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1 CFturbo

CFturbo is made to interactively design radial, mixed-flow and
axial turbomachinery: pumps, ventilators, compressors,
turbines. The software is easy to use and does enable quick
generation and variation of impeller, stator and wolute
geometries. Seweral models can be displayed, compared and
modified simultaneously.

@ It contains numerous approximation functions that may be

C Ftu r bo customized by the user in order to implement user specific
knowledge into the CFturbo-based design process. In spite of
the creation of semiautomatic proposals, fundamental
experiences in turbomachinery design are helpful but not
necessary. An experienced turbomachinery design engineer
should be able to design new high-quality impellers and wlutes
more easily and quickly.

Integration of geometry data into the CAE environment is easily possible by direct interfaces to
various CAD- and CFD-systems.

@ Design @ Validation @ Product
Grid generation CFD/FEM Simulation
> ICEM-CFD, TurboGrid, ™ CFX, FineTurbo, PumplLinx, il
Pointwise, AutoGrid, Gambit ... CCM+, CFdesign, OpenFOAM... |
A |
Dimensioning, ' optimizati :
DESigﬂ 1 ' [tJ ImltZ'a on . ; :
@
CFturbo : Interactiv or automatic I
I ¥
CAD Measurement
EEE—— Catia, SolidWorks, UG NX, > Rapid Prototyping,
ProE, Inventor, BladeGen... Validation

Please read the License agreement|ssi before using the program.

Information about activating license you can read in chapter Licensingl_lﬂ.

© CFturbo Software & Engineering GmbH
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Contact persons you can find under Contact addresses [4s3), actual information on the CFturbo

website.

Copyright © 2015, CFturbo Software & Engineering GmbH
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2

2.1

General

This chapter contains some general program information about
> LicensinngZ'ﬂ
+ Batch mode|26)

+ Project structure and interfaces|38)

+ Graphical dialogs| 43

= The progression dialongG'ﬂ

+ Edit fields with empirical functions| 49

»> Troubleshooting|78'ﬁ
Licensing

? Preferences | Licensing

CFturbo can be used without a valid license in viewer mode. This mode allows to open project files
independent of the included components for reading access. No changes can be done in viewer
mode.

For modifying projects with CFturbo a valid license is necessary. Does a project include multiple
components, only that ones can be modified, a valid license is present for.

For example: A CFturbo project containing a stator, a radial pump impeller and a wolute can always
be opened. If only the modules for stator and radial pump impeller have been licensed, only this two
components can be modified but not the wolute.

A special feature of the CFturbo license model are stators. With every license for wolute or radial
impellers it is possible, to create and modify stators without blades.

© CFturbo Software & Engineering GmbH
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Module
L
22|
5| 8| E|2
T|E|l5]| 2
(= e w E
El 2| 2 =] ~
- m = @ =
= =T = I =
S|5|5|E|¢&
a|l=|o0| 2| =
T|o|lEZ|T| 5|58
=0 = I = = T = I = [
m m m m — — (=]
r|loe|we|w| || =
. Radial pump impeller w n
] . . .
c Radial wventilator impeller n n
2 o | o o
= |Radial compressor impeller
= . . .
< |Radial turbine impeller n n
: Lw [ v]
o | Stator
o
Volute

w =module data can be modified; r =module datais read only

Menu item Licensing enables license handling.

CFturbo - Licensing @

Please select the desired activity

(=) REQUEST new local license by E-mail

... if a new nodelocked license is required

p SHOW current license information

... just for information

2 Close ? Help

REQUESTI 18] new license by e-mail

13
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SHOW/ 23) current license information

License expiration

If the license of a software module has expired, it can be reactivated by replacing the license with a

new one.

A hint with remaining days appears on startup screen 20 days before expiration of the license. The
number of days for this hint can be specified in Preferences | Settings | Generall 15

Steps for licensing

ERROR

No license available.
Check if a valid local license file is present

f‘_\ or
L] the network license configuration is correct.

? Get more information...

v oK

At the first start of CFturbo there is no running license
available. For using the viewer mode, no further steps
are necessary.

If projects are going to be modified:
a) A local license has to be requested and installed
or

b) CFturbo has to be configured for using a network
license in place.

In general all licensing steps can be performed using remote desktop connection (RDP). But keep in
mind that finally a Local Computer License can be used directly on this computer only and not via a
RDP session. For this purpose, a Network Server License is required!

1. Local Computer License

Step

1. | Start CFturbo - you see the "License" dialog[ 12} (or open
menu Preferences | Licensing | Licensing).

request to sales@cfturbo.com

2. | Request 18] local computer license and send license

\Program Files (x86)\CFturbo 10)

3. | Sawe license file (<filename>.lic) received from CFturbo
sales team to CFturbo installation directory (e.g. C:

© CFturbo Software & Engineering GmbH
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4. | Showl 231 license information to check modules and dates

2. Network Sener License
(NOT available for trial license)

In advance of using CFturbo with a network license, the license serer must be setup (includes
requesting and installing a network license). For details see Network license setupl 171

Ewvery client computer that should run CFturbo has to be configured for using the network license.

Step

1. | Configure computer for network license usagelTﬁ

2. | Start CFturbo and open menu Preferences | Licensing |
Licensing

3. | Showl23) license information to check modules and dates

2.1.1 Locallicense setup

For using CFturbo with a local license 2 steps have to be performed:
* Requesting a license using the CFturbo license dialog
e Storing the received license file in the CFturbo installation directory

Note: If CFturbo is configured for using a network license[ 17, modules get checked out from that
license first if available!

Requesting alocal license

If not either a local license file is present or a network license is configured, CFturbo will start the
licensing dialog (Preferences | Licensing | Licensing).

© CFturbo Software & Engineering GmbH
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CFturbo - Licensing

Please select the desired activity

=) REQUEST new local license by E-mail

... if a new nodelocked license is reguired

):" SHOW current license information

... just for information

X Close |? Help

Here you can select REQUEST new local license by E-mail.

CFturbo - Licensing

€ pack @ Request Local License

LG TR Radial Pump Impeller Stator
Radial Ventilator Impeller Volute
Radial Compressor Impeller ICEM CFD Interface

Radial Turbine Rotor

Company |CFturbU Software and Engineering GmbH|

Start date 17.12.2013 [ERg Checksum |79‘09‘54149‘

Machine 1D |CFIDLDC=EG4EISOH361 2e52637196355d3360e73

License reguest @ Send E-Mail... | % Copy to Clipboard

Please note:
All fields must be completed for the license reguest.

2 Close |? Help

Under Modules the CFturbo modules must get selected for which a license should be requested. Fill

© CFturbo Software & Engineering GmbH
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2.1.2

the Company field with the requesting company's name.

The Start date of the requested license can be selected for e.g. sync a short time-period license to
a project's start date.

The so-called Machine ID and the Checksum are calculated automatically and ensure the singular
usage of provided license information as well as to link the license to the local computer.

After input of all necessary information you can

e use the Send E-Mail button to prepare a message with the computer's default mail client
(the mail will NOT be sent automatically!)

OR

e use the Copy to Clipboard button if you want to create the mail manually and paste the
information (send the mail to sales@cfturbo.com).

Install license file

The license file you receive must be stored in the CFturbo installation directory (e.g. C:\Program
Files (x86)\CFturbo 10) you have chosen during the setup. It already has .lic as file extension, this
extension must be presened!

There should be only one license file (*.lic) present in this directory.

Afterwards you can run CFturbo and check the license information[ 23\

Network license setup

Selecting the license server machine

Network (floating) licensing requires a CFturbo license server software running on a server machine.
The license server controls access of the clients to the CFturbo licenses.

The server machine should have the following properties:

* The operating system of the server machine has to be Microsoft Windows®.
It's highly recommended to use a server system (Windows Server 20xx).

e The sener machine has to be located in the same local area network (LAN) of all CFturbo
clients.
Usage of the network licenses in a wide area network (WAN) is not allowed.

¢ The sener machine should be highly available, have high-speed Ethernet connection and a
moderate level of network traffic.

© CFturbo Software & Engineering GmbH
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2121

¢ All license related files must be located on a local computer disk of the server machine.

e The sener machine must hawve a static IP address.

e Make sure that the time and date of the server machine is correct. Do not manipulate these

settings manually.

License server on Virtual Machines
The CFturbo license server software can be installed and used on a Virtual Machine (e.g. VMware).
Howe\er, the license handling on a Virtual Machine environment is not tested and certified. Problems
related to the use of virtual senvers cannot be resolved by the CFturbo support and should be reported

to the Virtual Machine supplier.

Note, that using Virtual Machines to duplicate the available CFturbo licenses is explicitly prohibited.

Steps for network licensing

For using CFturbo with a network license the following steps have to be performed:

1. Setting up the CFturbo license sener| 18]

2. Requesting a license using the Request Generator| 201

3. Storing the received license file in the CFturbo license senver installation directory[ 18)

4. Configuring the clients for accessing the network license[22)

License server setup

Installing the license server

The CFturbo license senver is installed by a setup separate from the CFturbo program. It includes the
following components:

o sener files

¢ Windows Senice "Reprise LM for CFturbo"
e Request Generator

¢ this manual

The license server will be installed as a Windows Senice which is automatically started on system
boot.

© CFturbo Software & Engineering GmbH
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After running the setup and completing installation dir and start menu settings, the server parameters
can be configured:

Setup - CFturbo License Server =] @ |

|

Server settings

Set preferences for running the license server. A detailed description of the
settings can be found in the manual,

Start web server

Web server port 3055

< Back ][ Mext = ][ Cancel

If Create server log is checked the server will write a logfile to the log directory. It is not
recommended to disable this option!

The RepriseLM server has a built in web server. When Start web server is selected, the installed
Windows senice will also run a web server on the port configured here.

Note, that the setup is not checking for port conflicts, the port must be available. It can be changed
e.g. by uninstalling and installing the server again.

© CFturbo Software & Engineering GmbH
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CFturbo®

Setup - CRurbo License Server E [El=f|-E3

Completing the CFturbo License
Server Setup Wizard

Setup has finished installing CFturbo License Server on your
computer, The application may be launched by selecting the
installed icons.

Click Finish to exit Setup.

Create license request

The last wizard page offers to Create a license request. This option will start the Request

Generator.

Requesting a network license

The Request Generator collects all information needed for the license request.

© CFturbo Software & Engineering GmbH
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CFturbo - License Request Generator @

Q Request Network License

Modules | EGERET W= Stator
Radial Ventilator Impeller Volute
Radial Compressor Impeller ICEM CFD Interface

Radial Turkine Rotor

Company |C.Fturt:-u:| Software and Engineering GmbH

Start date 17.12.2013 E~ Checksum |79|3954149

Machine ID |CFIDNET=1 a85cd6cochiZ fBGd2b3b085dafa45ef

Concurrent users (1 %

License request @ Send E-Mail... | % Copy to Clipboard

Pleaze note:
All fieldz must be completed for the license reguest.

[ )
(=]

(==
=
@@ fa

2013 # Cloze |? Help

CFturbo

Under Modules the CFturbo modules must get selected for which a license should be requested. Fill
the Company field with the requesting company's name.

The Start date of the requested license can be selected for e.g. sync a short time-period license to
a project's start date.

The so-called Machine ID and the Checksum are calculated automatically and ensure the singular
usage of provided license information as well as to link the license to the network server.

The Concurrent users setting enables you to change to number of users you request the license
for.

