upper plate designated as surface 2.
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Overview Parallel Flat Plates

Copy the template thermal.dwg file created in the first tutorial to the \Tutori-

als\parallel directory.

Note: Be sure to hold the <Ctrl> key down if dragging the template file icon to

the new directory so that the file is copied, rather than moved.

Rename the copied template file to parallel.

Start Thermal Desktop by double clicking on the parallel drawing file icon

in the board directory.
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Overview Parallel Flat Plates (Continued)

58
1. ) or Thermal > Optical Prop-
erties > Edit Property Data.

The Edit Optical Properties dialog box
appears.

Edit Optical Properties ®

Current Optical Property D atabage:
RcOptics.rco

Mew property to add Add

Mame, solar abs, IR emis, afe
White Paint 0230 0800 0267

QK 1 [ Cancel ] [ Help ]

2. Type White Paint in the New Prop-
erty to add field.

3. Select Add.

The Edit Optical Properties-White
Paint dialog box appears.

Edit Optical Property - White Paint [X)
comerte [
Use Propeties: | Basic Piaps for Flacks and Heal Fete Calculations v

Basic | wavelength Dependent
Solar
Absarpliviy 1 Vs tnge  [¥s. Temperature
Transmissviy: v v ange
Speculaiiy: 0 [Jvs. Angee
Transmissive Speculary: |0 [1¥s. Angle
Refractive Indices Ratio: 1
Irfared
Emissivil 1 [1ve angle  [JVs. Temperature
Transmissiiv: 0 v gl
ST 0 []vs. Angle
Transmissive Specularty, |0 [1¥s. Angle
Refiactive Indices Raio: 1
o= ] [ canca ] [ Hep

Define the optical property “White Paint”.

Spaces are allowed in optical property
names.

RadCad Tutorials
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Overview Parallel Flat Plates (Continued)

4. Type 0.23 in the Solar Absorptivity
field.

5. Type 0.8 in the Infrared Emissivity
field.

6. Select OK fto close the Edit Optical
Properties-White Paint dialog box.

The Edit Optical Properties dialog
box reappears and reflects the
changes.

7. Select OK fto close the Edit Optical
Properties dialog box.

(4]

1. or Thermal > Preferences.

Units | Graphics Visiilty | Graphics Size | Themal Analyzer | Advanced

Units Output Units For FLUINT Models
Model Length: | SN [IDont scals model to new length uits

Tempersture: K

Eneray J

Note: Oriy used i a FLUINT model
aiste

Time
Mass: kg

Orbital Length: ~ [km

2 B = = = = E =

Reset Unis To

The User Preferences dialog box
appears with the Units tab displayed.

2. Click on the arrow next to the Model
Length field and select In from the
pulldown menu.

3. Select OK to close the dialog box.

The model will be built in inches. Notice
that the energy units are in Joules, time in
seconds, thus the energy rate units are
Watts.
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Overview Parallel Flat Plates (Continued)

1. or Thermal > Surfaces/Sol- | £=0 for the bottom surface.

ids > Rectangle.

Command: _RcRectangle
Origin point <0.0.0>: appears in the
Command Line area.

2. Type 0,0 in the Command line.

Point for +X axis and X-size
<@1,0,0>: appears in the Command
Line area.

3. Type 10,0 in the Command line.

Point to set XY plane and Y-size
<@0,1,0>: appears in the Command
Line area.

4. Type 0,5 in the Command line.

The Thermal Model Data dialog box
appears.

Thermal Model Data 3

Subdivision | Numbering | Radiation | Cond/Cap | Contact | Insulation | Suface | Trans/Ret

@ Lertered Hodes! O Edge Nodes
Kedirection Y-direction

@© Equal 1 @© Equal 1
O Lst: O Lst:

Enter interior nodal boundaries as fraction from >0.0te <1.0

[ ok ][ cancel |[ Hep

5. Select the Radiation tab.

Thermal Model Data X
Subdivision | Numbering | Radiation | Cond/Cap | Contact | Insulation | Surface || Trans/Ret

Arialysis Group Name. Active Side

BASE _ bath
Top/Out Side Optical Property:

DEFAULT v

Bottom/In Side Optical Property:

DEFAULT v
ok [ cCancel ][ Hep

Create a 10 x 5 square in the x-y plane at
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Overview Parallel Flat Plates (Continued)

6. Select BASE both in the Analysis
Group Name, Active Side field if not
already highlighted.

7. Select Edit.

The Edit Active Side dialog box
appears.

Edit Active Side X

(2 Top/Out

) Bottom/In

(%) Both

() None [will reflect and absorb energy)

() Mat in analysis group [Mot part of the calculations

o J

[ Cancel ]

8. Select Top/Out fo place a dot in the
circle.

9. Select OK to close the dialog box.

The Thermal Model Data dialog box
returns with BASE top/out displayed.

10. Click on the arrow next to the Top/Out
Side Optical Property field and select
White Paint from the pulldown

menu.

11. Click on the arrow next to the Bottom/
In Side Optical Property field and
select White Paint from the pulldown
menu.

12. Select OK to close the Thermal Model
Data dialog box.

13. or View > Zoom > Extents.

Change the active side of the surface in
the surface group BASE to be active on
the top (+Z) side (). The active side for
this surface in the surface group BASE is
updated in the Thermal Model Data dialog
box to show that it is now active on the top
side.

When these steps are completed, the
screen should look similar to the example
below.

Figure 11-1 Top Side Active

11-6
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Overview Parallel Flat Plates (Continued)

1. or Thermal > Preferences.

The User Preferences dialog box
appears.

2. Select the Graphics Visibility tab.

Units | Graphics Visibility | Graphics Size | Themal Analyzer | Advanced

Global Show Optians.

TD/RC Nodes Lumps Conductors

User Defined Nodss Paths [ Contactors

Surfaces Ties Contact Conductance

] Fote Hemert Noad Pipes Heat Loads /Heaters Pressures

Material Orienters

Color Cortours Trackers

Assemblies

OK Cancel Help

3. Click on TDIRC Nodes ro deselect
it (remove the check mark from the
box).

4. Select OK to close the User Prefer-
ences dialog box.

Notice the small ring in the center of the
plate. That is the node. Turn off the dis-

play of all nodes.
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Overview Parallel Flat Plates (Continued)

i ]

@ or Modify > Copy.

Select objects: appears in the Com-
mand Line area.

Click on any part of the rectangle.

The rectangle is selected and Select
objects: appears in the Command Line
area.

Press <Enter>.

Specify base point or displacement, or
[Multiple]: appears in the Command
Line area.

Bipe 0,0,12 in the Command line.

Specify second point of displacement,
or <use first point as displacement>]:
appears in the Command Line area.

Press <Enter>.

or View > Zoom > Extents.

These steps copy the bottom plate to make
the upper plate, which is located 12 inches
above the bottom. See the AutoCAD help
for more options for the copy command.
The copy command is also available from
a toolbar icon.

A second plate is created. The thermal
model information entered for the first
plate is also copied to the second. The sec-
ond plate is therefore also a Thermal
Desktop surface.

Figure 11-2 Second Plate Created
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Overview Parallel Flat Plates (Continued)

3.

or Thermal > Edit.

Select Objects or [Indiv]: appears in
the Command line area.

Click on the newly created surface
(top plate).

Select Objects or [Indiv]: appears in
the Command line area.

Press <Enter>.

The Thermal Model Data dialog box
appears with the Radiation tab dis-
played and the thermal model infor-
mation that is assigned to the upper
surface.

Thermal Model Data 3

Subdivision | Numbering | Radiation | Cond/Cap | Contact | Insulation | Surface || Trans/Rot

Anialysis Group Name, Active Side
Top/Out Side Optical Froperty:

WVihite Pairt v

Bottom/In Side Optical Property:

White Paint v

Top Side Ovemdes
Eottom Side Overmides

[ ok J [ concel | [ Hep ]

Select BASE topl/out if not already

selected.
Select Edit.

The Edit Active Side dialog box
appears.

Note: Double clicking on BASE top/
out also displays the Edit Active
Side dialog box.

Select Bottoml/In o place a dot in the
circle.

Select OK to close the dialog box.

The Thermal Model Data dialog box
returns with BASE bottom/in dis-
played.

These steps change the active side of the
surface in the surface group BASE to be
active on the bottom (-Z) side. The active
side for this surface in the surface group
BASE is updated in the Thermal Model
Data dialog box to show that it is now
active on the bottom side.

RadCad Tutorials
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Overview Parallel Flat Plates (Continued)

8. Click on the Numbering tab.

Subdivision | Numbering | Radiation | Cond/Cap || Contact | Insulation || Surface | Trans/Rot
Use same ID's on both sides

Both Sides Not Used

Submodel: [MAIN -

@ Use Start ID: [1

Q) Use List:

[ ok J[ cocet ][ Heb ]

9. Highlight the current value in the Use
Start ID field and type 2.

10. Select OK to close the dialog box.

Change the node IDs for the upper sur-
face.

]

1. or Thermal > Model Checks
> Active Display Preferences.

The Display Preferences dialog box

appears.

Mode

() Active Sides for current analysis group
O MLIAnsulation Nodes

() Avea Contact Conductance
Dizplay
O brmows

(®) Colar sides orly

Surface Selection

I aK I [ Cancel ] [ Help ]

2. Select Arrows in the Display field to
place a dot in the button.

3. Select OK fto close the Display Prefer-
ences dialog box.

Set the display preferences for active side
verification. Colors indicating active sides
are always available with the shade com-
mand. If only colors are being displayed,
the shade command will automatically
be executed. The Display Active Sides
command must be executed each time to
update the display.

11-10
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Overview Parallel Flat Plates (Continued)

Verify that correct active sides have been

1. or Thermal > Model Checks | NPut:
> Display Active Sides.

Arrows appear in the drawing area to
designate the active plate sides.

The drawing should look similar to Figure 11-3. If it does not, retrace the above steps
to determine what went wrong. Once the drawing is at this stage, it’s ready to calculate
radks.

Figure 11-3 Active Sides for Parallel Plate
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Overview Parallel Flat Plates (Continued)

1. Select Thermal > Radiation Calcu-
lations > Set Radiation Analysis
Data....

The Radiation Analysis Data dialog
box appears.

Radiation Analysis Data X

Contrel | Advanced Control | Radk Quiput | Rack Time Vary Quiput | Heatrate Output | Ray Plot
Defaut
Raps Per Node: 5000 -
Add
Percent Error Desired 0
Delete
Fiays Before Iniial Enor Check 200
Energy Cutoff Fraction 01
Nodes Posiions
@ 8l @ &l
O List O List
Heafing Riate Sources
Solar Plangtshine Albedo
[ok ][ cancet ][ Hep ]

2. Select the Control tab if not already
displayed.

3. Highlight the current value in the Rays
per node field and type 100000 (one
hundred thousand, no comma).

4. Select the Advance Control tab.

Oct Cells
Use Gottres to acoslerate caloulations

Max octiree

6
Max suffaces per cell 8

Random Number Seed Control

® Use unique random number seed at start of aloulations

© Use same random number seed sequence at statt of calculations

() Use same random number ssed sequence at start of every node

Modalzation Schemes

(® General O Specific O Top/Bottom Specific

Radk Calculation Spectrum - Used for Modsling Lamps
® Infrared O Solar

Wavelength Dependent Propetties

Only For SindaWorks

5. Click on Use oct-tree to acceler-
ate calculations 7o deselect it
(remove the check mark from the box).

Sets the control parameters for calcula-
tions. Shoot lots of rays just for fun. Oct-
tree acceleration is not necessary for this
small of a problem. After calculations are
completed, press the <F2> key to bring up
the text window. See the Thermal Desktop
Users Manual Section 5.2.1.1 for a discus-
sion of error vs. rays.

11-12
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Overview Parallel Flat Plates (Continued)

6. Select the Radk Output tab.

ontrol | Radk Output | Radk Time Vary Qutput | Heatrate Output | Ray Plat
Generate SINDA/FLUINT inpu after calculations

Radk Output Filename: SINDAK

Form Factor Output Flenzme: AREAFILDAT
Output Submodel MAIN

1

SPACE.T

10

Which Radks Output To SINDA

Bi/Fij Cutoff Factor 0.001
[JOutput Bis Until BijSum >=

[ Output 1-8iSum to ERN Node:

[ Disable Radics To Space:

[ Output s Heating Rates:

Free Molecular Conduction Output.

7. Highlight the current value in the List
summary if % kept is off by more than:
field and type 0.

8. Select OK to close the Radiation Anal-
ysis Data dialog box.

The default for List if % kept is off by more
than: is set to 10%. This is so that only the
surfaces with errors are printed and it
makes it easy to find the errors in large
models. This output will be viewed later.

1. Select Thermal > Radiation Calcu-
lations > Calc Radks Ray Trace.

A Thermal Desktop/AutoCAD dialog
box asking for confirmation to con-
tinue appears.

1 E Continue with Radk Database: BASE-R.cOptics.rck?
L

[ OK H Cancel ]

2. Select OK to close the dialog box.

This step calculates radks for the Analysis
Group Base using the Monte Carlo ray-
tracing method. The radks will be output
to the file “SINDA.K” in the working
directory.

Output options can be controlled with
Thermal > Radiation Calculations >
Set Radiation Analysis Data, Radk
Output page.

RadCad Tutorials
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Overview Parallel Flat Plates (Continued)

1. Select Thermal > Radiation Calcu-
lations > Calc Radks Ray Trace.

A Thermal Desktop/AutoCAD dialog
box asking for confirmation to con-
tinue appears.

2. Select OK.

The Append/Replace Database dialog
box appears.

Append/Replace Database EJ

A databasze currently exists, and a restart run is possible.

Select "Append" to add the results of this calculation
to the existing databaze [restart].

Select "Replace” to create a new databaze with the results
of this calculation run. The old database will be deleted.

(%) Append results to existing databaze

() Replace existing database

[ Ok ] [ Cancel ]

3. Leave Append results to existing data-
base selected.

4. Select OK.

Run the problem again. A dialog box veri-
fying the analysis group and property file
appears. Since radks have already been
calculated, a dialog box will appear giving
the option of adding data to this database,
or continuing with a brand new one.

Rays shot will be cumulative for all runs if
Append is selected.

11-14

RadCad Tutorials




Overview Parallel Flat Plates (Continued)

Radk data is output in the file “SINDA.K” located in the current working directory, in
this case the \Tutorials\parallel directory. Use an editor such as the Windows Notepad
to look at this file or look at the output shown below.

Table 11-1 SINDA.K File for Parallel Plates

HEADER CONDUCTOR DATA, MAIN

C SINDA/FLUINT data created with Thermal Desktop 3.2 Beta Build 30
C Generated on Fri Jul 21 10:58:07 2000
C Generated from database BASE-RcOptics.rck
C Cutoff factor 0.0010000
C Conductor units are: in”2
C (more information at end of file)
c
C radk format:
c cond id node 1 node 2 Area*e*Bij $ Bij Bji
C
-1, MAIN.1, SPACE.1, 37.163 $ 0.92909
-2, MAIN.Z2, SPACE.1, 37.146 S 0.92866
-3, MAIN.1, MAIN.Z2, 2.7972 $ 0.069929, 0.069929
C
C Summary data for nodes with Bij sums < 1.0000 or > 1.0000
C Summary data for position 1
C node area rays emiss Bij Bij Bij Weighted
C sum self inact % Error
C MAIN.1 50.000 200000 0.80000 1.0002 0.001 0.2
C MAIN.2 50.000 200000 0.80000 0.99980 0.001 0.2

The file lists the analysis group and optical property file used to create the data, fol-
lowed by radks to space, then node-to-node radks. At the end of the file will be radks to
inactive nodes (if any), radks to self, and statistics for the calculation process. The sta-
tistical summary data lists the node, area, number of rays shot, the sum of all the radks
for this node, the effective emissivity, and the percentage of possible radks kept.

The rays shot is 200,000 since the model was run twice. The effective emissivity should
be equal to the emissivity input on the optical property form. If the emissivity were
input as angular dependent, this quantity will be the integrated hemispherical emissiv-
ity. The output is shown above in Table 11-1: SINDA.K File for Parallel Plates.

The BijSum is a useful quantity for error checking. It should be within a few percent of
100. Excessively low percentages indicate views to inactive sides or overly aggressive
filtering of the smaller radk values. Rays shot from both node i and node j are used to
compute the radk between 1 and j.
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Overview Parallel Flat Plates (Continued)

1. Select Thermal > Radiation Calcu- | To get an idea of how calculations are

lations > Set Radiation Analysis | made, plot the calculated rays on the
Data.... model.

The Radiation Analysis Data dialog Set the number of rays to be a smaller
box appears with the Radk Output tab | value, since many rays will just clutter the
displayed. screen.

2. Select the Control tab. Also, only shoot rays from Node MAIN.1

3. Highlight the current value in the Rays so the results can be seen.

per node field and type 20.

4. Select List in the Nodes field (place a
dot in the circle).

5. Type MAIN.1 in the List input field.

Radiation Analysis Data

Certrol | Advanced Control | Radk Output | Radk Time Vary Output | Heairete Output | Ray Plot
Default
Ras Per Node: 20 (7]
Add
Percent Error Desied:
ercent Enor Desire 0 )
Fiays Bfore Iritial Error Check: F)
Eneigy Cutoff Frastion: 01
Nodes Fosiions
Oal ®al
@ List OlList
MAIN 1
Healing Rate Sources
Solar Planeshine Albeda

11-16 RadCad Tutorials




Overview Parallel Flat Plates (Continued)

6. Select the Ray Plot tab.

Cortrol || Advanced Cortrol || Radk Output | Radk Time Vary Output | Heatrete Output | Ray Plot

[ Plot rays to space:
] Plot rays from heating source
[ Plot rays for surface to-surface reflections

Lengih of 't space” and ‘fram source” mys: 293701

Addtionial Ray Fitering

[ Outpust Average Ray (View Factors Orly)

Average Ray File Name:

7. Click on Plot rays to space ro
select it (place a check mark in the

box).

Click on Plot rays for surface-to-
surface reflection 7o select iz

(place a check mark in the box).

Highlight the current value in the

Length of “to space’ and ‘‘from
source” rays field and type 12.

Radiation Analysis Data 3]

Control | Advanced Control | Radk Output | Rack Time Vry Output | Heatrete Output | Ray Plot

Plot rays to space
] Plot rays from heating source
Plot rays for suface to-surface reflections
Length of 'to space” and "from source rays: | 12|
Additional Ray Fiteing
(® Nofitering
O Only rays that hit node:

O Only rays that hit inactive nodes

[JOutput Average Ray (View Factors Only)

Average Ray File Name:

10. Select OK to close the dialog box.

RadCad Tutorials
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Overview Parallel Flat Plates (Continued)

1. Type LTSCALE in the Command
line.

Enter new linetype scale factor
<39.3701>: appears in the Command
line area.

2. Type 0.5 in the Command line.

Lines appear inside the plates.

The rays to space are drawn according to
the Itscale value. These lines are drawn by
a series of dots. The Itscale value deter-
mines how close to put the dots together.
A smaller value means more dots are
printed for each line.

Figure 11-4 After LTSCALE Assigned

1. Select Thermal > Radiation Calcu-
lations > Calc Radks Ray Trace.

A Thermal Desktop/AutoCAD dialog
box asking for confirmation to con-
tinue appears.

2. Select OK fto close the dialog box.

The Append/Replace Database dialog
box appears.

3. Leave Append selected.

4. Select OK to close the dialog box
without making any changes.

Several orange lines will appear represent-
ing rays. These rays are random, so they
will be different every time the calcula-
tions are made.

The color of the rays is a function of the
energy of the ray. Energy values of 1 are
red and scale down to dark blue for zero
values. The color will change as energy is
absorbed and the ray is reflected.

<
. <

Figure 11-5 Ray Calculation Example
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Overview Parallel Flat Plates (Continued)

. If additional rays are shot, they will be
7 or Thermal > Radiation Cal- | @dded to the rays already on the screen.

culations > Clear Ray Plot. Use the Clear Ray Plot command to delete
the rays.

Figure 11-6 Clear Ray Display

1. Select File > Exit. Exit Thermal Desktop and save as

A Thermal Desktop/AutoCAD dialog prompted.
box appears asking to save the draw-
ing changes.

2. Select Yes.

Some additional things the user might try:

* Move the rectangles closer together so that multiple reflections may easily be
seen.

» Make the optical property of the upper surface to be transmissive and then plot
the rays. Examine the difference between specular and diffuse transmissivity.
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11.2 Space Station Oct Tree Example

What you should learn:
e How to use oct-trees to accelerate execution time
* How to postprocess radk results

In this example, the use of Oct-trees in accelerating RadCAD radiation calculations will
be explored. The space station model will show how changing a single oct-tree parameter
can significantly decrease the amount of time required to perform radiation analyses. It is
recommended that all users work through this example, even if not employed in the aero-
space industry. Decreasing the computational time can be applied to any type of radiation
problem.

Space Station Oct Tree Example

1. Double click on the file spaceStation.dwg located in the Tutorials/OctCells
folder.

Thermal Desktop opens with the spaceStation drawing on the screen.

Figure 11-7  Space Station Oct Tree Initial View
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Space Station Oct Tree Example

1. ‘+. or Thermal > Model Checks
> Display Active Sides.

Verify active sides. Everything should be
green and yellow.

Figure 11-8 Display Active Sides

Green indicates that one side is active
and the opposite side is inactive.

Light blue indicates that the side being
looked at is inactive, and the opposite
side is active.

Yellow indicates that both sides are
active, dark blue indicates that both
sides are inactive.

Red means that the surface is not in
the analysis group currently being
working with and won’t be used for
calculations.

RadCad Tutorials
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Space Station Oct Tree Example

1. Select Thermal > Radiation Calcu-
lations > Set Radiation Analysis
Data.

The Radiation Analysis Data dialog
box appears.

Radiation Analysis Data Xl

Contrl | Advanced Control || Rack Output || Radk Time Vary Output || Healrate Output | Ray Plot

Defaut
Fiays Per Node: 500
Percent Error Desiied 0 -DE‘ -
Fiays Before Iniial Enor Check: 200
Energy Cutoff Fraction: 01
Nodes Posiions
@l @l
O List O List

Heating Riate Sources

Solar Planetshine. Albedo

[ ok J[ cancad ][ hHepr ]

2. Select the Control tab if not already
displayed.

3. Highlight the value in the Rays per
node field and type 500 if the current
value is different.

4. Select the Advance Control tab.

Radiation Analysis Data 3]

Control | Advanced Corttrol | Radk Output | Radk Time Vary Output | Heatrate Output | Ray Plot
Oct Cels

Use Oct4ree to accelerate calculations
Max octtree subdivisions: 5
Max surfaces per cell 8
Random Number Seed Control
(® Use unique random number seed st start of calcuiations
) Use same random number seed sequence at start of calculations
O Use same randem number seed sequance at start of every node

Nodalization Schemes

® General O Specific O Top/Bettom Speciic

Radk Calculation Spectrum - Used for Modeling Lamps
® kfrared © Solar

Wavelength Dependent Properties

Only For SindaWorks

Ok | [ Cancel | [ Heb

Notice the Max oct-tree subdivisions:
field is set to 6.
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5. Select the Radk Output tab.

Control || Advanced Control | Radk Oulput | Rack Time Vary Output || Healrate Output | Ray Plot

Generate SINDA/FLUINT input after calculations

Radk Output Flename SINDAK
Fomn Factor Output Filename: AREAFI.DAT

Ouiput Submodel MAN

Inital Conductor ID: 1

Space Node Submodel ID: SPACE.l

Space Nods Temperature: K

List summary f kept s off by more than: |10

Vithich Radks Output To SINDA
Bi/Fij Cutoff Factor. 0.001

[JOutput Bis Until BjSum >=
[ Output 1-BiSum to ERN Node:

[0] Disable Radks To Space

0] Outpt s Heirg s
Free Molecular Conduction Output...

ok [ Caced J[ hep |

6. Click on Generate SINDA input
after calculations 7o deselect it
(remove the check mark from the box).

7. Select OK to close the Radiation Anal-
ysis Data dialog box.
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Select Thermal > Radiation Calcu-
lations > Calc Radks Ray Trace.

A Thermal Desktop/AutoCAD dialog
box asking for confirmation to con-
tinue appears.

1 E Continue with Radk Database: BASE-R.cOptics.rck?
L

[ OK H Cancel ]

Select OK to close the dialog box.

Press <F2> to find the time to calcu-
late the radks.

Close the text window when finished
reviewing.

Calculate radiation conductors. Confirms
the default analysis group and the cur-
rently loaded optical properties will be
used to calculate radks.

Record the amount of time required to
perform the radk calculations. This is
most easily done by hitting the <F2>
function key. The text window will
appear.

There are time values in the window.

e The first value is the amount of time
it takes to calculate the radks

e The second value is the amount of
time it takes to calculate the radks
plus the amount of time it takes to
output the radks in SINDA format.

The amount of time to calculate the
radks, or the first value, is needed. That
value is about 180 seconds on a 1.5 GHz
machine.

Select Thermal > Radiation Calcu-
lations > Set Radiation Analysis
Data.

The Radiation Analysis Data dialog
box appears with the Radk Output tab
displayed.

Select the Advanced Control tab.

Highlight the current value in the Max
oct-tree subdivisions and type T.

Select OK to close the dialog box.
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1. Select Thermal > Radiation Calcu-
lations > Calc Radks Ray Trace.

Since the database from the previous run
already exists, the program asks if the user

wants to “append” or “replace” the exist-

A Th 1 Desktop/AutoCAD dial
ermal Desktop/Auto 1alog ing database.

box asking for confirmation to con-
tinue appears. Appending will add 500 more rays to the
existing database, making it 1000 total

2. Select OK fto close the dialog box.
erec 0 close fhe diatog box rays. Replacing will replace the database.

The Append/Replace Database dialog
box appears.

Append/Replace Database: E

A databaze cunently exiztz, and a restark run iz possible.

For this example, either selection is suffi-
cient.

Record the amount of time required to
perform the radk calculations. On a 1.5
GHz machine, this run took about 137 sec-
onds or about 30% faster.

Select "Append" to add the results of this calculation
to the existing databasze [restart].

Select "Replace'' to create a new databaze with the results
of thiz calculation mn. The old database will be deleted.

& Append results bo existing databaze

" Replace existing databaze

=]

Cancel |

3. Select the desired option (place a
dot in the circle).

Select OK.

5. Press <F2> to find the time to calcu-
late the radks.

6. Close the text window when finished
reviewing.

Each run shot 500 radk rays, and only one parameter was different, the Max oct-tree
subdivisions. Please keep in mind that the oct-tree does not effect the answers, but only
how they are arrived at. The oct-tree breaks the model into smaller regions, and limits
the amount of intersection tests performed.

Every model has an optimal number of Max oct-tree subdivisions and Max surfaces per
cell that will calculate the radiation job the fastest. C&R has found that the subdivisions
parameter affects the results much more drastically than the surfaces per cell. Some
models will run 10 times faster by changing the subdivision setting. In other models, the
subdivision setting does not effect the cpu times. Some models may run fastest with
subdivisions equal to five, while others may require subdivisions equal to 9. In conclu-
sion, the user should run test cases to find the optimal parameters.
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1. Select Thermal > Radiation Calcu-
lations > Optimize Cells.

The Optimize Cells dialog box
appears.

Optimize Cells E]

Wary the Subdivisions

From

Ta 9

“Wary the Surfaces Per Cell

Frarm g
To 12

Increment 1

Mumber of Raye | 250

l Ok I [ Cancel ]

2. Highlight the current value in the Vary
subdivisions From field and type 6.

3. Highlight the current value in the Vary
subdivisions To field and type 9 if the
value is different.

4. Highlight the current value in the Vary
Surfaces Per Cell From field and type
8 if the value is different.

5. Highlight the current value in the Vary
Surfaces Per Cell To field and type 8.

6. Highlight the current value in the
Number of rays field and type 500.

Optimize Cells EJ

“Wary the Subdivisions

Fram B

Ta 3

Wary the Surfaces Per Cell
From g

Ta g

Increment 1

MNumber of Rays 500

l 0K I [ Cancel ]

7. Select OK to close the dialog box.

The Optimize Cells command allows the
user to enter a range of values, and then a
timing test will be performed to find opti-
mum subdivisions and surfaces per cell.

It is important that the amount of time
required for each test is substantial enough
to see true run time changes, and not just
CPU or operating system effects. Ideally,
each setting should run for at least 30 sec-
onds of CPU time. This can be controlled
by the number of rays shot per run.

Note: Press <F2> to view calcula-
tions progress.
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A Thermal Desktop/AutoCAD dialog
box asking for confirmation to con-
tinue appears.

8. Select OK.
9. Press <F2> to view test progress and
resullts.

10. Close the text window when finished
reviewing.
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1. Select Thermal > PostProcessing
> Manage Datasets.

The Postprocessing Datasets dialog
box appears.

Postprocessing Datasets

Current Data Set.

Add New
Set Cumrent

Delste

Rename

Comment:

2. Select Add New.

The Data Set Source Selection dialog
box appears.

Data Set Source Selection

Postprocessing set name:

[Data Source
O SindaFluint ) Radks
(O Text File () Form Factors

(O Text Transient File () Heating Rates

[ QK ] [ Cancel ] [ Help ]

3. Type radks in the Postprocessing set
name field.

4. Select the Radks radio button
(place a dot in the circle).

5. Select OK to close the dialog box.
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The Directory Select dialog box
appears.

Directory Select E\

Change Director.

Cunent Directon:  C:hDocuments and Settings\Bewerly StahlsMy
Documents\Tutoriak:_TD_43\0ctCel:

Select the dataset to be post processed

0K Cancsl

6. Select OK.

The Set FF/Radk Dataset Properties
dialog box appears.

Set FF/Radk Dataset Properties 3]
Select an crbt postion te:

Alnode data
() Hemispherical emissivity
© Exchange factor to space
@ FidBito space

Single nods dats
Mode:

© Exchange factors fiom node:
O FilBihiom node

) Fii/Biito node
Comment:
Radk Database: BASE-Relptics ick.
Description
ok ] [ Cancel | [ Heb

7. Select OK.

RadCad Tutorials
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The Postprocessing Datasets dialog View the calculated data using a color
box appears with radk displayed in the | map. Enter a descriptive comment for the
Current Data Set field. postprocessing dataset if preferred. Click
. o———— B directly in the edit field to enter the com-
Curent Data Set. radks B ment.
A lower value for the radk to space for the
interior or shuttle payload bay should be
seen.
=

8. Select Close. L.

Figure 11-9 View Data Using Color Map

Return to the normal display mode.

1. or Thermal > Postprocess- | Note: The drawing may be left in postpro-

ing > PostProcessing off. cessing mode when exiting if desired. It
will be reloaded in postprocessing mode
when the session is resumed.

Figure 11-10 View Normal Display Mode
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1. Select File > Exit. Exit Thermal Desktop and save as

A Thermal Desktop/AutoCAD dialog prompted.
box appears asking to save the draw-
ing changes.

2. Select Yes.

Additional practice:

Use the Model Checks > Check Overlapping Surfaces command to find the
surfaces that might be overlapping in the same plane. Surfaces that overlap in the same
plane will most likely cause problems with radiation calculations. Once the overlapping
surfaces are found, use the Model Browser to isolate the overlapping nodes and try to
determine what is wrong with the geometric model.
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11.3 Importing a TRASYS model and using Articulators

What you should learn:
* How to import a TRASYS input file
* How to work with layers
* Using articulators

In this example, a TRASYS model will be imported. Following that we will articulate
the solar arrays.

Thermal Desktop will automatically run the TRASYS input file through the Thermal
Desktop supplied TRASY'S preprocessor. If the TRASYS model has errors, a window will
be displayed describing the errors and the import will be aborted. When the preprocessor is
finished, an input dialog box will appear prompting for a desired display resolution. This
dialog box controls the degree of fidelity to which non-Thermal Desktop curved surfaces
are modeled (such as an ogive). Higher resolutions use more facets per degree of curvature.

TRASYS surfaces will be seen being drawn on the viewport as they are read from the
preprocessor output. After the TRASYS model is read in, the preprocessor intermediate

files are automatically deleted. The status of the preprocessor run is retained in the file
“TRASYS.OUT”.

Allimported TRASY 'S nodes are placed into the current analysis group. Use this analysis
group to perform radk or view factor computations. The imported model has all the data
necessary to begin calculations.

Active side and submodel/node number data may be verified using the Thermal >
Model Checks operations. Each BCS is placed on its own layer.

Importing TRASYS Files and Using Articulation

1. Double click on the file trasys.dwg located in the Tutorials/trasys folder.

Thermal Desktop opens with the trasys drawing on the screen.
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1. Select Thermal > Import > Trasys.

The TRASYS Import Options dialog
box appears.

TRASYS Import Options X

Input File: w
TRASYS Uitz 'm v
Optical Property Options
(%) Reuse property names with same values
() Create new property for each suiface

Corwert MODPR calls

Fiesolution for ogive, torus, spheroids: Regular v

[] Orly build BCS's that are on the build card

O Fiemave pre-existing comespondence for submodels in the
imported TRASY'S model

l QK ] [ Cancel ] [ Help ]

2. Click on the arrow to the right of the
Input File field and select TMG3.INP

from the pulldown menu.

3. Leave Regular selected in the Reso-
lution for ogive, torus, spheroids field.

4. Select OK to close the dialog box.

Import the example TRASY'S model,
TMG3.INP.

Figure 11-11 Imported TRASYS Model

1. or type Layer in the Command
line.

The Layers Properties Manager dia-
log box appears.

Note: Format > Layer will also dis-
play the Layer Properties Manager
dialog box.

Invoke the Layer Property Manager.

RadCad Tutorials
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The Layer Properties Manager dialog box is shown below in Figure 11-12. All newly

created entities are placed on the current active layer.

Click the lightbulb icon in the On column to toggle layer visibility on and off. A layer
that is turned Off is not visible on the screen. Click on the sun/snowflake icon in the
Freeze column to fieeze or thaw a layer. It is best to freeze a layer along with turn-

ing it off, and thaw it when turning it back on.

The display list is not regenerated for frozen layers. The lock icon can be used to pre-
vent modification to any object that is on the locked layer.