After input of all necessary information you can

- use the Send E-Mail button to prepare a message with the computer's default mail client (the
mail will NOT be sent automatically!)

OR

- use the Copy to Clipboard button if you want to create the mail manually and paste the
information (send the mail to sales@cfturbo.com).

© CFturbo Software & Engineering GmbH
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2.1.2.2

Install license file

The license file you receive must be stored in the license server installation directory (e.g. C:
\Program Files (x86)\CFturbo 10\LicenseServer) you have chosen during the setup. It already has .lic
as file extension, this extension must be presened!

There should be only one license file (*.lic) present in this directory.

After placing the file in the folder, restart the Windows senvice ("Reprise LM for CFturbo"). Now the
logfile and the web server page can be checked for the licenses to be running.

Firewall configuration

If you want to sene licenses across a firewall, at least two port numbers hawve to be allowed your
firewall to pass requests on these ports. The rim senver itself, if not configured in license file (on the
SERVER or HOST line) defaults to port 5053. The ISV server starts with a dynamic port number
which is not known before startup time.
It is possible to have RLM assign a fixed port number to the ISV sener. In order to do this, you need
to specify the port number for the ISV sener on the ISV line of the license file. The port number is the
fourth parameter in the isv line:

ISV isvname isw-binary-pathname port=port-number
e.g.

ISV cfturbo cfturbolm.exe port=5054

Except the web senver port, all ports have to be reachable.

For details about the license file settings see RepriseLM end user manual.

Additional configuration options

For additional configuration options check the RepriseLM end user manual.

Client setup

Auto-Configuration

CFturbo is able to automatically detect running license senvers in the network. No further
configuration is needed on client side, if the detection succeeds. If the client is not able to find the
license senver, it has to be configured using the environment variable.

© CFturbo Software & Engineering GmbH
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The detection relies on the client being in the same network broadcast subnet like the license server
and a default configuration of the license server. For further details see RepriseLM end user manual.

Setting the environment variable

The Windows environment variable CFTURBO_LICENSE is used to identify the location of the
license server.

It is set to <port>@<host>
<port>: port of the license sener for connection between client and server
<host>: host name of the license server machine (name or IP address)

The default port - if not configured in the server license file (on the SERVER or HOST line) - is 5053.

Example:
CFTURBO_LICENSE=5053@rImhost
Multiple license seners are separated by semicolon:

CFTURBO_LICENSE=5053@rIimhost;5053@rimhost2

For details about how to set environment variables, please consult your IT department or the
Windows documentation (e.g. http://support.microsoft.com/kb/310519).

2.1.3 Show license information

Current license information are displayed here.
The company name is for information only.

Path is the license file location and the content of the environment variables used for defining
network license servers.

Normally Flags should not exist.

If available the last Error message of license checking is displayed.

© CFturbo Software & Engineering GmbH
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CFturbo - Licensing

Used Paths

RLM_LICENSE =

Flags -
Module Type
Radial Pump Impeller Rental

Radial Ventilator Impeller | Rental

Radial Compressor Impeller Rental

Radial Turbine Rotor Rental
Stator Rental
Volute Rental
ICEM CFD Interface Rental

‘\Program Files (x:

Configured Paths C:\Program Files (x
CFTURBC_LICENSE =

€ Back p Show License Information

Company CFturbo Software and Engineering GmbH

Status

Available
Available
Available
Available
Available
Available

Available

Expires

03.05.2014
03.05.2014
03.05.2014
03.05.2014
03.05.2014
03.05.2014
03.05.2014

S\CFturbe Software and Engineering GmbH lic

Days left Usage
115 -
115 -
115 -
115 -
115 -
115 -
115 -

2 Close |? Help

Flags

=5

local
local
network

network

Local license file is found and used

CFturbo - Licensing

RLM_LICENSE =

Flags -
Module Type
Radial Pump Impeller Rental

Radial Ventilator Impeller | Rental

Radial Compressor Impeller Rental

Radial Turbine Rotor Rental
Stator Rental
Volute Rental
ICEM CFD Interface Rental

Used Paths 5053@license-server

€ Back ,/O Show License Information

Company CFturbo Software and Engineering

Configured Paths C:\Program Files (x86)\CFturbo S\
CFTURBO_LICENSE = S053@license-server

Status

Available
Available
Available
Available
Available
Available

Available

Expires

03.05.2014
03.05.2014
03.05.2014
03.05.2014
03.05.2014
03.05.2014
03.05.2014

Days left Usage
115 -
115 -
115 -

X Close |? Help

Flags

sl

network
local
network

network

No local license file is found in program path, a network license

2.1.4 Troubleshooting

Error messages

path is configured

Problem Message

Reasons
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No valid (error
license
available yet.

See Steps for licensing[12)

No license available.
Check if a valid local license file is present

'E or
L] the network license configuration is correct.

? Get more information...

' OK

Diagnostic configuration

CFturbo and its license server are enabled to output diagnostic information about licensing. Start
menu entries ("Run diagnostics") are created to run a script collecting useful information for the
support..

The resulting text file will give among others the following information:

e time the program was run
e working directory

* relevant environment variables

the license files in use, in the order RLM will use them (can be re-ordered from your normal
list if RLM_PATH_RANDOMIZE is set)

a list of all licenses which can be checked out

License server problems

If problems occur setting up or running the license server, the following can be checked:
* Senice "Reprise LM for CFturbo" present and running (Windows® senices)
e Server logdfile (installation directory of license server, server.log and cfturbo.dlog)

e Server diagnostics (License server web interface -> Diagnostics)
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2.2 Batch mode

CFturbo can be executed in batch mode to modify designs without any screen display and user
interaction. This is essential for using CFturbo with optimization software.

Syntax:
Options:
-batch <batch file> Enables CFturbo batch mode.
<batch file> can either be a CFturbo batch file (*.cft-batch) or a
CFturbo project file (*.cft).
-verbose Display log output on the command line.

-export <interface name>  If CFturbo is started with a CFturbo project file in batch mode,
an export interface can be selected like in the batch file.

-log <log file> Use specified lodfile for output

All other batch commands have to be defined in a file (<batch file>).

Batch file

The batch mode of CFturbo is controlled by an XML file.
A template for a specific CFturbo project can be created via Project | Export | Basicl?iﬂ Batch
mode template.

Due to a close relation between the CFturbo file format and the batch mode format, only template/
batch mode files created with the same version as your CFturbo file should be used. After an update
of CFturbo a new template can be exported and the needed adjustments can be done.

The resulting batch mode template contains all modifiable values of the CFturbo project as XML
nodes supplemented by a short descriptions.

XML nodes of parameters that are not going to be changed can be deleted. The batch mode file also
contains placeholder actions which must be completed with information related to file locations in the
file system and export interface of the batch mode output.

File structure:
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<?xm version="1.0" standal one="yes"?>
<CFt ur boFi |l e Version="9">
<CFt ur boBat chPr oj ect | nputFil e="<Il nput Fi | eName>" />
<Updat es>
[...]
</ Updat es>
<Bat chAction .../>
</ CFt ur boBat chPr oj ect >
</ CFt ur boFi | e>

A batch-file can contain multiple elements of the CFt ur boBat chPr oj ect -type, each of which is
handling a specific CFturbo-project.This allows the combination of multiple batch mode templates
into one batch mode file.

All XML-subelements are optional and can occur multiple times except for the Updat es-block which
must occur once per CFt ur boBat chPr oj ect - el enmrent .

The | nput Fi | e-attribute of the CFt ur boBat chPr oj ect -element specifies the absolute path of
the CFturbo project file.

Batch actions

Two different actions are available for further processing of the CFturbo projects loaded in batch
mode. The Bat chAct i on-element can occur multiple times, e.g. for exporting multiple parts of the
geometry in different modelstates or saving an updated geometry.

e <Bat chAction Name="Export" Exportlnterface="STEP" WbrkingDir="c:
\ Exanpl es\ Myexports" BaseFi| eNane="Punpl_all" Mdel State="Solids only"
Al'l Component s=""/>

The Export-action is used to export the project data utilizing the export interfaces CFturbo
supports.

By default the active component (Predefined 3D model export/Point based export) or geometry
elements as configured in the active Model state (3D model export) are exported.

Depending on the export interface a selection of the components to export can either be done
using the Mbdel St at e-attribute (3D model export) or the Expor t Conponent s-subelement
(Predefined 3D model export/Point based export). For details about the supported selection
options for the specific interface see Project | Ex port[ s,

Attribute Value optionaDescription
I

© CFturbo Software & Engineering GmbH



28

CFturbo 10

Name Export

Exportlnte e.g. "General"
rface

Wor ki ngDi r <existing path>

BaseFi | eNa <filename>
ne

Model St at e <existing model
state>

Al | Conpone empty
nts

no

no

yes

yes

yes

yes

Name of action
Export interface to use

The following values are valid:

Folder for exported files

File name without extension

Model state to select for export

Select all components for export, Note: Only
components which are supported by the export
interface will be exported!

The Expor t Conponent s-subelement is a list of components that should be exported. The list
is created when the batch mode template for the project is created and should be modified on

this base.

e <Bat chActi on Name="Save"
\ Pumpl_new. cft"/>

Qut put Fi | e="C: \ Exanpl es\ | npel | er

Is used for saving the CFturbo project after applying batch updates.
Can also be used for the automatic conversion of CFturbo files created with older program

versions.

The Qut put Fi | e attribute specifies the absolute path of the file save destination.
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For details about component-specific parameters see:

- Parameters for impellers [28)

- Parameters for wlutes| 33

If certain values are not in the batch mode template that are listed there as available on the sub
pages, it may be due to them being meaningless in the context of the current project settings. In this
case they are not included in the batch mode template. (For example values related to splitter
blades, if splitter blades are not enabled).

2.2.1 Parameters for impellers/ stators

XML Tag (+attributes) Description Unit
Main dimensions <MainDimensionsElement>
Impeller <dN> Hub diameter d, at inlet m
<dS>1 Suction diameter d at inlet m
axial <dH2> 1 Hub diameter d,,, at outlet m
impeller
s 1 :
<ds2> Shroud diameter d, at outlet m
radial/ |<d1>1? Inlet diameter (leading edge) d; m
mixed-
flow <bl>1? Inlet width (leading edge) b, m
impeller
S <d2>1 Impeller diameter d,, m
<h2>1 Impeller outlet width b, m
<xTip> tip clearance (for unshrouded impellers) | m
Stator <MerData> Inlet/Outlet geometry (see Interface
("Merlinlet", "MerOutlet") definition[ 40Y):
- Interface position Hub/ Shroud if the
inlet/outlet is the primary interface side | m
- Offsets for Hub/ Shroud or Center line.
Used to define the absolute
geometrical position.
Meridional contour <Meridian>
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XML Tag (+attributes)

Description

Unit

<BezierdMerLE Name="GeolLeadingEdge">
<u-Hub>
<u-Shroud>

Leading edge position on hub (0...1)
Leading edge position on shroud (0...1)

These value take higher priority than
control points of the edge curve below
and hence owerride the first and last
control point values

<Bezier4MerLE Name="GeolLeadingEdge">
<Points>

Control points of leading edge cune.
Number of control points depends on
selected curve mode.*

see meridional contour > leading/
trailing edgel| 2s4

<Bezier4dMerTE>
<u-Hub>
<u-Shroud>

Trailing edge position on hub (0...1)
Trailing edge position on shroud (0...1)

These value take higher priority than
control points of the edge curve below
and hence override the first and last
control point values

Only available if trailing edge is not
fixed to outlet

<Bezier4MerTE>
<Points>

Control points of trailing edge cune.
Number of control points depends on
selected curve mode.*

see meridional contour > leading/

Only available if trailing edge is not
fixed to outlet

<BezierdMerLE Name="GeoSplitLeadingEdge">

<u-Shroud>
<u-Hub>

Splitter leading edge position on hub
0...1)

Splitter leading edge position on shroud
0...1)

These value take higher priority than
control points of the edge curve below
and hence owerride the first and last
control point values
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XML Tag (+attributes)

Description

Unit

<Bezier4MerLE Name="GeoSplitLeadingEdge">
<Points>

Control points of splitter leading edge
curve. Number of control points
depends on selected curve mode.*

see meridional contour > leading/
trailing edgel| 2s4

<ListObjectBezierdMer Name="GeoHub">

Contour segment of Hub contour
containing a set of control points. The
number of control points depends on
the selected curve mode.*

see meridional contour > Hub-Shroud
contour 272

(only available for Hub-Shroud design
mode)

<ListObjectBezierdMer Name="GeoShroud">

Contour segment of Shroud contour
containing a set of control points. The
number of control points depends on
the selected curve mode.*

see meridional contour > Hub-Shroud
contour 272

(only available for Hub-Shroud design
mode)

<ListObjectBezier4dMer Name="GeoMiddleLine">

Midline contour containing a set of
control points. The number of control
points depends on the selected curve
mode.*

see meridional contour > Design
Modes| 260
(only available for Midline design mode)

Blade properties <BladeProperties>

<nBI>

Number of blades Ng,

<Count>

Number of blade profiles

<Betal Blade="0"> 2

Blade angles at leading edge {3, for
each blade profile

rad
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XML Tag (+attributes)

Description

Unit

<Beta2 Blade="0"> 2

Blade angles at trailing edge (3, for
each blade profile

rad

<Betal Blade="1"> 23

Splitter blade angles at leading edge

B, Spl for each blade profile

rad

<Beta2 Blade="1"> 23

Splitter blade angles at trailing edge

B, Spl for each blade profile

rad

<s1 Blade="0">

Main blade thickness - on small radius
(LE)
[Hub, Shroud]

<s2 Blade="0">

Main blade thickness - on large radius
(TE)
[Hub,Shroud]

<s1 Blade="1">

Splitter blade thickness - on small
radius (LE)
[Hub, Shroud]

<s2 Blade="1">

Splitter blade thickness - on large
radius (LE)
[Hub, Shroud]

<inc_RQ>

Incidence - flow ratio Q_shockless/
Q _BEP
[Hub,Shroud]

%

<inc_i>

Incidence angle [Hub,Shroud]

rad

Mean lines <SkeletonLines>

<RelativeSplitterPosition>

Splitter trailing edge position
(tangential) between neighboring main
blades

%

<Bezier3SL> 34

m,t-Bezier control points to modify
wrap angle and blade shape

<BezierBetaSL> 34

Bezier points of 3 distribution for
indirect modification of blade shape

Blade profiles <BladeProfiles>

<BezFillProf Name="MBI">

Blade thickness distribution along
main blade profiles.

Bezier curnves for pressure- & suction
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222

XML Tag (+attributes) Description Unit

side [PS, SS])

<BezFillProf Name="SBI"> Blade thickness distribution along
splitter blade profiles.

Bezier curnves for pressure- & suction
side [PS, SS])

1 Make sure that main dimensions are not calculated automatically (see impeller main dimensions
[201)) to make these values available in batch mode. Save these changes into the Project file before
applying batch mode updates.

2 Make sure that 'automatic blade angle update' is deactivated in the blade property dialog[ =07 to
make blade angles available in batch mode. Sawe these changes into the Project file before applying
batch mode updates.

3 Values for splitter blades are only available when splitters are not geometrically linked to main
blades. See blade properties| 290

4 Control points are always listed as Cartesian coordinates. They can be modified within the same
constraints that exist in interactive design mode (Modifications that violate the constraints will be
corrected).

Explicit coordinates will also be overridden when additional relative coordinates for corresponding
control points are provided. These relative parameters are listed below the complete control point list
and are specified the same way as in the corresponding design dialogs (see Right Click on Beziér

control Qointmﬁ).

Parameters for volutes

XML Tag (+attributes) Description Unit

Inlet definition <SpiralCasingBC>

<FQ> Flow factor F, -

Inlet geometry (see Interface definition[ 4):

- Interface position Hub/ Shroud if the wolute is the
<MerData> primary interface side m
- Offsets for Hub/ Shroud or Center line. Used to
change Inlet diameter (d,) and Inlet width (b,).

Diffuser <SpiralCasingDiff>

© CFturbo Software & Engineering GmbH



34 CFturbo 10

XML Tag (+attributes) Description Unit
<BezieraDiff> Diffuser height (h6). (See Diffuser] +z&)) m
<HG6> -
<Diameter> Dimensions of the 'End cross-section'.
or Depending on the used shape it either specifies a
<Rectangle> Diameter for circular end cross-sections or width | _
and height for rectangular end cross sections
(See Diffuser[ i)
Cut-water <SpiralCasingCutwater>
Simple | <PhiT0> Angular position ¢, , (see Simple Cut-water[ +27) rad
Fillet | <Fillet> Fillet radius R (see Fillet Cut-water|«0)) m
<DiffBase Diffuser Base Form factor (see Fillet Cut-water[40) |
FormFactor>
<PhiTO> Spiral start position (see Fillet Cut-water| «0)) rad
D?utble <EllILERatio> Splitter edge ratio (see Cut-water «3)) -
wlute

2.2.3 ExitCodes

CFturbo provides the following exit codes, which report the result of the batch run:

Exit Code Description

0 No errors or warnings occurred during batch run.
1 Last batch run was completed with warnings but no errors.
2

Last batch run was completed with errors.
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2.2.4

Example

The example of a CFturbo batch file below, changes the blade number of the Pumpl example
project.

Subsequently the modified project gets exported as geometry export as well as saved into the
CFturbo project file "Pumpl_mod.cft".

<?xm version="1.0" standal one="yes" ?>
<CFt ur boFi | e Versi on="9">
<CFt ur boBat chProj ect | nputFile="C: \Testing\Punpl.cft">
<Updat es>
<CFt ur boPr oj ect Type="(bj ect ">
<CFt ur boDesi gn_Radi al | npel | er Type="0hj ect" Nane="&l t; Radi al
I mpel I er&gt ;" Info="Cfturbo GibH' | ndex="0" Desc="CFturbo conponent">
<Bl adeProperti es Type="(Cbject" Desc="Bl ade properties">
<nBl Type="Integer" Desc="Nunmber of bl ades">7</nBl >
</ Bl adeProperties>
</ CFt ur boDesi gn_Radi al | npel | er >
</ CFt ur boPr oj ect >
</ Updat es>
<Bat chActi on Nanme="Export" Exportl|nterface="Ceneral" WrkingDir="C:\Testing
\" BaseFi | eName="Punpl 9.1 all" Al Conponents="1"/>
<Bat chActi on Nane="Export" Exportlnterface="General" WrkingD r="C \Testing
\" BaseFi | eNane="Punpl 9. 1">
<Expor t Conponent s>
<Val ue Type="Integer">1</Val ue>
</ Expor t Conponent s>
</ Bat chAct i on>
<Bat chActi on Nanme="Export" Exportl|nterface="STEP" BaseFi | eNane="Punpl_9. 1"
Model St at e="Sol i ds onl y" >
</ Bat chAct i on>
<Bat chActi on Nane="Save" QutputFile="punpl_nod.cft"/>
</ CFt ur boBat chPr oj ect >
</ CFt ur boFi | e>

During runtime a log-file <batch file>.log is created in the directory of <batch file>:
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29.10. 2013 16: 29: 42
29.10. 2013 16: 29: 42
16: 29: 42

29.10. 2013 16: 29: 42
\ pumpl_m cft-batch
29.10. 2013 16: 29: 42
\ pumpl_m | og

29.10. 2013 16: 29: 42
(x86)\ CFturbo 9
29.10. 2013 16: 29: 42
29.10. 2013 16: 29: 42
\ pumpl. cft-batch
29.10. 2013 16: 29:42
file:
29.10. 2013 16: 29:42
\ Punpl. cft

29.10. 2013 16: 29: 42
29.10. 2013 16: 29:42
29.10. 2013 16: 29:42

<CFt ur boDesi gn_Radi al | npel | er Type="Cbj ect"

I mpel | er &gt ;'
(2/4/24)" |ndex="0"

<Bl adeProperties Type="0Ohject"

<nBl
Bl adePr operti es>
CFt ur boPr oj ect >
29.10. 2013 16: 29:42
29.10. 2013 16:29:43
29.10. 2013 16:29:43

properties:

geonetry nodi fications are possible.

29.10. 2013 16: 29: 43

fi ni shi ng:

C:\ Testi ng\ Punpl. cft

I nf o="

Type="1I nt eger"

Bl ade angl es are updated automatically. Therefore

currently NOT up-to-date

[ I NFO CFturbo 9.2 - 29.10.2013

[ I NFO Ti me: 29.10. 2013
[ I NFO Fil e: c:\Testing
[ I NFO Logfil e: c:\Testing

[ I NFO Wor ki ng directory: C: \Program Files

[ 1 NFO e

[ I NFO Readi ng batch file: c:\Testing

Starting batchproject for input

[ I NFO

[ I NFO Open input file: C\Testing

[ I NFO Updat e desi gn paraneters
[ 1 NFO
[ 1 NFO

Runni ng geonetry update with data:
<CFt ur boPr oj ect Type="0Obj ect" >
Nanme=" &l t ; Radi al

CFturbo Sof tware and Engi neering GrbH - cft-senbl
Desc="CFt ur bo conmponent " >
Desc="Bl ade properties">
Desc="Nunmber of bl ades">7</nBl > </
</ CFt ur boDesi gn_Radi al | npel l er> </
[ I NFO Run desi gn steps
[ I NFO No hints.
[ I NFQO 1: <Radi al Inpeller>: Bl ade

[ I NFQO 1: <Radi al Inpeller>: Model
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29.10. 2013 16:29: 43 [ I NFO Export-action found for fornmat:
Gener al

29.10. 2013 16:29:43 [|I NFQ Sel ecting all (1) conponents for
export!