Current Layer

I% Layer Properties Manager

New Layer

tamed layer filkers I o ] [ — l
5 (=10 elele
Showt all layers r E] [T Inwert fiker,
[] &pply ta layers toolbar, l Current ] [ Show details ]
Eurrent Layer: 0 [ Save state... ] [ State Manager... ]
Marme On Freez... L.. Color Linetype Lineweight Flot Style | P~
H o [ ] i White COMTIMUOUS ~—— Diefault i
ASHADE nghtblllb . [+ ] B O whie COMTINUOUS  —— Diefault &
BCS_ALTA \ . [+ ] M5 g Green COMTIMUOUS  —— Default &
BCS5_BUS . [+ ] T8 ma COMTINUOUS  —— Default g
BCS_FEM . O T @ Cyan COMTINUOUS  —— Default z
BCS_HGA /,'Q T3 Oielow  CONTINUOUS —— Default &
BCS_MAF . [+ ] USN L] COMTINUOUS  —— Diefault &
Bes moa FT€€Z€ 5 5 Gy miagents CONTINUOUS —— Defaul g
BCS_PROF . [+ ] W oo COMTINUOUS  —— Diefault &
BCS_REM1 . 5 Ty g0 COMTIMUOUS  —— Default &
T ik @
BCS_REMZ Color Q @ COMTINUOUS  —— Default &
BCS_REM3 h ] M omz COMTIMUOUS  —— Default &
BCS_REM4 . [ ] 7 miz COMTIMUOUS  —— Default &
BCS_REMSH1 . [+ ] T3 mie COMTINUOUS  —— Diefault &
BCS_REMSH2 . [+ ] T w7 COMTIMUOUS  —— Default &
BCS_REMSH3 . [+ ] Tn s COMTINUOUS  —— Default g
BCS_REMSH4 . O TR Rk COMTINUOUS  —— Default z
BCS_Sakx . [ ] 5 W Blue COMTIMUOUS  —— Default &
BCS_sapy NAIMes ¢ O T3 gwhite  CONTINUOUS  —— Defaul im
< ¥
21 Total layers 21 Lapers dizplaped
[ ak. ] [ Cancel ] [ Help

Figure 11-12 Layer Properties Manager dialog box
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2. Click on the On (lightbulb) and The goal of this command is to turn off the
Freeze (sun) icons for all of the display of the model except for the solar
BCS_ files except for panel on layer BCS_SAPX.

BCS_SAPX 1o turn them off. When completed, the view on the screen
The lightbulb icons will darken and should be similar to Figure 11-13.

the sun icons will change to look like
snowflakes.

Note: There are 19 rows of BCS
files and 18 will be affected, leaving
BCS SAPX untouched.

¥ Layer Properties Manager

il elete.
Show alllapers [ [ et fiter
[ pply tolayers toolber. Curert Show details

Curert Layer: 0

eeeeee PlatSte P
Colo_3 9

BCS_FEM
BCS_HGA
BCS_MAP
BCS_MGA
BCS_FROF

Figure 11-13  Solar Panel Visible

q

7

7

7

7

7

BCS_REM1 @
BCS_REM2 @
BCS_REM3 ?
BCS_REM 7
BCS_REMSH1 ']
BCS_REMSH2 7
BCS_REMSH3 7
7

7

Note: The <Ctr>I<Shift> shortcut

aul
CONTINUOUS  —— Defaut
CONTINUOUS  —— Defaul

e . Ehuos — b keyboard command works in this
B St e ——— iv dialog box to select and change
< >

21 Total layers 21 Layers displayed more Z‘han One laye]/:

3. Make sure the current layer, 0, is
not turned off (remains untouched)
or any new items created will not be
visible.

4. Select OK to close the dialog box.

5. or View > Zoom > Extents
or

* type zoom (or just the letter z)
in the Command line and press
<Enter>.

* type extents (or just the letter
e) in the Command line and press
<Enter>.
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1. Type pan in the Command line. Use the pan and zoom command to posi-
tion the model to look like Figure 11-14.
Use the right mouse button to switch
between pan and zoom.

The cursor changes into a small
hand—this is the Pan Realtime com-
mand.

2. Hold down the left mouse button 7o
move the model across the drawing
area.

T

3. Click the right mouse button 7o
display the popup menu.

4. Select Zoom.

The cursor changes to a small magni-
fying glass with a plus and a minus
sign—this is the Zoom Realtime com-
mand.

5. Alternate between pan and zoom

until the model is positioned similarly
to Figure 11-14.

6. Press <Esc> to end the pan/zoom
command mode.

Figure 11-14  Geometry positioning
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The tracker must be placed at the point

I or Thermal > Articulators > | that the solar array will rotate.

Create Tracker.

Enter origin of tracker: appears in the
Command line area.

2. Hold down the <Shift> key and click
the right mouse button o display
the right mouse popup menu.

3. Select Center.

Enter origin of tracker: _cen of appears
in the Command line area.

4. Click in/on the left-most positioned
circle as shown by the arrow in Figure
11-15. Notice as the cursor moves over

the circles, a yellow circle appears. Figure 11-15  Geometry positioning

The Single Axis Tracker dialog box Note: See “Create Tracker” on

appears. : .
page 2-79 for more information on
Single Axis Tracker, @ trackers
Mame: ‘ nnnnnn d
Track ‘wWorking Mods
& Sun & Alwaps
 Nadi £ In5un Only
" Star " In Shade Only
Right &scension: " Betwesn Anomalies [deg)
Declination: Start
" Lock End
Angle: &
-
" Disable
Range of Motion Display
Fiom: |0 degrees
5 1 m
T 360 degiees
3 Caced | Heb |

5. Select OK to close the dialog box.
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or View > Zoom > Extents.

Figure 11-16  Tracker Created

or Thermal > Articulators >
Attach Geometry.

Select an articulator: appears in the
Command line area.

Select the articulator you just created

Select objects to attach to articula-
tor...: appears in the Command line
area.

Draw a box around all of the objects
in the display.

Select objects to attach to articula-
tor...: appears in the Command line
area.

Press <Enter>.

Note: If <F2> is selected the text
window will show that 13 objects
were attached to the articulator.

The surfaces that will rotate with the
tracker must be attached to that tracker.

The attach command will not attach a
tracker to itself, so it is OK to select it
when attaching the surfaces.
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1. Select Thermal > Orbit > Manage | Create an orbit with a beta angle of zero.

Orbits. New orbits are created using the Orbit
The Heating Rate Case Manager dia- | Manager. Multiple orbit definitions can be
log box appears. created and saved under a user defined
name. Orbit definitions are stored in the

Heating Rate Case Manager E| . .
drawing file along with the model geome-
Current Heating Fate Case:
Add | Impart | try
boee | Ewot | Rotate the entire model by 90 degrees
= about the Z axis. This will put the solar
i panels in a position so that they can track
Set Curent the sun.
Dizplay Orbit | Dane | Help |
2. Select Add.
The Create New External Heating
Environ dialog box appears.
Create Mew External Heating Environ... g|
Mew Heating Caze Name:
I
Tope Figure 11-17 New Orbit Rotated 90°
f* Basic Orbit
® [T Note: More information about cre-

" GeoLat, Long. Altitude List

ating orbits may be found in Chap-
ter 8: Working with External Heat-
ing Environments.

™ Wentor List

™ Free Molecular Heating

QK. | Cancel | Help |

3. Type Test in the New Heating Case
Name field.

4. Select OK to close the Create New
External Heating Environ dialog box.
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The Orbit: Test dialog box appears.

Orbit: Test 3]

Basio Dibit | Orisntation | Posions | Planet Data | Sph |

Beta fngle: @ [Angle between sclar vector and plane of arbif)
Alitude 500 km
Undate

Calculated orbital period = 567698 sec

Cancel Help

5. Select the Orientation tab.

Orbit: Test X

Basic Dibit Drientation | Positons | Plenet Data | Spin |

Fainiing Additonal Rotations

& 2 —
r s —
42 Star | R A

Star Right Ascension: [0
Star Dieclination o

Cancel Help

6. Highlight the current value in the Z

Additional Rotations field and type 90.

7. Select OK.

The Heating Rate Case Manager dia-
log box reappears with Test displayed
in the Current Heating Rate Case
field.

Heating Rate Case Manager. El

Curment Heating Rate Case: Test
\mporl
Delete Expnrl
Copy
Edit
Set Curent
Display Orbit | Done Help

8. Select Display Orbit.
The drawing area displays the orbit.
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1. or Thermal > Orbit > View
Vehicle > Set Orbit Position/
Prefs.

The View Vehicle In Orbit dialog box
appears.

View Vehicle In Orbit X

Model Scale Factaor:

Center Wehicle About Orbit Coordinate System
I

(O Wiew Vehicle at Multiple Positions |5 et Positions. .

O Animate

Model Translation Factor:

() Wiew Vehicle at Orbit Position:

[ QK ] [ Cancel ] [ Help ]

2. Select OK to close the dialog box
without making any changes.

The vehicle can now be viewed in orbit.
The size parameter allows the user to
manipulate the size of the vehicle with
respect to the size of the planet.

View the orbit and model from the sun.

1. or Thermal > Orbit > View
From > Sun.
Figure 11-18 View from the Sun
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Turn the planet off to see if the articula-
7 o or Thermal > Orbit > Dis- tion is working properly in the shade.
play Preferences.

The Orbit Display Preferences dialog
box appears.

Orbit Display Preferences E‘

Visibilty | Size/Colors

Shadow Grid Orbit Path
[] Shadow Cone Heading Line
Solar Vector Orbit Plans
[¥] Celestial Coordinate System [#] Orbit Positions . .
Figure 11-19  View of Model Only
Planet Focal Coordinate System

I 0K H Cancel ][ Help

2. Click on Planet to deselect it (remove
the check mark from the box).

3. Select OK.
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1. or Thermal > Orbit > View
Vehicle > Next Position.

2. Press <Enter>.

The geometry will move to the next posi-
tion in the orbit. Notice that the bottom
solar array stays perpendicular to the sun,
while the top array does not (because it is
not attached to the articulator).

Figure 11-20 View Orbit Next Position

Use the right mouse button or <Enter> to
step all the way around the orbit.

T

Figure 11-21  View Orbit Next Position

This example lines up the solar arrays for maximum solar flux only if the beta angle is

set to zero.

Now go back and add a second axis of rotation so that the solar arrays will line up inde-
pendent of beta angle. The orientation of the current tracker will be changed so that it
will account for the beta angle. A second tracker will then be added that will account for
the movement around the planet. The original tracker will be attached to the second
tracker. The order of attachment is extremely important. Thermal Desktop deter-
mines the nesting of the trackers and performs the rotation of the highest level tracker

first.

RadCad Tutorials
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Turn off the orbit display.

[
1. or Thermal > Orbit > Orbit
Display Off.

Figure 11-22  Orbit Display Off

2. Type shademode in the Command Work in wireframe mode.
line.

Enter option [2D wireframe/3D wire-
frame/Hidden/Flat/Gouraud/fLat
+edges/gOurand +edges] <Gouraud>:
appears in the Command line area.

3. Type 2d in the Command line.

Figure 11-23  Wireframe View

The articulators must be reset to the start-
ing value. The model should look similar

4. or Thermal > Articulators > '
to the view below.

Reset Trackers.

@{

Figure 11-24  Tracker Reset
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5. Select File > Save.

Save the geometry often.

1. Type zoom in the Command line.

Specify corner of window, enter a
scale factor (nX or nXP), or[All/Center/
Dynamic/Extents/Previous/Scale/Win-
dow]<real time>: appears in the Com-
mand line area.

2. Type all in the Command line.

Note: Use the pan and zoom icons
as desired.

Use Pan and Zoom to position the model
back to the view shown in Figure 11-14.

1. Select Thermal > Articulators >
Toggle Global Activation.

Articulators are now globally turned
off—see confirmation of this in the
Command line area.

Change the orientation of the current
tracker. To do this, first turn off all track-
ers so that when the tracker is manipu-
lated, the geometry will not move with it.

1. Select the articulator.

The articulator is highlighted—the
lines become dashed lines and blue
grip boxes appear along the X, Y and
Z axis.

2. Click on the grip point at the end of
the X axis (Red).

Specify stretch point or [Base point/
Copy/Undo/eXit]: appears in the Com-
mand line area.

Note: A yellow box appears in the
middle of the cursor when placed
over the grip box. The yellow box
becomes thicker when the cursor is
positioned over the grip point and
the grip box becomes red once it’s
selected. A “rubberband line” at-
taches the cursor to the first select-
ed grip point and moves as the cur-
sor moves.

3. Move the cursor to the grip point on
the end of the Y axis (Green) and
click the left mouse button to select it.

Figure 11-25 Articulator Grip Editing
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1. Select Thermal > Articulators > Manual manipulation of the articulators is
Toggle Global Activation. now complete and they must be turned
back on.

The articulators are now globally
turned back on

Create the articulator to account for move-

L. or Thermal > Articulators > | ment around the planet.

Create Tracker. When these steps are complete the model

Enter origin of tracker: appears in the should look similar to the view below.

Command line area.

2. Hold down the <Shift> key and click
the right mouse button fo display
the right mouse popup menu.

3. Select Center. P
Enter origin of tracker: _cen of appears J;%
in the Command line area. .
4. Click in/on the left-most posi- o
tioned circle as directed by the Figure 11-26  Second Tracker Created

arrow shown earlier in Figure 11-15.
Notice as the cursor moves over the
circles, a yellow circle appears.

The Single Axis Tracker dialog box
appears.

5. Highlight the current value in the Dis-
play Size field and type 1.5.

Single Axis Tracker @
Mame: |unnamed
Track ‘working Mode
* Sun & Always

" Madir " InSun Only
" Star " In Shade Only

Right &scension: " Between Anomalies (d=g)
Start

Declination: '—
" Lock End
Angle: '— o

~
" Disable
Range of Mation Dizplay
Fram: ,07 deqgrees

Size: ’15— m

To. 360 degiees

1]\e I Cancel ‘ Help |

6. Select OK fto close the dialog box.

11-46 RadCad Tutorials




Importing TRASYS Files and Using Articulation

7. or View > Zoom > Extents
or

* type zoom in the Command
line and press <Enter>.

* type extents in the Command
line and press <Enter>.

Figure 11-27 Model After Second Tracker

Attach the smaller articulator to the larger

1. or Thermal > Articulators > | °0¢

Attach Geometry.

Select an articulator: appears in the
Command line area.

2. Click on the new larger articulator
to select it.

Select objects to attach to articula-
tor...: appears in the Command line
area.

3. Click on the smaller articulator 7o
select it.

Select objects to attach to articula-
tor...: appears in the Command line
area.

4. Press <Enter>.
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Importing TRASYS Files and Using Articulation

1. E or Thermal > Orbit > Edit
Current Orbit.

The Orbit: Test dialog box appears
with 90 displayed in the Additional
Rotations Z field.

2. Select the Basic Orbit tab.

Basio Dibt | Drientation | Posions | Flenet Data | Spin |
Beta Angle Ef] {Angle between solar vector and plane of orcil
L Figure 11-28 New Orbit Angle
Update
Calculsted orbial period = 5676.98 sec
Cancel Hep

3. Highlight the current value in the Beta
Angle field and type 30.

4. Select OK.

5. Display the model on the orbit and step through each position.

6. For practice, add 2 more articulators and get the second solar panel to track the
Sun.

1. Select File > Exit. Exit Thermal Desktop and save as

A Thermal Desktop/AutoCAD dialog prompted.
box appears asking to save the draw-
ing changes.

2. Select Yes.
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1.4 Satellite

In this exercise, a spacecraft radiation model will be built. The model will be used in
the following exercise to compute orbital heating rates. The use of design geometry to aid
in the construction of the thermal model is illustrated. Custom conic surfaces and surfaces
created with CAD operations will be used for the model geometry.

At this time, review the toolbar features in AutoCAD as a refresher. Most all of the
commands are available via toolbar icons, and the toolbars may be customized to individual
preferences (View > Toolbars). New toolbars may also be created to make the most used
commands conveniently available. Toolbars may be floating or docked to the top, left and
right sides of the screen.

The AutoCAD on-line help manual lists the toolbar icons associated with each com-
mand. Placing the cursor over a toolbar icon without movement for a short duration will
also bring up a tool tip text label to indicate the icon’s function. The commands in the tutorial
are typed in at the Command line or selected from pulldown menu choices, but the toolbar
icons may also be used.

Be sure to do intermediate saves as a means to recover if a command is mistyped or a
wrong point is selected. It may also be able to recover from a mistake by using the undo
command.

Satellite

1. Double click on the file satellite.dwg located in the Tutorials/satellite folder.

Thermal Desktop opens with the satellite drawing on the screen.

Figure 11-29  Satellite Drawing Initial View

This file contains CAD geometry that might represent design geometry created in
AutoCAD, or imported via IGES from another CAD system.
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Satellite (Continued)

1. or type Layer in the Command
line.

The Layers Properties Manager dia-
log box appears.

I# Layer Properties Manager @@
= clete
Show al lapers " D [ Inwert filter
[ Al to layers toalba Show detsils
Hame On| Freez.. | L.| Color Linetype Lineweight FlotStyle | P.
a O T white CONTINUOUS — —— Default pe
(ARRAYS Oy T CONTINUBUS T Detauk Y
ASHADE a ® CONTINUOUS  —— Defaul Y
BUS Q CONTINUDUS  —— Defaul 2
cam a CONTINUOUS  —— Defaul 2
DESIGN_ARRAYS O CONTINUOUS  —— Defaul [g
DESIGN_BUS a CONTINUOUS  —— Defaul 2
DESIGN_COM O CONTINUOUS  —— Defaul ‘,_@
DESIGN_XLINK a CONTINUOUS  —— Defaul 2
RADCAD_ACTIVE (@] CONTINUOUS  —— Defaul &3
RADIATOR Q CONTINUDUS  —— Defaul 2
UNK a CONTINUOUS  —— Defaul 2
12 Totallayers 12 Layers displayed
[ ok [ caneel J[ Hek |

2. Click on the Freeze (sun) icons for
the following layers, turning them off:

- DESIGN_ARRAYS
- DESIGN_BUS

- DESIGN_COM
 RADIATOR

The the sun icons will change to look
like snowflakes.

Note: The current layer is 0.

3. Highlight the XLINK layer and select
Current.

4. Select OK to close the dialog box.

Turn some layers off to make it easier to
build geometry. The sun icon will turn to a
snowflake when the layer is frozen. Scroll
down the layer list to see all of the layer
names.

For AutoCAD without Mechanical add-
ons, the layer command can be found at
Format > Layer.

Figure 11-30 Current Layer Changed

11-50




Satellite (Continued)

[4]

or Thermal > Preferences.

The User Preferences dialog box
appears with the Units tab displayed.

. Highlight the current value in the
Model Length field and select in from
the pulldown menu.

Select the Graphics Visibility tab.

Click on TDIRC Nodes ‘o deselect it
(remove the check mark from the box).

Select OK.

Set the default units and turn off the dis-
play of nodes.

Figure 11-31  Node Visibility Off

or type 3dorbit in the Com-
mand line.

Rotate the model around and to see that
the 3 circles are in different planes. Sur-
faces will be created from these 3 circles.

Remember this function can be used to 3D
view a drawing. When activated, a circle,
called an archall, appears around the
selected object and the cursor changes
shape as it is positioned outside and inside
the arcball. As the user selects points and
drags the mouse, the view of the selected
object changes so the user sees the object
from whatever angles the user desires
(vertically and horizontally).

A special right mouse menu offers addi-
tional 3D view options.

Figure 11-32 3D View the Model
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Satellite (Continued)

2. Move the cursor fto view the model
from various angles.

Note: Each user’s view will differ
from the view shown in Figure 11-
33 due to the positions selected by
each user.

Figure 11-33 Model Rotated

3. Select View > Named Views.

The View dialog box appears.
& View Elﬁl

Mamed Views I Orthagraphic & |sametric Views I

Current View: Cument

rspective | Sel Currert

Mew...

Details

BATTERY
BATTERYZ

[ul{
[ul{
[ul{
[ul{
[ul{
[ul{

BUS
GIMBALS
KLINK

SR==== =T

M

M

M
BODY Model

M

M

M

m Cancel Help

4. Select XLINK to highlight it.
5. Select Set Current.
6. Select OK.

Restore a previously defined view.
Be sure to hit the “Set Current” button.

The model should look similar to Figure
11-34.

Figure 11-34 XLINK View
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Satellite (Continued)

or Thermal > Surfaces >
Cone.

Pick or enter point for base of cone
<0,0,0>: appears in the Command line
area.

Move the cursor to the center of the
circle with the label “1” until the
center point snap icon becomes visible
(a small yellow circle at the center of
the green circle) and click the left
mouse button.

Pick or enter point for top of cone
<@0,0,1>: appears in the Command
line area.

Move the cursor to the center of the
circle with the label “2” until the
center point snap icon becomes visible
and click the left mouse button.

Enter base radius or pick/enter point
<0,0>: appears in the Command line
area.

Move the mouse to label “1” until the
quadrant snap icon becomes visible (a
small yellow diamond) and click the
left mouse button.

Note: For information about find-
ing a quadrant, see important note
to the right.

Enter top radius or pick/enter point
<1,0>: appears in the Command line
area.

Move the mouse to label “2” until the
quadrant snap icon becomes visible
and click the left mouse button.

Enter start angle or pick/enter point
<0,0>: appears in the Command line
area.

Select <Enter>.

Create a cone. Snap to the center points of
the two circles to define the axis of the
cone. Snap to a quadrant to define the base
and top radii.

Important: If it is difficult to select
the correct point, it may be neces-
sary to force AutoCAD to select a
center or a quadrant. This is done
by holding down the <Shift> key
and clicking the right mouse but-
ton. A popup menu will then ap-
pear, and the user can select the
type of point to force AutoCAD to
snap to (i.e. center, quadrant, etc.).

If the snap icon is visible, clicking the left
mouse will accept the point. The cursor
does not have to be over the icon. Moving
the mouse over the snap icon will display
the geometry as it will look if this point is
selected.

The Thermal Model Data dialog box will
appear after the geometry has been
defined.
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Satellite (Continued)

Enter end angle or pick/enter point The cone will appear.
<360,0>: appears in the Command line
area.

7. Select <Enter>.

The Thermal Model Data dialog box
appears with the Subdivision tab dis-
played.

8. Highlight the current value in the
Angular Equal field and type 3.

9. Select OK.

10. Type Ltscale in the Command line. Ltscale determines how many dots are
drawn to the center of each node. Smaller

Enter new linetype scale factor
values mean more dots.

<39.3701>: appears in the Command
line area.

11. Type 5 in the Command line.
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Satellite (Continued)

or Thermal > Surfaces >
Cylinder.

Pick or enter point for base of cylinder:
appears in the Command line area.

. Move the cursor to the center of the

circle labeled “2” until the center
point snap icon becomes visible (a
small yellow circle at the center of the
green circle) and click the left
mouse button.

Pick or enter point for top of cylinder:
appears in the Command line area.

. Move the cursor to the center of the

circle near the label “3” until the
center point snap icon becomes visible
and click the left mouse button.

Enter radius or pick/enter point <0.0>:
appears in the Command line area.

Move the mouse along circle “2”
until any of the snap points become
visible and click the left mouse but-
ton.

Enter start angle or pick/enter point
<0.0>: appears in the Command line
area.

. Press <Enter>.

Enter end angle or pick/enter point
<360.0>: appears in the Command line
area.

. Press <Enter>.

The Thermal Model Data dialog box
appears with the Subdivision tab dis-
played.

Create a cylinder. All of the node numbers
will be specified later using the resequenc-
ing operations.

Figure 11-35 Satellite After Cylinder

. Highlight the current value in the
Angular Equal field and type 3.

Select OK.
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Satellite (Continued)

1. or Thermal > Surfaces >
Disk.

Pick or enter point for center of disk:
appears in the Command line area.

2. Move the cursor to the center of the
circle labeled “1” until the center
point snap icon becomes visible and
click the left mouse button.

Pick or enter point for +Z axis of disk:
appears in the Command line area.

3. Type @0,0,-1 in the Command line.

Enter maximum radius or pick/enter
point <1.0>: appears in the Command
line area.

4. Move the mouse along circle “1”
until any of the snap points become
visible and click the left mouse button.

Enter minimum radius or pick/enter
point <0.0>: appears in the Command
line area.

5. Press <Enter>.

Enter start angle or pick/enter point
<0.0>: appears in the Command line
area.

6. Press <Enter>.

Enter end angle or pick/enter point
<360.0>: appears in the Command line
area.

7. Press <Enter>.

Create a disk. Define the top side of the
disk to point in the -Z direction. The @-
sign is used to indicate that the point input
is relative to the last picked or entered

point. The model should look similar to
Figure 11-36.

— &

I—

\__\ | )= -

.'\__ g ] =] /-’\ E
b P 7
G 1

Tl

-

Figure 11-36  Satellite After Disk

The Thermal Model Data dialog box
appears with the Subdivision tab dis-
played.

8. Highlight the current value in the
Angular Equal field and type 3.

9. Select OK.
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Satellite (Continued)

1. Select Thermal > Radiation Analy- | Rename the BASE group External. It will
sis Groups. be the default group. The default analysis
group will be used for calculation/post

Radiation Analysis Group Manager g| . .
processing operations.
BASE [default] Add
[ QK ] [ Cancel ] [ Help ]

The Radiation Analysis Group Man-
ager dialog box appears.

2. Click on Base [default] ro highlight
it.

3. Select Rename.

The Rename Analysis Group dialog
box appears.

Rename Analysis Group g|

Update surfaces in analyzis group:

BASE

To be in analysis group:

|
QK | Cancel | Help |

4. Type External in the To be in analy-
sis group field.

5. Select OK to close the Rename Analy-
sis Group dialog box.

The Radiation Analysis Group Man-
ager dialog box reappears with Exter-
nal displayed in the analysis group list
field.

6. Select OK fto close the dialog box.
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Satellite (Continued)

1. Select the cone, disk, and the cylin-
der by drawing a box from right to
left that intersects all the sur-
faces or by holding down the
<Shift> key and clicking on each sur-
face separately.

*]
2. or Thermal > Edit.

The Thermal Model Data - Multiple
Surface Edit Mode dialog box appears.

Thermal Mode! Data - Multiple Surface Edit Mode 3

Humbering | Radiation | Cond/Cap | Cantact | Insulation | Comment

& Centered Nodes

" Edge Nodes
W Use same D's on both sides

Both Sides

Submodel: [MAIN ~| |

[ Cancel Help

3. Select the Radiation tab.

Thermal Model Data - Multiple Surface Edit Mode

£

Humbering Radiston | Cond/Cap | Contact | Insulation | Comment |

Analysis Graup ame, Active Side

Top/Dut Side Opical Fropetty

DEFALILT -

Bottom/In Side Dplical Property:

DEFAULT -

Edit

oK Cancel |

Help |

External both is highlighted in the
Analysis Group, Active Side field.

4. Select Edit.

Analysis groups can be defined ahead of
time and set as the default, or surfaces
may be added to an analysis group after
they have been created.

Update the optical properties for the outer
sides of all three surfaces.
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Satellite (Continued)

The Edit Active Side dialog box
appears.

Edit Active Side 3

O Top/Dut

) Bottam/In

(®) Both

(O Mone [will reflect and absorb energy)

() Mot in analysis group (Mot part of the calculations

[ Ok ] [ Cancel ]

5. Select the ToplOut radio button.

6. Select OK to close the Edit Active Side
dialog box dialog box.

The Radiation tab information is dis-
played with External top/out high-
lighted in the Analysis Group, Active
Side field.

7. Click on the arrow next to the Top/Out
Side Optical Property field and select
Kapton Film, .5 mil Alum from the
pulldown menu.

8. Select OK to close the dialog box.

A Thermal Desktop/AutoCAD dialog
box appears asking for confirmation of
the changes.

9. Select Yes.

10. Select File > Save. Always a good idea to save often.
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Satellite (Continued)

1. Select the cone, disk, and the cylin- | Copy the geometry just created to two
der. other locations on the base plate. When
2. Select Modify > Array. finished, the model should look similar to

Figure 11-37.
The Array dialog box appears.

Array @El
@ Rectangula Aray £ Polar Aray | Selectobicts
10 objects selected
B Rows: |4 [II] Calumns: 4
Offset distance and direction
cooo
Frow offset: 1.0000 E Sooo
E% oooo
Column offset 1.0000 E
Angle of anay 0 M
1% By default, i the raw offset is neqative,
HE e skteddoveend, g
v column offset is negative, columns are
Tie  added to the left Cancel
Previes <
[ Figure 11-37  Satellite After Copying

Geometry
3. Select Polar Array.
Note: If the OK button is ghosted,
then the objects were not selected
before issuing the command. Use
5. Highlight the current value in the Cen- the Select Objects button in the up-

ter Point Y field and type 0. per right corner of the Array dialog
box to select them.

4. Highlight the current value in the Cen-
ter Point X field and type 0.

6. Highlight the current value in the
Total number of items field and type 3.

7. Select OK to close the Array dialog
box.
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Satellite (Continued)

Make the Com layer current, and turn off

= :
I or type Layer in the Command and freeze the Xlink layer.

line.

The Layers Properties Manager dia-
log box appears.

Layer Properties Manager @@

Hamed layer fiters =TT
Show ll lagers " N [ Invert filer.
I~ Apply to Object Propeties toolbar, Curert Hide details
Current Layer: XLINK Save stale.. Restare state...
Name | on [ Freeze. [ L. | Colar Linetype [ Lineweight | PlotSule | Plia
G white  CONTINOOUS —— Defaul
lRFAYS 9 T & ma CONTINGOUS ™~ Difault é
l4SHADE 7 & & DOwhie  CONTINUOUS —— Defaul é
BUS ¢ w2 pga CONTINUOUS  —— Default é
oM 7 @ & pge CONTINUOUS  —— Default é
DESIGN_ARRAYS G % & man CONTINUOUS  —— Defaul é . .
e 3 £ S B3 Coms o c Figure 11-38  Satellite After Com
DESIGN_COM 2 & & O¥ CONTINUOUS  —— Default é g
DESIGN_LINK ¢ w2 Qn CONTINUOUS  —— Default é
RaDCAD ACTIVE 2 i@ & miwhie  CONTINUOUS —— Defaul & Layef' CUI’f'ent
< >
Detals
O r
B
L
In
r
R r
12 Tolallayers 12 Layers displayed
oK ‘ Carel | Help ‘

Notice the current layer is still XLINK
(upper left area of dialog box).

2. Click on the layer named Com to
highlight it.

3. Select Current.

Com is now the current layer. Notice
that both Com’s On (lightbulb) and
Freeze (sun) icons are turned on.

4. Click on the Freeze (sun) icon of’
the XLINK layer to turn the layer off
(change sun to a snowflake).

5. Select OK to close the dialog box.

11-61




Satellite (Continued)

6. Select View > 3D Views > Top. Switch to plane view.

Figure 11-39 Plane View of Model
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Satellite (Continued)

1. Select Thermal > Radiation Analy- | Create an analysis group for the inside of

sis Groups. the spacecratft.
Radiation Analysis Group Manager g|
External [default] Add
[ QK ] [ Cancel ] [ Help ]

The Radiation Analysis Group Man-
ager dialog box appears.

2. Select Add.

Add Analysis Group

Mew radiation group name:

[ QK ] [ Cancel ] [ Help ]

The Add Analysis Group dialog box

appears.
3. Type Internal in the New radiation
group name field.
4. Select OK fto close the Add Analysis
Group dialog box.

The Radiation Analysis Group Man-
ager dialog box reappears with Inter-
nal displayed in the analysis group list
field.

5. Select OK to the close the Radiation
Analysis Group Manager dialog box.
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Satellite (Continued)

1. Select Thermal > Surface Make the default analysis groups to be top
Defaults. side external and inside internal. All
The Thermal Model Data Defaults newly created surfaces will have these

defaults.

dialog box appears.

A little bit of pre thinking can save lots of
work down the road.

ap | Contact | Insulation | Comment

Top/Out Side Optical Propery:

DEFAULT -

Battorn/In Side Optical Property:

DEFSULT -

oK Cancel \ Help |

2. Select the Radiation tab 7o if not
already highlighted.

3. Select external both in the Analysis
Group Name, Active Side field to high-
light it if not already highlighted.

4. Select Edit.

The Edit Active Side dialog box
appears.

Edit Active Side 3

O Top/Dut

) Bottam/In

() Both

(O Mone [will reflect and absorb energy)

(%) Mot in analysis group (Mot part of the calculations

[ Ok ] [ Cancel ]

Select the Top/Out radio button.

6. Select OK to close the Edit Active Side
dialog box dialog box.

The Radiation tab information is dis-
played with External top/out high-
lighted in the Analysis Group, Active
Side field.

7. Select Internal [n/a] to highlight it.
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Satellite (Continued)

8.

9.

Select Edit.

The Edit Active Side dialog box
appears.

Edit Active Side 3
" Top/Out

" Battom/In

+ Both

" Maone

" Mat in analysiz group

()8 | Cancel |

Select the Bottom/In radio button.

10. Select OK 1o close the Edit Active Side

11.

12.

13.

dialog box dialog box.

The Radiation tab information is dis-
played with Internal bottom/in high-
lighted in the Analysis Group, Active
Side field.

Click on the arrow next to the Top/Out
Side Optical Property field and select
Kapton Film, .5 mil Alum from the
pulldown menu.

Click on the arrow next to the Bottom/
In Side Optical Property field and
select Graphite Epoxy, Bare from
the pulldown menu.

Select OK to close the dialog box.
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Satellite (Continued)

or Thermal > Surfaces/Sol-
ids > Polygon.

Enter first point or return to end:
appears in the Command line area.

Select snap point near label “5”.

Enter point number 2 or return to end:

appears in the Command line area.

Select snap point near label “6”.

Enter point number 3 or return to end:

appears in the Command line area.

Select snap point near label “8”.

Enter point number 4 or return to end:

appears in the Command line area.

Select snap point near label “7”.

Enter point number 5 or return to end:

appears in the Command line area.

. Press <Enter>.

The Thermal Model Data dialog box
appears.

Select OK to close the dialog box.

Make a polygon surface. The “Top” side
is defined as the normal generated using
the right hand rule when traversing the
vertices. In this case, the top side will be
in the -Z direction.

Create surfaces for the bottom base plate.
When finished, the model should look
similar to Figure 11-40.

Don’t worry if there are extra circles.
They may have been selected when the
array command was performed.

Figure 11-40 New Polygon Surface
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Satellite (Continued)

. Press <Enter>.

Make another nodal surface.

or Thermal > Surfaces/Sol-
ids > Polygon.

Enter first point or return to end:
appears in the Command line area.

Select snap point near label “7”.

Enter point number 2 or return to end:
appears in the Command line area.

Select snap point near label “8”.

Enter point number 3 or return to end:
appears in the Command line area.

Select snap point near label “10”.

Enter point number 4 or return to end:
appears in the Command line area.

Select snap point near label “9”.

Enter point number 5 or return to end:
appears in the Command line area.

The Thermal Model Data dialog box
appears.

Select OK to close the dialog box.

Figure 11-41  Second Polygon Surface
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Satellite (Continued)

Create a triangle.

1. or Thermal > Surfaces/Sol-
ids > Polygon.

Enter first point or return to end:
appears in the Command line area.

2. Select snap point near label “9”.

Enter point number 2 or return to end:
appears in the Command line area.