29.10. 2013 16:29: 43 [ I NFO Savi ng export files successful,
export | og:

29.10. 2013 16:29:43 [|I NFQ 29.10. 2013 16:29:43 [ I NFQ

File: C\Testing\Punpl 9.1 all.cft-geo successfully exported
29.10. 2013 16:29:43 [|I NFQ Export-action found for format:
Gener al

29.10. 2013 16:29: 43 [ I NFQ Savi ng export files successful,
export | og:

29.10. 2013 16:29:43 [|I NFQ 29.10. 2013 16:29:43 [|I NFQ

File: C\Testing\Punpl 9.1.cft-geo successfully exported

29.10. 2013 16: 29: 43 [ I NFQ Export-action found for format: STEP
29.10. 2013 16: 29: 43 [ I NFQ No working directory set, using
default: C:\Testing\

29.10.2013 16:29: 45 [| NFQ Run triming

29.10. 2013 16:29: 47 [I NFQ Run fillet creation

29.10. 2013 16: 30: 48 [ I NFQ Savi ng export files successful,
export | og:

29.10. 2013 16: 30: 48 [ NFQ 29.10. 2013 16: 30: 43 [I NFQ

Updat ed 3D data

29.10. 2013 16: 30: 48 [ NFQ 29.10. 2013 16: 30: 43 [I NFQ
Setting nodel state: Solids only

29.10. 2013 16: 30: 48 [ NFQ 29.10. 2013 16: 30: 48 [ NFQ

File: C\Testing\Punpl 9.1.stp successfully exported

29.10. 2013 16: 30: 48 [ I NFQ Save output file: c:\Testing

\ pumpl_nod. cft

29.10. 2013 16: 30: 48 [ NFQ *Hx

29.10. 2013 16: 30: 48 [ NFQ Bat ch node term nated. (01:08.160
nm n)
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2.3 Project structure and interfaces

A CFturbo project describes a complete single-stage machine or a single stage of a multi-stage
machine. Flow-conducting parts of the machine can be designed by CFturbo.

Project types

The follwing project/ machine types are available:

e Pump
e Ventilator
e Compressor

e Turbine

Project structure

A project consists of the global parts
e Project information[ 71}

e Global setuplTﬁ

e Performance prediction|7ﬁ

+ Expleon/ @

and the single component parts of the assembly. The following components are available:

® 1 or 2 Impellers on any position
® 1 Volute as last component

* any number of Stators (vaned or unvaned)

Components can be added directly in the components view[:s) or via the project menu[ ).
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Project
Pump/ Ventilator/ Compressor/ Turbine

S

Component |

Impeller/ Stator/ Volute @ﬂ
<Design steps> @
‘NL ﬁl Interface

Component Il

i

Component Il

Interfaces between components

Interfaces exist between neighboring components describing their coupling. The following coupling
types are available:

4L | Coupling in flow direction (Default)

Inlet cross section of a component is defined by the outlet cross
section of previous component.

44 | Coupling reverse flow direction
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Outlet cross section of a component is defined by the inlet cross
section of next component.

Interface coupling can be adjusted in the component view[ 168) directly at the interface position
between neighboring components.

The impeller as the core component of a machine has primary interface sides both at inlet and outlet
side.

2.3.1 Interface definition

The sketch illustrates the general layout of an interface between 2 neighboring components:

shroud hub
side side

Inlet geometry

¢ o
Ar

Offset Az Interface _Inlet interface
,|Ar |’ Outlet interface

' |

Az
Offset! 24 o
Outlet geometry
Geometry =

Interface + Offset

Primary / Secondary

One side (component) of the interface is primary always, the other one is secondary. The primary
side determines the position of the interface (red in the sketch), the secondary has to align on the
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primary side. Each interface side can define an offset to the interface optionally.

If the geometry of the primary component and therefore the position of the interface is changing, then
the component with the secondary interface is adjusted automatically. If a component is deactivated
(see Active/ Rename/ Delete[141), then no adjustment will be effected - therefore an overlapping of
neighboring components is possible, which is illustrated by a warning (see Comgonentsmﬁ).

Interface definition

The interface definition at wolute inlet[ 1] as well as at stator inlet[zs9 and outlet[ss0) is made in an
uniform manner.

Coupling to 11 In flow direction Coupling . _ . .
Upstream Qutlet (Fixed by Upstream Qutlet) Information to interface coupling direction

Inlet interface

Inlet/ outlet interface

Hub 18 15.081 . .

v Interfaces position at hub and shroud side

Shroud 12,705 18.218 (deactivated for secondary interface side)

4
Inlet | T
- Centerline | |/ Hub, Shroud Coordinate transfer from geometry to

interface and reverse
Offset

Hub Lz |0 mm Ar

mim Inlet/ outlet
mm Geometry definition optionally by
- Points on Hub & Shroud
- Point on Center line, width and angle

]
|

Shroud Az mm Ar

Absolute (incl. offset)
Hub z[18 mm r[15.081 mm

1]

Shroud z|12705 mm ri19.218 mm Alternatively absolute coordinates or an
Offset can be used, which are automatically
converted into each other.

Rotor-Stator-Interface

Rotor-Stator-Interface (RSI) at impeller outlet can be defined in the CED-Setuplsss! of the impeller,
otherwise it's located directly on the impeller outlet.

Flow direction (angle)

Beside the geometrical information the flow direction is an important interface property. The flow
direction at the component inlet is defined by the flow direction at the outlet of the upstream
component (predecessor). Outlet flow direction of a component is determined by its blade or by
constant swirl for vaneless components.
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The first component of the project has no predecessor and gets the flow direction information from
pre-swirl definition in the Global setugFﬁ.

Possible warnings

Problem Possible solutions

Invalid inlet/ outlet interface.

Intersection between interface and geometry Check interface definition of the component.
detected.

No matching inlet/ outlet interface
(considering outlet extension [of previous impeller])

2 neighboring components are not matching on | Check both sides (components) of the interface
their interface. if the hub and shroud points are identical.

On the inlet interface: if the previous component
is an impeller then the outlet extension[s#) of
this impeller can cause the problem.

On the outlet interface: if this component is an
impeller then the outlet extension|sss] can cause
the problem.

2.3.2 Automatic calculations

Some component design steps contain automatic calculations. I Automatic

Currently these are:

e Impeller main dimensions|[ 0 calculation of dimension values

¢ Impeller blade properties: calculation of blade anglesm Bgys Bg, (Meanline design mode) or
Profile properties|ss (airfoil/ hydrofoil design mode)

These automatic calculations can be activated or deactivated. Both approaches hawe their specific
advantages and disadvantages:

e Automatic calculation:
It's assured that the calculation results are up-to-date based on the latest input parameters.
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The formerly used values could be be modified.

¢ No automatic calculation:
It's assured that the exact original values are used, which were calculated or specified formerly,
including optional manual adjustment.
The values could be not suitable to any modifications of input parameters or modified geometry
parts.

When opening older CFturbo projects containing automatic calculations the calculated values can
deviate from the original values due to the re-calculation - therefore the geometry could be modified
slightly compared to the original one. Generally it's recommended to deactivate all automatic
calculations after the design process is finished and the CFturbo file is archived.

If a CFturbo project was created by an older version and contains automatic calculations the user will
be asked for deactivating it when opening such a file. This should assure identical geometry over
several CFturbo versions.

Automatic calculations

The selected CFT file originates from an older CFturbo version.
The following components contain automatic calculations:

1: INDUCER

* Blade properties: Blade angles fB1, B2
2: RADIAL_IMPELLER

* Blade properties: Blade angles fB1, B2
3 WANED STATOR

* Blade properties: Blade angles BB1, B2

The recalculated values could deviate from the criginal values.

Do vou want to DEACTNWATE all automatic calculations for this
project in order to ensure the original geometry?

[ Dont ask me again
Can be reactivated in Preferences) Settings/ General

g/‘_r’es|9ﬂn |?ﬂelp

2.4 Graphical dialogs

Most component design step dialogs contain 2D graphical representation. The user interface is
uniform concerning the following topics.

Diagram popup menu
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All graphical representations are made in diagrams that are automatically scaled according to
displayed objects. All diagrams have a popup menu (right click on empty diagram area) with basic
functions. Alternatively you can use the buttons on the top side of the diagram:

B e Zoom window by mouse

[#] Lens magnificati

B copy to dipboard o Fit view

I savetotie

f”’“ ¢ Lens magnification

Load extra polvline

" Measure distance A

o * Copy to clipboard
e Sawe diagram as BMP, GIF, JPG, PNG or WMF
® Print

¢ Add any polyline from file (x,y points) to compare different curves
* Measure distance

e Configure diagram

Context sensitive popup menus

If the mouse cursor is moved over a graphical object (e.g. polyline, Bezier point) then this is
highlighted by color or by increased line width. Right mouse click is now related to this object and
does open a special popup menu or a small dialog window for data input.

Bezier curves are used for geometrical contours by default. This continuous polylines are described
by the position of a few Bezier points. Therefore a simple modification of the curve is possible but on
the other hand the numerical representation of the curve is accurate.

Bezier curve For_ Bezier cunes por?up menus are available for special
' ; - ion ncernin i

Circular Arc + Straight Line actions concerning the curve

Straight Line

® Polyline k

B save curve
(& Reset curve

Contour r
IL An alternate method to specifying Bezier points by the
[ Rel. position (0.100%) | </ mouse, you may enter the accurate coordinates of Bezier
: L = points in a small dialog window that appears by clicking the
" X right mouse button on the chosen Bezier point.

One or two coordinate values can be entered in dependence of geometrical boundary conditions. As
a rule these values are normalized relative values describing the position of the point between
extreme values left or bottom (0) and right or top (1). Normalized relative coordinates are giving the
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advantageous possibility of an automatic update of the entire design if a parameter is modified.

Display options

-0.05 Some diagrams (both main and additional progression diagrams) have sewveral
display options to switch on/off some elements. These display options can be
handled by a menu in the lower left corner of the diagram.

The state of each display option is saved internally and restored next time.

| Filled sections
w| Equivalent diameter (outlet) | 4
MP w| Cut-water section

Miscellaneous

e Coordinates of mouse cursor are displayed in format x:y bottom left in the status bar.

e Position and size of dialogs are saved to restore it in the same way when they are called
again.

e If CFturbo generates primary design automatically you may see Initial design on the top right
of the diagram.

¢ If numerical values are entered in tables, then a new value is only activated and the diagram
is updated if the <Enter> key is pressed or a new cell of the table is selected.
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2.5

Progression dialog

This dialog allows to set different progression types for a given variable.

Radius progression

as®E  B-B-&- FoB

JRadius|[mm]

130 7|

120 7|

110 7]

100 7|

30 | Ahgle [7]

35831363

o = ]
Progression

— () Constant
/-:-Linear
_{ @ Spline
A ©) Polyline

Import ...

v OK
X Cancel

7 Help

Availability

The Progression dialog can currently be used for the following variables:

e Cross section progression, in Meridional contour] zes)

e Angular positions, in Blade mean lines| 19

e Spiral cross section progression, in Spiral development areas| 417

Import Polyline

If the option Polyline is selected, a text file containing a user defined progression can be imported.

Text file format:
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# cross section distribution
# start/end tangenti al
# m dsection |inear
# (spline interpolation 9 points)
0. 00 0.00000

0.04 0.01728

0.08 0.03830

0.12 0.06368

0.16 0.09404

0.20 0.13000

0.24 0.17164

0.28 0.21687

0.32 0.26314

0.36 0.31018

0.40 0.36000

0.44 0. 41404

0.48 0.47102

0.52 0.52898

0.56 0.58596

0. 60 0.64000

0.64 0.68982

0.68 0. 73686

0.72 0.78313

0.76 0.82836

0.80 0.87000

0. 84 0.90596

0.88 0.93632

0.92 0.96170

0.96 0.98272

1.00 1. 00000

All lines starting with a "#" symbol are
comments. All other lines contain the numerical
values.

x and y coordinate values can be separated by

"comma", "semicolon

, "space" or "tabulator".

"Dot" character is required to be used as decimal
separator.

Values are imported in the currently active units
of the diagram axes.

The file can have any or no filename extension.

A sample file can be generated by right clicking the
progression curve and selecting “Save polyline”.