3. Select snap point near label “10”.

_ Figure 11-42 Another Polygon Surface
Enter point number 3 or return to end:

appears in the Command line area.
4. Select snap point near label “11”.

Enter point number 4 or return to end:
appears in the Command line area.

5. Press <Enter>.

The Thermal Model Data dialog box
appears.

6. Select OK to close the dialog box.
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Satellite (Continued)

1. Select the two trapezoids in the Fill in the rest of the base plate.
upper right hand corner of the screen
by picking on the dotted line within the
trapezoids.

Note: It is not necessary to use the
<Shift> key to select the multiple
items.

2. Select Modify > Array.

The Array dialog box appears.

3. Select Polar Array if not already Figure 11-43 Completed Base Plate
selected.
& Array Px
" Rectangular Array = Polar Array E Select objects
Center point: ¥ |-30000 *v: |21.0000 y Be el
Method and values
Method =
Total number of tems & Angle to fil - i
Total " * U
Angle to il I M —
Angle between E— J
v ; ST
Preview <
¥ Rotate items as copied Moe ¥ Help

4. Highlight the current value in the Cen-
ter Point X field and type 0 if needed.

5. Highlight the current in the Center
Point Y field and type 0 if needed.

6. Highlight the current value in the
Total number of items field and type 3
if needed.

7. Select OK fto close the Array dialog
box.

8. Select File > Save.
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Satellite (Continued)

Turn on Design bus and Design _com lay-

=
1. or type Layer in the Command

ers.
line. Turn off the Design_xlink layer.
The Layers Properties Manager dia-
log box appears.
Mamed layer fiters
[rowaiwes =] [ Mot [ ter ] oeke |
I~ Apply to Object Praperties tookbar, Currert Hide details
Current Layer: COM Save state.. Restore state...
Name | on [ Freeze. [ L. | Colar Linetype [ Lineweight | PlotSule | Plia
7 j+} =[] White CONTINUOUS ——— Default
IARRAYS ? ] = @m0 CONTINUOUS  —— Defaul i
IASHADE 7 o & [Owhis CONTINUOUS  —— Default é
BUS 7 o = g2t CONTINUOUS  —— Default i
COM i =1 = @4z CONTINUOUS  —— Defaul é
DESIGN_ARRAYS i £ = mzm CONTINUOUS  —— Default e
DESIGN_BUS ? £ = @30 CONTINUOUS  —— Defaul i
DESIGN_COM 7 & &£ g# CONTINUOUS  —— Default é
DESIGN_XLINK 7 o £ g CONTINUOUS  —— Default @
R&DCAD ACTIVE @ =] = 1 'whie CONTINUOUS ~ —— Defaul E¥
< > . SNTNT
o Figure 11-44  Layer Visibility Changed
] r
B
L
In
r
[Bofoo ] =
12 Totallayers 12 Layers displayed
oK ‘ Carel | Help ‘

2. Click on the Freeze (snowflake)
icon of the layer named
DESIGN_BUS 1o turn the layer on

(sun).
3. Click on the Freeze (snowflake)

icon of the layer named
Design_COM to turn the layer on

(sun).

4. Click on the Freeze (sun) icon of’
the layer named DESIGN_XLINK to
turn the layer off (snowflake).

5. Select OK to close the dialog box.
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Satellite (Continued)

6. Select View > Named Views. The model should look similar to Figure

The View dialog box appears.

3 3 LA
& View Elle Y TT—

Marned Views I Orthographic: & lsometric Wiews 1

Current Miew: Current

Location | ICS
B
ALL todel
BATTERY Model
BATTERY2 todel
BODY tadel
BUS Model
GIMBALS todel
HLINK Model

Ot

[ali}
[al3}
[ul}
[ali}
[al3}
[ali}
[al3}

11-45 shown below.

Set Cument

Mew..

Details

o]

Select Set Current.
Select OK.

(\ -
Cancel | Help N N T,
- Ly
- Y

Select BODY to highlight it. \2

Figure 11-45 BODY View
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Satellite (Continued)

1. Select Modify > Copy.

Select objects: appears in the Com-
mand line area.

2. Select the T polygons from the base
plate (easiest to pick dotted lines or
use “Fence” option).

Select objects: appears in the Com-
mand line area.

3. Press <Enter>.

Specify base point or displacement, or
[Multiple]: appears in the Command
line area.

4. Click on the snap point near label
“1 ”.
Specify second point of displacement,

or <use first point as displacement>:
appears in the Command line area.

5. Click on the snap point near label
“8”.
Note: Notice that as the cursor
moves, a rubberband line is an-

chored to label 1 along with a
“copy> of the selected polygons.

Copy the base plate surfaces to the top of
the spacecratft.

When complete, the drawing area should
look similar to the view below:

7
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3

Figure 11-46 Base Plate Surface Copied
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Satellite (Continued)

Select Modify > 3D Operation >
Rotate 3D.

Select objects: appears in the Com-
mand line area.

Select the T polygons at the top of
the model (the copy—the top side).

Select objects: appears in the Com-
mand line area.

. Press <Enter>.

Object/Last/View/Xaxis/Yaxis/Zaxis/2
points: appears in the Command line
area.

Type 2 in the Command line.

Specify first point on axis: appears in
the Command line area.

Click on the midpoint snap near
label “9”.

Specify second point on axis: appears
in the Command line area.

Click on the center of the top side.

<Rotation angle> or [Reference]:
appears in the Command line area.

Type 180 in the Command line.

Flip the surfaces so that the analysis
groups and properties are correct regard-
ing the inside and outside of the space-
craft.

Note: The fence (f) option to select
the surfaces might come in handy.

If something gets messed up, use
<CtrI><Z> to undo the action. Only a line
to rotate about needs to be defined, so the
exact points are not critical.

Show active sides to see if the rotation is
correct.

Select the surfaces just moved to the
top of the spacecraft (the top side 7

polygons).

or type Properties in the Com-
mand line.

Change the top surfaces from the COM
layer to the BUS layer.

Use the Itscale command to adjust the line
spacing to show the dotted nodal center-
lines if desired.
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Satellite (Continued)

The Properties window appears on the
right side of the screen.

BoCH Ak @M

EErMEEENEE SESXEEE >~ +3
ONESBENR *#XyXNNY | PHHEEREDER

BR UEF P IKNEE &

3. Select the Layer pulldown menu (cur-
rently displays COM) and select BUS
from the pulldown menu.

BUS is now the current layer.

4. Close the window.

5. Select File > Save.
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Satellite (Continued)

=
1. or type Layer in the Command
line.

The Layers Properties Manager dia-
log box appears.

Layer Properties Manager @E‘

Hamed layer fiters =TT
Show ll lagers " N [ Invert filer.
I~ Apply to Object Propeties toolbar, Curert Hide details
Current Layer: COM Save stale.. Restare state...
Name | on [ Freeze. [ L. | Colar Linetype [ Lineweight | PlotSule | Plia
G white  CONTINOOUS —— Defaul
lRFAYS 9 T & ma CONTINGOUS ™~ Difault é
l4SHADE 7 & & DOwhie  CONTINUOUS —— Defaul é
BUS ¢ w2 pga CONTINUOUS  —— Default é
oM 7 @ & pge CONTINUOUS  —— Default é
DESIGN_ARRAYS G % & man CONTINUOUS  —— Defaul é
DESIGN_BUS 9 @ £ @0 CONTINUOUS  —— Default 4
DESIGN_COM 7 @ & oH CONTINUOUS  —— Default é
DESIGN_LINK G # 2 QN CONTINUOUS  —— Default é
RaDCAD ACTIVE Q& & mwhie  CONTINUOUS —— Defaul L
< >
Detals
O r
B
L
In
r
R r
12 Tolallayers 12 Layers displayed
oK ‘ Carel | Help ‘

2. Click on the Freeze (sun) icon of the

layer named BUS to turn the layer off
(snowflake).

3. Click on the Freeze (sun) icon of the
layer named Design_bus to turn the
layer off (snowflake).

Select OK to close the dialog box.

5. Select View > 3D Views > SE Iso-
metric.

Zoom and pan for a better view if desired.
Labels 8, 9, and 10 are not needed. The
model should look similar to that in Fig-
ure 11-47 shown below.

Figure 11-47 Updated View
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Satellite (Continued)

Create the sides of the spacecraft.

1. or Thermal > Surfaces/Sol- | Note that the point used to define the Y-
ids > Rectangle. axis and the Y size of the rectangle does
Origin point <0,0,0>: appears in the not have to lie directly on the Y axis of the
Command line area. rectangle.

2. Click on the endpoint near label
“1 ”.

Note: Remember if the cursor is po-

sitioned on top of an object, a tool

tip will appear. In this case, the

word “Endpoint” will appear if the o
cursor is positioned correctly. l<i

Point for +X axis and X-size

<@1,0,0>: appears in the Command | Figyre 11-48  First Side Created
line area.

3. Click on the endpoint near label
“4”.
Point to set XY plane and Y-size

<@0,1,0>: appears in the Command
line area.

4. Click on the endpoint near label
“2”.
The Thermal Model Data dialog box
appears.

Select the Subdivision tab.

6. Highlight the current value in the
Equals X-direction field and type 4.

7. Highlight the current value in the
Equals Y-direction field and type 8.

8. Select OK to close the dialog box.
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Satellite (Continued)

or Thermal > Surfaces/Sol-
ids > Rectangle.

Origin point <0,0,0>: appears in the
Command line area.

Click on the endpoint near label
“4”‘
Point for +X axis and X-size

<@1,0,0>: appears in the Command
line area.

Click on the endpoint near label
“5”.
Point to set XY plane and Y-size

<@0,1,0>: appears in the Command
line area.

Click on the endpoint near label
“3”‘
The Thermal Model Data dialog box

appears with the Subdivision tab dis-
played.

. Highlight the current value in the
Equals X-direction field and type 1 if
the value is different.

. Highlight the current value in the
Equals Y-direction field and type 8.

. Select OK to close the dialog box.

z
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K

Figure 11-49 Second Side Created

11-77



Satellite (Continued)

or Thermal > Surfaces/Sol-
ids > Rectangle.

Origin point <0,0,0>: appears in the
Command line area.

Click on the endpoint near label
“5”‘
Point for +X axis and X-size

<@1,0,0>: appears in the Command
line area.

Click on the endpoint near label
“6”.
Point to set XY plane and Y-size

<@0,1,0>: appears in the Command
line area.

Click on the endpoint near label
“7”‘

The Thermal Model Data dialog box
appears.

5. Select the Subdivision tab.

10.
11.

12.

Highlight the current value in the
Equals X-direction field and type 4.

Highlight the current value in the
Equals Y-direction field and type 8.

Select the Radiation tab.
External top/out is highlighted.
Select Edit.

The Edit Active Side dialog box
appears.

Select Both.

Select OK to close the Edit Active Side
dialog box.

Select Internal bottom/in o high-
light it.

Don’t forget about last command recall.

When this step is completed, the view
should look similar to Figure 11-50
shown below.

Figure 11-50 Third Side Created

Notice that since both sides of this surface
are external, it should only be in the analy-
sis group “External” with both sides
active.
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Satellite (Continued)

13.

14.
15.

16.

17.

18.

Select Edit.

The Edit Active Side dialog box
appears.

Select Not in analysis group.

Select OK to close the Edit Active Side
dialog box.

The Radiation tab is redisplayed.

Click on the arrow next to the Top/Out
Side Optical Property field and select
Tedlar White from the pulldown

menu.

Click on the arrow next to the Bottom/
In Side Optical Property field and
select Tedlar Black from the pull-
down menu.

Select OK to close the dialog box.

3. Select the Radiation tab.

Select the first 2 rectangles just cre-
ated to highlight them.

or Thermal > Edit.

The Thermal Model Data - Multiple
Surface Edit Mode dialog box appears.

Click on the arrow next to the Top/Out
Side Optical Property field and select
Teflon, Silver 5 mil from the pull-
down menu.

Select OK to close the dialog box.

A Thermal Desktop/AutoCAD dialog
box appears asking for confirmation of
the changes.

Select Yes.
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Satellite (Continued)

1. Select the 3 rectangles just created | When these steps are completed, the view
to highlight them. should look similar to the lower graphic.

2. Select Modify > Array.
The Array dialog box appears.

3. Select Polar Array if not already
selected.

4. Highlight the current value in the Cen-
ter Point X field and type 0 if the value l{
is different. P

5. Highlight the current value in the Cen-
ter Point Y field and type 0 if the value
is different.

6. Highlight the current value in the
Total number of items field and type 3
if the value is different.

7. Select OK fto close the Array dialog

box.
7
4
Figure 11-51  View After Polar Array
8. Select File > Save. Verify the active sides at this point if

desired.
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Satellite (Continued)

or type Layer in the Command
line.

The Layers Properties Manager dia-
log box appears.

Click on the Freeze (snowflake) icon
of the layer named Radiator to turn
the layer on (sun).

. Select Current.

Radiator is now the current layer.

Click on the Freeze (snowflake) icon
of the layer named DESIGN_BUS fo
turn the layer on (sun).

Click on the Freeze (sun) icon of the
layer named Com to turn the layer

off (snowflake).

Click on the Freeze (sun) icon of the
layer named DESIGN_COM fo turn
the layer off (snowflake).

Select OK to close the dialog box.

Turn on the Radiator and Design bus lay-
ers, and turn off the Com and Design _com
layers.

z

kﬁvv
v
N

X

Figure 11-52  After Layer Visibility Change

Note: If a message saying Cannot
freeze current layer is received,
then the layer named Radiator was
not made the current layer. To do
so, highlight Radiator in the layer
list and click on the Current button.

. Select View > Named Views.

The View dialog box appears.
Select BATTERY to highlight it.

. Select Set Current.

Select OK to close the dialog box.

The model should look similar to Figure
11-53.

Figure 11-53 Battery View
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Satellite (Continued)

Select Thermal > Defaults > Sur-
faces.

The Thermal Model Data Defaults
dialog box appears.

Select the Radiation tab to highlight
it if not already highlighted.

Click on the arrow next to the Top/Out
Side Optical Property field and select
Battery Radiator fiom the pull-

down menu.

. Click on the arrow next to the Bottom/

In Side Optical Property field and
select Kapton Film, .5 mil Alum
from the pulldown menu.

Select OK to close the dialog box.

Change the default optics for the new sur-
face about to created.

Type surftab1 in the Command line.

New value for SURFTAB1 <6>:
appears in the Command line area.

Type 6 in the Command line.

The surftab1 variable controls how
meshes are faceted for ruled and revolved
surfaces. (The default is 6).

Zoom in close enough to easily see the
arcs/lines inside the small circles if
desired. Press <Esc> to end the zoom
function.

Select Draw > Surfaces > Ruled
Surface.

Select first defining curve: appears in
the Command line area.

Click on the arc (line) inside the
small circle near the label “1”.
Do not select the small circle itself
but the small piece of the arc inside
the circle.

Select second defining curve: appears
in the Command line area.

It may be necessary to zoom in closer
for proper selection near 1 and 2.

Ruled surfaces are constructed from two
curves. The ruling lines are drawn from
the closest endpoints selected (clicked on)
on the curves.

For example, if the user picked near the
left endpoint of the straight line segment
for the second curve, the ruled surface
would appear to be twisted. Sometimes
curves have an intrinsic orientation. If the
ruled surface comes out twisted even
though the apparently correct endpoints
were selected, try picking at the other end,
or reverse the end point selections.

Be sure to pick the arc and the line seg-
ment and not the two small circles!
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Satellite (Continued)

Click on the line inside the small
circle near the label “2”. Do not
select the small circle itself but the

small piece of line inside the circle.

The ruled lines appear in the drawing
area.

l 17 18 129 20

Figure 11-54  First Ruled Surface

Repeat the sequence of clicking
on small pieces of arcs and lines (as
with the previous steps for labels 1
and 2) for the following 6 labels.
Pressing the <Enter> key recalls the
rulesurf command so perform this
before selecting the next group of
objects.

* Press <Enter>.

Select the arc inside the
small circle near label
“11”; select the line inside
the small circle near label
“12”.

* Press <Enter>.

Select the arc inside the
small circle near label
“13”; select the line inside
the small circle near label
“14”.

* Press <Enter>.

Select the arc inside the
small circle near label
“15”; select the line inside
the small circle near label
“16”.

Use the right mouse button or <Enter> to

recall the rulesurf command and construct
the remaining three ruled surfaces for the

left side of the battery radiator.

The right side has already been completed.
Pick the points in the order listed to
make sure the active sides are pointing
the right way.

> 1g o S
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~
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Figure 11-55 Remaining Ruled Surfaces
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Satellite (Continued)

1. or Thermal > Surfaces/Sol-
ids > From AutoCAD Surface.

Select entity for adding thermal model
data: appears in the Command line
area.

2. Type all in the Command line.

Select entity for adding thermal model
data: appears in the Command line
area.

3. Press <Enter>.

The Thermal Model Data - Multiple
Surface Edit Mode dialog box appears.

4. Select OK to close the dialog box.

A Thermal Desktop/AutoCAD dialog
box appears asking for confirmation of
the change and may indicate no
changes were made.

5. Select OK.

1. + or Thermal > Model Checks
> Display Active Sides.

Everything should appear green.

L :

17 18 19 0

Figure 11-56 Active Sides Displayed

If not, select Modeling Tools >
Reverse Connectivity to correct the
wrong surface(s).

2. Select File > Save.
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Satellite (Continued)

Use the ShadeMode command to go back

or Thermal > Model Checks | t© wireframe.
> Active Sides Off.

Type shademode in the Command
line.

Type 2d in the Command line.
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Satellite (Continued)

Create five more rectangles to finish the

1. or Thermal > Surfaces/Sol- | battery radiator. -
ids > Rectangle.
Origin point <0,0,0>: appears in the A
Command line area. Sl :
2. Click on the endpoint near label | T
“17”- e % 21
Note: The yellow snap points that z P
appear when the cursor is posi- iﬁ> ., << .
tioned near the point makes it easy x R o
to select the correct point. Figure 11-57  View After First Rectangle

Point for +X axis and X-size
<@1,0,0>: appears in the Command
line area.

3. Click on the endpoint near label
“18”‘

Point to set XY plane and Y-size
<@0,1,0>: appears in the Command
line area.

4. Click on the endpoint near label
“2”.
The Thermal Model Data dialog box
appears.
Select the Subdivision tab.

6. Highlight the current value in the
Equals X-direction field and type 1 if
different.

7. Highlight the current value in the
Equals Y-direction field and type 2.

8. Select OK to close the Thermal Model
Data dialog box.

The first rectangle is created.
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Satellite (Continued)

9. Press <Enter>.

Note: Pressing <Enter> recalls the
create rectangle command.
Origin point <0,0,0>: appears in the
Command line area.

10. Click on the endpoint near label
“1 8”.

Point for +X axis and X-size
<@1,0,0>: appears in the Command
line area.

11. Click on the endpoint near label
“19”‘

Point to set XY plane and Y-size
<@0,1,0>: appears in the Command
line area.

12. Click on the endpoint near label
“21 ”‘

The Thermal Model Data dialog box
appears.

13. Select the Subdivision tab.

14. Highlight the current value in the
Equals X-direction field and type 2.

15. Highlight the current value in the
Equals Y-direction field and type 2.

16. Select OK to close the Thermal Model
Data dialog box.

Create the second of five rectangles.

Figure 11-58 View After Second Rectan-

11-87



Satellite (Continued)

17. Press <Enter>. Create the third of five rectangles.

Note: Pressing <Enter> recalls the
create rectangle command.

Origin point <0,0,0>: appears in the
Command line area.

18. Click on the endpoint near label —
“1 9”. Ny
2 = ~—
Point for +X axis and X-size iﬁ> ., << RERY
<@1,0,0>: appears in the Command X v S
line area. Figure 11-59 View After Third Rectangle

19. Click on the endpoint near label
“20”‘

Point to set XY plane and Y-size
<@0,1,0>: appears in the Command
line area.

20. Click on the endpoint near label
“21 ”‘
The Thermal Model Data dialog box
appears.

21. Select the Subdivision tab.

22. Highlight the current value in the
Equals X-direction field and type 1 if
different.

23. Highlight the current value in the
Equals Y-direction field and type 2.

24. Select OK to close the Thermal Model
Data dialog box.
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Satellite (Continued)

25.

26.

27.

28.

29.
30.

31

32.

Press <Enter>.

Note: Pressing <Enter> recalls the
create rectangle command.

Origin point <0,0,0>: appears in the
Command line area.

Click on the endpoint near label
“2”.
Point for +X axis and X-size

<@1,0,0>: appears in the Command
line area.

Click on the endpoint near label
“21 ”‘

Point to set XY plane and Y-size
<@0,1,0>: appears in the Command
line area.

Click on the endpoint near label
“6”.

Note: The snap point next to 6 is
displayed as an X with the descrip-
tion of Intersection rather than the

vellow boxes with Endpoint dis-
played for the other points.

The Thermal Model Data dialog box
appears.

Select the Subdivision tab.

Highlight the current value in the
Equals X-direction field and type 2.

Highlight the current value in the
Equals Y-direction field and type 1 if
different.

Select OK to close the Thermal Model
Data dialog box.

Create the fourth of five rectangles.

[
\\
L> <17< T

18 129 20

Figure 11-60 Fourth Rectangle
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Satellite (Continued)

33. Press <Enter>. Create the fifth of the five rectangles.

Note: Pressing <Enter> recalls the
create rectangle command.

Origin point <0,0,0>: appears in the
Command line area.

34. Click on the endpoint near label g =5

“1 0”'
2 IR R BN
Point for +X axis and X-size ; ) </ \\%
<@1,0,0>: appears in the Command X v B
line area. Figure 11-61  View After Fifth Rectangle

35. Click on the endpoint near label
“5”.
Point to set XY plane and Y-size

<@0,1,0>: appears in the Command
line area.

36. Click on the endpoint near label
“1 5”'
The Thermal Model Data dialog box
appears.

37. Select the Subdivision tab.

38. Highlight the current value in the
Equals X-direction field and type 2.

39. Highlight the current value in the
Equals Y-direction field and type 1 if
different.

40. Select OK to close the Thermal Model
Data dialog box.

4]. Select File > Save.
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Satellite (Continued)

. Select Set Current.
. Select OK.

. Select View > Named Views. The model should look similar to Figure

The View dialog box appears. 11-62 shown below.

. Select BATTERY2 to highlight it.

z

L

X

Figure 11-62 Battery2 View
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Satellite (Continued)

1. or Thermal > Surfaces/Sol-
ids > Sphere.

Pick or enter point for center of sphere
<0,0,0>: appears in the Command line
area.

2. Click on the snap point near label
“4”,
Pick or enter point to define +Z axis

<@0,0,1>: appears in the Command
line area.

3. Click on the snap point near label
{(7 ,)‘
Enter radius or pick/enter point <1.0>:
appears in the Command line area.

4. Click on the snap point near label
“T”.
Enter start angle or pick/enter point

<0.0>: appears in the Command line
area.

5. Click on the snap point near label
(‘5 J)'
Enter end angle or pick/enter point

<360.0>: appears in the Command line
area.

6. Click on the snap point near label
“6".
The Thermal Model Data dialog box

appears with the Subdivision tab dis-
played.

7. Highlight the current value in the
Angular [about Z] Equal field and
type 4.

8. Highlight the current value in the
Height Equal field and type 2.

Create a sphere for the end dome of the
battery.

To reduce the amount of picking, the min
and max height are not prompted for dur-
ing the initial creation. They are initially
set to the radius.

The surface parameters may be modified
using the grips after they have been cre-
ated, or by using the Surface page on the
model data editing dialog box.
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Satellite (Continued)

9. Select the Surface tab.

10. Highlight the current value in the Min
Height field and type 0.

11. Select OK to close the dialog box.

Figure 11-63

End Dome
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Create a cylinder for the length of the bat-

1. or Thermal > Surfaces/Sol- | ©TY-
ids > Cylinder. \\
Pick or enter point for base of cylinder N
<0,0,0>: appears in the Command line 5
area.

2. Click on the snap point near label
“37.
Pick or enter point for top of cylinder ¢
<@0,0,1>: appears in the Command . 4
line area. Figure 11-64  Cylinder Created
3. Click on the snap point near label
{(4 ))‘
Enter radius or pick/enter point <1.0>:
appears in the Command line area.

4. Click on the snap point near label
“5”.
Enter start angle or pick/enter point

<0.0>: appears in the Command line
area.

5. Click on the snap point near label
(‘5 J)'
Enter end angle or pick/enter point

<360.0>: appears in the Command line
area.

6. Click on the snap point near label
“6".
The Thermal Model Data dialog box

appears with the Surface tab dis-
played.

7. Select the Subdivision tab.

8. Highlight the current value in the
Angular Equal field and type 4.

9. Highlight the current value in the
Height Equal field and type 2.

10. Select OK to close the dialog box.
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Satellite (Continued)

or Thermal > Surfaces/Sol-
ids > Sphere.

Pick or enter point for center of sphere
<0,0,0>: appears in the Command line
area.

Click on the snap point near label
“37.
Pick or enter point to define +Z axis

<@0,0,1>: appears in the Command
line area.

Click on the snap point near label

{(4 ))‘

Enter radius or pick/enter point <1.0>:
appears in the Command line area.

Click on the snap point near label
“10".
Enter start angle or pick/enter point

<0.0>: appears in the Command line
area.

Click on the snap point near label
“10".
Enter end angle or pick/enter point

<360.0>: appears in the Command line
area.

Click on the snap point near label
“9”.
The Thermal Model Data dialog box

appears with the Subdivision tab dis-
played.

. Highlight the current value in the
Angular [about Z] Equal field and
type 4.

. Highlight the current value in the
Height Equal field and type 2.
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Satellite (Continued)

9.

10. Highlight the current value in the Max

11. Select OK to close the dialog box.

Select the Surface tab.

Height field and type 0.

At this point in the exercise, the model
should look similar to Figure 11-65
shown below.

4

2

X

Figure 11-65 Satellite Bus

12.

Select File > Save.

Select View > Named Views.

The View dialog box appears.
Select BUS to highlight it.
Select Set Current.

Select OK.

ol
e

N
:
T8
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Figure 11-66 BUS View
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Satellite (Continued)

Create the remaining five sides.

It may be easier to rotate the model
(Modify > 3D Operation > 3D Rotate)
when creating the back sides and cor-
ner surfaces.

Create five total rectangles to close out the
bus using the skills learned earlier.

The larger rectangles should use a break-
down of 4x4 and the smaller rectangles,
1x4.

Create the surfaces so that the top side is
out and the bottom side is in.

Set the optics data. Use Kapton on the out-
side and Graphite Epoxy on the inside.

Note: Hints—Subdivision tab, Ra-
diation tab, Contact tab.

X

Figure 11-67 After Remaining Five Sides

Select the five rectangles just cre-
ated for the sides of the bus.

Change the Layer of these objects to
BUS.

The current layer was set to Radiator
when these new surfaces were created.
Move them to the Bus layer. They will
disappear, since the Bus layer is currently
turned off.

Figure 11-68 View After Sides Moved to
BUS Layer
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Satellite (Continued)

. Select File > Save.

. Select View > Named Views.

The View dialog box appears.
Select GIMBALS to highlight it.

. Select Set Current.

Select OK.

or type Layer in the Command
line.

The Layers Properties Manager dia-
log box appears.

Click on the layer Arrays to highlight
it.

. Select Current.

Array is now the current layer.

Click on the Freeze (snowflake) icon

of the layer named
DESIGN_ARRAYS to turn the layer
on (sun).

Click on the Freeze (sun) icon of the
layer named DESIGN_BUS fo turn
the layer off (snowflake).

Click on the Freeze (sun) icon of the
layer named RADIATOR to turn the
layer off (snowflake).

. Select OK to close the dialog box.

When finished, the model should look
similar to Figure 11-69.

7 \
J(”

Figure 11-69 Arrays Layer Current

Type surftab1 in the Command line.

New value for SURFTAB1 <6>:
appears in the Command line area.

Type 12 in the Command line.
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Satellite (Continued)

1. Select Draw > Surfaces > Ruled Make sure to select the surfaces. It may be
Surface. necessary to zoom in to select them.
2. Select circle 2 and then circle 1. \
3. Press <Enter>.
4. Select circle 3 and then circle 4.
Lj* ;
Figure 11-70 Two New Ruled Surfaces
1. Select the two ruled surfaces just | The insides of these surfaces are not in
created. any analysis group.
Display active sides just to confirm that
2 or Thermal > Surfaces/Sol- | they have been created properly.
ids > From AutoCAD Surface.
3. Make the Internal Group [n/a].
4. Set top side optics to Tedlar White.
5. Select OK.
6. Select Yes.
1. Select the two ruled surfaces just By default, when a Thermal Desktop sur-
created. face is created from an AutoCAD mesh, it
2. Select Thermal > Modeling Tools has just one node on each side of the sur-

> Toggle FD Mesh Nodalization.

face.

If the mesh nodalization is toggled for the
surface, each facet of the mesh becomes
an independent thermal node. The nodal
density can be controlled using the
surftabl and surftab2 variables when cre-
ating the AutoCAD surface. Toggling
mesh nodalization again will convert the
surface back to a one node per side mesh.

11-99



Satellite (Continued)

Zoom out to create the solar arrays.

3. or View > Zoom > Extents.

Figure 11-71  View After Zoom

1. Create two rectangles, one for each | Create two rectangles, one for each solar
solar array panel. array panel. Use a breakdown of 5 in the
long direction and a breakdown of 2 in the

2. Set the Ext / to Both. ) )
et the Lxternat group to short direction.

3. Set the Internal group to [nla].

4. Set the optics to Solar Cells for the
+Y side and to Tedlar White for the

side facing in the -Y direction.

1. or type Layer in the Command
line.

The Layers Properties Manager dia-
log box appears.

2. Click on layer 0 to highlight it.
Select Current.

4. “Thaw’ the layers Bus, Com, Radi-
ator, and Xlink fo turn them on.

5. “Freeze” the remaining Design xxx
layer to turn it off.

6. Select OK fto close the dialog box.

Uncheck the UCS Icon origin option to
move the UCS display back to the lower
left hand corner of the screen.

7. or View > Zoom > Extents.
Type shade in the Command line.

Select View > Display > UCS Icon
> Origin.
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Satellite (Continued)

. Select Thermal > Modeling Tools
> Resequence IDs.

Type all in the Command line.

. Press <Enter>.

The Resequence Node IDs dialog box
appears.

Select OK.

Resequence all of the node IDs in the
model.

('
or Thermal > Model Checks

> Color By Property Value >
Optical Properties > Solar
Absorpitivity.

or View > Zoom > Extents.

Verify correct optical properties.
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Satellite (Continued)

1. or Thermal > Post Process-
ing > Color Bar Preferences.

The Color Bar Setting dialog box
appears.

Color Bar Settings EI

Color Bar Type:

Shading
Scale Type @ Color (O Grey

Mum, Shades: 10
Data Range
Use Autosaling
Min Data Value:
Max Data Value:
Test
Label
Label Position: OTop @EBottom O Side
Number Orientatior: () Along (5 Perpendicular
[] &ppend datasst informaton to label (e type, ]
[ Show File Name
Significant Digits: 4

Scale Text: 1

[ ok ] [ conesl ] [ Hen |

Uncheck Use Autoscaling.
Set Min Data Value 70 0
Set Max Data Value 70 1.
Select OK.

SR N

Modity the color bar to have fixed limits,
and to display in the label area of the color
bar what is being displayed.

Try plotting some of the other properties.
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Satellite (Continued)

1. Examine some of the other optical
properties.

¥
2. or Thermal > Model Checks
> Color By Optical Prop Off.

Postprocessing is done in floating view-
port mode. Multiple viewports may be
setup, and objects can be placed in
“paper” space, such as text titles. Please
see the AutoCAD documentation for more
information.

Mode o perrr

0, 08777
0, 086035
0. 05422
0, 04744
0, 04066
0, n==Es
0,071

0. nzme

0.aLzme

0. 00E7TE 3
tex

2. 30Ee-a0e

& AeeD0E

AR el LB, o
Figure 11-72  Final View

1. Select File > Exit.

A Thermal Desktop/AutoCAD dialog
box appears asking to save the draw-
ing changes.

2. Select Yes.

Exit Thermal Desktop and save as
prompted.

This exercise has explored various ways in which to create geometry for thermal models.
The next exercise computes orbital heating rates for the model just created.
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11.5

Orbital Heating Rates

What you should learn:

Calculating orbital heating rates.

Viewing a model in orbit.

Post processing heating rates.

Adjusting the color bar while in paper space.

Using the Case Set Manager to set up multiple heating rate jobs.

In this exercise, orbital heating rates using Monte Carlo ray tracing will be computed.

This exercise builds on the competed satellite drawing from the previous exercise (“Sat-
ellite” on page -49). The previous exercise should be completed before performing this
tutorial. If the previous tutorial has not been completed, copy the .dwg file in the
satellite completed directory to a new location and use that drawing as the beginning
drawing for this exercise.

Orbital Heating Rates

1. Double click on the file satellite.dwg located in the Tutorials/satellite folder.

Important: Remember, only use the satellite.dwg file if the
previous exercise was completed.

Thermal Desktop opens with the satellite drawing on the screen.

Mode o perrr

0, 08777
0, 086035
0. 05422
0, 04744
0, 04066
0, n==Es
0,071

0. nzme

0.aLzme
0. 00E7TE 3

tex
2. 30Ee-a0e

& AeeD0E

Figure 11-73 Initial View
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Orbital Heating Rates (Continued)

1. Select Thermal > Orbit > Manager
Orbits.

The Heating Rate Case Manager dia-
log box appears.

Heating Rate Case Manager El

Current Heating Rate Caze: beta30
Impart ‘
Delete E=port ‘
Copy
Edit
Set Cument
’m‘ Done Help

2. Select Add.

The Create New External Heating
Environ... dialog box appears.

Create New External Heating Environ... g|

Mew Heating Caze Mame:

Type
(+ Basic Orbit
" Keplerian Orbit
" GeoLat, Long, Alitude List
" Wectar List

" Free Molecular Heating

QK | Cancel | Help |

3. Type beta90 in the New Heating Case
Name field.

4. Select OK to close the dialog box.
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Orbital Heating Rates (Continued)

The Orbit: beta 90 dialog box appears.

Orbit: beta90 X
Basic Oibit | Orientation | Postions | Planet Data | Spin |
Betadngle: ] (Aingle between solar vector and plane of orbit)
Alitude: 500 km
Update
Calculated orbital period = 5676.98 sec
i3 Cancel | Heb |

5. Highlight the current value in the Beta
Angle field and type 90.

6. Select the Orientation tab.

7. Highlight the current value in the
first Additional Rotations field and
type 180.

Select the Positions tab.

Check the Use Positions radio but-
ton to select it (place a dot in the cir-

cle).

The list field below the button acti-
vates.