2.6 Editfields with empirical functions

Some edit fields are connected with empirical functions[ ). This becomes visible when activating the

edit field by mouse click.

Default Default appearance of edit field.
w05
Mouse-over Appearance if the mouse cursor is owver the edit

field. Min. and max. values are displayed if a
0,75 0,52 recommended range exists.

BT
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Focused Appearance, if the edit field is focused (mouse
click into the field). If a recommended range
0,75 W 0.9 exists, min. and max. values are displayed as
W U.§| well as a sliding bar below.
=
Default value The default value can be selected by pressing the

arrow button abowve. The numerical default value
- e is displayed as hint.

w (0.
Set default value: 0,838
Empirical function The connected empirical function can be
s b o displayed by pressing the diagram button on the
li' ; right side. Furthermore the currently selected
w|0.9 function is visible as hint of this button.

A

Show/change function...
[in-use: CFturbo default]

2.7 Troubleshooting
This chapter provides information on how problems can be handled:

= Error reportingmﬁ

-+ Emergency recoveryl?ﬁ

+ Known problems| 53

2.7.1 Errorreporting

CFturbo includes an error reporting function which helps you to send the relevant information to the
support team.

As bug reports help us to find and solve problems, we always recommend to send the report and
include as much information as you can provide to reproduce the error.

If an error occurred a window will appear that informs you about the error and provides 3 options:
e Send bug report

Follow the Send assistant to add user and contact information as well as configuring the
bug report. Finally, the report will be sent to our web server encrypted.

e Show bug report
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View collected information that will be included in the bug report.
* Continue application (Default)

Continue working with CFturbo without sending the bug report.

CFturbo.exe @

An error occurred in the application.
Please send a bug report which helps us investigating and fixing the problem.

You can chedk the collected information with "show bug report™,
The report will be transferred encrypted to our webserver or
attached to a new E-mail in your default E-mail dient if you have
to send it manually.

[=] Sendbugreport I Show bug report Continue application

Send assistant

The Send assistant will guide you sending the bug report.

In the first step, you will be asked for your contact information so that the support team is able to
contact you if additional information is needed or a solution for the problem is available.

Send Assistant &

Contact Information 1

your name:

Sample User

your email;
sample @user.com

v remember me

Continue Cancel

The second step asks you for the details of the situation, the error occurred in. Please note that it is
extremely helpful if the error can be reproduced.

Here you also can choose, if the currently loaded project should be attached to the bug report.
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e

Send Assistant

===

Error Details

In which situation did the error occur?
(This information will help us reproducing the errror)

Run CFturbo

Open project
Click on hub bezier point in meridional contour

v Attach CFturbo project file

Skip Cancel

2

Finally you can choose if a screenshot should be attached. If Continue is clicked, the report will be

sent encrypted to our web sener.

e

Send Assistant

==

Screenshot Configuration

v Attach a screenshot to the bug report

3

(click to edit image)

Continue Cancel

If automatic sending fails, e.g. due to missing network connection, a mail with all details and
attachments will open in your default mail client and you have to send it manually.

Detail view

The detail view shows you the information that is collected about the error and the current state of

CFturbo. Also basic system information is included.
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CFurbo.exe l‘:' =) é

An error occurred in the application.
Please send a bug report which helps us investigating and fixing the problem.

You can check the collected information with "shaw bug report”,
The report will be transferred encrypted to our webserver or
attached to a new E-mail in your default E-mail dient if you have
to send it manually.

2] Send bug report w Continue application

general |ca|| stacks I modules I hardware

2.7.2

Processors
physical memory

exception number
exception dass
exception message

description value

date ftime 2015-01-19, 13:28:04, 331ms

computer name

user name .

registered owner testl

operating system Windows 7 %64 Service Pack 1 build 7601
system language German

system up time 5days 1 hour

program up time 17 seconds

8x Intel{R) Core(TM) i7-2820QM CPU @ 2.30GHz
1064/8075 ME {free/total)

free disk space (C:) 4,74 GE
display mode 1600%900, 32 bit
process id £16d04

allocated memaory 130,81 MB
largest free block 1008,68 MB
executable CFturbo.exe
exec, date/time 2015-01-19 13:27
wersion 10.0.0.0

compiled with Delphi XE7
madExcept version 4.0.11

callstack cre £3972a67e, $9ch30ace, $9ch30ace

1
Exception
Fehlermelduna.

Emergency recovery

If CFturbo terminates abnormally the last project state is still available and can be restored at next
program start.

In this case the following message is displayed and one can open this last project state optionally.
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2.7.3

Restore

CFturbe terminated abnormally during last execution.
An emergency recovery file is available.
Date:  26.06.2015

9 Time:  11:02:47

</
Do vou want to open this file?

? Get more information...

& es |@ Mo

Known problems

The last project state is the newest item of the Undol 13 list of the previous project.

The following table lists known problems together with their possible solutions:

Problem

Possible solutions

When CFturbo is started, the following error message is
displayed:

Error

LoadLibrary failed with error 1114: A dynamic link library (DLL) initialization
routine failed.

LoadLibrary failed on Windows 10

Update the graphics card driver.
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Start

After starting the program you see the following screen:

@AH - )s CFturbo 10.0 - B
Preferences I Help l e
@ v w & & @

Help About  Default Check for  Show  CFturbo
topics | CFturbo examples || updates tutorials  website
Help. Online

Open recent project

v

i
!
=
(&
!
(i
&
[~
[~
[~

Licensed for: CFturbo Software and Engineering - nl20 ‘

Create new project
Here you can create a new project by selecting the desired machine type:

= Pump

Ventilator
= Compressor

= Turbine

These 4 buttons correspond to the menu item File/ New[ 67\

After creating a new project the Global Setug|7ﬁ dialog is starting
automatically.
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Afterwards several components can be added| 140 to the project.

Open existing project
Here you can select existing projects:

@ SeedcEi Open any CFturbo project .(*.Cft) vi_a file opening dialog
(corresponds to the menu item "File/ Ogen"@)

%) . Open one of the CFturbo default examples from the installation

directory

Open recent project

Here you can select one of the 10 recently used projects. The full flename is displayed as a hint if
you move the mouse cursor over any item.

You can clear the entire list using the button right top or use the pop-up
menu by right click on any item to remowe it or to open the
corresponding directory.

#  Removwe from list

Open directory...

w
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4 Opened project

After creating a new design or opening an existing project the main window looks as shown below:

- | - O X
@\ =] Mixed-flow pump.cft (Pump) - CFturbo 10.0 -
" | PROJECT IMPELLER STATOR PREFERENCES HELP @ x
f —]( @ m} ¥ Import 30 geometry .:D:. V| Active E
@ Reference components I12 Rename
Project  Global Performance Export — Undo Add Remave
information setup  prediction |# | Hide messages companent ~ = Delete design steps
| Project H Selected Component
< Meridian 3D Model = Report
Components radial coordinate Mzerrz= 3)
r [ITII'I1] Component Message g
35 = ] 1: <Radial Impelier=> g
Main dimensions are not &
@ Main updated automatically. =
dimensions Therefore the design |T|
/ could be not up-to-date. |
/ 25 . Blade angles are 4
. Blade updated automatically.
| V rc'eﬂiaﬂ Therefore geometry
/ PrOREMIES  modifications are
/ 4 possible.
| <Stators -
15 \G -« 3: <Stator>
I Blade angles are not
/ | V Blade updated automatically.
/ | properties  Therefore the design
| could be not up-to-date
4 |
3 |
57
z [mm]
axial coordinate
L e e L s B B B s s s e e s e B B L B S e e
5 15 25 35 45 55 65
67.9:26.5 100 % | +% Reference components
4  Progressions
m 4s Licensed for: CFturbo

On top you can find the ribbon style menu[e8 providing access to all functionality. Some of the
ribbon pages are context sensitive.

The CFturbo application window is divided into three main areas:

a) Component list on the left side

This ordered list contains an icon for each component of the project. The currently selected
component is framed.

Clicking on the icon selects the component (alternatively you can click on component in the
meridional view/ 68).

After selecting a component, the ribbon changes to the project tab or to the specific one for this
component type (configurable, see Generallzs'ﬁ). The context menu of the icons allows (de)activating,
renaming and deleting the component.
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The following component types are possible:

d

d

Radial or mixed-flow impeller

Axial impeller

Stator (vaned or unvaned)

Volute

b) Three alternative views in the central part

see Views |1

c) Message panel on the right side

The message panel shows errors (red), warnings (
of the project. The design step causing the message is also shown.
It depends on the opinion of the user to accept warnings or to modify the design by adequate actions

to awid them. Reasons for errors should be eliminated.

Messages (6)
Component Mezsage

i
= ] 1: Radial Impelier g
=
Main dimensions are not @
@ Main updated automatically. =
dimengiong Therefore the design @

could be not up-to-date.
»

&

& Model fini..

Blade angles are not
updated automaticalhy.
Therefore the design
could be not up-to-date.

Lo
currentw
up-to-d :

V Blade
properties

e

= @ Z: \ianed radial diffuser

Blade angles are
nndated antnmaticalbe

) and information (green) for all components

The type of a message (warning/ error/
information) is shown when howvering the
MOouSe Cursor over it.

If a help link is available providing additional
information concerning the message, a
guestion mark is shown next to the cursor.
The help can then be opened by clicking
on the message.
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5 Component design process

The design process for CFturbo project components requires the completion of a specific sequence
of obligatory design steps for each component type (see impeller[ s, volute[ o), statorl ssz).

After completing a components basic design process, optional design steps related to model
finishing[ =78l and CFD setupl =31 become available.

Each design step comes with its own dialog that can be accessed via the component specific
menus| 1+ or the components context menul 31 in the meridian view.

Design step dialog controls

Generally, dialogs in CFturbo provide the following standard controls:

 OK X Cancel | 7 Help

OK ¢ Closes the dialog and saves user changes into the project.
Cancel ¢ Closes the dialog and discards all changes made.
Help e Opens the help topic related to the current design step.

Fast Navigation and Automated component design

Dialogs that are part of the basic component design process provide two more options:

 OK |+| X Cancel | 7 Hep
— \4 OFK + Mext design step
p—

‘/H OK + Complete all design steps

OK + Next design step

¢ Closes the dialog and opens dialog of the subsequent design step, while saving the user
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changes into the project.

e This feature enables you to quickly navigate all basic design steps in the correct order

to apply small modifications faster and more comfortably

e This option is only available, if the selected component has a next design step that is

mandatory. Otherwise, it's grayed out.

OK + Complete all design steps

¢ Closes the dialog and saves user changes into the project. Finally, it completes all

subsequent mandatory design steps of the selected component with default values.

This option is only available if the selected component has a next design step that has
never been completed or has been removed| 143 previously. Otherwise, it's grayed out.

You may use this option as soon as the main dimensions[99 and interfaces[ 43 of a
component are defined to get to a preliminary automatic design within seconds. You
can change all design parameters according to your requirements later on.

The automatic design may fail or lead to unsatisfactory results if global project settings
and/or previously completed design steps are unsound. In this case you will be informed
about the issue via warnings in the message panel[ 58 or a message box.

Update Warnings

After any design modification all dependent design steps are updated automatically. In special cases
some properties of dependent design steps have to be changed automatically to consider design
limitations or to awid geometrical conflicts. In these cases a message box will be displayed for

information:

ERROR

The following update messages have occured for “<Radial Impeller=/ Blade properties™

TT ERROR: Geometry iz parthy not reasonable. Component cannot be updated.
L

? Get more information...
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Messages

Component Message

- @:l 1: <Molute>

Cl
Spiral Cross sections are updated
4= Oreas automatically. Therefore
@ geometry modifications are
possible.

=]
L)

v G=) Warnings

These information is also displayed in the
Messages area right in the main form.

See also Opened project/ message panell 581

Usually you can find more information about a
message in the online help by clicking on its text.
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6 Menu

In CFturbo all menus of the main window are - _
s Radial pump.cft (Pump) - CFturbo 10.0

. : . 3
|Ocated In a rlbbon Wlth tabs' k?l 1PRDJEC' IMPELLER STATOR VOLUTE PREFERENCES HELP
= ¥ ) mb [# Import 3D geometry b V| Active
. . w5 Reference components 142 Rename
Every tab (1) contains groups (2) with control | e s Petmerce San | o | wa |
elements (3). | 2eroect I T ——

The buttons hawve hints if they are not self-
explanatory. The hint becomes \isible when &

B Pump1.cft (Pump) - CFturbo 10.0

PROJECT | IMPELLER  PREFERENCES  HELP
the mouse cursor is on the button. & [ | E e dh (e | =
73 Reference companents 112 Rename
Project  Global Performance Export | - — Remave
information setup  prediction 1 Hide meieg Add/ remove components forreferen:e.”b— Delete design steps
| Project I Select=d Component |
Some buttons have more complex hints, if
. f f =] s Pump.cft (Pump) - CFturbc
the function needs more explanation. 2y
PROJECT IMPELLER PREFERENCES HELP » 3D MODEL | ® 3D MODEL - BLADES
{71 Single blade [ & area Pasition
<Radial Impeller > @ Blade passage 0 here
o 1 |45l blades | [
| Selection || number of blades ||
— Displays an approximately
| Meridian [— perpendicularly flown through area

between hub, shroud and two

Components <recentstate> - neighboring blades at a selectable

= [W] Components location.
| * [§] <Radial Impeller> PLEASE NOTE: This option refers to
= M Geometry the component currently selected
i [ points in the 30 model tree.
W] curves

By the = -Button (CFturbo orb) the file menul67 can be accessed. Next to it, the quick access
toolbar is placed. It can be customized by using the context menu of any element in the ribbon.

The tab pages contain control elements grouped by functionality:

page visible

PROJECTI 701 if a project is currently opened

IMPELLER[ 1 impeller(:s3)

STATOR/ 142 if the current project contains a | stator[ssh
VOLUTE/ 142 wolutel o0
PREFERENCES[ ) always
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HELP[ 163

? 3D MODEL[ 13

? 3D-MODEL - BLADES
[163]

? REPORT/ 3

if the corresponding view is
selected

3D view[ 172)

Regor‘c view
186

Keyboard shortcuts

Key tips are displayed, when you press and release the ALT key.

In order to execute a command, you hawe to press the the ALT key and the shown key(s) one after

another.
s L‘ll £ =
i{ F { } | }
Lz -
PROIEC IMPELLER
| P s
# X E

Project  Global Performance Expaort

information s=setup  prediction

PREFERENCES HELP > 30 MODEL
| E} IH} M|

| E IH}
ED E‘ Import 30 geometry

@E Reference components

I | Hide messages
Project

Pump1.cft (Pump) - CFurbo 10.0

» 3D MODEL - BLADES

V| Active i
112 Rename
Add Remove
component ~ = Delete design steps

Selected Component
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6.1

The file menu can be found on the left
border of the ribbon and contains the
basic file operations.

Right behind the menu buttons you can
open one of the recently used files by
selecting it from the list.

This list is also available in the main
window directly after starting the program

(see Start[ 5.

6.1.1 Create new design

? File | New ||

o=

—I}) PROJECT IMPELLER PREFEREMCES HELF

3 -5 b — _E'_med_‘ﬂlgec

File menu -

W Click here to create, ge:

- open, print or save a |_

. project.

A - od
B oo

é -
B e

# Press F1 for more detailed help.

ST AaAn |

]

Recent projects
J' New +
' 0. CAA A ExamplesiPumpi\Radial, Mixed-flow\Pump2. cft
1. AN A AExamples\Pump\Radial, Mixed-flowWolutel.cft
= Open 1 amples\Pump\Radial, M« owiVolutel.c
2. T\ \Pump\Radial, Mixed-flow\Radial pump stage.cft
B Save 3.\ \cadicfturbo\DW32_inducer_Impeller_Stator cft
4. C\Userstkreuzfeld\Downloads\Edvaxialinducer.cft
5. G\ \Examples\Pumpi\Radial, Mixed-flow\Radial pump.ci
B Save as
§. C\\CompresserRadial, Mixed-flow\Compressor.cit
- 7. G\ \Examples\Pumpi\Radial, Mixed-flow\Pump1.cit
ﬁ rin
&. C\\Pump\Radial, Mixed-flowiMixed-flow pump.cft
9. CA. \CompressorRadial, Mixed-flow\Comp1.cft
X Close
Exit
I i

When creating a new project one of the following project types can be selected:

= Pump
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= Ventilator
= Compressor

= Turbine

Equivaltent to using the menu or the toolbar, the buttons in the Create new project area can be

used, see Start[ 54

@AH 0-)s CFturbo 10.0 -0
Preferences | Help l (7]
@ v w4 | $ ¥ @

Help About  Default Check for  Show  CFturbo
topics CFturbo examples updates tutorials website
Help. Online

Create new project

Open recent project

i

[ 14

PP PR P RPEREDR

Licensed for: CFturbo Software and Engineering - ni20 ‘

The Global Setug|71"| dialog will be started automatically right after creating a new project.

After finishing the Global Setup you will see an empty project where you can add components.
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u%\“\ H 9-

PROJECT PREFERENCES HELFP

“_:é? -1: Ij. E‘ Import 30 geometry )

Reference components

Project  Global Performance Export - Undo

information  setup prediction |.£.| Hide messages =
Project |
<> Meridian 3D Model =
Components 4 radial coordinate
150 | r [mm]
140
i Add component
_: Mew
130 - ] Radiall Mixed-flow Impeller
] A Axial Impeller
12D_: <7 Stator
] @j Volute
o _: Existing
] +[% From file_..
100 4

6.1.2 Open/Save design

? File | Open/ Save/ Save as *A =

CFturbo projects are saved as *.CFT files (XML file format).

A list of recently used files is available by selecting the menu File | Recent projects. Alternatively
you can select the design directly from the list Open Recent Project if no design is opened, see
Start[ 54\

The user can modify the filename by the Save as- function in order to save modified designs under
different file names.
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6.2 PROJECT
A project can consist of several components (see Project structure and interfaces|3€). All
components can be designed separately, whereas they influence each other on the interfaces due to
geometrical constraints and fluidic coupling.
)=
4 PROJECT IMPELLER PREFERENCES HELP
st —¥ ﬁ Ij'b [¥F Import 30 geometry EII:IIZI ¥ Active i
@E Reference components 112 Reriame
Project  Global Performance Export - Undo Add Remove
information setup  prediction |.7 | Hide messages component ~ = Delete design steps
| Praoject ” Selected Component
The Project menu contains those actions, that are related to the whole project (group Project[ 7)) or
to the currently selected component (group Selected Component| o).
6.2.1 Project

The group Project contains all those actions that are related to the whole project.

“_:é? _¥ E Ij’ IE' Import 30 geometry

@ﬁ Reference components
Project  Global Performance Export Undo

information setup  prediction | i | Hide messages
Project

< Project information[ 71

< Global setugFﬁ

< Performance predictionFﬂ

> Exgortl?fﬁ

< Import 3D qeometrvm

-+ Reference components| iss

+ Show/Hide messages|s

2 Undol =9
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6.2.1.1 Projectinformation

? Project | Project | Project Information Z

For identification of the project can be specified:
* Project name
e Classification (e.g. version or sub name)
* User name
e Comments

This information is not mandatory and should support the identification of CFturbo projects &
sessions.

The working directory, the creation date and the date of last modification are displayed too.

Project information

Projecttype| P | Pump

Directory C:\Program Files\CFturbo 10\Examples'\Pump\Radial, Mized-flow!
Creation date 01.05.2002

Last modification 23.01.2014

Name|

Classification |

Employee |

Comment | CFturbo default example

¢ OK | xgancel| 7 Help

6.2.1.2 Global setup

? Project | Project | Global setup X

Here the global project settings are defined valid for all components.
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Depending on the project type different input
parameters are required (see below).

As examples you see the Global setup dialog for
pumps below, for compressors on the right side.

Global setup (Pump)

Design point

Flow rate o F nFh
Head - Hpo m
Revolutions n[i770 imin
Fluid

Name | Water (20°C) - p
- Optional

Direction of rotation (@) Right (clockwise)
seen in neg. z-direction () Left (counter-clockwise)
ne 100 % ()

Addilional casing efficiency

Pre-Swirl

by Flow angle | [ by Swirl number
Hub 1
Shroud 1

8= 1= e fug

0K | x;ance\| P Hep

Design point

General machine type: Radial (low pressure)

T~

® ‘\. |
|

I
specific speed
Specific speed (EU)
Specific work
Power output
Mass flow

Totakto-total pressure difference

49.035
2843 Ais?
37.05 kW
125.88 kols

2.9377E5 Pa

Here you hawe to enter the design point data:

(1) Flow rate:

e for pumps, ventilators: wolume flow Q

Global setup (Compressor)

Design point

Flows rate

Mass flow - mpiz ks
Energ

Total pressure ratio | v wp

Revolutions n[1.6E5 Jmin
Gas

Name | Air -l p
Model | Perfect -

Inlet conditions

Total pressure. pt[96300 Pa
Total temperature o c

4 Optional

Direction of rotation

Addiional easing efficiency

Pre-swirl

by Flow angle | | by Swirl number

8 = 1= ous fus

() Right (clockwise)
(@) Left (counter-clockwise}

neso % (£

by Swirl energy

Hub[1
Shroud 1

« 0K | Xcancel| P Heb

General machine type: Radial (low pressure)

specific speed

Specific speed (EU)

Specific work

Power output

Inlet total sonic speed
Totak-to-total pressure difference
Volume flow

Inlet total density

ng

at!
apt

Qs

58.641
1.088E5 m/s®
19.55 KW
34326 mis
1.936E5 Pa
563.41 mih

11501 kgim®

e for compressors: mass flow m or volume flow Q (referring to total state on suction side)

e for turbines: mass flow m

(2) Energy transmission:

« for pumps: head H or total pressure difference Ap,

« for ventilators: total pressure difference Ap,

« for compressors: total pressure ratio 1, or total pressure difference Ap, or specific work Y

Ths

(3) Number of revolutions n

for turbines: total pressure ratio m,, or actual power output P or total-to-static pressure ratio

© CFturbo Software & Engineering GmbH



Menu 73

Fluid/ Gas

Here the fluid has to be defined.

One has to select one of the predefined fluids. The list of existing fluids can be modified in the Fluid
manager] 3.

For compressors and turbines the gas model has to be specified additionally: Perfect, Redlich-
Kwong, Aungier/ Redlich-Kwong, Soawe/ Redlich-Kwong, Peng-Robinson.