10. Delete all of the entries in the list
box below the radio button.

* Highlight all of the entries.
* Press <Delete>.

11. Type 90 on a single line.
12. Select OK to close the dialog box.

The Heating Rate Case Manager dia-
log box reappears.

13. Select Display Orbit.

The beta angle is the angle between the
vector to the sun and the orbital plane.

List fields, like the one on the Positions
tab, are edited directly. Click the cursor in
the list field and use the <Backspace>
or <Delete> keys to remove text. Text in
list fields may also be selected (high-
lighted), cut, <CTRL><C>, and pasted,
<CTRL><V>,

k.

Figure 11-74  Display New Orbit
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Orbital Heating Rates (Continued)

G : :
1. or Thermal > Orbit > Orbit
Display Preferences.

The Orbit Display Preferences dialog box
appears.

Orbit Display Preferences E‘
Visibilty | Size/Calors |
¥ Shadow Grid [V Orbit Path
™ Shadow Cone ¥ Heading Line
¥ SolarYectar I Oibit Flane

IV Celestial Coordinate System I Oibit Positions

¥ Planet [¥ Focal Coordinate Syster

oK Cancel | Help

2. Select the SizelColors tab.

3. Highlight the value in the Solar
Shadow field and type 1 if the current
value is different.

4. Highlight the value in the Orbit Posi-
tion Scale field and type 3 if the cur-

rent value is different.

5. Select OK.

6. or Zoom > Extents.

The single position for which calculations
will be performed is shown crossing over
the north pole of the planet. The coordi-
nate system for the vehicle is shown with
red used for the X-axis, green used for the
Y-axis, and blue used for the Z-axis
(xyz=>rgb).

The small green triangle near the origin
shows the start position.

k.

Figure 11-75 Orbit View
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Orbital Heating Rates (Continued)

[
1. or Thermal > Orbit > Orbit

Display Off.

Verify the orientation of the model by
viewing it as it appears from the sun.

The solar arrays should be hiding the bat-
tery.

Be sure to turn the orbit display off
before viewing the model, otherwise the

orbit display will be repositioned, not the
model.

fo
Figure 11-76  Orbit Display Off

d

1. or Thermal > Model Checks
> View Model From Sun/Planet >
Set Orbit Position/Location.

The New Vehicle Setup dialog box :

appears.

View Vehicle Setup @ -

View Fram:  * Sun

Heating Fate Position:

=]

Iv Execute SHADE command after update

Cancel | Help

" Planet " Current view 1
i z
R

2. Select OK.
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Orbital Heating Rates (Continued)

1. Select Thermal > Radiation Calcu-
lations > Calc Heating Rates Ray
Trace.

A Thermal Desktop/AutoCAD dialog
box appears.

Thermal Desktop

1 E Continue with Heating Rate Database: external_pr-betad0-RoOptics.rch?
L

Ok | Cancel

2. Select OK.

Compute orbital heating rates for solar,
albedo, and planetshine using full monte
carlo.

A verification screen will appear showing
the name of the analysis group, orbit, and

optical property file to use for this calcula-
tion.
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Orbital Heating Rates (Continued)

1. Select Thermal > Post Processing
> Manage Datasets.

The Processing Datasets dialog box
appears.

!

Postprocessing Datasets

Current Data Set: hr pr

hr e

Add MNew

Set Current

Delete

Rename

E dit

Pl

Comment:

HF Database: external_pr-betad0-RcOptics.rch
Drescription:

Cloze | Help

2. Select Add New.

The Data Set Source Selection dialog
box appears.

Data Set Source Selection K|

Postprocessing set name:

Data Source

" Sinda/Fluint " Radks

" Test File " Farm Factars

" Test Transient File ¢ Heating Rates

=]

Cancel | Help |

3. Type hr mc in the Postprocessing set
name field.

4. Click on the Heating Rates radio
button to select it (place a dot in the
circle).

5. Select OK to close the Data Set Source
Selection dialog box.

Create a postprocessing set for the orbital
heating rates.

A confirmation screen appears as notifica-
tion that the default analysis group, the
current orbit, and the currently loaded
optical properties will be used to create
the postprocessing set. After the set is cre-
ated, the orbital heating rate data may be
viewed for this case even if other analysis
groups, orbits, or property files are cur-
rently being used.
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Orbital Heating Rates (Continued)

The Processing Datasets dialog box
appears with the dataset already
selected.

Postprocessing Datasets |

Current Data Set: hr pr

hr e Add MNew

Set Current

B

Delete

Rename

Pl

E dit

Comment:

HF Database: external_pr-betad0-RcOptics.rch
Drescription:

Cloze | Help

6. Select OK.

The Set HR Dataset Properties dialog
box appears.

Set HR Dataset Properties g|

Select an orbit pogition time:

0 ooo [l

W Salar
W Albeda
¥ Planetshine

Type

3

Total Absorbed
Direct Incident
Mumber of rayz
Time Avg Total Abs
Direct Absorbed
Reflected Absorbed

XTI

v Divide by area
Comment:

HF Database: external_pr-betad0-RcOptics.rch
Drescription:

QK | Cancel Help

7. Select OK.
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Orbital Heating Rates (Continued)

The Postprocessing Datasets dialog
box reappears.

8. Select Close.

The color bar was set to use fixed limits
from the last exercise. Change to use

1. or Thermal > Post Process- i
autoscaling.

ing > Color Bar Preferences.

The Color Bar Settings dialog box
appears.

2. Click in the check box next to the Data
Range Use Autoscaling field to
select it (put a check mark in the box).

Color Bar Settings @

TERUEIEREE S
/_'f

Color Bar Type: |N0de Drata j
Shading W"’” o et e o (e
Seale Type: & Color € Grey Figure 11-78 Color Bar Autoscaling
Mum. Shades: n
[rata Range

v Use Autoscaling

Min D' ata ' alue:
tax Data Value:

Text
Label: |

Label Pasition: " Top + Bottam " Side
MNumber Orientation: ¢ Along ™ Perpendicular

Iv Append dataset infarmaton ta label (ime, type...]

I~ Show File Mame

Significant Digits: ’47

Scale Text: ’17

QK | Cancel | Help

3. Select OK.
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Orbital Heating Rates (Continued)

. Select View > 3D Views > Back.

Select View > 3D Views > Right.

J

or Thermal > Model Checks
> View Model From Sun/Planet >
Set Orbit Position/Location.

The View Vehicle Setup dialog box
appears.

. Select OK.

The view is currently looking at total
absorbed flux using the sum of all heating
rate sources (solar, albedo, and planet-
shine).

Look for some reflections onto the back-
side of the right-hand panel.

The model checking feature may also be
used to orient the model as seen from the
sun or planet.

Named views may also be used, and layers
can be toggled on and off to aid in exam-
ining data.

On the bottom status bar of the screen,
click on the MODEL button. It will
change to read PAPER.

Type zoom in the Command line.
Type .8X in the Command line.

. Pick anywhere on the black box out-
lining the viewport to select the box.

Click on the lower left grip of the
viewport and drag the corner towards
the center of the screen so that the
view port does not overlap the color-
bar or the color bar label.

Click the left mouse button to accept
the position.

or Zoom > Previous.

Switch to paper space and adjust the posi-
tion of the viewport.

Note: If the black box outlining the
viewport is not visible, issue the Rc-
TouchALL command to force a re-
generation of the data.
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Orbital Heating Rates (Continued)

8. Click on the color bar associated with
the model in the drawing area to high-
light it.

9. Position the cursor on the lower left
grip, hold down the left mouse button
and drag the color bar a little bit to
the left and down.

10. Click the left mouse button when satis-
fied with the position of the color bar.

11. Position the cursor on the upper
right grip, rold down the left mouse
button and drag the cursor to the right
to increase the width and text size.

12. Continue dragging the cursor up to
increase the size.

13. Drag the cursor all the way over to the
lower right hand corner until the
width becomes greater than the height.
Notice that the colorbar automati-
cally switches to a horizontal format
as the width grows greater than the
height.

14. Click the left mouse button when satis-
fied with the size.

15. On the bottom status bar of the screen,
click on the PAPER button. It will
change back to read MODEL.

16. or Zoom > Extents.

Experiment with moving the color bar
around and changing its size. After
switching back to model space, zoom the
viewport to reposition the model in the
new viewport location.
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Orbital Heating Rates (Continued)

Select View > 3D Views > SE Iso-
metric.

@ or Thermal > Post Process-
ing> Edit Current Dataset.

The Set HR Dataset Properties dialog
box appears.

Set HR Dataset Properties @

Select an orbit pogition time:
Sources

W Salar
W Albeda
¥ Planetshine
Type
(+ Total Absorbed
" Direct Incident
" Mumber of rays
" Time Avg Total Abs
" Direct Absorbed
" Reflected Absorbed

v Divide by area
Comment:

HF Database: external_pr-betad0-RcOptics.rch
Drescription:

QK | Cancel | Help |

Click in the check box next to Solar
to deselect it (remove check mark
from the box).

Click in the check box next to Albedo
to deselect it (remove check mark
from the box).

Make sure Planetshine is selected
(check mark in the box).

Click on the Type Total Absorbed
radio button to select it (place check
mark in the box) if not already
selected.

Select OK.

Look at some of the other heating rate
data.

Pressing the <Enter> key will recall the
last command, which will bring up the
postprocessing set editing dialog box
again.
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Orbital Heating Rates (Continued)

1. Select Thermal > Radiation Calcu-
lations > Set Radiation Analysis
Data....

The Radiation Analysis Data dialog
box appears.

Cortiol | Advanced Canirol | Riadk Output | Riadk TimeVary Dutput | Heatrate Duput | Ray Piot|
Defat |
Rlays Per Node: 10000 add
Percent Error Desiad 5 D
RaysBelore sl Enor Check: [l
Energy Culoff Fraction 01
Modes Pasiions
ol o a
C Lt C Lt
Heating Rate S
¥ Solar ¥ Planetsfine ¥ Abeda
L3 Cancel Help

2. Select the Control tab if not already
displayed.

3. Highlight the current value in the Set
Rays per node field and type 4000.

4. Deselect Solar and Albedo in the
Heating Rate Sources field (remove
check marks from the boxes).

Select OK.

Select Thermal > Radiation Calcu-
lations > Calc Heating Rates Ray
Trace.

A Thermal Desktop/AutoCAD dialog
box appears asking for confirmation to
continue.

7. Select OK.

The Append/Replace Database dialog
box appears with Append selected.

8. Select OK.

The process runs.

Shoot some more rays for just planetshine
calculations.

A dialog will appear to confirm the analy-
sis group, orbit, and optical property file.

Another dialog will appear allowing the
existing database to be appended, or to
start with a brand new database. Append
the existing database to increase the accu-
racy.
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Orbital Heating Rates (Continued)

ED

1. or Thermal > Post Process-
ing> Edit Current Dataset.
The Set HR Dataset Properties dialog
box appears.

2. Select OK.

Bring up the dataset editing dialog box
and select OK to reload the data. The post-
processing set always “points” to the data,
it does not contain the data values. Updat-
ing the display will show the most cur-
rently computed values.

Verify that the heating on the solar arrays
appears more uniform, and that heating
rates in general look more symmetrical.

3. Select File > Save.

1. Select Thermal > Orbit > Manager
Orbits.

The Heating Rate Case Manager dia-
log box appears.

2. Select Add.

The Create New External Heating
Environ... dialog box appears.

3. Type beta30 in the New Heating Case
Name field.

4. Select OK to close the dialog box.
The Orbit: beta30 dialog box appears.

Orbit: beta90 3
Basic Oibit | Orientation | Pastions | Planet Data | Spin |
Beta gl ] {Angle between solar vectar and plane of rbi]
Altitude 500 km
Update
Caleulated orbital period = 567698 sec
ok Cancel Help

Select the Basic Orbit tab.

6. Highlight the current value in the Beta
Angle field and type 30.

7. Select OK to close the dialog box.

Use the Orbit Manager to create a new
basic orbit with a beta angle of 30 degrees.
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Orbital Heating Rates (Continued)

The Heating Rate Case Manager dia-

log box reappears.

8. Select Display Orbit.

Figure 11-79  Orbit Displayed

1. or Thermal > Case Set Man-

ager.

The Case Set Manager dialog box

appears.
2. Select Edit.

The Case Set Information Case Set 0
dialog box appears with the Radiation

tab displayed.

Use the Case Set Manager to set up two
radiation jobs.
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Orbital Heating Rates (Continued)

3. Click on the Heating Rates radio
button to select it (place dot in the cir-

cle).

The Orbit field activates.

4. Select Add.

beta30 displays in the Analysis Group,
Orbit, Type of Calc, Method field.

Case Set Information - Case Set. 0 3

Analysis Giroup, Orbit. Type of Cals. Method

Add/Change Tasks

Fiadiation Tasks | 5,F Calculations | 5F Output | SIND# | Dynamic | Advanced | Praps | Symbals | Comments |

Remave
Copy
Propetties

Options

Re-use calculated data if walid,
othenwise recalculate

 Pecalculate deta (cunent
database will be replaced]

Add rays to database f
possbie. otherviss recaloulats

" Radks  Heating Rates © Artic Radks [accurracy of current database
vl be tefinec]
Analysis Group: [estemal <]
Orbit beta30 hd ~ Ahways ieuse data [no tesling
farmed
Method & Monte Carlo ® Fegese pefarmed)
oK | Cancel \ Help |

5. Double click on the beta30 job in the

list.

This adds a job into the list. This job con-
tains all the control parameters associated
with this job.
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Orbital Heating Rates (Continued)

Nodes
oAl

" List

oAl

" List

The same Radiation Analysis Data dialog box displayed earlier with the Thermal >
Radiation > Set Radiation Analysis data is now shown.

Cantiol IAdvanced Contlo\l Heatrate: Dutput] Spin I
Defauit |
Fiays Per Node £ i
Percent Enor Desired, ’07 Delste
Rays Before Initial Error Check [z00
Energy Cutoff Fraction: 01

Heating R ate Sources

W Solar v Planetshine

W Albedo

aK ‘ Cancel | Help ‘

This dialog box allows the user to set the number of rays and other control parameters
for this job. Change some parameters if desired. Please note that the output file names
are programmed to be unique so that one job doesn’t overwrite another.

6. Select OK fto close the dialog box.

The Case Set Information Case Set 0
dialog box reappears.

7. Click on the arrow next to the Orbit
field and select beta90, the other
defined orbit, from the pulldown
meniu.

8. Select Add.
The beta90 job is added to the list.

Select the other orbit that has been defined
so now there are 2 jobs in the list.

9. Double click on the beta90 job in the
list.

The Radiation Analysis Data dialog
box appears with the Control tab dis-
played.

10. Select OK to close the dialog box.

Double click on the second job in the list.

This is how the parameters for the second
job can be controlled. Notice the output
file names are different than the first.
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Orbital Heating Rates (Continued)

11. Select the SIF Calculations tab. Since a conduction model was not built,
all of the items to set up and run SINDA

12. Deselect the following options can be disabled.

(remove check marks from the boxes):
* Generate Cond/Cap
e Build SINDA input file
* Run SINDA Model

e Post Process SINDA Save
File

13. Select OK to close the Case Set Infor-
mation Case Set 0 dialog box.

The Case Set Manager dialog box
reappears.

14. Select Run Case. This will run both of the heating rate jobs

The jobs are processed. that are defined.

Bring the Case Set Manager up again and select Run Case again. Notice that the pro-
gram doesn’t actually do any of the calculations. This is because the previous calcula-
tions are still valid. If a surface is moved, or an optical property changed, and then try
the same Run Case to see the program will recalculate the required data.

1. Select File > Exit. Exit Thermal Desktop and save as

A Thermal Desktop/AutoCAD dialog prompted.
box appears asking to save the draw-
ing changes.

2. Select Yes.
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11.6 Simple Satellite

In this example the simple satellite shown below will be built. This satellite will have
two radiation analysis groups, one for internal of the box and one for the external. The five
lower surfaces of the box will be coated with MLI. Conduction within the box is going to

be ignored.

/ Double sided solar panel

//J<f Tracker

Radiator, broken up 5x5

MLI on these 5 sides

Figure 11-80 Simple Satellite
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Simple Satellite Demo Example

Start by creating a new folder titled demoSatellite. The copy template .dwg file into the
new demoSatellite folder.

1. Create a new folder named demoSatellite.

2. Copy the template thermal.dwg file created in the first tutorial to the new \Tutori-
als\demoSatellite directory.

Note: Be sure to hold the <Ctrl> key down if dragging the template file icon to
the new directory so that the file is copied, rather than moved.

3. Rename the copied template file to demoSatellite.

4. Start Thermal Desktop by double clicking on the demoSatellite drawing file
icon in the demoSatellite directory.
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Simple Satellite Demo Example

Add two new materials, default and MLI,

I Ce! or Thermal > Thermophysi- paying no real attention to the material
cal Properties > Edit Property | nd optical propertics.
Data.

The Edit Thermophysical Properties
dialog box appears.

Edit Thermophysical Properties E

Cunent Themophysical Praperty Database:
chl and 4
hnclogieshtutorisls_ ialsttemp pletedhTdT hermo tdp

New propertyto add: || Add

Name, Cand (w/m/K), Density (ka/m"3), Specific Heat 1ka/K)
Aluminum 237 2702 00

chip 2000 B37.32
frd 2 oz copper 177 0 a
M1 1 0.0002551 1
W ater 06 1000 4200
eat | Delete | oy | Rename | mpatt_|

oK Carcel | Heb |

2. Type Default in the New property to
add field.

3. Select Add.

The Thermophysical Properties dia-
log box appears.

4. Select OK to close the dialog box
without making any changes to the
default settings.

The Edit Thermophysical Properties
dialog box reappears with Default dis-
played in the list field. Notice that
Default’s conductivity, density and
specific heat values are all 1.

Edit Thermophysical Properties 3

Curtent Thermnaphysical Fropeity Database:
and o
torisk:_bevelutarials\template)completed\TdT hema.tdp
New property to s Add
Name, Cond (w/méK), Density (ka/m"3), Specific Heat [7kg/K)
Alltinun El B 00
chip i win 63T
Disfauit 1 1 1
1142 62 copper 177 0 0
M1 i 00002591 T
wster 6 1000 4200
Edt Delste ‘ By | [ ‘ Import ‘
oK ‘ e | Help ‘
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Simple Satellite Demo Example

“

Type MLI in the New property to add
field.

6. Select Add.

The Thermophysical Properties dia-
log box appears.

7. Highlight the current value in the Spe-
cific Heat cp field and type 0.

8. Highlight the current value in the
Effective Emmissivity e-star field and
type 0.05.

9. Select OK.

The Edit Thermophysical Properties
dialog box reappears displaying MLI.

Edit Thermophysical Properties E

Cunent Themaphysical Praperty Database.

chl and d
technologieshtutorisks_bevehtutorials:template\completediT dThermo tdp

New propertyto add: || fdd

Name, Cand (w/m/K), Density (ka/m"3), Speclic Heat {7kg/K]

Aluminum 237 2z 300
chip 0 2000 B37.32
1142 0z copper 177 i
M i 00002591 7
water 6 1000 4200
Edit \ Delste \ Copy | F\er\ame‘ Import \

oK. Cancel | Help \

10. Select OK.

1. Select View > 3D Views > SE Iso-
metric.

The UCS icon reflects the change.
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Simple Satellite Demo Example

1. Select Thermal > Radiation Analy-

sis Groups.

Radiation Analysis Group Manager

BASE [default]

3

[ QK ] [ Cancel ] [ Help ]

The Radiation Analysis Group Man-
ager dialog box appears.

2. Select Add.

The Add Analysis Group dialog box

appears.

Add Analysis Group

Mew radiation group name:

[ Ok ] [ Cancel

) ]

3. Type Internal in the New radiation

group name field.

4. Select OK to close the Add Analysis

Group dialog box.

The Radiation Analysis Group Man-
ager dialog box reappears with Inter-
nal displayed in the analysis group list

field.
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Simple Satellite Demo Example

5. Select Add.

Add Analysis Group

Mew radition analysis group name:

|
QK | Cancel | Help |

The Add Analysis Group dialog box

appears.

6. Type External in the New radiation
group name field.

7. Select OK to close the Add Analysis
Group dialog box.

The Radiation Analysis Group Man-
ager dialog box reappears with the 2
new groups displayed in the analysis

group list field.
Radiation Analysis Group Manager f@
BASE [default] Add
External
Internal
[ QK ] [ Cancel ] [ Help ]

8. Select OK to the close the dialog box.
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Simple Satellite Demo Example

Create the box shown in Figure 11-80 by

] or Thermal > Surfaces/Sol- | creating a series of six rectangles.

ids > Rectangle. Set the top side to be in the External Anal-
ysis Group and the bottom side to be in the
internal group. Make sure to generate
nodes and conductors and put MLI on the
top side.

Command: _RcRectangle
Origin point <0,0,0> appears in the
Command Line area.

2. Press <Enter>.

Point for +X axis and X-size <@1,0,0>
appears in the Command Line area.

3. Dype 2,0,0 in the Command line.

Point to set XY plane and Y-size
<@0,1,0> appears in the Command
Line area.

4. Type 0,0,1 in the Command line.
The Thermal Model Data dialog box

Thermal Model Data E
Subdivision | Numbering | Radiation | Cond/Cap | Contact | Insulaion | Sutace | Trans/Fot |
" Edge Nodes

Height
" Equak 1 " Equak 1
© List © List

Enter interior nodal boundaiies ¢ fraction from >0.0 to <1.0
oK Caneel ‘ Help

5. Click on the Radiation tab.

6. Double click on External in the Anal-
ysis Group Name, Active Side field.
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Simple Satellite Demo Example

7.

10.

11.

12.

The Edit Active Side dialog box
appears.

Edit Active Side 53

O Top/Dut

) Bottam/In

() Both

(O Mone [will reflect and absorb energy)

(%) Mot in analysis group (Mot part of the calculations

[ Ok ] [ Cancel ]

Select Top/Out (place a dot in the

circle).
Select OK.

The Thermal Model Data dialog box
reappears with top/out displayed next
to External.

Double click on Internal in the
Analysis Group Name, Active Side

field.

The Edit Active Side dialog box
appears.

Select Bottom/In (place a dot in the
circle).

Select OK.

The Thermal Model Data dialog box

reappears with top/out displayed next
to External.

Click on the Cond/Cap tab.

Generate Nodes and Conductors is
already set by default.

11-129



Simple Satellite Demo Example

13. Select the Insulation tab.

Thermal Model Data @

Subdivision | Numbering | Radistion | Con/Cap | Contact {reulaion | Sufacs | Trans/iot |

I” Put on tap/out side I™ Put on battom/in side

Top/Out Side Bottom/In Side.

WH i W]
WH | W]

Figure 11-81  First Rectangle

oK. Cancel | Help \

14. Click in the check box next to Put on
top/out side ro select it.

The Top/Out field activates.

Thermal Model Data 3
Subdivision || Numbenng || Radiation || Cond/Cap || Contact | Insulstion | Suface | Trans/Rot

Put on top/out side [1Put on bettomsin side

Top/Out Side Bottom/In Side
Material DEFAULT v

Thickness: |0 m

Node Layers: |1

() Offset Node ID's by
10000

) Use new submodel

Nodes Material v

Init Temp: 29315 K

0K J[ Cancel ][ Hebp

15. Click on the arrow next to the Mate-
rial field and select MLI from the pull-

down menu.

16. Select OK fto close the dialog box.

Create the top and the other sides of the box by copying the first rectangle. Do this so
that the top side is always out.

It’s easiest to begin by copying the first rectangle and rotating it 90 degrees to create a
side. A snap point to make a 90 degree angle must be input, or use Modify > 3d Opera-
tion > Rotate3d.

Using grip points to select points will be the easiest way to get everything in place.

Stretch the top and bottom of the box to make the lengths correct.
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Simple Satellite Demo Example

Select the newly created rectan-
gle.

L
(Copy).

Specify base point or displacement, or
[Multiple]: appears in the Command
line area.

Click at the origin to set the first point.

Specify second point of displacement,
or <use first point as displacement>:
appears in the Command line area.

Click on bottom right corner of the
existing rectangle (as currently ori-
ented in the drawing area), on the x
axis.

A second rectangle appears adjacent to
the first.

Click on the second rectangle to
select it.

The steps to create the first of the 5
remaining sides is shown to the left.

Figure 11-82 Second Side

11-131



Simple Satellite Demo Example

6. O (Rotate).

Specify first point on axis or define
axis by [Object/Last/View/Xaxis/Yaxis/
Zaxis/2points]: appears in the Com-
mand line area.

7. Click on the point at the base of
the line separating the two rectan-
gles.

[Specify second point on axis]: _ _
appears in the Command line area. Figure 11-83  Rotated Side

8. Click on the point at the top of the
line separating the two rectangles.

Specify rotation angle or [Reference]:
appears in the Command line area.

9. Type 90 in the Command line.

The second rectangle now displays as
a side of the box.

10. Repeat the process to create the other 2 sides of the box and the top and the bottom
or the box.

The top and bottom of the box use the same concepts of copying and rotating. Pay
attention to the angles and the axes for the top and bottom. The sides of the box are
smaller than the top and the bottom so they will need to be stretched to fit—use the
grip points. It is also possible to use the copy and move commands, but remember to
keep the top sides out.

It is also fine to zoom in for a closer view.
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Simple Satellite Demo Example

. Click on the new top side of the box
to select it.

or Thermal > Edit.

The Thermal Model Data dialog box
appears with the Insulation tab dis-
played.

Click on Put on top/out side o
deselect it (remove the check mark
from the box).

Select the Subdivision tab.

. Highlight the current value in the X-
direction Equal field and type 5.

. Highlight the current value in the Y-
direction Equal field and type 5.

. Leave Centered Nodes selected.

Select OK to close the dialog box.

The top side of the box is the radiator.
Change the top side of the box to have a
5x5 breakdown and also to take the MLI
off of it.

Figure 11-84 Radiator

Create a rectangle to represent the
chip using the snap points on the radi-

ator to place the chip as shown in Fig-
ure 11-80.

The Thermal Model Data dialog box
appears as a part of the creation pro-
cess.

. Place the Node ID in the submodel

CHIP.

. Set the radiation for the top or the
bottom side in the Internal Analysis
group.

Create a conductor between the chip
and the radiator with a value of 5.

Create the CHIP. Use the snap points to
put it directly in the same plane as the
radiator.

Note: Hint—remember how to cre-
ate a submodel—see see “Circuit
Board Conduction Example” on
page 10-37.

Also create a contactor between the chip
and the radiator with a value of 5.
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1. Select the chip.
2. Select Modify > Move.

3. Follow the prompts and move the
chip down in the Z direction 0.001.

4. Create the heat load.

Offset the chip from the radiator for radia-
tion calculations. Move the chip into the
box.

Note: Hint—Select a corner of the
chip as a base and use @0,0,-.001
as the “to” point.

Create a heat load of 15 watts on the sub-
model chip.

1. Create a double sided solar
panel.

Note: Refer to Figure 11-80 for a
visual reference. Pan and zoom as
needed.

Create a solar panel and a tracker.
For the solar panel:

» Make it a double sided surface and set
the separation distance to be 0.01

Note: Hint—See see “Area Con-
ductance Calculations” on page 6-
3 and see “Conductance/Capaci-
tance Tab” on page 2-48.

» Set the radiation analysis External
group to “Both”.

* Breakdown 3 in the y and 1 in the x.

2. Create the tracker.

Create the tracker and modify it to be ori-
ented as shown in the below graphic.

Note: Hint, “Create Tracker” on
page 2-79.

Figure 11-85 New Tracker

3. Attach the solar panel to the
tracker.
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4. Create a basic orbit.

Figure 11-86 Display Orbit

5. Resequence the nodes.

6. Use the display active sides and
the model browser ro make sure the
model is correct.

1. Display the Case Set Manager.  Edit the radiation jobs to calculate
radks for internal and external, along

2. Set up and run the case. . .
P with heating rates for external.

» Set for a transient run of 15000 sec-
onds.
» Set the output internal to 100.

* Solve

1. Select File > Exit. Exit Thermal Desktop and save as

A Thermal Desktop/AutoCAD dialog prompted.
box appears asking to save the draw-
ing changes.

2. Select Yes.
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11.7 Orbital Maneuvers

Imagine analyzing a telescope, and at certain positions in the orbit, it is preferable to
have a lens cover of the telescope open, and at other times, the lens cover closed. The
following example will demonstrate how this can be done by programming an assembly to
accomplish this task.

Orbital Maneuvers Example

1. Copy the template thermal.dwg file created in the first tutorial to the \Tutori-
als\OrbitalManeuvers directory.

Note: Be sure to hold the <Ctrl> key down if dragging the template file icon to
the new directory so that the file is copied, rather than moved.

2. Rename the copied template file to maneuvers.

3. Start Thermal Desktop by double clicking on the maneuvers drawing file
icon in the Orbital maneuvers directory.
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Orbital Maneuvers Example (Continued)

or Thermal > Surfaces >
Cylinder.

Pick or enter point for base of cylin-
der<0,0,0>: appears in the Command
line area.

. Press <Enter>.

Pick or enter point for top of cylinder:
appears in the Command line area.

. Press <Enter>.

Enter radius or pick/enter point <1.0>:
appears in the Command line area.

. Press <Enter>.

Enter start angle or pick/enter point
<0.0>: appears in the Command line
area.

. Press <Enter>.

Enter end angle or pick/enter point
<360,0>: appears in the Command line
area.

. Press <Enter>.

The Thermal Model Data dialog box
appears.

Select OK to close the dialog box
without making any changes.

Create a cylinder using the default values
shown in the Command line.

Figure 11-87 New Cylinder

At the current view, the cylinder appears
small but notice the top and bottom of the
cylinder are displayed with solid lines and
a dotted line is shown around the middle.
There is also a small symbol in the lower
left area of the cylinder.
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Orbital Maneuvers Example (Continued)

or Thermal > Surfaces >
Disk.

Pick or enter point for center of disk
<0,0,0>: appears in the Command line
area.

Press <Enter>.

Pick or enter point for +Z axis of disk
<@0,0,1>: appears in the Command
line area.

Press <Enter>.

Enter maximum radius or pick/enter
point <1.0>: appears in the Command
line area.

Press <Enter>.

Enter minimum radius or pick/enter
point <0.0>: appears in the Command
line area.

Press <Enter>.

Enter start angle or pick/enter point
<0.0>: appears in the Command line
area.

Press <Enter>.

Enter end angle or pick/enter point
<360.0>: appears in the Command line
area.

Press <Enter>.

The Thermal Model Data dialog box
appears.

Select OK to close the dialog box
without making any changes.

Create a disk using the default values
shown in the Command line.

Figure 11-88 New Disk

It is hard to see the disk but if the view
was zoomed in it would be easier to see a
small symbol to the right of the cylinder
symbol, as well as a new dotted line.

Disk Points

Figure 11-89 Selection Points

Position the cursor on the symbols, lines
and dots and tool tips will display identi-
fying the cylinder and the disc.
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Orbital Maneuvers Example (Continued)

1. Click on the newly created disk to Copy the new disk to the top of the cylin-
select it. der.

Note: It may be hard to see the disk.
Remember it was created at the
0,0,0, origin. Position the cursor on
the origin, the disc symbol and/or
the dotted line outlining the disc and
use the tool tip feature to find the
disk.

The disk is selected and blue grip
points are displayed.

2. Click on one of the grip points—this
makes the grip point “hot”.

3. Press and hold down the right
mouse button and select Move
from the popup menu.

A “copy” of the disk appears and is
attached to the original disk by a line
that moves and changes as the cursor
is moved.

Specify move point or [Base point/
Copy/Undo/eXit]: appears in the Com-
mand line area.

4. Press and hold down the right
mouse button again and select
Copy from the popup menu.

5. Move the cursor until the new disk
image is at the top of the cylinder.

The disk will “snap” to the top of the
cylinder.

6. Click the left mouse button ro
place the copy.

7. Press <Esc> to end the copy com-
mand.

8. Press <Esc> to deselect all objects.

A dotted line and a solid line is dis-
played representing the new disk at the
top of the cylinder.
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Orbital Maneuvers Example (Continued)

1. or Thermal > Orbit > Man-
age Orbits.

The Heating Rate Case Manager dia-
log box appears.

Heating Rate Case Manager, El

Curent Heating Rate Case:

Add Import |

Delete

Copy
Edit
Set Cunent

Display Orbit Dane | Help |

Export |

2. Select Add.

The Create New External Heating
Environ... dialog box appears.

Create New External Heating Environ... g|

Mew Heating Case Mame:
[

Tupe
(* Basic Orbit

" Keplerian Orbit
" Geolat, Long, Altitude List
" Wectar List

" Free Malecular Heating

ok | Cancel | Help |

3. Type Basic in the New Heating Case
Name field.

4. Select OK to close the dialog box.
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Orbital Maneuvers Example (Continued)

The Orbit: Basic dialog box appears.

Orpit: Basic &3]

Basic OroR | Drientaton | Pastions | Planet Data | Spin |

Bela Ange: £ [Angle between solar vectar ahd plane of crbk)

Aitude; 500 km

Update

Celoulated orbitsl period = 567698 sec

Cancal Help

The Beta angle is already set at 0 so no
change needs to be made.

5. Highlight the current value in the Alti-
tude field and type 4000.

Orbit: Basic 3]

Basio Orbt | Orientaton | Postions | Flanet Data | Spin |
Bota Angle 0 {Angle between solar vestor and plane of orbi]

Alitude: 4000 km

Update

Celculated orbitsl period = 5676.98 sec

Cancel Help

6. Select the Positions tab.

Orbit: Basic X

Basic Ortit | Orientation Postions | PlanetData | spin |

 Use Equal Incremens: © UsePostians:
Shadaw Crossings
Stat o ~
W Automaticaly Includz:
Ertry: 142.073531
E]

End Bt 217.926489
crements [;2 Positon Angles

& Tiue Anomaly

" Mean Anomaly
Update List 2

Edit st tems directly, use cEnter> to insert enty

0K Cancel Help.
[ ([ W6

7. Highlight the current value in Incre-
ments field and type 100.

8. Select OK.

11-141



Orbital Maneuvers Example (Continued)

9.

The Heating Rate Case Manager dia-
log box reappears with Basic dis-
played in the Current Heating Rate
Case field.

Heating Rate Case Manager @

Current Heating Rate Case:

Add
Delete
Copy
Edit
Set Current
Help ‘

Display Orbit ‘ Dane ‘

Basic

Impart
Expart

di]

Select Display Orbit.
The drawing area displays the orbit.

Figure 11-90 Display Orbit

Note: Exit the orbit view and return
to a wireframe view.

The orbit engineer has specified that the telescope will be closed when the Mean Anom-
aly is 120 and then should reopen when the Mean Anomaly is greater than 240.