Inlet conditions/ Boundary conditions [ for compressors and turbines only |

Here you hawe to define the total state on suction side by total pressure p, and total temperature T,.

For radial-inflow turbines the static pressure at the suction flange (pressure in the connection flange
of the work piece attached to the turbine at the outlet) has to be specified instead of the total
pressure at inlet.

Optional

Here some optional parameters can be defined. Their default values remain unchanged normally.

¢ Direction of impeller rotation, seen in negative axis direction.

e Additional casing efficiency, which contains all additional (non-typical) flow losses in casing parts
of the machine. This efficiency value is used for owverall efficiency calculation in addition to the

efficiency values specified in the impeller design.

e Pre-Swirl [ for pumps, ventilators, compressors only ]
Here you may define the inflow swirl at hub and shroud. The following definitions are available:

Flow angle Swirl number Swirl energy number
s =arctan(cs /Cys) | 8, =1—Cys/Us By =usCys/Y
Positive swirl ag < 90° 5 <1 5,>0
Negative swirl ag > 90° 5, >1 5, <0
No swirl ag = 90° 5. =1 3,=0

Negative swirl is increasing the head and may often have no good affect to the suction behavior.

© CFturbo Software & Engineering GmbH



74

CFturbo 10

Inflow through a straight pipe usually leads to swirl-free flow.

The different parameters can be converted:

Brzl_CLS:l_ 2[4 2 4?
us tanolg T (ds —dy }1ntanocS
oY 2(4_

SI,::I._L2 8Y=u5 (1 8[‘)

The conwersion §, - a4 is only valid for certain diameters d,, and dg.

Information

Y

Except for radial-inflow turbines the general meridional shape of the machine, depending on the

specific speed, is displayed in the right Information area:

4
z

radial

mixed-flow
(diagonal)
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. axial

Furthermore some calculated variables are displayed:

Specific speed points to machine type and general shape of impeller
(see Specific speed| 8l definitions)

Specific energy Y Pumps, Ventilators:
Y =gH=Ap/p

Compressors (perfect gas model):

x-1
Y= (ntx - 1)cth,s

Power output PQ PQ =mY

Pumps, Ventilators:
Py, = pgHQ

Mass flow m Pumps, Ventilators:
m=pQ

Compressors:

M=Q Py (pts ! TtS) (density according to gas model)

Total pressure difference Ap, Pumps, Ventilators:
Ap, = pgH
Compressors:
Compressor:
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Total pressure ratio T = pt,z/pt,s
Inl f I a,, =+/KRZT,
nlet speed of sound (total) t,1 t,S (perfect gas model)
m

Volume flow (total) Qi = ﬁ

PisPiss bis (density according to gas model)
Inlet density (total) Pes = Pss (pts ’TtS) (density according to gas model)
Outlet density (total) P =PulPe ) (density according to gas model)
Outlet temperature (total) T, =T 1+ T

P15/ (perfect gas model)

Turbine:

Total speed of sound at inlet a,; Ay =+/K'Rgas 2Ty (perfect del)
perfect gas mode

General remarks

¢ In general for cost reasons single-stage & single-intake machines are preferred cowvering a range of
about 10 < nq < 400.

¢ In exceptional cases it may become necessary to design an impeller for extremely low specific
speed values (ng < 10). These impellers are characterized by large impeller diameters and low
impeller widths. The ratio of free flow cross section area to wetted surfaces becomes unfavorable
and is causing high frictional losses. To prevent this one may increase either rotational speed n or
flow rate Q if possible. An alternative solution could be the design of a multi-stage machine
reducing the energy transmission of the single-stage.

¢ |f especially high specific speed values (ng > 400) do occur one can reduce rotational speed n or
flow rate Q if feasible. Another option would be to operate several single-stage machines - having a
lower nq - in parallel.

* Please note: CFturbo® is preferably used between 10 < nq < 400 — radial, mixed-flow and axial
impellers.
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Possible warnings

Problem Possible solutions

Energy transmission of all impellers deviates from globally defined value.

The sum of energy transmission defined for each | Check and adapt the energy transmission of the
impeller deviates from the globally defined value | impellers (see Main dimensions mt'ﬂ) to get

in Global setup. altogether 100% of the initially defined value of
the Global setup.

6.2.1.3 Performance prediction

? Project | Project | Performance prediction ﬁ

The Performance prediction is an empirical based estimation of the performance map of the machine.
Currently it is not available for axial turbines.

Please note: This is an estimation. The actual performance may differ from the prediction.
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Performance prediction

) |

j PLEASE NOTE: Information
! The curves are based on simple empirical estimations. Deviation from design point data is possible. In reality experimental performance data = 2 .
of complete turbomachinery stages or CFD results may differ from the values shown in this diagram. Design point Efficiencies Other data
b A Q [ih] 454
=2} R e =3
e b ¢ 5 Lpt [Pa] 2937TES
Total pressure difi. Revolutions [1/min] 1770
ﬁpt [Pa] Diameter [mm] 286
5865 | Froe;. Settings
Wariables | Parameters l Additional curves
x Volume flow ~
4855 7 vy Total pressure diff. hd
Flow rate rel to design point
50 % E R
3.8E5 |
2.8E5 |

/

1.egs ] \
EinalCharacteristic

T
\\

30000 |
Reference components
Q [m*fh] "
Configure...
Volume flow &%
T T T T T T T T T T T T T T T T[T
M 200 300 400 500 600 700
14 ' OK ‘ xgance\| P Help
726.4  406132.5 100 %
General

A performance curve of the current design is estimated on the basis of the Euler-Equation:

_ Apy,
p

He, = E(uz Cp—UCy)  and Ve =UzCp~U"Cy  respectively.

In these and all the following equations all variables are averaged values. E.g. the circumferential
velocity u, is calculated with an average impeller diameter d, , that is the impeller diameter d, for

radial impeller and the area averaged diameter for axial impeller respectively. The latter reads as:

Kinds of losses
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There are different kinds of losses that are considered in different curves:

Kind Description Parameter
Based on the Euler-Equation and the decreased power ’
that is calculated in the Blade grogertieslzh. In the ct:
b q design point the decreased power line is shifted by a =1 el "
pscfrase pressure head loss equivalent to the decreased power | ¢! = 1.--parallel position,
W .
H __=H -AH . The decreased power line can be
(oo =HinAHoec,) . P N cl = 0...intersection with
parallel to the Euler-Line as well as positioned that Euler-Line at Ap = 0.
way, that it intersects the Euler-Line at Ap = 0.
C
Based on the Euler-Line including the decreased | =
Hydraulic power minus the losses due to friction. Yields a Genera h '
approach:
losses gownwar(fjs opened parat;ola,_ tlgat touches the Flow factor that
ecreased power curve at Q = 0. MM =C considers the
Hydr geometry of the
component
. inlet and outlet
Includes all the effects listed abowe plus turbulence ct: Eirea)
and separation losses at the inlet and outlet. Yields a
Turbulence | downwards opened parabola. It touches the cune, in General 100
and which decreased power and hydraulic losses are approach: | F=—— 1
separation | considered, in the point of shockless flow Qopt. Here g-O.5-(Ain
the flow direction is tangential towards the leading AH,,, =ct
edge. .

The display of resulting performance cunes can be toggled by the check box "All performance

curves” ( E]'y display options lower corner in the left). In case the curves are to be hidden only the
actual performance curve (red color) considering all losses will be visible.

A loss coefficient, that describes the hydraulic losses, can be calculated by pressing "Calculate Z in
a way, that as a result the actual performance curve (red) of the flow efficiency will go through the

best point. For this calculation the ratio between the loss coefficients is important. This ratio Zct can
be set in the panel Parameter, see table below, second column.

Settings

Energy and flow rate variables plus
flow rate limits (reset default flow

rate with | ¥ )

Coefficients influencing the
decreased power (cl) and the
hydraulic as well as turbulent
losses (¢ ct)

Additional curves with different
speeds and diameter plus
system characteristic
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Settings Settings Settings
Variables ‘ Parameters ‘ Additional curves l Variables  Parameters | Additional curves l Variables | Parameters  Additional curves
Decreased output Performance map
% Mass flow v ¥ Slip Revolutions [/min}/Diameter [mm]
i <Radial Impeller= h m | 2340, 220
y Stage efficiency - + v] 2550, 220
= = —
Flow rate rel. to design point decreased 121 .
output line Intersection  Parallel
0 % 150 %%
‘l' at zero Ap to Euler Speedidiameter nD’—U
correction:

Loss coefficients

Losses: hydraulic turbulent .
Calculate T D:D:D IEEEEH Diameter  mH E.E- ma[1

exponents:

ct
<Radial Impellers 0.36028 [ system Characteristic
=W olute= 0.57923 | 0.2747% Calculate ¢
[v¥ Parameter
Weight Zw |0 cw |0 Hydraulic resistance
Static part
Ratio gfet 0

The two quadratic approaches towards the description of the hydraulic as well as shock losses (i.e.
turbulent losses) tend to generate characteristics that have their efficiency maximum at flow values
smaller than the design flow. To overcome or mitigate this certain parameters can be adjusted.

The general approach for the hydraulic losses is extended by an extra offset that is caused by a

blind flow Q.4 due to recirculation at a flow of Q = 0. This blind flow Qg , is determined with:
_ QDesign
Qpgiing = —2
"MNvol

Herewith the hydraulic loss become:
AH, ¢ =C-F- (Q2 +weight 'leind)

where weight can be influenced by the weight factor &y in the panel Parameter, see table abowe,
second column.

To influence the determination of turbulent losses at Q < Qopt a second weight factor cw is available.

With the help of this parameter the turbulent losses become:

Variables
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All types of turbo machines have in common: The characteristics can be displayed in a diagram with
dimensions as well as without dimensions.

Variable Pump Ventilator Compressor Turbine
H head - - -
Ap total pressure difference

work coefficient

v 2-g-H 2.Y 2-Y
V=""3 V= V=—
u; u; up
HIH,, head ratio - - -
Ap/Ap,, total pressure difference ratio
T, - - pressure ratio (total-total)
T - - pressure ratio (total-static)
Nst stage efficiency
Nger stage efficiency incl. motor -
Ny wolumetric efficiency -

required driving power

IDz&'(Q%_Qleak PZDQ#'(Q—FQIeak
NmechMmotMsf Mmechmot
Q volume flow
P meridional flow coefficient
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C
2 ml
Oy = —= QO =—7
u, U,
QIQy flow ratio
wlume flow total
N ) ) m m
Qt = Qt =
Pt1 Pt2
m - - mass flow

reduced mass flow

m . } [—
red . ) TRef

mred =m
pRef

corrected mass flow

corr - -
: : TRef

m =m

corr —
pty
pRef

All combinations of flow and energy variables are possible.

It is common practice in the case of turbines - contrary to all other type of turbo machines - that the
flow variable is given as a function of the energy variable. Beyond it characteristics of different
rotational speeds will not be displayed over the whole theoretical pressure interval but only
piecewise.

The choice of the variables is to be made in the tab "Variables".

Surge [ for ventilators, compressors only ]

The prediction of surge line is based on the following model: The pressure difference between outlet
and inlet yields a back flow within the compressor. Amongst pressure difference and back flow a
correlation exits, that can be found in the table "Kinds of losses", column "Hydraulic losses". Within
the applied model the compressor is thought as a parallel connection between a flow source and a
hydraulic resistance. Then, surge will occur when the back flow in the hydraulic resistance becomes
as big as the flow in the flow source.
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The surge line can be controlled by the loss coefficient "Surge loss coefficient”. Of course it is
impossible to consider non-steady effects that are characteristic for the onset of the surge with this
model. The surge line can be displayed only in case dimensional variables has been chosen and the

checkbox "Surge line" has been set ( Ef’ display options lower corner in the left).