1. Create an assembly at the location Create an assembly at the location 1, 0, 1.

:,0,1.>(€electtTPAerma| I:I Articula- Note: See Section 2.12.1: Create
ors reate Assembly.) Assembly on page 2-77.

2. Attach the top disk to the assembly. | The top disk has an origin at 0, 0, 1.

3. Draw a selection box around the Edit the assembly.
assembly. Type the following c-style conditional

input:

4. or Thermal > Edit. ( hrMeanAnom < 120.1 || hrMeanAnom >
The Object Selection Filter dialog box. 239.1)7180:0

5. Select Articulators[1] and click on
OK.
The Edit Assembly dialog box
appears.

6. Select the Trans/Rot tab.

7. Double click in the Rotation 2 field.

The Expression Editor dialog box
appears.

Type the following into the Expres-
sion field:
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Orbital Maneuvers Example (Continued)

( hrMeanAnom < 120.1 || hrMeanAnom > 239.1) ?180: 0

9. Click OK.
10. Click OK.

11. Select Thermal > Orbit > View
Vehicle > Set Orbit Pos/Prefs.

The New Vehicle in Orbit Dialog dia-
log box appears.

12. Select Animate.
13. Select OK.

The Continuous Cycle Dialog dialog
box appears.

14. Select OK.

Rotate the model a little bit to get some
perspective.

The orbit engineer has come back and said that a step change in the cover position is no
longer acceptable. They want the cover to start to close when the mean anom is 60, and
then be completely closed at mean anom = 120. On the other side, they want the cover
to start opening at mean anom = 240, and then be completely open when the mean

anom = 300.

1. Bring up the Symbol Manager and
create a new symbol called
angle_array.

2. Select the ARRAY check box located
at the bottom of the Expression Editor
dialog box.

3. Type the following data into the
Expression Editor angle array field,
one entry per line:

0
60
120
240
300
360

In this step, create an array of various
Orbital Angles.

Note: See Section 4.1.1: Defining
Symbols on page 4-1 for informa-
tion on symbols and the Symbol
Manager.
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Orbital Maneuvers Example (Continued)

4. Create a second symbol called In the next step, create an array for the
cover_array. angle of the cover.
5. Select the ARRAY check box located
at the bottom of the Expression Editor
dialog box.
6. Type the following data into the
Expression Editor angle array field,
one entry per line:
180
180
0
0
180
180
7. Edit the assembly, and double click | After the arrays are created, program the
in Edit Assembly dialog box Rotation | assembly to rotate based on the interpola-
2 field. tion of the arrays for the current position
being analyzed.
8. Edit the expression 1o be: interp is an internal function that simply
does linear interpolation.
interp( angle_array, cover_array, hrMeanAnom)
9. View the model in orbit.

The orbital engineer has come back and wants to run a case where the entire spacecraft
is spinning about the velocity vector. The orbital engineer has details that the spacecraft
will make 5 full rotation per orbit.

1. Edit the orbit. Edit the orbit to the orbital engineer’s
2. Select the Orbit dialog box Orienta- specifications.
tion tab.
3. Double click in the first Additional
Rotations field.
4. Make 5*hrMeanAnom expression.
5. View the orbit and then the model The first thing of notice is that the coordi-

animating in orbit.

nate systems look a little funny—that’s
because they are rotating about the X axis.
When the model is viewed in orbit, notice
that the entire spacecraft is spinning as the
cover is opening and closing.
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Orbital Maneuvers Example (Continued)

. Select File > Exit. Exit Thermal Desktop and save as

A Thermal Desktop/AutoCAD dialog prompted.
box appears asking to save the draw-
ing changes.

Select Yes.
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12 FloCad Tutorials

This set of tutorials is focused on the FloCad application. Five example tutorials follow
which show how to model air flow, heat pipes, and flow through a manifold.

» Section 12.1: Air Flow Through an Enclosure on page 12-1
* Section 12.2: Heat Pipe Model on page 12-20

* Section 12.3: Manifolded Coldplate on page 12-35

» Section 12.4: Drawn Shape Heatpipe on page 12-83

* Section 12.5: FEM Walled Pipe on page 12-96

At this point, the first three tutorials from chapter 10 Tutorials should have been com-
pleted. These tutorials give an overview of Thermal Desktop and how to create geometry,
as well as define properties. The typographical conventions are defined there as well.

12.1 Air Flow Through an Enclosure

What you should learn:
* How to create a fluid model
* How to create all types of fluid elements

In this example, the components necessary to model airflow through an enclosure with
electronic components will be added. The exercise will start using a model of an enclosure
for which the geometry has already been created. The enclosure has a flat base 30x30 cm.
Three boards extend up from the base, with each containing a chip producing 25 watts of
heat. There is a set of conductors connected to the base plate to simulate convection to an
ambient temperature. Two flow paths through the enclosure are created. The temperature
distribution in the enclosure will be computed for a given flow rate.
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Air Flow Example

1. Double click on the file fluid.dwg located in the Tutorials/airflow folder.

Thermal Desktop opens with the fluid drawing on the screen.

Figure 12-1  Fluid Drawing Initial View

Create the plenum upstream of where the

L E or Thermal > Fluid Model- fan will be located. Select a location out-
ing > Lump. side the enclosure without worrying about

it’s exact location.

Enter location of lump: appears in the

Command line area Note: Using <Enter> to repeat the

_ ' last command, create a second
Type -20,15,5 in the Command line. lump for the outlet of the fan.

Command: appears in the Command
line area.

3. Press <Enter>.

N

Enter location of lump: appears in the
Command line area.

haN

Tpe -10,15,5 in the Command line.

Command: appears in the Command
line area.

Figure 12-2  Plenum
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Air Flow Example (Continued)

Create a fan.

1. or Thermal > Fluid Model- | The default direction of positive flow in
ing > Pump/Fan. all paths will be in the direction in which

Select from lump: appears in the Com- | the lumps are selected.

mand line.
2. Click on the 1st lump.

Select to lump: appears in the Com-
mand line.

3. Click on the 2nd lump.

Figure 12-3 New Fan
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Air Flow Example (Continued)

or type Layer in the Command
line or select Format > Layer.

The Layers Properties Manager dia-
log box appears.

% Layer Properties Manager 2Ix
LA
Shaw allzpers S e e = ==
[l Apply tolayers tookbar, Current
Curert Layer: fluid Save stale.

Name On Feez.. L. Colo

T Wit

Linelype: Lineweight
Controus —— Defaul

Plot Style P,

7 Totallayers 7 Layers diplayed

Click on the On (lightbulb) icon of
the Construction layer to turn the
layer on (lighten the lightbulb).

Click on the Freeze (snowflake)
icon of the Construction layer to
turn the layer on (sun).

Click on the On (lightbulb) icon of
the Flow Areas layer to turn the
layer on (lighten the lightbulb).

Click on the Freeze (snowflake)
icon of the Flow Areas layer to turn
the layer on (sun).

Click on the On (lightbulb) icon of
the Board layer to turn the layer off
(darken the lightbulb).

Click on the Freeze (sun) icon of
the Board layer to turn the layer off
(snowflake).

Select OK to close the dialog box.

Turn on and off some layers to make it
easier to select the points to generate the
lumps and paths within the enclosure.

Notice that Fluid is already the current
layer, which is where all of the fluid sub-
model components will be placed.

Figure 12-4  After Visibility Changes

12-4
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Air Flow Example (Continued)

1. —— or Thermal > Fluid Model-
ing > Lumps and Paths.

The Create Lumps and Paths dialog
box appears.

Create Lumps and Paths @

Wwhat the user selects for creation

(%) Pick Point to Pick Point
(O Pick Point to Lump
(O Lump to Pick Point

O Lump ta Lump

Mumber of Lumps to Create: 2

[ ok

] [ Cancel ] [ Help ]

2. Click on the Pick Point to Pick
Point radio button if not already
selected (place dot in the circle).

3. Highlight the current value in the
Number of Lumps to Create field and
type 5.

4. Select OK.

Select start point: appears in the Com-
mand line area.

5. Click at the midpoint of line 1.

Note: A midpoint snap point should
appear as the cursor moves midway
on line 1.

Select end point: appears in the Com-
mand line area.

6. Click at the midpoint of line 2.

Select Upstream Entity for Area Cal-
culation (Enter for User Specified
Area): appears in the Command line
area.

7. Click on a point on line 5.

Create all of the lumps and paths within
each side of the enclosure with one com-
mand.

Notice that the shape of line 5 follows
along the edge of the boards for this flow
channel. This provides the wetted perime-
ter for the flow area. The shape is closed
to get the area by assuming there is a line
from the two endpoints. The code then
computes the hydraulic diameter and flow
area for all four paths from this shape.

Figure 12-5 New Lumps and Paths
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Air Flow Example (Continued)

Select Downstream Entity for Area
Calculation (Enter for Same Entity):
appears in the Command line area.

8. Press <Enter>.

9. Repeat the command picking the
midpoints of lines 3 and 4, and line 6
for the shape.

» Press <Enter> to recall the
command.

The Create Lumps and Paths dia-
log box appears.

» Leave Pick Point to Pick Point
selected and 5 as the number of
lumps to create.

+ Select OK to close the dialog
box.

Select start point: appears in the
Command line area.

* Click at the midpoint of line
3.

Select end point: appears in the
Command line area.

* Click at the midpoint of line
4

Select Upstream Entity for Area
Calculation (Enter for User Speci-
fied Area): appears in the Com-
mand line area.

» Click on a point of line 6.

Select Downstream Entity for Area
Calculation (Enter for Same
Entity): appears in the Command
line area.

* Press <Enter>.

12-6
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Air Flow Example (Continued)

=
1. or type Layer in the Command
line.

Note: For AutoCAD without Me-
chanical add ons, activate the layer

command by selecting Format >
Layer. /

The Layers Properties Manager dia-

log box appears. o @\iﬂ x

2. Click on the On (lightbulb) and the o o
Freeze (sun) icons of the Con- Figure 12-6  After Visibility Changes
struction layer to turn the layers off
(darken the lightbulb and display a
snowflake).

3. Click on the On (lightbulb) and the
Freeze (sun) icons of the Flow
Area layer to turn the layers off
(darken the lightbulb and display a
snowflake).

4. Select OK to close the dialog box.

Create the lump for the outlet plenum.

=7
1. or Thermal > Fluid Model-
ing > Lump.

Enter location of lump: appears in the
Command line area.

Type 50,15,5 in the Command line. &

T

Figure 12-7  Qutlet Plenum Lump

N
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Air Flow Example (Continued)

Lurnps| |

A

or Thermal > Modeling
Tools > Toggle Selection Filter.

_RcFilter Thermal Desktop filter
turned on: appears in the Command
line area.

Select Thermal > Modeling Tools
> Turn Numbers On.

Select entity(s) to display ids or [LEft/
Right]: appears in the Command line
area.

Bype all in the Command line.

Select entity(s) to display ids or [LEft/
Right]: appears in the Command line
area.

. Press <Enter>.

The Object Selection Filter dialog box
appears.

Object Selection Filter: @

Select Type to fiter:

Additional Criteria:

nosl1:
mpz/Fans(1]
Tubes(d) Submodel: R

Lump Type: v

l Na Filtering ] l Help ]

=

. Highlight Lumps[13] in the Select
type to filter field if not already
selected.

Select OK.

To view the lump numbers for select-
ing them in the following steps, set
the selection filter “on”. Make sure
that the Command line shows “on”
after selecting the toggle command.

Then use the selection filter to turn on
the IDs for the lumps.

£

E

3 3
8 )
4
3
z
X

Figure 12-8 Lumps with IDs
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Air Flow Example (Continued)

_H_
or Thermal > Fluid Model-

ing > Loss.

Select from lump: appears in the Com-
mand line area.

Click on lump 2.

Note: Click on the lump numbers
rather than on the lump symbols for
easier selection.

Select to lump: appears in the Com-
mand line area.

Click on lump 3.

Select Entity for Area Calculation
(Enter for User Specified Area):
appears in the Command line area.

Press <Enter>.

Use the same command to create
losses from each of: Lump 2 to Lump
8; Lump 7 to Lump 13; and, Lump 12
to Lump 13.

» Press <Enter>.

Select from lump: appears in the
Command line area.

* Click on lump 2.

Select to lump: appears in the
Command line area.

* Click on lump 8.

Select Entity for Area Calculation
(Enter for User Specified Area):
appears in the Command line area.

* Press <Enter>.

Lumps 2 and 8 are connected.

Now generate all of the entrance and
exit paths. Use the loss coefficient so
as to model the entrance and exit
effects.

In a later command edit the loss
where a loss factor of 1.0 is automati-
cally generated for all loss compo-
nents.

As with the Pump/Fan command, the
order the lumps are selected deter-
mines the direction for positive
flow.

Note that picking on the lump num-
bers with the mouse is probably the
easiest way to select each lump.

Figure 12-9 Entrance and Exit Paths
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Air Flow Example (Continued)

* Press <Enter>.

Select from lump: appears in the
Command line area.

* Click onlump 7.

Select to lump: appears in the
Command line area.

* Click on lump 13.

Select Entity for Area Calculation
(Enter for User Specified Area):

appears in the Command line area.

» Press <Enter>.
Lumps 7 and 13 are connected.
» Press <Enter>.

Select from lump: appears in the
Command line area.

* Click on lump 12.

Select to lump: appears in the
Command line area.

* Click on lump 13.

Select Entity for Area Calculation
(Enter for User Specified Area):

appears in the Command line area.

* Press <Enter>.

Lumps 12 and 13 are connected.

6. Select View > 3D Views> Top.

Simplify the view for selecting.

Figure 12-10 Top View

12-10
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Air Flow Example (Continued)

1. Select the pumpl/fan with the mouse.

*]
2. or Thermal > Edit.

The Pump/Fan Edit form dialog box
appears.

wwwwwwwwwwwwwwww

Optons:

device.

3. Highlight the current value in the
Mass Flow Rate field and type 0.1.

4. Select OK.

Assume the flow rate for this fan is
known and select a mass flow rate

FloCad Tutorials
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Air Flow Example (Continued)

*]
1. or Thermal > Edit.

Select objects or [Indiv/LEft/Right]:
appears in the Command line area.

2. Type all in the Command line.

Select objects or [Indiv/LEft/Right]:
appears in the Command line area.

3. Press <Enter>.

The Object Selection Filter dialog box
appears.

Object Selection Filter: k EJ

Select Type to fiter:

Lurnps(13] Additional Criteria
Losses(d)
Purmps/Fans(1]
Tubes(8]

Submodel: v

Lurnp Type: -

[ 0K ] [ Cancel ] [ Help

4. Select Losses[4] in the Select type to
filter field.

5. Select OK.
The Path Loss Edit Form dialog box
appears.
Path Loss Edit Form X

aaaaaaaaaaaa

mmmmmmm

aaaaaaaaaaaaaaaaaaaaaaa

6. In the Flow Area (AF) field, type
100.0 in the box next to User Speci-
fied field.

Use 100 cm? for all of the inlet and
outlet flow areas. Because they are all
the same type of path, they can be
selected using the Object Selection
Filter. Also leave the FK value at 1.0
for an entrance and exit loss.

12-12
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Air Flow Example (Continued)

Select OK.

A Thermal Desktop/AutoCAD dialog
box appears confirming the change.

Select Yes.

m or Thermal > Modeling
Tools > Toggle Selection Filter.

Command: _RcFilter Thermal Desk-
top filter turned off appears in the
Command line.

Turn off the selection filter.

Make sure the Command line output
states the filter is ‘turned oft”.

Select lumps 1 and 13.

Note: Click on the lump numbers to
insure only the lumps are selected.

or Thermal > Edit.

The Lump Edit Form dialog box
appears.

Click the Plenum [Boundary - Infi-
nite Volume] radio button to select it
(place a dot in the circle).

Select OK to close the dialog box.

A Thermal Desktop/AutoCAD dialog
box appears confirming the change.

5. Select Yes.

The lumps created by default are
junctions. For the model to run, the
source and sink lumps must be ple-
nums. Lumps 1 and 13 can be
changed together by selecting them
together and changing their type in
the Lump Edit Form dialog box.

Notice that the shape of the lumps
changes from a circle to a triangle.
Thermal components share a shape
with the fluid submodel components,
but the fluid shapes also have interior
lines and a vertical line normal to the
plane.

FloCad Tutorials
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Air Flow Example (Continued)

=
1. or type Layer in the Command
line.

@
B
£

The Layers Properties Manager dia-
log box appears.

2. Click on the On (lightbulb) and the
Freeze (sun) icons of the Board
layer to turn the layers on (lighten the
lightbulb and display a sun).

N
=N

T

B X =

3. Select OK fto close the dialog box. Figure 12-11 Board Visibility On
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Air Flow Example (Continued)

or Thermal > Fluid Model-
ing > Tie to Surface.

Select the lumps to be tied to: appears
in the Command line area.

Select lumps 3 to 7 by using a left-
to-right selection box as shown to the
right with the heavy line.

Select the lumps to be tied to: appears
in the Command line area.

. Press <Enter>.

Select the surfaces for the tie or [LEft/
right]: appears in the Command line
area.

Type g in the Command line.

Enter group name: appears in the
Command line area.

Type right in the Command line.

Select the surfaces for the tie or [LEft/
right]: appears in the Command line
area.

. Press <Enter>.

Select the paths to be tied to (None for
user specified HTC): appears in the
Command line area.

Select paths between lumps 3
and 7 by using a left-to-right selec-
tion box as shown to the right with the
heavy line.

Select the paths to be tied to (None for
user specified HTC): appears in the
Command line area.

. Press <Enter>.

Create the thermal connection
between the fluid submodel and the
thermal submodel using a “tie”. The
lumps and path sets are both selected
using a left to right box (thick line)
shown below.

Note that the heat transfer coefficient
will be computed by SINDA/FLUINT
since there is a selected a path set.

‘37

S =

Figure 12-12  Selecting lumps

@
B
£

FlLowl & T7 1%

ol Ak n
AL Al

Figure 12-13 After tie, right group
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Air Flow Example (Continued)

1. nﬂ or Thermal > Fluid Model-
ing > Tie to Surface.

Select the lumps to be tied to: appears ; :
in the Command line area. LA A s

2. Select lumps 8 to 12 by using a left-
to-right selection box as in the previ-
ous step. 1

ol Ay m S
Select the lumps to be tied to: appears AL Al

in the Command line area.

Figure 12-14  After tie, left group
3. Press <Enter>.

Select the surfaces for the tie or [LEft/
right]: appears in the Command line
area.

4. Type g in the Command line.

Enter group name: appears in the
Command line area.

5. Dype left in the Command line.

Select the surfaces for the tie or [LEft/
right]: appears in the Command line
area.

6. Press <Enter>.

Select the paths to be tied to (None for
user specified HTC): appears in the
Command line area.

7. Select paths between lumps 8
and 12 by using a left-to-right selec-
tion box as shown to the right with the
heavy line.

Select the paths to be tied to (None for
user specified HTC): appears in the
Command line area.

8. Press <Enter>.
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Air Flow Example (Continued)

1. Select View > 3D Views> SW Iso-

metric.

Figure 12-15 After ties, new View

FloCad Tutorials

12-17



Air Flow Example (Continued)

2. Select Thermal > Fluid Modeling > | This is where the fluid is set. The

Submodel Manager. default is Air, so there is nothing to do
The FLUINT Submodel Manager for this model,
Form dialog box appears. In addition to the library fluids, the
user could define their own fluid.
[ ag ] [ Cancel ] [ Help ]

3. Select the Properties button.

The Fluid Submodel Properties dialog
box appears.

Fluid Submodel Properties 3]
Define Fud | Network ID's
Fid Used in Submodel: FLOW
wy ]
By
[ ok ][ Cance ][ Hep

4. Select the Edit button.
The Fluid Edit dialog box appears.

Fluid Edit 53
Fluid Selection for Submodel: FLOW

(@ Library i w

(O User Defined Fluid

Include File:
Fluid Constituent |dentifier | & v
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Air Flow Example (Continued)

Select OK to close the Fluid Edit dia-
log box.

Select OK fo close the Fluid Submodel
Properties dialog box.

Select OK to close the FLUINT Sub-
model Manager Form dialog box.

Select File > Save.

or Thermal > Case Set Man-
ager.

The Case Set Manager dialog box
appears.

Select Run Case.

Sinda/Fluint Run Status dialog box
appears confirming the successful
completion of the process and the
drawing area graphics update.

Click OK fto close the dialog box.

The Case Set Manager runs a steady
state case by default, which is what is
needed for this case. Therefore, no
changes are required to get a solu-
tion.

After the solve is completed, the ini-
tial temperatures are displayed on the
model in the post processing state.

Figure 12-16  Solution

E or Thermal > Post Process-
ing > Cycle Color Bars.

This command can be used to cycle
between the four types of color bars
(Node, Lump, Path, and Tie). The
color scale for each as well as the cur-
rent variable being displayed can be
found on the each of the individual
color bars.

The various views can be used to see
all or a portion of the Board. It may
also be necessary to use the command
“rcrender”, to make the shading of the
model match the color bar exactly.
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Air Flow Example (Continued)

1. Select File > Exit. Exit Thermal Desktop and save as

A Thermal Desktop/AutoCAD dialog prompted.
box appears asking to save the draw-
ing changes.

2. Select Yes.

12.2 Heat Pipe Model

What you should learn:
* How to create native lines and polylines
* How to create FloCAD pipes from those lines
* How to model a fixed conductance heat pipe (CCHP/FCHP)
* How to use contactors

In this example, a heated aluminum ring will be connected to an air-cooled (20°C am-

bient at 10 BTU/hr-ftz-OF) aluminum plate using an aluminum/ammonia fixed conductance
heat pipe (FCHP). Radiation has been neglected, and the heated ring therefore has no other
route for heat to leave other than through the heat pipe.

The ring outer diameter is 8 cm, and the inner diameter is 2 cm, and it is 0.1cm thick, a
value which has been parameterized as the Thermal Desktop symbol HotThk in case it must
be changed. The cooling plate is 10cm wide by 15cm long by 0.5cm thick (similarly pa-
rameterized as PlateThk). The power on the disk is currently 25, as determined by current
value of the symbol Power.
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Heat Pipe Example

1. Double click on the file heatpipe.dwg located in the Tutorials/heatpipe folder.

Thermal Desktop opens with the heatpipe drawing on the screen.

Figure 12-17 Initial View

The disk and plate have already been generated, along with the heat load on the disk
and the convection environment on the plate. The units for this model are Watts, sec-
onds, cm, and °C.

The current drawing shows the disk and
plate, along with the heat load on the disk
and the convection conductor on the
plate.

1. or type Layer in the Command
line or select Format > Layer.

The Layers Properties Manager dia-

log box appears. To prepare to add the heat pipe, turn off

' the visibility of some distracting ele-
Note: Plates is the current layer. ments. First, turn off the layer containing

2. Click on the On (lightbulb) and the convection boundary.
Freeze (sun) icons of the Bound-
ary layer to turn the layer off.

3. Select OK to close the dialog box. o

Figure 12-18 Boundary Visibility Off
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Heat Pipe Example (Continued)

Next, turn off visibility of the heat loads.

I or Thermal > Preferences. | When complete, the model should look

similar to the view below:
The User Preferences dialog box

appears.

2. Select the Graphics Visibility tab.

User Preferences.

Units | Graphics Visbilty | Graphics Size | Themal Analyzer | Advanced

Global Show Options

TD/RC Nodes Lumps Conductors z

User Defined Nodes Paths Contactors jl‘
Sufaces Ties Contact Conductance

A Hen et odd Pipes Heat Loads /Heaters/Pressures

Material Oriznters

[¥] Color Contours [¥] Trackers
Bl smarti Figure 12-19 Heat Load Visibility Off
Ok | [ Cancel | [ Heb

3. Select Heat Loads/Heaters/Pres-
sures ro deselect it (remove the
check mark from the box).

4. Select OK to close the dialog box.
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Heat Pipe Example (Continued)

1. Select Tools > Named UCS.
The UCS dialog box appears.

& ucs

RIX]

Mamed UCSs | Orthographic UCSs | Settings

Cument tUCS: Wworld
E

Set Curent t

ok | [ Cawd | [ Hel

Note: World is the current UCS set-
ting.

2. Select HeatPipe in the Current UCS
field, the select the Set Current but-

ton.

Note: Notice the UCS icon moves to
a new position on the drawing.

4. Select View > 3D Views > SE Iso-
metric.

3. Press OK to close the UCS dialog box.

Use a polyline to create the heat pipe in
the next several steps. Polylines can only
be created in the xy plane of the current
UCS. For this example a pre-prepared
UCS has been created. Switch to this
UCS.

Change to the pre-prepared UCS in the
plane of the heat pipe. Then change to a
better view. The model should now look
similar to the view below.

Figure 12-20 New Views
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Heat Pipe Example (Continued)

Draw a line object representing the cen-

7 or Draw > Polyline. terline of the heat pipe.

Note: Practice drawing lines and
polylines, under the Draw menu,

off to the side of the drawing. Delete
2. Position the cursor at the top of the lines when finished.
the disk, which should be highlighted ) ) .
by a yellow square with the tool tip ?n th1§ case, use a polyline which must be
Endpoint displayed. in a single plane: the XY plane of the cur-
rent UCS.

Specify start point: appears in the
Command line area.

3. Click the left mouse button ar this

point (0,14,0) to start the polyline. Note: Other lines can be connected

to this one as needed to create var-

Specify the next point or [Arc/Half- ious 3D objects.

width/Length/Undo/Width]: appears in . ) )
the Command line area. With the new polyline selected (high-

lighted) the drawing should look similar

4. Click on the origin of the UCS to the view below.

(highlighted by a yellow “X” at 0,0,0).

Specify the next point or [Arc/Half-
width/Length/Undo/Width]: appears in
the Command line area.

5. Click on the midpoint at the far end of
the plate with the tool tip Midpoint,
(15,0,0) on the indicator, displayed.

6. Press <Enter> to terminate the
polyline.

Figure 12-21 Heat Pipe Centerline
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Heat Pipe Example (Continued)

1. Click on the polyline between the disk
and the plate to select it (highlight it).

2. = or Thermal > Fluid Model-
ing > Pipe.

Select Line Entity for Pipe Cross Sec-
tion Shape Definition: appears in the
Command line area.

3. Press <Enter>.

The RcPipe Edit Form dialog box
appears with the Pipe Selection tab
displayed.

O Ruid Pipe without wal

O HeatPipe
O Wall anly
O Fliid Pipe with Surfaces for Wall

Centerine Curve lds (1):
Polyiine=:1352

-

4. Select HeatPipe on the current Pipe
Selection tab to place a dot in the
radio button (circle).

Note: Notice when HeatPipe is se-
lected two of the tabs—Pipe At-
tributes and Ties—are replaced by
a HeatPipe Data tab.

5. Select the Subdivision tab.

RePipe Edit Form x X
Pipe Selection | Subdivision | Radiation || Nede Numbering || Insuiation | HeatPipe Data | Suface
Pipe Crcurf Pipe Lengih
@ Equal @ Equal 4
Olist Ot

Enter interior nodal boundaries as fraction from >0.0to <1.0

Now turn the polyline into a FloCAD
pipe. Specifically, a heat pipe.

A line for the Pipe Shape Definitions will
not be selected because a circular cross
section is desired. If another shape was
desired, the line should have been drawn
before selecting the pipe icon.

Set the axial resolution to 50 and leave it
as uniform for convenience.

Important: Make sure that the va-
por node ID is unique—it must not
be the same as any other node, in-
cluding other vapor nodes used by
other heat pipes. Similarly, each
heat pipe should have nodes that
are not duplicated in any other
heat pipes or submodels.

When the heat pipe set-up is complete,
nodes will appear, evenly spaced on the
centerline of the pipe.
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Heat Pipe Example (Continued)

6. Highlight the current default value of
4 in the Pipe Length Equal field and
type 50.

7. Select the Node Numbering tab.

RePipe Edit Form 3 X

Pipe Selection | Subdvision | Radiation | Node Numbering | Insuiation | HeatFipe Data || Suface

Use same ID's on both sides

Both Sides Not Used Vapor Node:
Submodel: (I v Submodal: | MAIN v
@® Use stant D: [1 VoporNode D
O Use List 1

8. In the Both Sides field, click on the
arrow next to the Submodel field and
select HEATPIPE from the pulldown

menu.

The Vapor Node Submodel field
updates to HEATPIPE to reflect the
change made in the Both Sides Sub-
model field.

9. Highlight the current value in the
Vapor Node ID field and type 1001.

10. Select the HeatPipe Data tab.

RePipe Edit Form L3 3]

n | Radiation | Node Numbering | Insuiation | HeatPips Data | Suface

Type of HeatPpe Wall Node Type:
(%) Fixed Conductance Heatpipe O Diffusion
) Fixed Conductance Heatpipe with NC-Gas ® Arthmetic
O Variable Conductancs Heatpipe

T ET @ [ A stabiy during steady state fuse HTRNOD cal)
Wall Shape: Circular Heatpipe v Wall input Mass/unit length Input 5
Vapor Core Diameter: 1 em Wizl Mass/Une [0 kg/em
Condensing H: 075 W/em™2/C

Evaporating H 05 W/em"2/C
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Heat Pipe Example (Continued)

11. Click on the arrow next to the Wall
Material field and select Aluminum
from the pulldown menu.

12. Highlight the current value in the
Vapor Core Diameter field and type
0.8.

13. Click on the arrow next to the Wall
input field and select Area Input
from the pulldown menu.

14. Highlight the current value in the
XWall Area field and type 0.3.

15. Select OK to close the RcPipe Edit
Form dialog box.

Figure 12-22 New Heat Pipe
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Heat Pipe Example (Continued)

1. EFJ or Thermal > FD/Fem Net-
work > Contactor.

Select From objects: appears in the
Command line area.

2. Select the heat pipe in the drawing
area.

Select From objects: appears in the
Command line area.

3. Press <Enter>.

Select To Surfaces: appears in the
Command line area.

4. Select the disk and then the plate
(either order) in the drawing area.

5. Press <Enter>.

The Contactor dialog box appears.

Contactor @

Commen I |

Conductar Submodel: |Mal V| Integstions Inerusls: |10
Contact From: Faces v Tolerance: Te+022 cm
Canetion Cosficient (Conductance/ares] Apply Suface Thickness Ta Test Peints

0 Wiom"2/C

[Jvs Time  []¥s. Temp Dif

[T Use Absalute Conductance

Testing Algorithm
() Point Algorithm
Max Check Dbjects: |4
) Ray Trace Algorithm
[ Use Material

[ Radistion [ One Way
[ Use MiNodes

Conduction Coefficient 5caling

[ Use Pipe Cicunt. Sealing | Pipe Length

Fram (1] Ta(2)
Pipe.1::1954 Out Disk:17E7
Rect: 14C3

[ Use Pipe Length Sealing

add | [ Dekte | [ Edt | [ agd | [ Dekte

ok ] [ coned | [ Hee |

Now connect the heat pipe to both the
disk and the plate using a contactor.

The choice of “from” and “to” sets for
the contactor is critical. All nodes on the
“from” objects will be contacted to the
nearest nodes on the “to” objects, subject
to the input tolerance. Therefore, choose
the pipe as the “from” object, and both of
the surfaces as the “to” objects for the
contactor.

This will still create connections in the
“adiabatic” portion of the heat pipe
between the disk and plate, so a toler-
ance must be used to prevent nodes that
are too far away from each other from
being linked. In other words, the lowered
tolerance eliminates the undesirable con-
tacts to the middle of the heat pipe.

The edge or surface that contact is created
from can be edited in the Contactor dialog
box From field. Double clicking on an
object in the list will bring up an edit dia-
log box (in this case the Select Edges dia-
log box) with the choices for that object
listed.

The contactor appears as two lines con-
necting the heat pipe to each object (the
disk at its center, the plate at its origin).

12-28
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Heat Pipe Example (Continued)

6. Click on the arrow next to the Conduc-
tor Submodel field and select HEAT -
PIPE from the pulldown menu.

7. Click on the arrow next to the Contact
From field and select Edges from the
pulldown menu.

8. Highlight the current value in the
Conductor Coefficient field and type
1.

9. Highlight the current value in the Tol-
erance field and type 0.5.

10. Double-click pipe object in the
From Ilist.

The Select Edges dialog box appears.

Select Edges X
Mat Uzed
[ &long Pipe Length
3% Cancel

11. Click on Not Used to deselect it
(remove the check mark from the
checkbox) and click on Along Pipe
Length 1o select it (display a check
mark in the check box).

12. Select OK to close the Select Edges
dialog box.

13. Select OK to close the Conductor dia-
log box.
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Heat Pipe Example (Continued)

User Preferences.

Units | Graphics Visbilty | Graphics Size | Themal Analyzer | Advanced

Global Show Options

[¥] TD/RC Nodes
User Defined Nodes

Sufaces
Finite Element Nodal

[] Color Contours

Select Al

or Thermal > Preferences.

The User Preferences dialog box
appears.

2. Select the Graphics Visibility tab.

Lumps
Paths
Ties
Pipes

Deselect All

Conductors

Contactors

Contact Conductance

Heat Loads/Heaters/Pressures
Material Orierters

Trackers

Assemblies

Ok | [ Cancel | [ Heb

3. Select TDIRC Nodes to deselect it
(remove the check mark from the box).

4. Select Contactors o deselect it
(remove the check mark from the box).

5. Select OK to close the dialog box.

In preparation for running and post-
processing, “clean up” the drawing a
little by turning off visibility of nodes
and contactors, and turning off the
UCS origin marker.
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Heat Pipe Example (Continued)

6. Select Tools > Named UCS.

The UCS dialog box appears.

Mamed UCSs | Orthographic UCSs | Settings
Current UCS: HeatPipe
® o
Disk
.
[ ok ) [ conce | [ Hep |

7. Select the Settings tab.

Mamed UCSs | Dithographic UCGs f Settings |

UES leon seffings
On
Display at UCS origin paint Q

[ Apply to all active viswports

LICS zettings
Save LCS with viewport

[ Update view to Plan when UCS is changed

[ 0K 1 [ Cancel ] [ Help ]

8. Click On in the UCS Icon settings
field to deselect it (remove the check
mark from the checkbox).

9. Press OK to close the UCS dialog box.

This will turn the UCS icon off.
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Heat Pipe Example (Continued)

A steady state run has been set up in the
Case Set Manager. The results should

1. or Thermal > Case Set Man- s )
look similar to the graphic below.

ager.

The Case Set Manager dialog box
appears.

2. Select Run Case.

Sinda/Fluint Run Status dialog box
appears confirming the successful
completion of the process and the
drawing area graphics update.

3. Click OK fto close the dialog box.

Figure 12-23 Steady State Solution

The hottest spot on the thin disk is about
88 degrees, and the coldest spot on the
plate is about 45 degrees.

1. Select File > Exit. Exit Thermal Desktop and save as

A Thermal Desktop/AutoCAD dialog prompted.
box appears asking to save the draw-
ing changes.

2. Select Yes.

This tutorial demonstrated how to draw a line, turn it into a heat pipe, and connect it to
the rest of the thermal model.

To try some slightly more difficult problems, try these:

* Instead of polyline consisting of two straight segments at right angles to each

other, try repeating the above problem using a slightly more complicated but more
realistic polyline: a line, a 90 degree bend (““arc’), then another line. It may be nec-
essary to create construction points for the arc, corresponding to the desired radius.

» Try adding a little gas to the heat pipe and see what the effect is. To do so, edit
the pipe and change it to be a “Fixed Conductance Heatpipe with NC-gas” (Non-
condensible gas). Both the working fluid (ammonia) and the gas (use “air” for
demonstration purposes) must also be specified. For a rather high value of 1.0e-4
kg (0.1 gm), the disk now reaches 107 degrees. Blockage of the pipe can be seen
by the gradients in the plate (as shown below).
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Figure 12-24  Larger View of Solution
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12.3

Manifolded Coldplate

What you should learn:

creating a polyline-based FloCAD pipe with smooth bends
connecting pipes

adding fluid network components

accessing a user-defined fluid

defining a fan or pump curve

postprocessing a transient run

In this example, a manifolded copper “coldplate” bonded to a thick (1/2 inch)
10.5”x11.36” aluminum plate will be constructed. The working fluid is 50-50 water and
ethylene glycol. This is not a library (built-in fluid), but a FLUINT FPROP file has been

supplied.

The plate is initially at 80°F and convects to an 80°F air temperature with a convection
coefficient of 30 BTU/hr-ft2-F (stored as parametric symbol EnviroU). At time zero, l00W
(symbol Power) is dissipated into the loop. However, the plate is not able to reject all of
this power and still stay below the temperature limit 110°F (symbol 7/imit). At steady state,
the peak temperature is about 126°F.

Instead, the device is intended to provide temporary rejection capability for a surge in
power by relying in part on its thermal mass. The point of the analysis it to determine how
long before the device reaches its capacity: how long can it withstand the power surge?
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Manifolded Coldplate Example

1. Double click on the file manifold.dwg located in the Tutorials/manifold folder.

Thermal Desktop opens with the manifold drawing on the screen.

1
D

| ®

e

@ 3

&

a4
D
5

onds, °F.

Figure 12-25 Manifold Drawing Initial View

A FEM model of the plate and its convection environment have already been gener-
ated (but are not currently visible), along with some symbols that can be used to
generate a parametric model. The units of the initial drawing are BTU, inches, sec-
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Manifolded Coldplate Example (Continued)

or Draw > Polyline.

Specify start point: appears in the
Command line area.

Select the point in the center of the
red circle labeled 1 located in the
top left corner of the drawing area.

This is the starting point for the
polyline, and also for the first straight
segment.

Specify next point or [Arc/Halfwidth/
Length/Undo/Width]: appears in the
Command line area.

Select the point in the center of the
red circle labeled 2 /ocated to the
right of circle 1.

Note: A straight line should appear
between points I and 2.

Specify next point or [Arc/Halfwidth/
Length/Undo/Width]: appears in the
Command line area.

Type a to start the arc drawing mode.

Note: Remember to press the <En-
ter> key after entering a command.

Specify endpoint of arc or [Angle/CEn-
ter/CLose/Direction/Halfwidth/Line/
Radius/Second pt/Undo/Width]:

appears in the Command line area.

Select the point in the center of the
red circle labeled 3.

Note: A curved line should appear
connecting points 2 and 3.

Specify endpoint of arc or [Angle/
CEnter/CLose/Direction/Halfwidth/
Line/Radius/Second pt/Undo/Width]:

appears in the Command line area.

First, draw an AutoCAD polyline repre-
senting the outer (manifold) pipe. This
involves generating lines, switching to
arcs, switching back to lines, etc. all with-
out leaving the polyline generation mode.

Note: The user should practice such
drawing methods on the side of the
drawing area, deleting trial lines.

Ignore the green marks during this step.

The final drawing should look similar to
the view below.

1 e

0}3

j’ J
= S
- X

Figure 12-26  New Polyline

If the final line is not correct, delete it and
try again.
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Manifolded Coldplate Example (Continued)

6. Type L (lower case is fine) to start the
line drawing mode.

Specify next point or [Arc/Halfwidth/
Length/Undo/Width]: appears in the
Command line area.

7. Select the point in the red circle
labeled 4 located below the red cir-
cle 3.

Specify next point or [Arc/Halfwidth/
Length/Undo/Width]: appears in the
Command line area.

8. Type a to start the arc drawing mode.

Specify endpoint of arc or [Angle/
CEnter/CLose/Direction/Halfwidth/
Line/Radius/Second pt/Undo/Width]:

appears in the Command line area.

9. Select the point in the red circle
labeled 5.

Specify endpoint of arc or [Angle/
CEnter/CLose/Direction/Halfwidth/
Line/Radius/Second pt/Undo/Width]:

appears in the Command line area.

10. Type L (lower case is fine) to start the
line drawing mode.

Specify next point or [Arc/Halfwidth/
Length/Undo/Width]: appears in the
Command line area.

11. Select the point in the red circle
labeled 6.

12. Press <Enter> to terminate the
polyline.
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Manifolded Coldplate Example (Continued)

3.

5.

Select the new line to highlight it.

or Thermal > Fluid Model-
ing > Pipe.
Select Line Entity for Pipe Cross Sec-

tion Shape Definition: appears in the
Command line area.

Press <Enter>.

The RcPipe Edit Form dialog box
appears with the Pipe Selection tab
displayed.

RcPipe Edit Form 3]

Pipe Selection | Subdivision | Radiation || Node Numbering || Insuiation | Pipe Attibutes | Ties || Surface

©Fiid Fipewi
O Fuid Ppewi

O HeatPipe

O Wal only

O Ruid Pipe with Surfaces for Wall

Centering Curve Ids (1)
Polyline::188C

Confirm that Fluid Pipe with wall is
selected (the default) on the Pipe
Selection tab.

Select the Subdivision tab.

Pipe Selection | Subdivision | Radiation || Node Numbering || Insulation | Pipe Atibutes | Ties || Surface

Pipe Circun,
® Equal 1
O List:

Pipe Length
© Equal 4
O List:

Enter interior nodal boundaries as fraction from »0.0ta <1.0

Convert the line into a pipe segment,
name its components, specify its materi-
als, dimensions, resolution, etc.

Afterwards, the drawing should appear
similar to the view below.

I 2

I3

Figure 12-27 New Pipe
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Manifolded Coldplate Example (Continued)

6. Highlight the current default value of
4 in the Pipe Length Equal field and
type 50.

7. Select the Node Numbering tab.

RePipe Edit Form

Pipe Selection || Subdvision | Radiation | Node Numbering | Insuiation | Pipe Attibutes | Ties Suﬂzce

Not Used End Nodes
v Submodel: [MAIN v

: Upstream Ot
Use Start 1D: 1

o ® Use Start ID:
O Use List © Use Lt

Upstream In

Downstream Out:
@ Use Start 1D,

Oleelst: |

Downstream In:

8. In the Both Sides field, click on the
arrow next to the Submodel field and
select WALL from the pulldown

menu.

9. In the End Nodes field, click on the
arrow next to the Submodel field and
select WALL from the pulldown

menu.
10. Select the Pipe Attributes tab.

RePipe Edit Form 3]
Pipe Selection || Subdivision | Radiation | Mode Numbering | Insuiation | Pipe Attributes | Ties || Surface

Submodel Irfomation

Flid Submode!: [FIRI v Materal Properties: | DEFAULT v

Lump Type: | Time Independent WUNCTION) - Wl Node Aribmetic v

Tube Type: | Time Indspendent (STUBE) | [ T Paths

Wall Geometry

Wall Shape: [ Standard Pipe v

Pipe Type: [ ANSI B36.10-75 & ANSI B36.19:65 v

Schedle: 105 v er Diameter  |0.307

Nominal size: 0125 ~|in Outer Diameter |0.405

Thickness 0.049

11. Click on the arrow next to the Sub-
model field and select Water from the
pulldown menu.

12. Click on the arrow next to the Mate-
rial Properties field and select Cop-
per from the pulldown menu.
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Manifolded Coldplate Example (Continued)

13.

14.

15.

16.

17.

Click on the arrow next to the Wall
Node field and select Diffusion from
the pulldown menu.

Click on the arrow next to the Pipe
Type field and select Seamless
Copper Pipe ASTM B42-66 from

the pulldown menu.

Confirm that STD is displayed in the
Schedule field.

Confirm that 0.125 is displayed in the
Nominal Size field.

Select OK to close the RcPipe Edit
Form dialog box.

or Thermal > Preferences.

The User Preferences dialog box
appears.

Select the Graphics Visibility tab.
Select TD/RC Nodes o deselect it

(remove the check mark from the box).

Select Paths fo deselect it (remove
the check mark from the box).

Select Ties to deselect it (remove
the check mark from the box).

User Preferences.

Units

Graphics Visbity | Graphics Size | Thermal Analyzer | Advanced

Global Show Options

[ TD/RC Nodes

[ Color Centours

Lumps Conductors

User Defined Nodes [ Paths Contactors

Sufaces Contact Conductance

[ Tees
Fipes

Qu”ﬁ:dgﬁz;m e Heat Loads/Heaters/Pressures
Nodal Boundaries In

Shaded Views

0K | [ Cancel ][ Hep
6. Select OK fto close the dialog box.

In preparation for the selection operations
that will follow, turn off visibility of
unnecessary items, in this case the TD/
RC nodes, paths and ties.

1
e g e

2
L
\7%;3

L
|
%
-

Figure 12-28 After Visibility Changes
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Manifolded Coldplate Example (Continued)

1. or Draw > Polyline.

Specify start point: appears in the
Command line area.

2. Select the lump in the green circle
labeled 1A.

Specify next point or [Arc/Halfwidth/
Length/Undo/Width]: appears in the
Command line area.

3. Select the lump in the green circle
labeled 2A.

Specify next point or [Arc/Halfwidth/
Length/Undo/Width]: appears in the
Command line area.

4. Press <Enter> to terminate the
polyline.

Three lateral lines between the U-shaped
pipe that was just built are to be created.

The lines will start and end on the lumps
that have just been generated—the lumps
inside the green circles.

Simple lines to generate these laterals
could be used, but lines have no graphical
thickness, whereas the thickness of
polylines can be specified and changed as
needed. While this thickness has no
meaning to the FloCAD model, it is pre-
ferred by some users as a visualization
tool: perhaps choosing a width equal to
the pipe OD. In this case, the polylines
are thinner than the OD, but thicker than a
plain AutoCAD line would be, and hence
easier to select with the mouse.

The first line will be created in the next
steps. The second and third lines will be
copied from the first line.

PP APPSR NN PAP IP PP PP D)
PETETETETHT TETETETEreTeT T

-4
&
4
5; 4
(ST '
S

S
X

Figure 12-29 First Lateral Line
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Manifolded Coldplate Example (Continued)

5. Select the new line to highlight it.

6. = or Thermal > Fluid Model-
ing > Pipe.

Select Line Entity for Pipe Cross Sec-
tion Shape Definition: appears in the
Command line area.

7. Press <Enter>.

The RcPipe Edit Form dialog box
appears with the Pipe Attributes tab
displayed.

Select the Pipe Selection tab.
9. Confirm that Fluid Pipe with wall is

selected (the default) on the Pipe
Selection tab.

10. Select the Subdivision tab.
11. Highlight the current default value of

4 in the Pipe Length Equal field and
type 15.
12. Select the Node Numbering tab.
13. In the Both Sides and End Nodes
fields, click on the arrows next to the

Submodel fields and select WALL
from the pulldown menus.

14. Select the Pipe Attributes tab.

15. Click on the arrow next to the Sub-
model field and select Water from the
pulldown menu.

16. Click on the arrow next to the Mate-
rial Properties field and select Cop-
per from the pulldown menu.

17. Click on the arrow next to the Wall
Node field and select Diffusion from
the pulldown menu.

Convert the first lateral line into a
FloCAD Pipe using the same dimensions
etc. as the previous line EXCEPT that a
thicker wall pipe (different schedule) is
used. That way, the laterals being created
will have the same outer diameter as the
manifold lines, but less flow area (smaller
inner diameter) for more even flow distri-
bution.
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Manifolded Coldplate Example (Continued)

18. Click on the arrow next to the Pipe
Type field and select Seamless
Copper Pipe ASTM B42-66 from

the pulldown menu.

19. Click on the arrow next to the Sched-
ule field and select XS from the pull-

down menu.

20. Confirm that 0.125 is displayed in the
Nominal Size field.

21. Select OK fto close the RcPipe Edit
Form dialog box.
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Manifolded Coldplate Example (Continued)

22. Select the vertical pipe just created | Copy the first pipe to create the other two
to highlight it. identical laterals (vertical pipes). The
result should look like similar to the view

Note: Make sure the entire pipe is
Pip below.

selected, and not just a single lump
etc., For best results, pick the pipe 1

ID (“2”) near the top of the pipe. (s
The “2” may be hard to see.

&
[: N
&

&
&
&
: 3

o Pick on
23. or Modify > Copy. the 2 to

Specify base point or displacement, or select

PP

Attt &

[Multiple]: appears in the Command the pipe
line area.
24. Type m into the Command line.
4
Note: Remember to press <Enter> P SO SRR 1 m@j
: : (o
after entering a command in the & 5

Command line. Figure 12-30 Additional Lateral Lines

Specify base point: appears in the
Command line area.

25. Select the lump in the 1A green
circle.

Specify second point of displacement,
or <use first point as displacement>:
appears in the Command line area.

26. Select the lump in the 1B green
circle.

Specify second point of displacement,
or <use first point as displacement>:
appears in the Command line area.

27. Select the lump in the 1C green
circle.

28. Press <Enter>.
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Manifolded Coldplate Example (Continued)

1. Draw a box around all the items | The pipes that have been created just

in the view to highlight them. overlap—they do not share lumps and
nodes where they overlap. The pipes need
Jﬁ to be connected so fluid can flow between
2. or Thermal > Modeling them and heat can flow, too.

Tools > Connect Pipe. .
The enlarged lumps at the six common

The Node Merge Options dialog box points are evidence of successful connec-
appears. tion:

Node Merge Options @ @$$$$$fcé$ it i

(3) Merge nodes when pipes are combined

() Do not merge hodes when pipes are combined

3. Select OK to close the dialog box
without making any changes.

The Pipe Merge Tolerance dialog box
appears.

P S U S SR N U . U N
- B e e e  Einvac
—t—t——————————%?

9
4
4
4
4
4
4
4
4
4
4
4
4

b
;
i
2
i
b
b
4
2
i
i
b
i
.

Pipe Merge Tolerance | P . & $/€ N (D/é

(PRp——p—t—r—" e

ep—r

Figure 12-31 Connected Pipes

Coincidence Tolerance: | [IALEEERT)) in

[ QK ] [ Cancel ] [ Help ]

4. Select OK to close the dialog box
without making any changes.

1. or Format > Layer.

The Layer Properties Manager dialog
box appears.

2. Select the On and Freeze symbols on
the Construction [ayer, turning
them off.

3. Press OK fto close the Layer Proper-
ties Manager dialog box.
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Manifolded Coldplate Example (Continued)

Turn node visibility back on. After the

7 (4] or Thermal > Preferences. nodes are turned back on, both the nodes
and the lumps will be resequenced to
The User Preferences dialog box make sure they are all unique.
appears.
2. Select the Graphics Visibility tab if
not already displayed.
3. Click on TDIRC Nodes fo select it
(display a check mark).
4. Press OK.
5. Draw a box around all the items in
the view.
=
3y

or Thermal > Modeling
Tools > Resequence ID’s.

The Resequence Node IDs dialog box
appears.

Resequence Node IDs EJ

Reszequence nodes in Submodel: it L v
Starting node number: 45
Wode number increment: 1

[] &dd increment to existing node number

[ QK ] [ Cancel ] [ Help ]

7. Highlight the current value in the
Starting node number field and type 1,
if a different value is displayed.

8. Select OK.
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Manifolded Coldplate Example (Continued)

9. Draw a box around all the items in the
view.

g
10. ﬁ"' or Thermal > Modeling
Tools > Resequence Fluid ID’s.

The Resequence Fluid Network IDs
dialog box appears.

Resequence Fluid Network IDs @
FResequence Enlities in Submodel: FLOW v

Starting lump number 1
Lump number increment 1
Starting path number.

Path umbe incremen it

Starting tie number

Tie number increment

[ Add increment to existing numbers

[ ok ] [ cencel | [ Hep

11. Keep 1 in the Starting lump number
field.

12. Select OK.
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Manifolded Coldplate Example (Continued)

5.

7.

. Draw a box around all the items in the

view.

or Thermal > Edit.

The Object Selection Filter dialog box
appears.

Select Nodes[97] in the Select Type
to filter field if not already selected.

Select OK.

The Node - Multi Edit Mode dialog
box appears.

Node - Multi Edit Mode )

- Initial temp: |68 F

Comment:

[calculated by elements]

[] Owerride calculations by elements/sufaces

[C1Put in sub-network

k| [ Cowedl | [ Hep ]

Highlight the current value in the Ini-
tial temp field and type 80.

Select OK.

A Thermal Desktop/AutoCAD dialog
box appears confirming the change.

Select Yes.

Now make sure the nodes’ temperatures
are all 80°F, then turn their visibility back

off.
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Manifolded Coldplate Example (Continued)

1. Draw a box around all the items in the | Similarly, change the lumps’ initial tem-
view peratures to 80°F, and their initial pres-
sure to 30 psia.

*]
2. or Thermal > Edit.

The Object Selection Filter dialog box
appears.

3. Select Lumps[97] in the Select Type
to filter field if not already selected.

4. Select OK.

The Lump Edit Form dialog box
appears.

Lump Edit Form 3]

Submodel FLOW v| Temperature: [z F
Id 1 Pressure: 148357
Heatloadt 0 BTLsec [ Pressure piioity (! option )
Qualiy
(eaculated by pipes]

[ Tankdunciion & Zeto Yelociy
[Stagnant tLSTAT = STAG)

Addtional Input

[ Dverride caloulations by pipe

o ] [ cancel | [ Help
[

5. Highlight the current value in the
Temperature field and type 80.

6. Highlight the current value in the
Pressure field and type 30.

7. Select OK.

A Thermal Desktop/AutoCAD dialog
box appears confirming the change.

8. Select Yes.
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Manifolded Coldplate Example (Continued)

. Press OK.

Turn off node visibility once more.

[4]

or Thermal > Preferences.

The User Preferences dialog box
appears.

. Select the Graphics Visibility tab if
not already displayed.

Click on TDIRC Nodes 7o deselect

it (remove the check mark).
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Manifolded Coldplate Example (Continued)

1. Select the inlet lump (upper left cor-
ner).

Note: Position the cursor until the
tool tip shows the lump and not the

pipe.

*]
2. or Thermal > Edit.

The Lump Edit Form dialog box
appears.

Lump Edit Form 3]

Submods! FLOW | Temperature: (20 F

Id %6 Pressure: 30
Heatioad: 0 BTLsec [ Pressure prioity (! ption )
Quality 0

(caleulated by pipes)

[ Tankdunciion & Zeto Yelociy
[Stagnant tLSTAT = STAG)

Addtional Input

[ Dverride caloulations by pipe

o ] [ cancel | [ Help

3. Highlight the current value in the Id
field and type 999.

4. Double click in the Heatload field.

The Expression Editor dialog box
appears.

Select units for.  Heat Rate

Energy: BTU &

Symbol Manager

[ 0utput Erpression T SINDA

[ Disable Warmings for this E upression

o] Carcel | Hep |

Change the inlet lump to be a tank repre-
senting the volume of the entire loop.

Note: Thats the lump that was in
the red circle marked ““1” in the up-
per left corner of the drawing area.

The lumps in the pipes themselves have
been left as the default volumeless
(instantaneous) junctions. This efficient
modeling decision is based on the speed
with which fluid will be moved through
the pipe network: the event time is much
longer than the time for a particle to move
through the loop, so tracking fluid itself
(using tanks instead of junctions) is not
warranted.

Note: Once this tutorial is complet-
ed, go back and switch the junctions
to tanks in all pipes and see if it
makes any difference in the resullts.

Such modeling choices (tanks vs. junc-
tions, tubes vs. STubes, arithmetic nodes
vs. diffusion nodes, etc.) must be revis-
ited in each case.

The dissipation power will also be
applied to this inlet tank, and its tempera-
ture will be monitored to determine when
the limit has been hit. The logic to termi-
nate the run has already been added to
FLOGIC 2 of the fluid submodel
WATER, but this tank must be named
999 to match that preexisting logic. As
long as the tank ID and the logic match,
any ID could have been used.
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Manifolded Coldplate Example (Continued)

5. Click on the arrow next to the Energy
field and select J (joules) from the
pulldown menu.

6. Click on the arrow for the field located
to the right of the Insert button and
select Power from the pulldown
menu.

Note: Power is a predefined sym-
bol.

7. Click on the Insert button.

Power is displayed in the Expression

Selectunits for: ~ Heal Flale

Erex |4 v Symbol Manager

Time: see v

Expression

Power Gioup general v
Pon 2

Com

[ Output Expression To SINDA

[ bisable Watrings for this Expression

[ ok ] [ cancel | [ hep |

8. Select OK to close the Expression Edi-
tor dialog box and return to the Lump
Edit Form dialog box.

The Heatload field now displays
0.0947817 in bold type. The use of
bold type signifies an underlying
expression.
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Manifolded Coldplate Example (Continued)

Lump Edit Form 3]

Submods! FLOW | Temperature: (20 F
Id 333 Pressure: 30
Heatload: 0.0947817 BTl sec [ Pressure piority (1 option]

GQualty: 0

(caleulated by pipes)

[ Tankdunciion & Zeto Yelociy
[Stagnant tLSTAT = STAG)

Addtional Input

[ Dverride caloulations by pipe

o ] [ cancel | [ Help

9. Select Override calculations by
pipe near the bottom of the Lump Edit
Form dialog box (display a check
mark in the checkbox).

The Type field is activated.

10. Click on Tank in the now activated
Type field to select it (display a dot in
the circle).

The volume field activates.

11. Highlight the current value in the Vol-
ume field and type 20.

12. Press OK.

The inlet lump (ID 999) has been
defined as a tank.
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Manifolded Coldplate Example (Continued)

13. Draw a box around all the items in
the view.

14. Select Thermal > Modeling Tools
> Turn Numbers On.

Turn the numbers on for the lumps so that
they will be easier to pick in a later step.

v
Y
I‘ SELALEEE
gl an gt and
X

Figure 12-32  Numbers Turned On

(4]

15. or Thermal > Preferences.

The User Preferences dialog box
appears.

16. Select the Graphics Visibility tab if
not already displayed.

17. Click on Paths to select it (display a
check mark).

18. Press OK.

Paths will be added to complete the fluid
circuit. Make sure they can be seen before
proceeding!

R

v
Y

e L,
I—D X

Figure 12-33 Paths Visible
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Manifolded Coldplate Example (Continued)

(7
1. or Thermal > Fluid Model-
ing > Lump.

Enter location of lump: appears in the
Command line area.

2. Create a new lump at the left of the
drawing area, ideally between the
endpoints of the U-shaped pipe
(shown as Ist Lump in the graphic to
the right).

3. Press <Enter> (to repeat the last
command).

Enter location of lump: appears in the
Command line area.

4. Place the second lump fo the left of
the first lump (shown as 2nd Lump in
the graphic to the right).

A loss element representing the rest of the
fluid loop that will not be explicitly mod-
eled must be added. A pump is also
needed. Both such paths cannot be placed
until there are lumps to which to connect
them.

A reference pressure for the closed loop,
which will be a plenum connected to the
loop by a short tube (STube), is also
needed.

The commands at the left add these two
lumps and make one of them a plenum.

The diagram should look similar to the
view below, but the exact location of the
new lumps is not important.

Ist Lump

Figure 12-34 New Lumps
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Manifolded Coldplate Example (Continued)

5. Select the newest lump on the far Make the lump on the far left a plenum.

left.

*]
6. or Thermal > Edit.

|
. . ke
The Lump Edit Form dialog box . =i
o
appears. o
i
Submodel  [FLOW v|  Temperatue: [20 F [
14 5 Presswe: |30 = ‘ .
Heatload 0 BTl sec [ Pressure priority (! optian ) "
Guality: 0 P
— Figure 12-35 New Plenum
[caleulated by pipes]
O TarkAlunction at Zero Yelocity
(Staghant LSTAT = 5TAG)
Additional Input
] Override calculations by pipe
o] [ cancel | [ Hel

7. Enter 80 in the Temperature field.
8. Enter 30 in the Pressure field.

9. Click on the Plenum radio button in
the Type field to select it (display a dot
in the circle).

10. Select OK.

The lump’s symbol changes.
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Manifolded Coldplate Example (Continued)

_H_
11. or Thermal > Fluid Model-

ing > Loss.

Select from lump: appears in the Com-
mand line area.

12. Click on the outlet of the U-shaped
pipe (shown as 1st Lump on the
graphic to the right).

Note: It may be easier to click on
the number of the lump to select it.

Select to lump: appears in the Com-
mand line area.

13. Click on the new junction (shown as
2nd Lump).

Select Entity for Area Calculation
(Enter for User Specified Area):
appears in the Command line area.

14. Press <Enter>.

Add a K-factor loss representing the rest
of the system that is not explicitly mod-
eled. The K-factor and corresponding

flow area have been pre-defined as sym-
bols.

{0
2nd i
Lump g
f
v #@ i
st Lump
% J ? ”J

Figure 12-36  Selection Points

After the loss has been created, the screen
should appear similar to the view below.

v i
Bl E AR 403
BB dab a4
X

Figure 12-37 After Loss Created
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Manifolded Coldplate Example (Continued)

15. Select the new path to highlight it.

*]
16. or Thermal > Edit.
The Path Loss Edit Form dialog box

Path Loss Edit Form 9]
Submodel WATER
Id 100 [] Twinned Path
Path Type: Loss v
Loss Coefficient [FK] 1
Flows Area [4F)
User Specified 0 in"2
Comment
Loss Type Addtional lnput:
Direction Independent (LO55) v
Choked Flow
[JUse Thiost Area
Thioat Area [AFTH),
E@K Cancel Help

17. Double click in the Loss Coeffi-
cient[FK] field.

The Expression Editor dialog box
appears.

Expression Editor 9]

Select units for

Symbol Managst.

Erpression

| Group: general -
et E

Comment:

[] Output Expression To SINDA

[] Disable Warnings for this Expression

EIE Cancel Help
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Manifolded Coldplate Example (Continued)

18. Click on the arrow for the field located
to the right of the Insert button and
select Ksystem (a predefined sym-
bol) from the pulldown menu.

19. Click on the Insert button.

Ksystem is displayed in the Expres-
sion field.

20. Select OK to close the Expression Edi-
tor dialog box.

The Path Loss Edit Form dialog box
Loss Coefficient field now displays
500 in bold type. The use of bold type
signifies an underlying expression.

21. Double click in the input field located
to the right of the User Specified
check box in the Flow Area (AF) field.

The Expression Editor dialog box
appears.

22. Click on the arrow for the field located
to the right of the Insert button and
select Farea (a predefined symbol)
from the pulldown menu.

23. Click on the Insert button.

Farea is displayed in the Expression
field.

24. Select OK to close the Expression Edi-
tor dialog box.
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Manifolded Coldplate Example (Continued)

The Path Loss Edit Form dialog box
User Specified field now displays
0.056 in bold type.

I

Submadel, WATER
Id 100 [ Twinned Pah
Fath Type: Loss -
Loss Cosflicient (FK, | 500 FK. Calzulatn
Flou rea [AF]
User Speciied 0.056 in"2
Comment
Loss Type Addiional Inpu
Direeion Independent (LO%5) v
Choked Flaw
[ Use Thinat fuea
Throst Area I4FTH)
ok | [ cancel | [ Hel

25. Select OK to close the Path Loss Edit
Form dialog box.
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Manifolded Coldplate Example (Continued)

or Thermal > Fluid Model-
ing > Tube/STube.

Select from lump: appears in the Com-
mand line area.

Select the junction in the middle left:
the one at the outlet of the new Loss
element. (See the point labeled Ist in
the graphic to the right.)

Select to lump: appears in the Com-
mand line area.

Select the plenum (triangular or tet-
rahedral icon) near it. (See the point
labeled 2nd in the graphic to the
right.)

Select Upsteam Entity for Area Calcu-
lation (Enter for User Specified Area):
appears in the Command line area.

. Press <Enter>.

Select the new path o highlight it.

or Thermal > Edit.

The junction at the outlet of the new Loss
element will become the inlet of the
pump, which has yet to be defined. Model
an ideal accumulator at this point: specify
a pressure without specifying a tempera-
ture. To do this, create a connection
between the plenum and the loop using an
STube.

The steady flowrate through this STube is
zero, and transiently it will be a bit above
zero only because of thermal expansions
of the fluid in the loop. So the size of this
STube is largely irrelevant: it only serves
to make sure the plenum and the loop
share a common pressure.

The diagram should now look something
like this.

L)

1st

2nd x

v
Y

I

Figure 12-38 STube

et
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Manifolded Coldplate Example (Continued)

The Tube Edit Form dialog box

Tube Edit Form X
Submode: WATER
Id 101 [ Twinned Path
Path Type: (5ITube &
Loss Cosfficient (FK): |0 FK Caloulstor
Comment:
Area/Diameter §election: Advanced Options:
Select Shape O Time Depandent TUBE)
User Speciied @ Time Independent (STUBE]
Hydrawic Diameter|” a
Additional Input
User Speciied  [g "
Flow frea fiF2
Length:
(&) Digtance between lumps
O User Input
ok | [ cawel | [ Hep |

7. Highlight the current value in the User
Specified Hydraulic Diameter field
and type 0.2.

8. Click on User Specified Flow Area
to deselect it (remove the check
mark from the check box and deacti-
vate the input field).

Note: This results in the STube be-
ing circular.

9. Click on User Input in the Length
field to select it (place a dot in the
radio button).

10. Highlight the current value in the
newly activated User Input input field
and type 12.
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Manifolded Coldplate Example (Continued)

Note: When User Input is selected,
Distance between lumps is deselect-
ed.

Tube Edit Form w
Submodet WATER
Id o1 [ Twinned Path
Path Type: [SlTube  +
Loss Coefficient (FKJ: |0
Comment
ArealDiameter Selection: Advanced Optians:
O Time Dependert (TUBE)

User Specified [ (%) Time Independent (STLIRE]
Hydraulic Diameter |“-<
Addiional Input;

User Specified
O Fiow Arca

Length:

) Distance between lumps

@ User Input 12

ok | [ caeel | [ Hep

11. Select OK in the Tube Edit Form dia-
log box.

1. & or Thermal > Fluid Model-
ing > Pump/Fan.

Select from lump: appears in the Com-
mand line area.

2. Click on the junction at the outlet
of the loss element (labeled 1st on
the graphic at the right).

Select to lump: appears in the Com-
mand line area.

3. Click on the tank at the inlet to the
U-shaped pipe (ID 999, labeled 2nd
on the graphic at the right).

Close the loop with a pump.

.

2nd
#999

1st

<

7

j\’ {
? e o

Figure 12-39 View After New Pump
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Manifolded Coldplate Example (Continued)

4. Select the new path ro highlight it.

*]
5. or Thermal > Edit.
The Fan/Pump Edit Form dialog box

Fan/Pump Edit Form X
aaaaaaaa WATER
PPPPPPPPPPPPPPPPP
mmmmmmm
wwwwwwww
© Flontrea o) O Determine Fiow fvea From Dbject

aaaaaaaaaaaaaaaaaaaaaa

rrrrrrrrrrrrrr

6. In the Options (Head Vs Flow
Options) field, select Simple Fan/
Pump curve (place a dot in the radio
button).

The Heat Vs Flow Options fields acti-
vate.

7. Click on the arrow next to Head Units
and select inches from the pulldown
menu (change from the default value
of meter).

8. Click on the arrow next to Flow Units
and select in*3/sec (inches"3/sec)
from the pulldown menu (change from
the default value of meter"3/sec).

9. Click on the Set button.
The Tabular Input dialog box appears.

The Tabular input dialog box is used to
specify the pump flowrate-head curve, in
units of volumetric flow versus length.
The finished table should look like this
(saving and reopening reformats the input

values):

Tabular Input

Enter Yolume Flow Rate [in™3/sec), Head [in]

3

nooo, A& -

no4a, 132 o

0036, 168 @ [~

0130, 144

0144, 126

0163, 102
0132, 48

nz21, 0

Ok | Cancel |

Help

Note: If familiar with PC cutting
and pasting functionality, it is pos-
sible to cut and paste the entry in-
formation from the pdf version of

the User s Manual.
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Manifolded Coldplate Example (Continued)

10. Type the following in the Enter flow
input field:

0, 216
0.048, 192
0.096, 168
0.13, 144
0.144, 126
0.163, 102
0.192, 48
0.221, 0

11. Select OK to close the Tabular Input
dialog box.

PPPPPPPPPPPPPPPPP
mmmmmmm

aaaaaaaa

aaaaaaaaaaaaaaaaaaaaaa

12. Select OK in the Fan/Pump edit dia-
log box.

V4

13. or Thermal > Modeling
Tools > Toggle Selection Filter.

_RCEFilter Thermal Desktop filter
turned on appears in the Command
line area (confirms the filter is on).

Turn the filter on to make it easier to pick
specific entities.

Note: Make sure the filter has been
turned on.
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Manifolded Coldplate Example (Continued)

14. Draw a box around all the items in Turn off the numbers of all the lumps.
the view.

15. Select Thermal > Modeling Tools
> Turn Numbers Off.

The Object Selection Filter dialog box

appears. ]
16. Select Lumps[99] in the Select Type
to filter field if not already selected. .
17 Select OK I_DX . R P JEN
Note: In addition to the view on the Figure 12-40 Numbers Turned Off

screen, press <F2> to view the text
window as another way to confirm
the numbers have been turned off

Let’s turn off path visibility once more.

[4]

18. or Thermal > Preferences.

[P NP DN NDUD AP NP PPN NP U]
wwwwwwwwwwwwwwwwwwww

The User Preferences dialog box i
appears.

19. Select the Graphics Visibility tab i/’
not already displayed.

20. Click on Paths to deselect it
(remove the check mark from the box). :

21. Select OK. I—Dx

Figure 12-41  Path Visibility Turned Off
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Manifolded Coldplate Example (Continued)

1. or Format > Layer.

The Layer Properties Manager dialog
box appears.

2. Select the On and Freeze symbols on
the Board layer, turning them on.

3. Press OK to close the Layer Proper-
ties Manager dialog box.

The fluid loop is complete, but now the
coolant pipes need to be attached to the
plate: to model the saddle, bond, or milled
seat as a Contactor.

First, make the board visible. Only the
surface next to the pipes is needed for
now.

M
I iyt P ST TP TR s Y P W
Aaana 0 L L LS o L AL

|

X 1

Figure 12-42 Board Visibility On
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Manifolded Coldplate Example (Continued)

1. Click on each of the 4 pipes to select
them.

Note: It is not necessary to use the
<Shift> key for the multiple sele-
tion.

2. EF_I or Thermal > FD/FEM Net-
work > Contactor.

Select to surfaces: appears in the
Command line area.

Note: The plate is now the “to” ob-
Ject.

3. Click on the plate to select it.

Select to surfaces: appears in the
Command line area.

4. Press <Enter>.

The Contactor dialog box appears.

Contactor 9]
Comment |
Condustor Submodst: [MAIN v imemations Intervak 10
Contact From: Faces - Tolerance: 3.93701e+021 | jn
(Erelraian B [ ) ] 4pply Sutacs Thickness Ta Test Points
’ Clbe==Tis 2 Testing Algorithm
[vs. Time  [1¥s Temp Diff ® Point Algorithm
. 1
[ Use Absolute Conductance Mk Eheck: Dbieots
O Ray Trace Mlgorithm
] Use stk
ClRsdision (] Onewan

[] Use Mii Nodes

Conduction Coefficient 5 caling

[ Use Pipe Circurt, Scaling [ Use Pipe Length Scaiing
Fiom [4] To(t)
Pipe. 11867 Out Fect:1318
Fipe. 21958 Out
Pipe.3:1933 Out
Fipe.4:19C3  Out
add | [ Deete | [ Eat | [ add ] [ Delete

ot ] [ cancel | [ Hep ]

5. Highlight the current value in the
Contactor Submodel field and select
WALL from the pulldown menu.

6. Highlight the current value in the
Contact From field and select
EDGES fiom the pulldown menu.

These steps use a symbol to describe the
linear conductance along the length of
each pipe. It’s units are not those of the
default model, however, so they must be
specified so Thermal Desktop can convert
it automatically.

A tolerance is used to keep the parts of
the U-shaped pipe that overhang the plate
from connecting to it.

The final drawing should look similar to
the view below:

[ -

TP o

bttt |

: |

2 A

EPP A0 KL R L Y SRS P2l 7

E:
R S
4
9
9
9

Figure 12-43  After New Conductor
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Manifolded Coldplate Example (Continued)

7. Double click in the Conduction
Coefficient field.

The Expression Editor dialog box
appears.

8. Click on the arrow next to the Length
field and select ft from the pulldown
menu (change from default value of
inches).

9. Click on the arrow next to the Time
field and select hr from the pulldown

menu (change from default of sec-
onds).

10. Click on the arrow for the field located
to the right of the Insert button and
select Pipe2PlIt from the pulldown

menu.

Note: PipePlt is a predefined sym-
bol.

11. Click on the Insert button.

Pipe2Plt is displayed in the Expression
field.

12. Select OK to close the Expression Edi-
tor dialog box.

The Contactor dialog box Conduction
Coefficient field now displays
0.00138889 in bold type.

13. Highlight the current value in the Tol-
erance field and type 0.25.
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Manifolded Coldplate Example (Continued)

14. Highlight the 4 pipes in the From
field (bottom left) and then press the
Edit button.

The Select Edges - Multi Edit Mode
dialog box appears.

Select Edges - Multi Edit Mode 53

[#] Mot Used

[] &long Pipe Length

l [a]8 ] [ Cancel ]

15. Click on Along Pipe Length o
select it.

16. Click on Not Used 1o deselect i.

17. Select OK to close the Select Edges -
Multi Edit Mode dialog box.

The pipes in the From field reflect the
change.

18. Select OK to close the Contactor dia-
log box.

Small green icons at the beginning of
each of the 4 pipes, and a small red
cross in the center of the plate appear
representing the contactor.

12-71



Manifolded Coldplate Example (Continued)

[4]

or Thermal > Preferences.

The User Preferences dialog box
appears.

Select the Graphics Visibility tab if
not already selected.

Click on Lumps to deselect it
(remove the check mark).

Click on Contactors o deselect it
(remove the check mark).

Select OK.

Prepare for postprocessing by:

turning off visibility of the lumps and
contactors

turning off visibility of the surfaces on
the both sides of the plate

then turning back on the FEM model
of the plate itself.

The piping model has been built on the
back side of the aluminum plate.
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Manifolded Coldplate Example (Continued)

or Thermal > Model
Browser.

The Model Browser window appears.

List Edit Display Options Help
¥R @8 oAkt

Surface and Solid Tree

+ CC Mot Generated
+ MAIN
st

+-(sM|] PLATE

Hothing =elected

Using the Model Browser menu,
click on List to confirm that Surfaces/
Solids is selected (check mark).

. Expand the CC Not Generated tree
by clicking on the + sign.

Two rectangles appear in the list.
. Highlight both rectangles, holding

down the <Shift> key to select the
second rectangle.

Using the Model Browser menu,
click on Display > Turn Visibility
Off.

Select PLATE in the list; do not
expand this tree.

Using the Model Browser menu,
click on Display > Turn Visibility
On.

Close the Model Browser.

The Model Browser is a key tool for navi-
gating through a Thermal Desktop model:
finding, editing, changing visibility,
deleting, etc. It is a good idea to practice
with the Model Browser.

The drawing should now appear similar
to the view below:

Figure 12-44 Model Browser Visibility
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Manifolded Coldplate Example (Continued)

Set SINDA/FLUINT to use its standard

1. al or Thermal > Preferences, | US Customary (English) units.

Note: Units need only be defined

The User Preferences dialog box : .
when a fluid submodel is used.

appears.
2. Select the Units tab.

3. Select ENG in the Output Units for
SINDA/FLUINT Models field (display
a dot in the radio button).

4. Select OK.
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Manifolded Coldplate Example (Continued)

1. Select Thermal > Fluid Modeling > | Specify the user-defined water-glycol file
Submodel Manager. as the working fluid. This file already

The FLUINT Submodel Manager dia- exists in the drawing directory, but the
log box appears fluid must be named consistently (fluid

ID “9050") and point to this file.

Set Default

o

=
=]

]

Froperties

[ QK ] [ Cancel ] [ Help

2. Select Properties.

The Fluid Submodel Properties dialog
box appears.

Fluid Submodel Properties X
Define Fluid | Network 1D's
Fluid Used in Submodel: WATER
Water(t) |

l 0K ][ Cancel ][ Help

3. Select Edit.
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Manifolded Coldplate Example (Continued)

The Fluid Edit dialog box appears.

Fluid Edit 53
Fluid Selection for Submodel: WATER
@ Library wiater v
(O User Defined Fluid
Include File:
Fluid Constituent |dentifier | & v

4. Click on the User Defined Fluid
radio button to select it (display a dot
in the circle).

5. Highlight the current value of 718 in
the User Defined Fluid input field and
type 9050.

6. Select Browse.
The Open dialog box appears.

7. Select waterglycol.inc and press the
Open button.

Note: Waterglycol.inc should now
appear in the File Name field.

8. Select Open.

A Thermal Desktop/AutoCAD dialog
box appears confirming the new value.

9. Select Yes to close the Thermal Desk-
top/AutoCAD dialog box.

10. Select OK to close the Fluid Edit dia-
log box.

11. Select OK to close the Fluid Submodel
Properties dialog box.

12. Select OK to close the FLUINT Sub-
model Manager Form dialog box.
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Manifolded Coldplate Example (Continued)

It’s time to launch the transient analysis,

or Thermal > Case Set Man- | Which has been set up already in the Case

ager.

The Case Set Manager dialog box
appears.

Select Run Case.

The Duplicate Nodes Found dialog
box appears.

Duplicate Nodes Found @

1 duplicate node ids have been found,

Nodes that have the same submodal and id, akso have the same
temperature:

There may be situations where this is desired in vour model, but most fkely
you would want to renumber the nodes and make each one unique.

You can change the pulldown on the Case et Manager Form ta stop gelting
this message in fulure uns

[ Automatically Renumber the Duplicate |ds ]

[ £llow The Duplicate Ids To Rlemain In The Model |

[ Cancel Running This Job So You Can Investigate The Duplicate 1ds ]

Select Allow The Duplicate Ids To
Remain In The Model.

Note: Verify that only node
PLATE.9999 is duplicated.

Sinda/Fluint Run Status dialog box
appears confirming the successful
completion of the process and the
drawing area graphics update.

Click OK to close the dialog box.

Note: If problems are encountered
during the run and the problem(s)
cannot be diagnosed, consult with
the instructor if completing this ex-
ercise in class, or contact C&R for
help.

Set Manager.

Note: If not familiar with this other
key part of Thermal Desktop, take
the time to browse. For example, re-
view the user logic that has been
added to the FLOGIC2 Water sub-
model.
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Manifolded Coldplate Example (Continued)

Ein or Thermal > Post Process-
ing> Edit Current Dataset.

The Set Sinda Dataset Properties dia-
log box appears.

(X

Set Sinda Dataset Properties.

Select a Time/Record [sec]  Data to View

B0.0 43168 A Nodes
100 50E51 B

Temperaturz 1) v

Lumps | Temperatue [TL) v
Paths: Flow Rate  (FR) v
Ties Tic Heat Rate [QTIE) v

[ Plot data for MLI Nodes

140471

[ Smart Color Bar Cycling

SINDAFLUINT Save File:
manifold.sav

Description

ok | [ Cencel | [ Heb

2. Scroll to the bottom of the Select Time/
Record [sec] field to move to the end
of the SAVE file and highlight the
last point—the end of the run at 323
seconds.

3. Select OK to close the dialog box.

4. If'the nodes do not color perform this
operation until the path color bar is

visible:
. or Thermal > Post
Processing > Cycle Color
Bars.

The answer to the design question is 323
seconds—that’s how long before the dis-
sipation point reaches 110°F.

The resulting colored plot, however,
shows graphically how well the sensible
heat in the plate was utilized.

Node

>92. 11

s 11

91.13

0. 15

8918

<8234

Temperature [F1, Time = 323 sec

Figure 12-45 Solution
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Manifolded Coldplate Example (Continued)

[4]

or Thermal > Preferences.

The User Preferences dialog box
appears.

Select the Graphics Visibility tab.

Click on Lumps to select it (display
a check mark).

Click on Pipes o deselect it
(remove the check mark).

Select OK.

Note: Caution, the lump color bar
is different from the node color
bar: the inlet lump is 110 degrees,
not 94.

Turn on lumps to visually see the gradi-
ents between the fluid and the plate.

Note: To move or resize a color bar,
switch from Model to Paper space
by pressing the button in the lowest
edge of the AutoCAD frame in the
middle. Then select the color bar;
move or stretch it via its grip points,
then return to Model space when
done.

Select the tank at the pipe inlet and
the junction at the pipe outlet
(loss inlet) to highlight them.

Note: It is not necessary to hold
down the <Shift> key to select the
two objects. Also, remember to use
the tool tips to insure the correct ob-
Jects are being selected.

Vs

Note: The Turn Numbers On icon is
located on a tool bar in the lower
right area of Thermal Desktop (un-
less moved by the user).

If the Object Selection Filter dialog
box appears, highlight Lumps(2) if not
already highlighted and click OK.

Turn Numbers On icon.

The actual temperatures themselves can
be shown on the screen as text, too.

Instead of element IDs displayed in the
drawing mode, in the postprocessing
mode the requested values (temperature,
in this case) are printed.

.

Figure 12-46  Temperature View

12-79



Manifolded Coldplate Example (Continued)

Select the tank at the pipe inlet and
the junction at the pipe outlet
(loss inlet) to highlight them once
more.

Note: It is easier to select the two
lumps now by picking their labels
(their temperatures).

Select Thermal > PostProcessing
> X-Y Plot Data vs. Time.

. Return to the Thermal Desktop win-
dow when finished with the plot.

Call for a EZ-XY® plot versus time.
Adjusting the frame, replacing the title,
and enlarging the fonts (see EZ-XY help
files) yields:

¥ Exv3

== EIEX
Inlet and Outlet Coldplate Response

— =15

WATER.TL19 WATER.TL999

110 -

105 -

100 -+

95 |

Temperature

90 +

85 -

80 |-
Lod L L L]

000 001 002 003 004 D005 006 D007 008 009
Time
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Manifolded Coldplate Example (Continued)

[4]

or Thermal > Preferences.

The User Preferences dialog box
appears.

Select the Graphics Visibility tab if
not already selected.

Click on Lumps to deselect it
(remove the check mark).

Click on Paths to select it (display a
check mark).

Select OK.

or Format > Layer.

The Layer Properties Manager dialog
box appears.

Select the On and Freeze symbols on
the Board layer, turning them off.

. Press OK to close the Layer Proper-
ties Manager dialog box.

. If needed, perform this operation until
the path color bar is visible:

fir

or Thermal > Post Process-

ing> Cycle Color Bars.

Look at the flowrate distributions. Turn
off the lumps and the plate, and turn on
the paths first.

Growing the color bar (see Model/Paper
manipulations above), and turning off the
lump temperature numbers and turning on
the path flowrate numbers yields:

/ D 002815
Ve A
//

/
p /«0001213 /

— 1 0.00438 A § ’
A }_ﬁ

\
L
W
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o

uuuuuuu

nnnnnnn

o~ DDDNEB Ve
v Ve
V4
A /0 008537
Ve

N v
#

nnnnnnnn

sssssssss

<L, 1622005
Flow Rate [ lbnssec], Time

Figure 12-47 New Visibility & Color Bar

= 303 000246 sec

The first and last paths carry the most
flow, despite the fact that the far end of
the plate is under utilized (due to the low
temperature gradients: the heat in that leg
was already mostly rejected in the mani-
fold).

Caution: this model did not include wye
and tee (merging and splitting) flow
losses, which can be calculated by
SINDA/FLUINT but require more set up.

Select File > Exit.

A Thermal Desktop/AutoCAD dialog
box appears asking to save the draw-
ing changes.

2. Select Yes.

Exit Thermal Desktop and save as
prompted.
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12.3.1 For the advanced user:

Assume that the pipe-to-plate conductance cannot be increased (i.e., the saddle design,
the braze, or the press-fit into the ball end milled channel). Due to the low pressure

drops in the coldplate, perhaps a one-pass serpentined pipe would have been a better
choice.

Try replacing the manifold with a single serpentined pipe—use the AutoCAD polyline
again with arcs and lines, or build separate arcs and lines with common endpoints.
Also try different pipe sizes and lay-outs of the serpentine.

Note: Once a pipe and contactor are defined, just move around
the pipe using the AutoCAD grip points and rerun the analysis.
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12.4

Drawn Shape Heatpipe

What you should learn.

creating a FloCAD heatpipe with a User defined outer shape
connecting pipes

adding fluid network components

accessing a user-defined fluid

defining a fan or pump curve

postprocessing a transient run

In this example, a simple heatpipe utilizing a user drawn outer shape will be constructed.
The heatpipe will be 1 inch x 1/2 inch x 0.05 inches. There will be a heated plate below and
a cooled plate above the heatpipe. The plates and the heatpipe will be connected via con-

tactors.

The ambient is 68°F air with a convection coefficient of 30 BTU/hr-ft2-F (stored as
parametric symbol EnviroU). 100W (symbol Power) is dissipated into the base plate.

Drawn Shape Heatpipe Example

1. Double click on the file drawnShape.dwg located in the Tutorials/drawnSHape
folder.

Thermal Desktop opens with the drawnShape drawing on the screen.

A model of the plate and its convection environment have already been generated
(but are not currently visible), along with some symbols that can be used to generate
a parametric model.

The units of the initial drawing are BTU, inches, seconds, °F.
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Drawn Shape Heatpipe Example (Continued)

Draw an AutoCAD polyline representing

7 or Draw > Polyline. the centerline of the pipe.

A simple line will be used for the center-
line. Use the coordinate to create the lines
of the correct size.

Specify start point: appears in the
Command line area.

2. Type 0.25,-0.25 into the Command
line.

Specify next point or [Arc/Halfwidth/
Length/Undo/Width]: appears in the
Command line area.

3. Type 0.25,0.75 into the Command
line.

Specify next point or [Arc/Halfwidth/
Length/Undo/Width]: appears in the
Command line area.

4. Press <Enter> to terminate the .
polyline.

The drawing should look similar to the
view below:

Figure 12-48 New Polyline

If the final line is not correct, delete it and
try again.
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Drawn Shape Heatpipe Example (Continued)

i
1. or Draw > Polyline.
button polyline

Specify start point: appears in the
Command line area.

2. Type 0.75,0.25 into the Command
line.

Specify next point or [Arc/Halfwidth/
Length/Undo/Width]: appears in the
Command line area.

3. Type a to start the arc drawing mode.

Specify endpoint of arc or [Angle/CEn-
ter/CLose/Direction/Halfwidth/Line/
Radius/Second pt/Undo/Width]:

appears in the Command line area.
4. Type a to start the angle mode.

Specify included angle appears in the
Command line area.

5. Type 90 into the Command line to
specify the included angle.

Specify endpoint of arc or [CEnter/
Radius]: appears in the Command line
area.

6. Type 0.775,0.225 into the Command
line to specify the end point.

Specify endpoint of arc or [Angle/CEn-
ter/CLose/Direction/Halfwidth/Line/
Radius/Second pt/Undo/Width]:

appears in the Command line area.

7. Type line (or just the letter 1) into
the Command line to start the line
drawing mode.

Specify next point or [Arc/Close/Half-
width/Length/Undo/Width]: appears in
the Command line area.

8. Type 1.225,0.225 into the Command
line to specify the end of the straight
section.

Next, draw an AutoCAD polyline repre-
senting the inner surface of the pipe. The
shape can be drawn anywhere. One
important feature of the shape is that the
line must be closed. The last command
when generating a line to be used for the
drawn shape should be CLOSE (or the
shorthand command, CL). Even if a point
is created at the same location as the start
of the line, the line should be closed. The
object properties window can be used to
edit a line that was not closed during the
initial creation.

The drawing should appear similar to the
view below:

v
¥
I—DX

Figure 12-49 Second Polyline

If the shape line is not correct, delete it
and try again.
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Drawn Shape Heatpipe Example (Continued)

Specify next point or [Arc/Halfwidth/
Length/Undo/Width]: appears in the
Command line area.

9. Type a to start the arc drawing mode.

Specify endpoint of arc or [Angle/CEn-
ter/CLose/Direction/Halfwidth/Line/
Radius/Second pt/Undo/Width]:

appears in the Command line area.
10. Type a to start the angle mode.

Specify included angle appears in the
Command line area.

11. Type 180 into the Command line to
specify the included angle.

Specify endpoint of arc or [CEnter/
Radius]: appears in the Command line
area.

12. Tipe 1.225,0.275 into the Command
line to specify the end point.

Specify endpoint of arc or [Angle/CEn-
ter/CLose/Direction/Halfwidth/Line/
Radius/Second pt/Undo/Width]:

appears in the Command line area.

13. Type line (or just the letter I) into
the Command line to start the line
drawing mode.

Specify next point or [Arc/Close/Half-
width/Length/Undo/Width]: appears in
the Command line area.

14. Type 0.775,0.275 into the Command
line to specify the end of the straight
section.

Specify next point or [Arc/Close/Half-
width/Length/Undo/Width]: appears in
the Command line area.

15. Type a to start the arc drawing mode.

Specify endpoint of arc or [Angle/CEn-
ter/CLose/Direction/Halfwidth/Line/
Radius/Second pt/Undo/Width]:

appears in the Command line area.
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Drawn Shape Heatpipe Example (Continued)

16. Type CL to close the line and com-
plete the input.

1. Select the straight line o highlight Convert the lines into a pipe segment,
it. name its components, specify its materi-
als, dimensions, resolution, etc.

2 e or Thermal > Fluid Model- Afterwards, the drawing should appear
ing > Pipe. as.

Select Line Entity for Pipe Cross Sec-
tion Shape Definition: appears in the
Command line area.

3. Select the closed loop to highlight it.

Select Line Entity for Pipe Cross Sec-
tion Shape Definition: appears in the
Command line area.

4. Press <Enter>.

The RcPipe Edit Form dialog box
appears. Figure 12-50 Pipe Segment
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5. Select the Pipe Selection tab if not
already displayed. If the drawing is examined it will be
found that a copy of the closed line has
been placed at the start of the pipe. The
original shape is not associated with the

6. Click on HeatPipe fo select it (place
a dot in the radio button).

Note: notice when Heatpipe is se- pipe and can be deleted if desired. Notice
lected, the Pipe Attributes and Ties that the plane of the shape has been

tabs disappear and a HeatPipe changed to be perpendicular to the start of
Data tab is displayed. the pipe.

7. Select the Subdivision tab.

8. Highlight the current default value of
1 in the Pipe Circumf Equal field and
type 16.

9. Highlight the current default value of
4 in the Pipe Length Equal field and

type 16.
10. Select the Node Numbering tab.
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Drawn Shape Heatpipe Example (Continued)

11. Highlight the current value in the Both
Sides Submodel field and type CHAM-
BER.

The Vapor Nodes Submodel field
automatically updates to CHAMBER.

12. Highlight the current value in the
Vapor Node ID input field and type
1000.

13. Select the HeatPipe Data tab.

A Thermal Desktop/AutoCAD dialog
box appears asking confirmation to
add CHAMBER as a Submodel.

1] E Are you sure you want to add submodel CHAMBER. to the submodel list
L

[ Yes ] [ Mo

14. Select Yes.

The dialog box displays the HeatPipe
Data tab.

15. Click on the arrow next to the Wall
Material field and select Copper
from the pulldown menu.

16. Select Diffusion in the Wall Node
Type field (display a dot in the radio
button).

17. Click on the arrow next to the Wall
Input field and select Thickness
Input from the pulldown menu.

18. Highlight the current value in the Wall
Thickness input field and type .01.

19. Select OK to close the RcPipe Edit
Form dialog box.

20. Click on the original polyline.
21. Press the <Delete> key.

Delete the original polyline.

Thermal Desktop won’t allow a line to be
deleted if it is associated with a pipe until
the pipe is deleted.
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Drawn Shape Heatpipe Example (Continued)

22. Select View > 3D Views > Front. The initial orientation of the pipe will be a
function of the where the shape was
drawn. Switch the view to look at the
heatpipe from the front. The view should
then look similar to the view below:

Figure 12-51  Front View
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Drawn Shape Heatpipe Example (Continued)

Select the heatpipe.

A grip point should appear on the left
edge of the heatpipe. Moving the cur-
sor into the grip point should bring up
a tool tip that says “Start Angle”.

Note: If the shape line is selected, 7
grip points will be visible.

Click on the grip point to enter the
rotation mode.

Specify stretch point or [Base point/
Copy/Undo/eXit]: appears in the Com-
mand line.

Since this drawing doesn’t have any
points to select, to insure a perfect 45
degree rotation, use a point in space to
create the 45 degree angle.

Tpe 0.125,0,0.125 in the Command
line.

The heatpipe rotates.

Select Modify > 3D Operation >
Rotate 3D.

Select objects: appears in the Com-
mand line.

Select the polyline drawn as the
inner surface of the heatpipe.

Note: When selected, only that in-
ner line should become dashed to
show it is selected.

. Press <Enter> to complete the selec-
tion of the polyline.

Specify first point on axis or define
axis by [Object/Last/View/Yaxis/Zaxis/
2 points]: appears in the Command
line.

Type Yaxis in the Command line to
begin that mode.

When working with pipes it is important
to understand that they are made up of
several semi-independent pieces.

* The lines defining the centerline are a
group.

* The line defining the shape is another
object

* The pipe representation is a third
object.

When selected, the pipe will have a single
grip point at the start angle location.
Manipulation of the shape or layout of the
centerline is performed on the lines.

To modify the orientation a number of
methods can be utilized. The heatpipe
will be oriented with the Z-axis using two
steps. This will highlight two of the meth-
ods that can be used to change the orien-
tation of the heatpipe. Grip editing
provides the quickest method. Notice that
a 3D coordinate is used to define the rota-
tion point since a front view with the
world coordinate system is currently
being utilized. This point is 45 degrees up
from the center point of the heatpipe
shape, which is at 0.25,0,0

Next complete the move using object
modify methods specifying the angle of
rotation desired. Perform a 3D rotation of
45 degrees about the centerline of the
heatpipe. The vapor node in the center
can be used as the point on the Y axis
about which to rotate. The object to rotate
is the polyline that makes up pipe shape.
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Drawn Shape Heatpipe Example (Continued)

Specify a point on the Y axis <0,0,0>:
appears in the Command line.

. Select the node in the center of

the heatpipe (should be 0.25, 0.25,
0.0 coordinates).

Specify rotation angle or [Reference]:
appears in the Command line.

Type 45 in the Command line as the
rotation angle.

Now the drawing should look similar to
the view below:

7

, ‘ fIPK]Zi

(&
Figure 12-52 Heat Pipe Orientation
Changed

. Select the heatpipe.

Note: It easiest to pick on the
Pipe.1 label.

. Select Thermal > Modeling Tools
> Align UCS to Surface.

The previous commands work in the 3D
world coordinate system. It is also possi-
ble to work in a 2D UCS.

First set the view to the object UCS.

. Select the heatpipe and click on the
Start Angle grip point (located at the
top of the heatpipe).

Specify stretch point or [Base point/

Copy/Undo/eXit]: appears in the Com-
mand line.

Type 0,0 in the Command line.

Now rotate the heatpipe back to the hori-
zontal position.
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Drawn Shape Heatpipe Example (Continued)

5. or Format > Layer.

The Layer Properties Manager dialog
box appears.

6. Select the On and Freeze icons on
the Boundary layer, turning them
on.

7. Press OK fto close the Layer Proper-
ties Manager dialog box.

8. ﬁ or:

* Type Zoom (or the letter Z) in
the Command line.

» Type Extents (or the letter E)
in the Command line

This centers the model.

Generate some contact to the heatpipe.

Turn on the layer with the surfaces
already generated. The model should now
look similar to the following:

Figure 12-63 Boundary Layer On
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Drawn Shape Heatpipe Example (Continued)

10.

11.

or Thermal > FD/FEM Net-
work > Contactor.

Select from objects: appears in the
Command line area.

Select the bottom plate as “from”
surface.

Select from objects: appears in the
Command line area.

Press <Enter>.

Select to surfaces: appears in the
Command line area.

Select the heatpipe as “to” surface.

Select to surfaces: appears in the
Command line area.

Press <Enter>.
The Contactor dialog box appears.

Click on the arrow next to the Conduc-
tor Submodel field and select Base
from the pulldown menu.

Insure Faces is selected in the Con-
tract From field.

Highlight the current value in the
Conduction Coefficient field and type
0.01.

Click on Use Material ro select it
(place a check mark in the box).

The Use Material input field activates.

Select ThermalGrease fiom the Use
Material pulldown menu.

Highlight the current value in the Tol-
erance field and type 0.04.

Press OK to close the Contactor dia-
log box.

Now connect the base to the heatpipe.

The tolerance used will insure that the
base only contacts the lower surface of
the heatpipe since the distance will only
go from the surface of the base to the cen-
terline of the heatpipe.
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Drawn Shape Heatpipe Example (Continued)

EFI Repeat the same process for the top plate.
I or Thermal > FD/FEM Net- This time changing the surface of the
work > Contactor plate to be the bottom.

Select from objects: appears in the
Command line area.

2. Select the top plate as “from” sur-

face.

Select from objects: appears in the
Command line area.

Press <Enter>.

Select to surfaces: appears in the
Command line area.

3. Select the heatpipe as “to” surface.

Select to surfaces: appears in the
Command line area.

4. Press <Enter>.
The Contactor dialog box appears.

5. Click on the arrow next to the Conduc-
tor Submodel field and select Top
from the pulldown menu.

6. Insure Faces is selected in the Con-
tract From field.

7. Highlight the current value in the
Conduction Coefficient field and type
0.01.

8. Click on Use Material ro select it
(place a check mark in the box).

The Use Material input field activates.

9. Select ThermalGrease from the Use
Material pulldown menu.

10. Highlight the current value in the Tol-
erance field and type 0.04.

11. Double click on the Rectangle in the
From field.
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Drawn Shape Heatpipe Example (Continued)

The Select Faces dialog box appears.

12. Click on Top to deselect it (remove
the check mark).

13. Click on Bottom to select it (display
a check mark).

14. Select OK fo close the Select Faces
dialog box.

15. Press OK to close the Contactor dia-
log box.

16. Select Thermal > Model Checks >
Show Contactor Markers.

Select contactors to display markers

for: appears in the Command line area.

17. Select the upper contactor which is
displayed as a green line (downward
arrow) from the center of the upper
plate to the center of the pipe.

Select contactors to display markers

for: appears in the Command line area.

18. Press <Enter>.

Multiple yellow lines representing the
contactor appear.

To see where the contactor will connect
the top plate to the pipe use contactor
markers.

The drawing should now look similar to
the view below:

==
[

Figure 12-54 Contactor Markers On

19. Select Thermal > Model Checks >
Clear Contactor Markers.

This command clears the points from the
screen.

Leaving the contact or contactor markers
on the screen can slow down the graphics
update and obscure post-processing.

1. Select File > Exit.

A Thermal Desktop/AutoCAD dialog
box appears asking to save the draw-
ing changes.

2. Select Yes.

Exit Thermal Desktop and save as
prompted.
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12.5 FEM Walled Pipe

What you should learn.
* creating an FloCAD pipe with a wall made up of existing surfaces
» Using natural convection correlations
* Visualize flow areas computed by pipes
* postprocessing fluid models using the model browser

In this example, a pipe utilizing a set of finite element surfaces will be constructed. There
is hot air flowing through the duct. The duct contains a hole in the side that will be connected
to another portion of the system (not performed in this model).

The ambient is 20°C air with natural convection computed using built-in correlations.
200°C air is flowing through the duct.

FEM Walled Pipe Example

A model of the pipe wall has already been generated, along with some symbols that can
be used to generate a parametric model. The units of the initial drawing are Joules,
meter, seconds, °C.

1. Double click on the file pipeDuctWall.dwg located in the Tutorials/WalledPipe
folder.

Thermal Desktop opens with the pipeDuctWall drawing on the screen.

Figure 12-55 |Initial View
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FEM Walled Pipe Example (Continued)

. Select TDIRC Nodes 1o deselect it

Turn off the nodes and surfaces to make it

(4] or Thermal > Preferences easier to find the centerline.

The User Preferences dialog box
appears.

Select the Graphics Visibility tab.

1

(remove the check mark from the box). ]

Select Surfaces fo deselect it
(remove the check mark from the box).

. Select OK to close the dialog box. Figure 12-56 Nodes and Surfaces Off
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FEM Walled Pipe Example (Continued)

1. Select the LWPolyline that is now
visible.

2. e or Thermal > Fluid Model-
ing > Pipe.
Select Line Entity for Pipe Cross Sec-

tion Shape Definition: appears in the
Command line area.

3. Press <Enter> without selecting any-
thing in order to use the surfaces for
the wall.

The RcPipe Edit Form dialog box
appears with the Pipe Selection tab
displayed.

4. Select Fluid Pipe with Surfaces
for Wall (display a dot in the radio
button).

The Wall Surfaces Ids field activates.

5. Click on the Add button to the right of
the Wall Surfaces Ids field.

Select the surfaces for the pipe wall of
[Horidown/HOriup/Vert]: appears in the
Command line area.

6. Type all in the Command line.

Select the surfaces for the pipe wall of
[Horidown/HOriup/Vert]: appears in the
Command line area.

7. Press <Enter>.

An AutoCAD LWPolyline representing
the centerline of the pipe has already been
created on the Construction layer. The
line was formed simply by selecting the
points in the center of the wall section
that were found at the intersection of con-
struction lines from opposite corners of
the wall, and extending the line vertically
after the bend.

The drawing should look similar to the
view below:

Figure 12-57 Pipe Wall

There will be messages in the command
line area stating that the area calc failed
three times at about distance of 10.22.
This indicates a problem with the closure
of the pipe wall at that distance from the
beginning of the pipe. The next steps will
demonstrate how to find and fix this prob-
lem.
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FEM Walled Pipe Example (Continued)

The RcPipe Edit dialog box reappears.

=
Pipe Selection | Subdiision | Pipe Attrbutes | Ties | Sutace | L
€ Fluid Fipe with wal wall Surtsce Ids (4261
€ Fluid Fipe without wal (Gusd Elemz0C Top - Add
Qusd Elem-804  Top
€ HealPipe Qusd Eler-008 Top
(Quad Elem:806  Top ﬂl
C walleniy Qusd Elem-804 Top
Qusd Elem-802 Top Edt
 Flid Pipe wilh Burfares T Wil ErEE i U
Quad Elem:7FD  Top
Centerine Curve Ids (1) (uad Elen:7FB - Top
Dusd Elem7F9 Top
Polyine: 30D Add Quad Elem:7F7  Top
Qusd Elem7F5 Top
Dusd Elem:7EE Top
Delet
= Qusd Elem-7EC Top
Qusd Elem7EA Top
N1 2 FlarmPER T I |
[ EA Y
0k | Gl | Hebp

8. Select OK to close the dialog box.

1. or Thermal > Preferences.

The User Preferences dialog box
appears.

2. Select the Graphics Visibility tab if
not already displayed.

3. Select Ties to deselect it (remove
the check mark from the box).

4. Select TDIRC Nodes 1o select it
(display the check mark).

5. Select Surfaces to select it (display
the check mark).

6. Select OK fto close the dialog box.

Turn off the display of the ties to pre-
vent the screen from being too clut-
tered. The surfaces must be turned on
to see the problem area.

Figure 12-58  After Visibility Changes
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FEM Walled Pipe Example (Continued)

1. Select Thermal > Modeling Tools
> Show Path Area.

Select pipe(s) to show area: appears
in the Command line area.

2. Type all in the Command line.

Select pipe(s) to show area: appears
in the Command line area.

3. Press <Enter>.

The command RcShowPathArea will dis-

play the areas that have been calculated
by FloCAD.

The drawing should look similar to the
view below:

Figure 12-59 Show Path Area

Note in the vertical section the red area
three down from the top is not a complete
rectangle. This is because the wall of the
pipe has a hole in the side of the pipe. We
need to add a dummy surface here to
close off the pipe.

4. or View > Shade > Gouraud
Shaded.

Change the shading to see the hole better.
Use Gouraud Shading to see it.

Figure 12-60 Shading Changed
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FEM Walled Pipe Example (Continued)

5. Select Thermal > Modeling Tools
> Clear Path Area.

This will erase all rays shown for the path
area calculations, and for radiation calcu-
lations.

Figure 12-61

Rays Cleared

6. or Format > Layer.

The Layer Properties Manager dialog
box appears.

7. Select the Wall layer to highlight it.

Note: The current layer is the Pipe
layer.

8. Select Current to make this layer

where the next objects will be created.

9. Press OK to close the Layer Proper-
ties Manager dialog box.

Keep this surface with the rest of the wall.

V4

10. or Thermal > Modeling
Tools > Toggle Selection Filter.

Note: Confirmation that the filter is
on appears in the Command line ar-
ea.

Turning on the selection filter will make
it easier to only display the nodes in the
next step.

11.View > Shade > 2D WireFrame.

Change back to 2D wireframe.
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FEM Walled Pipe Example (Continued)

1. or Thermal > Model
Browser.

The Model Browser window appears.

2. Using the Model Browser menu,
select List > Submodel.ld.

The list in the Model Browser updates.

3. Hold down the <Ctrl> key and select
nodes 112,126, 437 and 448 in the

tree.

4. Using the Model Browser menu,
select Display > Only.

The Object Selection Filter dialog box
appears.

5. Select Nodes(4).
6. Select OK.
Close the Model Browser.

Note: The Model Browser window
may be minimized instead of closed
for use later in the tutorial.

The hole is defined by 4 nodes in this
model. The easiest way to close this par-
ticular hole is to create a surface using the
four nodes at the corners of the hole. This
sequence shows what the nodes are, but
in reality, it is necessary to turn the node
ids on, and then discern which nodes are
needed to fill in the hole.

After performing the command, the 4
nodes should be seen on the screen.

Figure 12-62 Display Nodes

V4

8. or Thermal > Modeling
Tools > Toggle Selection Filter.

Turn the filter off so that it doesn’t keep
coming up when as commands are per-
formed.

12-102




FEM Walled Pipe Example (Continued)

. Select Thermal > FD/Fem Network

> Element.

Select Objects or [Horidown/HOriup/
Vert: appears in the Command line
area.

Select Node 1.

Select Objects or [Horidown/HOriup/
Vert: appears in the Command line
area.

Select Node 2.

Select Objects or [Horidown/HOriup/
Vert: appears in the Command line
area.

Select Node 3.

Select Objects or [Horidown/HOriup/
Vert: appears in the Command line
area.

Select Node 4.

Select Objects or [Horidown/HOriup/
Vert: appears in the Command line
area.

. Press <Enter>.

The Object Selection Filter dialog box
appears.

Select OK.

Be sure to pick the nodes by following the
edge of the hole, either in a clockwise or a
counter-clockwise order. Otherwise a
quad element with diagonals that will
cross be the result. It may be necessary to
zoom in slightly to make picking the
nodes easier and it also might be good to
switch to wireframe mode.

Figure 12-63 Create Element
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FEM Walled Pipe Example (Continued)

1. Select the quad element. In order for the area to not be associated
with this surface used to create ties—or
anywhere else in the model— turn off any
2. or Thermal > Edit. nodes or conductors that may be created.

The Thermal Model Data dialog box
appears.

3. Select the Cond/Cap tab.

4. Click on Generate Nodes and Con-
ductors to deselect it (remove the
check mark from the box).

5. Select the Comment tab.
Type Dummy in the Comment field.
7. Select OK.

8. = or Format > Layer.

The Layer Properties Manager dialog
box appears.

9. Select the Pipe layer to highlight it.

Note: The current layer is the Wall
layer.

10. Select Current to make this layer
where the next objects will be created.

11. Press OK to close the Layer Proper-
ties Manager dialog box.
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FEM Walled Pipe Example (Continued)

1. or Thermal > Model
Browser.
Note: Or maximize the Model

Browser if minimized earlier.

2. Using the Model Browser menu,
select List > Pipes.

3. Expand pipe.1 (click on the + sign).
4. Select pipe:: name fo highlight it.

*
5. ] or Edit > Edit using the Model
Browser tool bar or menu.

The RcPipe Edit Form dialog box
appears.

6. Select the Pipe Selection tab if not
already displayed.

7. Click on the Add button located to the
right of the Wall Surfaces Ids field.

Select the surfaces for the pipe wall or
[Horidown/HOriup/Vert]: appears in the
Command line area.

Note: It may be necessary to move
the Model Browser window to view
the commands and to make a selec-
tion.

8. Select the quad element just cre-
ated.

9. Press <Enter> to complete the selec-
tion of the surface.

The RcPipe Edit Form dialog box
reappears.

10. Scroll down to the bottom of the Wall
Surface Ids field.

11. Double click on the Quad Elem-
Dummy entry.

The Select Faces dialog box appears.

Add this new element to the surfaces of
the pipe. Using the model browser is the
easiest way to be able to edit the pipe and
add this one new surface.

Leave the display as it is. Although it’s
fine to return visibility to many of the
objects if desired, it isn’t necessary.

After adding the Dummy surface to the
list, edit the surface in the list so that no
sides are active. The surface will then
only be used for the area calculation, but
will not have any heat transfer associated
with it.
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FEM Walled Pipe Example (Continued)

12. Click on Top to deselect it (remove
the check mark from the box).

13. Select OK fo close the Select Faces
dialog box.

14. Select OK to close the RcPipe Edit
Form dialog box.

15. Close or minimize the Model
Browser.

1. Select Thermal > Modeling Tools | Check to see that the error messages are
> Show Path Area. no longer being received. It may be nec-
essary to zoom out slightly to see all of

Select pipe(s) to show area:
PiP&(s) appears the flow areas.

in the Command line area.
2. Type all in the Command line.

Select pipe(s) to show area: appears
in the Command line area.

-
3. Press <Enter>. <l
Haglt™

Figure 12-64 Show Path Area

4. Select Thermal > Modeling Tools | Clear the screen.
> Clear Path Area.
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FEM Walled Pipe Example (Continued)

or Thermal > Model
Browser.

Note: Or maximize the Model
Browser if minimized earlier.

. Expand pipe.1.
. Expand pipe.1::

Select all of the objects in the list
except for Ties.

Note: Use the <Ctrl> key to select
non-contiguous items.

™e o Display > Turn Visibility
On using the Model Browser tool
bar or menu.

. Select OK to close the dialog box.

Close or minimize the Model
Browser

Turn on the visibility of the pipe and all
of its components (except the ties).

Figure 12-65 After Visibility Changes

12-107




FEM Walled Pipe Example (Continued)

~

Select lump 1 at the lower left Set up the model to run by creating a
pressure drop across the duct to

Note: If having trouble selecting induce some flow

just the lump, zoom into the area, or
draw a large box from left to right
around only the first lump.

*]
2. or Thermal > Edit.

The Lump Edit Form dialog box
appears.

w

Select Override calculations by
pipe.
The Type field activates.

RaN

Click on the plenum radio button to
select it (display a dot in the circle).

“

Highlight the current value in the
Pressure field and type 101400.

6. Double click in the Temperature
field.

The Expression Editor dialog box
appears.

7. Click on the arrow to the right of the
Insert button and select flowtemp
from the pulldown menu.

8. Click on Insert.

Flowtemp is displayed in the large
Expression field.

9. Select OK to close the Expression Edi-
tor dialog box.

10. Select OK to close the Lump Edit
Form dialog box.

The lump changes shape to reflect the
change.
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FEM Walled Pipe Example (Continued)

11.

12.

13.

14.

15.

Select lump 6 located in the upper
right of the model.

or Thermal > Edit.

The Lump Edit Form dialog box
appears.

Select Override calculations by
pipe.
The Type field activates.

Click on the plenum radio button to
select it (display a dot in the circle).

Select OK to close the Lump Edit
Form dialog box.

The lump changes shape to reflect the
change.

or Format > Layer.

The Layer Properties Manager dialog
box appears.

Select the Boundary layer to high-
light it.

Note: The current layer is the Pipe
layer.

Select Current to make this layer

where the next objects will be created.

Press OK to close the Layer Proper-
ties Manager dialog box.

Next set up some heat transfer to the
ambient.
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FEM Walled Pipe Example (Continued)

or Thermal > FD/Fem Net-
work > Node.

Enter location of node: appears in the
Command line area.

Tipe 0,5,0 in the Command line.

The node displays in the upper left of
the drawing area.

A node to connect a convective conductor
to is needed. This node will represent the
ambient air temperature.

Figure 12-66 After New Node

Select the newly created node.

or Thermal > Edit.
The Node dialog box appears.

. Highlight the current value in the Sub-
model field and type AIR.

Click on the Boundary radio button
in the Type field to select it (display a
dot in the circle).

. Double click in the Initial Temp
field.

The Expression Editor dialog box
appears.

Edit the node to make it a boundary node
and place it in submodel air.

Also make the temperature of the node a
symbol.

Note that when double clicking in a field,
the Expression Editor displays.
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FEM Walled Pipe Example (Continued)

6. Click on the arrow to the right of the The symbol for the air temperature must
Insert button and select airtemp from | be defined. Once that is done, the expres-
the pulldown menu if not already dis- | sion used for the temperature of the
played. boundary node can be set.

7. Click on Insert. Note that the shape of the node changes to

Airtemp is displayed in the large designate a boundary node.

Expression field.

8. Select OK to close the Expression Edi-
tor dialog box.

9. Select OK to close the Node dialog
box.

A Thermal Desktop/AutoCAD dialog
box appears asking confirmation to
add AIR to the submodel list.

10. Select Yes.
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FEM Walled Pipe Example (Continued)

A number of groups of surfaces were pre-
7 or Thermal > FD/Fem Net- defined to simplify the tutorial.
work > Node To Surface Con-
ductor.

Select node: appears in the Command
line area.

2. Select the boundary node.

Select surfaces: appears in the Com-
mand line area.

Figure 12-67 Node to Surface Conductor
3. TDype g in the Command line.

Enter group name: appears in the
Command line area.

4. Type VERT in the Command line.

Select surfaces: appears in the Com-
mand line area.

5. Press <Enter>.

The Object Selection Filter dialog box
appears.

6. Select OK.

Lines representing the conductor
appear.
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FEM Walled Pipe Example (Continued)

1. Select the new conductor.

*]
2. or Thermal > Edit.
The Conductor dialog box appears.

Conductor @
Comment t |

Submodel MAIN v

(@ dutornumber 1D

© 1D number

Type. Generic v

[1Vs. Time:
va i wre

[Jvs. Temp Diff

] MLIAnsulation Nodes
m Node: AIR.1:2220 Reselect

uad Elem::80C  Toy
uad Elem::7FF Ty
uad Elem::7DE Ty
uad Elem: 7CB T
uad Elem: 774 T
uad Elem:: 760 T
uad Elem:: 760 To
uad Elem:: 753 Ty

copooopel T

il
op
op
op
op
op
op
op

0k ] [ Camcel | [ Hep |

3. Type Vertical surfaces in the Com-
ment field.

4. Click on the arrow to the right of the
Type field and select Natural Con-
vection Vertical Flat Plate - Iso-
thermal from the pulldown menu
(change from default value of
Generic).

The dialog box changes to reflect the
selection

The new conductor set can be selected by
picking any line of the set.

The number of surfaces in this selection
set is large, and is only chosen to simplify
this tutorial. A more limited selection can
result in better estimates from the correla-
tion by being able to better specify the
correct angle of inclination, height of
plate and a more uniform final surface
temperature. The user is encouraged to
experiment with additional subdivisions.
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FEM Walled Pipe Example (Continued)

Quad Elem:60C Top
Quad Elem: 7FF Top
Quad Elem:7D8  Top
Quad Elem:7C8 Top
Quad Elem: 778 Top
Quad Elem:76D  Top
Quad Elem: 760 Top
Quad Elem:753  Top

From Hode: AIRA:2220

5. Highlight the current value in the
Height field and type 4.

Comment: Vertical surfaces
Submodel MAIN v

() Auta-number ID

) 1D rumber.

Tope: Matural Convection Veriical Flat Plate - lsothemal v
Height 4 m

Angle From Vertical degiess

Muliplication Factor: |1

Flic it v
Flid Fressure: 101325 Pa

Fluid State: O Liquid @ Gas

I MUIAnsulation Nodes

=

dd

Delete

B
z g

9

ok ] [ concad | [ Hep |

6. Select OK to close the dialog box.

2.7

=]

or Thermal > Modeling
Tools > Turn Visibility Off. v

1. Select the new conductor.

Turn off the conductor visibility so it
doesn’t interfere with the next step.

Figure 12-68 Conductor Visibility Off
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FEM Walled Pipe Example (Continued)

or Thermal > FD/Fem Net-
work > Node To Surface Con-
ductor.

Select node: appears in the Command
line area.

Select the boundary node.

Select surfaces or [Horidown/HOriup/
Vert]: appears in the Command line
area.

Type HORIUP in the Command
line.Select surfaces: appears in the
Command line area.

. Press <Enter>.

The Object Selection Filter dialog box
appears.

Select OK.

Lines representing the conductor
appear.

For the second group of surfaces.

Figure 12-69 Second Conductor
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FEM Walled Pipe Example (Continued)

1. Select the new conductor. Area/perimeter is approximate.

*]
2. or Thermal > Edit.
The Conductor dialog box appears.

3. Type Horizontal top side in the
Comment field.

4. Click on the arrow to the right of the
Type field and select Natural Con-
vection Horizontal Flat Plate
Upside from the pulldown menu
(change from default value of
Generic).

The dialog box changes to reflect the
selection

5. Highlight the current value in the
Area/Perimeter field and type 0.7.

6. Select OK fto close the dialog box.

1. Select the new conductor. Turn off the conductor visibility so it
doesn’t interfere with the next step.

2. """ orThermal > Modeling
Tools > Turn Visibility Off.
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FEM Walled Pipe Example (Continued)

or Thermal > FD/Fem Net-
work > Node To Surface Con-
ductor.

Select node: appears in the Command
line area.

. Select the boundary node.

Select surfaces or [Horidown/HOriup/
Vert]: appears in the Command line
area.

Type HoriDown in the Command
line.

Select surfaces: appears in the Com-
mand line area.

. Press <Enter>.

The Object Selection Filter dialog box
appears.

Select OK.

Lines representing the conductor
appear.

The third group.

Figure 12-70 Third Conductor
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FEM Walled Pipe Example (Continued)

~

Select the new conductor.

*]
2. or Thermal > Edit.
The Conductor dialog box appears.

bl

Tipe Bottom side in the Comment
field.

4. Click on the arrow to the right of the
Type field and select Natural Con-
vection Horizontal Flat Plate
Downside from the pulldown menu
(change from default value of
Generic).

The dialog box changes to reflect the
selection

5. Highlight the current value in the
Area/Perimeter field and type 0.7.

6. Select OK to close the dialog box.

1. Select the new conductor. Turn off the conductor visibility so it
doesn’t interfere with the next step.
2. T’“ or Thermal > Modeling
Tools > Turn Visibility Off.
Lets get ready to run by displaying the
1. or Format > Layer. model.

The Layer Properties Manager dialog
box appears.

2. Select the On icon for the Boundary
and Construction layers to turn
them off.

3. Press OK to close the Layer Proper-
ties Manager dialog box.
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FEM Walled Pipe Example (Continued)

or Thermal > Model
Browser.

Note: Or maximize the Model
Browser if minimized earlier.

Select Display > All using the
Model Browser menu.

Turn the visibility back on for all the sur-
faces.

Figure 12-71  Surface Visibility On

E::I or Thermal > Case Set Man-
ager.

The Case Set Manager dialog box
appears.

Select Run Case.

A Sinda/Fluint Run Status dialog box
appears confirming successful com-
pletion of the processor.

Select OK to close the dialog box.

Note: If problems are encountered
during the run and its not possible
to diagnose the problem, consult

with your instructor or contact
C&R for help.

It’s time to launch the steady state analy-
sis which is set up by default in the Case
Set Manager. The node color bar should
span from 142°C to about 193°C.

Node 1992

1
Tenpera: ture [C1, Time = 0

Figure 12-72 Steady State Solution
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FEM Walled Pipe Example (Continued)

The Model Browser can be used to find

I or Thermal > Model what the model solution looks like.
Browser. Expand the Model Browser window to
Note: Or maximize the Model make as much of the right field visible as

possible. The last column for mass error

show the flow out of the first plenum and

using the Model Browser menu.

Browser if minimized earlier.

3. Select the Flow submodel name.

4. Review the information displayed in
the right field of the Model Browser.

5. Select Options > Lump Tabulation
using the Model Browser menu.

6. Review the information displayed in
the right field of the Model Browser.

7. Select Options > Node Map
Options using the Model Browser
menu.

The Output Format Options dialog
box appears.

Output Format Options. @
Mods Map Options
Heat Flovs Cutoff Criteria: | 2 #
Lump T abulation Options
Field to Sart Lump Name v
Sort Ascending 4
Path T abulation Options:
Field to Sort Path Mame b
Sart Ascending -
TieT abulation Options
Figld to Sort Tie Hame e
Sort Ascending 4

8. Try the various sorting options
available for the lump tabulation. Also
try doing a path tabulation, and use
the sorting options available for paths.

9. Close the Model Browser.
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FEM Walled Pipe Example (Continued)

. Select File > Exit. Exit Thermal Desktop and save as

A Thermal Desktop/AutoCAD dialog prompted.
box appears asking to save the draw-
ing changes.

Select Yes.

12-121




12-122



13 Interfacing with AutoCAD

13.1 Running Thermal Desktop with AutoCAD Mechanical or
AutoCAD Mechanical Desktop

Thermal Desktop runs fine under the Mechanical extensions of AutoCAD. Users usually
purchase the Mechanical extensions in order to have access to the IGES and/or STEP im-
porters. The IGES importer is shipped with both AutoCAD Mechanical and also AutoCAD
Mechanical Desktop. The STEP importer is only shipped with AutoCAD Mechanical Desk-
top.

There are two drawbacks to using Mechanical Desktop. The first major drawback to
using the Mechanical extensions is that they take quite a bit of time to load the dwg file.
The second drawback to using the Mechanical extensions is that the pulldown menu’s are
significantly different than just using regular AutoCAD.

Because of the menu change and the load time, C&R recommends that users who have
purchased the Mechanical extensions of AutoCAD just run under regular AutoCAD, which
is fully installed at the same time as the Mechanical add-ons. Follow these steps to run in
regular AutoCAD:

1. Use Start > Programs > AutoDesk > AutoCAD 2004/5 > AutoCAD Mechanical
2004/5* > AutoCAD 2004/5

2. At this point, AutoCAD should come up. Check to see if the Thermal pull down is
in the menus. If you don’t see the Thermal pull down, then exit AutoCAD, and
then issue the command Start > Programs > Thermal Desktop > User Menu Setup.
Select the button “Setup User’s Menus”, and then select “Done”.

3. Ifyou go and double click on a dwg file, it should now come up in regular
AutoCAD and you should see the Thermal menu. You should notice that
AutoCAD loaded much faster than before, and the menu’s will also be different,
and will match the Thermal Desktop tutorials.

4. Note that even though you are using regular AutoCAD, you can import IGES and

STEP by typing in the command (it may not be in the pulldown). “IGESIN” is the
command for IGES, and “STEPIN” is the command for STEP.
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13.1.1 AutoCAD Mechanical 2D Meshing Capability

AutoCAD Mechanical has a built in 2D Mesher. Please note that you must be using
AutoCAD Mechanical to use the mesher, and cannot be using just regular AutoCAD as
described in “Running Thermal Desktop with AutoCAD Mechanical or AutoCAD Mechan-
ical Desktop” on page 13-1. The user can use the AMFEA2D command to make the mesh,
and then can convert it to Thermal Desktop Finite Elements with the Thermal > FD/FEM
Network > Convert AutoCAD Surface to Nodes/Elements.

The following steps can be followed to use this mesher:

1. Create a simple AutoCAD rectangle (NOT A Thermal Desktop Rectangle)

2. Create a simple AutoCAD circle somewhere inside the rectangle

3. Type in the command AMFEA2D, the program will prompt you for an “Interior”
point, so select somewhere inside the rectangle and outside the circle. Follow that
with an “Enter” and the dialog box will come up.

4. In the bottom left of the dialog box is a Mesh box. It has a single input, which is
the only meshing parameter that you can use. A larger value makes a coarser mesh,
while a smaller number makes a more refined mesh. Use the default number for

the first look at the mesh.

5. Select the Mesh Button, and the mesh will be drawn on the model. Hitting Enter
will bring the dialog box back up. Close the dialog box.

6. Input the Explode command to break the mesh into individual components.

7. Use the Thermal > FD/FEM Network > Convert AutoCAD Surface to Nodes/Ele-
ments.

8. You will need to merge the nodes to complete the process.

13.2 Graphics Settings

Most of the graphics settings are set automatically by Thermal Desktop. The user may
turn off the automatic initialization of Thermal Desktop from the Thermal > Preferences,
Advanced Page.

The command, “RcSetGraphics”, accessible from Thermal > Utilities > Set Graphics
pulldown will bring up the dialog box shown Figure 13-1. Thermal Desktop will set all the
values on this page, except the Dynamic Tesselation slider controls, and the Hardware/
Software Settings. If the user wishes to override the items that Thermal Desktop automat-
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ically sets, the “Automatic System Graphics Configuration” checkbox from Thermal >
Preferences, Advanced Page must be deselected (see “Advanced Preferences” on page 2-
24).

. 3D Graphics System Configuration 2=l
¥ Adaptive degradation ¥ Fender options
To ma_intain spe_ed, degrade to the V¥ Enable lights
following rendering modes: [# Enable materials
I” Flat shaded  Enabi
¥ ‘Wireframe nable textures

Tranzparency
' High Quality/Slower

Maintain speed: |5 _,::' FPS 7 Medium Sualty
 Low Quality/Faster

[V Bounding box

v Dynaric b lation — Geometry
Surface tessellation: ™ lsclines always on top
J_ [T Discard back faces

Vo
Low detail High detail i ——
Less memory Maore memary "

. e
Curve tessellation: Bl
I & Hardware

[ T [ Driver: wopenal?.hdi Browse... |
Low detail High detail
Less memory Maore memary

IV Use geometry acceleration [single precision]

Mumber of tezzellations to cache: I‘I _I; ¥ Enable anti-aliazing lines

Apply & Elosel Cancel Help

Figure 13-1 3D Graphics System Configuration Dialog

13.21 Dynamic Tessellation

The second option is ‘Dynamic Tessellation’. If you have this option on, it is highly
recommended that the ‘Number of tessellations to cache’ be set to 1. Setting this value to a
number higher than one will increase the memory used, but may also cause Thermal Desktop
entities to not be the correct color when the view changes.

The two slider bars control a couple of items in the display of surfaces. As the slider
bars are farther to the right, a curved surface will use more facets to draw the curve, making
amore realistic image at the expense of memory and maybe wall clock speed. A lower value
might cause a circle to look more like an octagon because of the smaller number of facets
used. This is detailed in Figure 13-2.

In order for Thermal Desktop to show different colors on different sides of the surfaces
for double sided post processing and showing active radiation sides, the surfaces are actually
drawn twice and separated by a small distance. As you move the slider bars to the right, this
distance will become smaller, and hopefully your graphics card can handle these small
deviations. If the graphics show bleeding, as in Figure 13-3, you may need to move the
slider bars to the left to make this distance a little bigger (issue an ‘rctouchall’ command to
force the graphics to regenerate after each change). If dynamic tessellation is not on, the
only way to fix the bleeding is to render the model.
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Higher facetization 8 facets

Figure 13-2 Facetization Example

C&R recommends Dynamic Tessellation to be on, with the number of tessellations to
cache be set to 1. We also recommend that the slider bars be as far to the right as possible,
as long as your graphics card can handle it.

Figure 13-3 Graphics bleeding problem

These sliders will also effect how many polygons will be used to draw the conic surfaces
of Thermal Desktop. If your model has many offset paraboloids, ellipsoids, or elliptic cones,
lowering the slider values might speed up the graphics, but also might make the surfaces
appear not as smooth.

13.2.2 Acceleration

While this section is last on the page, it may be the most important. The selection here
can speed up your graphics significantly, if you have a good graphics card in your system.
Please note that it may also be in your best speed interests to download the latest driver for
you graphics card and install it on your system.
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The default for this is software, but it is recommended to test the hardware mode to see
if things operate better and faster. Once hardware is selected, the user will need to select
the driver. The proper one to select is for OPENGL, or ‘wopengl#.hdi’. The # is 7 for
AutoCad 2002, and may be 6 for older versions of AutoCad.

We also recommend that ‘Enable Anti-Aliasing’ be turn on. Some users have experi-
enced some model crashing when ‘Use geometry acceleration’ is turned on, so if you are
really craving more graphics speed, turn it on, but if you get some crashes, please go back
and turn it off.

13.3 Copying Objects From One DWG File to Another

There are a couple of different ways to copy graphical objects from one drawing file to
another. The first method, preferred by C&R, involves using the WBLOCK (Write Block)
command to write the desired objects a new file, and using the Insert > Block command to
read that file into the new model. The proper steps for this method are:

1. Select all of the objects you want to copy. You may have to turn on the visibility of
more layers, and also the global visibility of the nodes, contactors, heatloads, etc...

2. Use the WBLOCK command to write the selected graphical objects to a new file
name.

3. Open up the new drawing file that you would like to copy the selected objects into.

4. TIssue the Insert > Block command and a dialog box for that block will come up.
On that dialog box, first browse to the file location that you wrote out in Step 2
above. Also on the dialog box is a check box for specifying the insertion point by
either selecting a point or by inputting the point on that dialog box. In the bottom
left of the dialog box is a button to Explode. If you do not select the Explode but-
ton, then once the objects have been read in, they will not be selectable. If this hap-
pens, you will need to use the Modify > Explode command to break the object
from being a block to being individual elements. At this point, you can now edit
these Thermal Desktop objects.

The second method involves a direct cut and paste from one dwg session to another.
Simply select the objects you would like to copy, and then do the Edit > Copy command.
Next, open the target dwg file, and then issue the Edit > Paste command.

Whichever method is used to copy the objects, the most important thing is that the user
select all of the objects that they wish to be copied. If the user selects a heat load to be
copied, but does not select ALL of the items associated with the heat load, then the heat
load will not be copied. Note that if a surface is selected, and the nodes are not, then the
nodes will automatically be copied by the program.
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Please note that only graphical objects can be moved from one dwg file to another with
these methods. To copy the Case Set, Orbits, or Correspondence data, the user would need
to use the Export function from each of these forms, and then use the Import function from
the proper form to read them into the new dwg file.

The names in the Submodel Name Manager and the Analysis Group Manager are not
directly copied, but the proper names are always copied with the objects. Each Manager has
a Scan DB button that will check all of the items used and then add them to the global list.

13.4 Lighting

There are several variables inside AutoCAD that can effect how the model is effecting
by lighting. Please note that the lighting has gotten progressively better going from Au-
toCAD 2000 to AutoCAD 20001 to AutoCAD 2002.

The lighting settings are set automatically by Thermal Desktop for users of AutoCAD
2002, once the first command is issued in the dwg session. The user can disable this capability
from the Advanced Page of the Thermal > Preferences dialog box.

The automatic settings involve:

1. Setting the Ambient Light from the View > Render > Light from to 0.7

2. Setting the default materials values from View > Render > Materials to have a
color value of 0.7, and an ambient value of 0.7

Please note that these values are set once Thermal Desktop is initialized in the model.
When they are set, AutoCAD will create the ASHADE layer in the model. If the ASHADE
layer already exist in the model, then Thermal Desktop will not try to reset the values. If
the user desires to have Thermal Desktop set the values to same as described above, they
can enter the command “RcLight”.

If you are using AutoCAD 2000, about the best you can do is set “Enable Materials” to
on form from the “RcSetGraphics” command. Other than that, rendering the model to make
a picture is the best option (Try “RcRender”).

13.5 Speed Issues (Wall Clock and CPU)

There are many different things that can effect the speed of the program. Issues might
arise just working with a model inside of AutoCAD. Other issues might be in the generation
of Cond/Cap data, while another might be radiation calculations. Finally, you might want
to speed up your SINDA run. Details of each section can be found below.

1. The number one problem with speed that people find is usually due to running
models across a network. Usually, the situation is that the files on the server are
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backed up, but the local machine is not. The best way around this problem is to
leave the dwg file on the server, but to run your radiation and SINDA jobs on the
local machine. This can easily be done from the Case Set Manager (see “Case Set
Information - Advanced Tab” on page 6-15). Some users have reported models
running 10 times faster when run locally versus running on the server (of course
this is a function of your network).

2. If'the graphics seem to be slow, make sure you have hardware acceleration turned
on (see “Acceleration” on page 13-4). Also, just turning off the display of nodes
can significantly speed up the graphics (see “Graphics Visibility” on page 2-23).
Finally, the user may wish to disable “Automatic Regens” (see “Advanced Prefer-
ences” on page 2-24), which should be a last resort and may cause other abnormal-
ities, such as nodes and text sizing not updating properly.

3. Large models can slow down the Model Browser, and this can be speed up by turn-
ing off the Auto Update options (see “Model Browser Options” on page 2-5).

4. Another common slow down is when the user runs of memory (RAM) or disk
space on either the dwg file disk or their own local temporary disk. The AutoCAD
command, Tools > Inquiry > Status, can be used to determine if you are low on
disk space or memory. There isn’t much you can do if you are low on memory,
except to purchase more or try to reduce the size of your model. The temporary
disk is used to keep track of undo buffer, and in a big model, it can get rather large
fairly quick. You can control this using the “Undo Control None” command. This
will turn off undo recording. It must be entered each time you load the model, as it
is not saved from session to session.

5. To speed up radiation calculations, for both radks and heating rates, make sure you
have optimized the Oct Cells, especially the Subdivisions parameter. (see “Oct-
Tree Parameters” on page 5-18 and also see “Space Station Oct Tree Example” on
page 11-20)

6. Also for radiation calculations, the user should consider using the %error options
for speed improvement (see “Automatic Error Control” on page 5-13).

7. If you are using Contactors (see “Contactors” on page 2-61), you can speed up the
Cond/Cap output by lowering the Contact Integration Intervals. For an area con-
tact, the default value of 10 can generate 100 test points. If the surfaces being con-
tacted line up to have the same nodal breakdown, the exact same results may be
obtained by changing the Integration Intervals to 1, and the calculations would be
preformed 100 times faster.

8. Ifyou have applied Contact to surfaces in your model, you may speed this up by
changing both the Contact Integration Levels and the Contact Oct Tree Subdivi-
sions from the Conductance Capacitance Parameters form. Lowering the Contact
Integration Levels will reduce the amount of points sampled, but it may effect the
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results. Changing the Oct Tree Subdivisions won’t change the results, but it may
significantly speed up the calculations.

9. Speeding up SINDA runs is much more complicated. The first issue to look at is
the solution method. Using the matrix solution(MATMET=1 or 2) on large models
can slow things significantly, and changing to an iterative solution may be much
faster.

10. Speeding up a SINDA transient solution can also been effected by the solution
method described above, but also the time step used can directly effect the solution
time. When using the standard TRANSIENT routine, FWDBCK, C&R always
recommends that the user let the program set the time step (DTIMEI=0). This
method tracks the temperature changes for nodes and adjust the time steps accord-
ingly. What can slow it down is that it will only take a time step of 1000 times the
CSGMIN (capacitance/sum of conductors). Thus, models with small capacitance
and/or large conductors will slow down transient runs. The easiest thing to do for
nodes with small capacitance is to edit the node, select “Override calculations by
surfaces/elements”, and then make the node arithmetic. If you have large conduc-
tors in your model, the best thing to do would be to merge the nodes between the
conductors and then do away with the conductor if this is possible.

13.6 Forcing the graphics to update - rctouchall

In wireframe mode, the user can always force the graphics to update by issuing a ‘regen’
command. This command does not cause the model to regenerate if the program is currently
displaying in solid shaded mode. The command to force a regen in solid shaded mode is
‘rctouchall’.

13.7 Working with large models

There are some basic AutoCAD options that can be used to speed up the interaction of
large models. In addition to this section, please see “Speed Issues (Wall Clock and CPU)”
on page 13-6.

13.71 Groups

If you have created groups in your model, or if they were created when they were
imported, you need to make sure the Tools > Options > Selection, Object Grouping has
been disabled. When this is on, selecting in AutoCAD can be significantly slowed.
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13.7.2 Undo control

By default, AutoCAD keeps an undo list for everything that has changed in your model.
This is done by writing to a file in your temporary directory. With large models, this file
can fill up a small disk and cause problems. The user can issue the Undo Control One
command to limit the number of undo’s that are stored.

13.7.3 Layers

Of course large models should be set up with layers. It is important that the ‘FREEZE’
icon is used to turn a layer off instead of solely selecting the ‘LIGHTBULB” icon. If the
‘FREEZE’ icon is not turned off, then when ‘ALL’ is used as the selection set, either by the
user or internally by AutoCAD, then items that are not visible are still considered part of
the selection set. This can significantly slow down the zoom all, zoom extends, and 3dorbit
commands.

13.7.4 Model Browser Usage for Large Models

Several options in the model browser can speed up its’ usage for large models. They are
‘Auto Update’, ‘Auto Select’, ‘Do Not Expand Nodes’. For the speed up, turn off ‘Auto
Update’, ‘Auto Select’ and turn on ‘Do Not Expand Nodes’. ‘Auto Select’ is the algorithm
that determines what is selected. When it is on, the program will determine the selection set
every time the user makes a selection in the tree. When it is off, the program will only
determine the selection set when a command is issued.

The ‘Do Not Expand Nodes’ options only effects the generation of the ‘Submodel.ld’
tree. Only the node names are in the tree, the objects are not, thus making the tree build
significantly faster. The user can still edit objects in the model, but cannot specifically pick
on them in the tree.

13.8 Working with External References

AutoCAD has an External Reference Manager, command XREF, that allows a model
to load data from a second dwg file. The externally referenced drawing file is then part of
the current drawing, but cannot be changed in the current drawing. This capability allows
the user to build their models in pieces and then have them assembled in a master model.

Note that this capability is defaulted to off. The user must turn on Loading of External
References from the Thermal > User Preferences, Advanced Page in order for Thermal
Desktop to load this modeling information.

When a drawing is externally referenced, only items that have graphical entities are
loaded into the master model. This means that the following information is meaningless to
the master model: Optical/Thermophysical property names and aliases, Correspondence
Data, Orbits, Case Set Manager, and Symbols.
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The Optical/Thermophysical properties names of the externally referenced surfaces
must be defined in the master model, as also correspondence data.

The use of symbols between the two models is very interesting. If a symbol is defined
in both the externally referenced model and in the master model, then the master model will
update the externally referenced model to use that symbol value for calculations in the master
model. If a symbol in the externally referenced model does not exist in the master model,
then the value in the externally referenced model will be used.

With the current implementation, trackers in the externally referenced model are not
updated during run time. However, it is allowable to attach the externally referenced model
to a tracker that is in the master model.

Note that both the master model and the externally referenced models should have the
same Model Length units and that the user should not change the Model Length units of the
master model once the external references have been loaded.
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