With centrifugal fans surge may only happen if the pressure difference is big enough (~0.3 bar).

Choke [ for compressors only ]

Choked flow will happen if the flow reaches sonic speed somewhere in a duct. As the rothalpy is
constant at any point in the flow channel the temperature (critical temperature within the narrowest
cross section) at a flow at sonic speed can be calculated by:

2

u
CpT01+?°

T= £

¢ Z-x-R
¢, + 5

and critical sonic speed becomes:

a, =+/Z-k-R-T,

With an approximation of the critical density and the influence of the boundary layer blockage the
choked mass flow is:

rhch:A'ac'pc'(l_B)

The blockage of the boundary layer is expressed by the factor B that is 0.02 by default. This

theoretical choke line can be displayed when the checkbox "Consider choke" has been set ( Ef’
display options lower corner in the left).

Characteristics with different rotational speeds

With the current set of parameters performance curves with different rotational speeds can be
calculated and displayed. This procedure is feasible only if the rotational speeds are not too far from
the design point. If they are, similarity relations are not valid any longer.

Running a turbomachines with a speed different from the design point the resulting efficiency will be
smaller as the design point efficiency. To take this into account losses are scaled with the help of a
Speed/diameter correction factor nD, see table Settings|7!h, last column. The resulting losses will
be:
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n

Loss(n)= Loss(nDesign )-{1-nD-|1- -

Design

Characteristics with different diameters [ for pumps, compressors only ]

Performance curves for impellers with decreased diameter can be calculated and displayed too. The
decrease of the impellers means that the geometric similarity is not given anymore. Therefore
performance curves are calculated by the following empirical correlations: H' = H (d/d)™ and Q' = Q
(d7d)™?. The exponent mH should be within 2..3, mQ should be 1 or slightly bigger.

Similar to the correction of characteristics with different speeds those with different diameters will be
corrected with:

D

Loss(D)=L0sS(Dpeqg, )-| 1-nD | 1-

Design
Design

Reference curves

For comparison purposes with the present design saved designs can be loaded (soft
button"configure").

System characteristic - pumps, ventilators and compressors only

An operating point, in which a turbo machine could possibly run, can be determined by a fictive
system characteristic. The display of a system characteristic can be controlled by the checkbox
"System Characteristic". The system characteristic consists of a static and a dynamic part. The
static part is dependent on the parameter "Geodetic Head" (pumps only) and "Static part"
respectively, whereas the dynamic part is dependent on the parameter "System hydraulic
resistance". The system characteristic can only be displayed if head or total pressure difference have
been chosen as variable.

Information

On the right hand site in the panel information some design point information can be found. Beyond
it also the mass flow (or equivalent) for the tangential (shockless) flow towards the leading edge of
the impeller blades is given.
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6.2.1.4 Export

? Project | Export E’

The Export offers the designed geometry to be exported in standard file formats or for several CAE

applications.
Export »
Interfaces [ Components Settings
@ STER @ - =0 () Radial Impeller Export destination
Model finishing is currently NOT up-to-date. = C:\Daten),
g ::;P g =0 <> Uah?d.rat:?ial diffuser ) Base file name
Wodel finishing is currenthy NOT up-to-date. FP nq20 returnchannel {generic)
£F Tetrahedral volume mesh [ [ < Cross-overl
=+ CAD O <y Crossover Parameters
|:| <> Return channel hle for the
B auocan Iig]
ﬁﬁ BladeGen u]
33 CATIA iig)
'Ll Creo Parametric O
r‘ Inventor iig)
Ii; X u}
L Export
@ SOLIDWORKS Ifg]
=~ CFD
ANga ANSA
" AutoGrid Export path: C:\Daten\,
@ ICEM-CFD
V166G

@ Pointwise
& PumpLinx
& SimericsMP

{ » STAR-CCM+

o F5FOQ o
Log

=9 TurboGrid

' Close | ? Help

For geometry export you hawe to:

1. Select interface in panel Interfaces
2. Select component(s)
3. Set export settings

Interfaces

Available interfaces are grouped into three blocks: Basic[ 92, CAD[ed and CFD[ 97,
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Generally, there are 3 types of export formats available: "3D model export", "Predefined 3D model
export" and "Point based export":

3D model export Predefined 3D model Point based export
export
Format IGES, STEP, STL, BREP, | Tetrahedral volume mesh,
ANSA, Pointwise ICEM-CFD, PumpLinx, All the rest
SimericsMP

predefined set of points/

all visible parts of the 3D predefined set of parts of splines (independent of the

Content

model the 3D model 3D model)
Pl variable ¥ variable Y variable 2
density
Units [mm] [mm] variable ?

D point density can be configured in the Model settings/ 3D model of each component (Imgellerl?ﬁ
, Stator|sss), Volute[+s).

2) Point density and export unit can be configured in the Model settings/ Point export of each
component (Impeller|s7e), Stator[ses), Volute[ss).

If the blade shapel ¢! is ruled surface then points of mean lines as well as profiles (pressure and
suction side) are not affected by the model settings(s+! for the point based export.

Please note: The results of surface-based operations, e.g. fillets, cannot be exported to point-based
formats.

Remarks about the 3D model export

It is recommended to export solids or solid faces if they are available, because then the individual
faces best fit to each other. Particularly, this is the only sensible option after 'solid trimming' has
been done during Model finishing[ 7.

Components

The list contains all components of the project. If the interface supports multi-component export then
you can select multiple components, otherwise only a single one. For 3D model exports, no
component can be selected because the geometry to be exported is defined by its visibility in the 3D
model.
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Some of the interfaces support special component types only, e.g impellers. Therefore some of the
components could be deactivated.

Settings

This area contains all available settings for the selected export interface, like export destination and
the base name of exported files. Additional parameters can be available depending on the selected
interface.

Export

By pressing the Export data button the export procedure is started. Some logging information are
displayed in the area below.

For some CAD and CFD applications the exported geometry can be opened in the target application
automatically. The product version has to be selected from a list or the installation directory can be
defined manually.

Export
[ ] Open exported file(s)
|E Export data Version (322 W = C:AProgram Files\Simerice\SimericsMP.exe
Possible warnings
Problem Possible solutions
CFD Setup Segment required (see CFD Setup).
CFD setup not accomplished. Execute CFD setup| sl (generates a

segment).

Blade tip projection to casing required (see CFD Setup).

Blade tip projection not accomplished. | Check "Blade projection” in CED setup/
Miscellaneous 7).

Gap between leading/ trailing edge and inlet/ outlet required.
Select a stator on inlet/ outlet side if possible.
Alternatively CFD extension can be activated (see CFD Setup).

Some space around blade edges is Try to increase the distance between
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Problem

Possible solutions

required for meshing. This can be
generated by creating a CFD extension
or by selecting a neighbouring stator
component.

Note for TurboGrid: a vaneless stator
has to be selected, which has to be
considered as part of the rotating
domain in TurboGrid.

leading/ trailing edge and meridional
inlet/ outlet by

a) moving leading/ trailing edge in
meridional contour if edge is not fixed
on inlet/ outlet[ 27l

b) selecting a neighbouring stator if
possible.

or

¢) activating of CFD-Extension in CFD
setup/ Extension| ses.

Gap between leading/ trailing edge and inlet/ outlet recommended.
CFD extension can be activated (see CFD Setup).

Some space around blade edges is
recommended.

Try to increase the distance between
leading/ trailing edge and meridional
inlet/ outlet by

a) moving leading/ trailing edge in
meridional contour if edge is not fixed
on inlet/ outlet[ 27l

or

b) activating of CFD-Extension in CFD
setup/ Extension| sesl.

Small gap between blade/ leading

edge and inlet/ outlet could cause

import problems. Try to increase it if you experience any problems on
import.

See message.

Try to increase the distance between
leading/ trailing edge and meridional
inlet/ outlet by

a) moving leading/ trailing edge in
meridional contour if edge is not fixed
on inlet/ outlet[ 27l

or

b) activating of CFD-Extension in CFD
setup/ Extension|sesl (only for
impellers).

Finishing

Trimmed solid is required (see Model finishing).

Up-to-date trimmed solids required.

Execute Model finishing[ =78 with option
"Solid trimming".

© CFturbo Software & Engineering GmbH




Menu 89

Problem Possible solutions

Extended blade (see Model finishing) not supported.

See message. Execute Model finishing[ s7! with option
"No model finishing" or "Solid
trimming".

Model finishing is currently NOT up-to-date.

See message. Execute Model finishing] sl

No model finishing is currently selected.
"Solid trimming" is recommended for surface/ solid export.

See message. Execute Model finishing[ =7 with option
"Solid trimming".

Trimmed solid (incl. features like fillets) not supported by point based
export formats.

See message. -

Fillet-Cut-water is not supported by point based export formats.
Cutwater has to be designed manually in CAE.

See message. -

Solid vs. Solid faces: They are handled differently by various target
systems.

To be taken into account if a mixed
selection of solids and solid faces was
selected in the component tree[:79).

Export of "Flow Domain" might be defective.

The STEP export of "Flow Select "Spiral.Surface" instead in the
Domain.Solid" or "Flow Domain.Solid | component treel 179\

Faces.Spiral" might be defectiwve if the
spiral face spans a wrap angle of 360°.
This occurs for internal volutes.

Blades

Complete blade edges design is required.

"Blade edges" design step not Execute Blade edges|z«,
accomplished.

Blades are required (see Main dimensions).

Components without blades are no -
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Problem

Possible solutions

supported by this interface.

Designs with only one blade are not supported.

See message.

Designs with blade wrap angle larger than 360° are not supported.

See message.

RTZT format does not support blades with asymmetric thickness
distribution.

Blades with asymmetric thickness
distribution will be imported in
BladeGen, so that the thickness
distribution is symmetric with respect to
the mean line.

Model
settings

Geometry is not fully included in a cube between (-500,-500,-500) and
(500,500,500). Choose other export units.

A geometry can be correctly
represented only if it is fully included in
a cube between the points (-500,-500,-
500) and (500,500,500) due to the
Parasolid™ library limitation.

Change length unit in Model settings/
Point export| 7.

Current point export settings could cause import problems in Inventor due
to high number of points.

See message.

Change number of points in Model
settings/Point export| 76,

Different export units were selected for at least two selected components.

See message.

Select identic export units for all
components in Model settings/Point
export[s7e)

General

Complete all design stepsisrequired.

Only for CFD-Applications. One or more
design steps were not finished.

Complete all design steps.

Special license for this interface required.
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Problem Possible solutions

License for this interface not found. Check the license information in
Preferences/Licensing] 15

No license available.

The corresponding module is not Only designs corresponding with

licensed or CFturbo is running with a licensed modules or unmodified default

trial license. examples using a trial license can be
exported.

Parts to be exported have to be visible in the 3D Model.
Imports can only be exported via the context menu of the 3D Model tree.

See message. Make all parts to be exported visible in
the component tree[ 173

Performance prediction not supported for axial turbine projects.

See message. -

Performance prediction not supported for projects without any impellers.

See message. -

Volutes without cut-water are not supported.

CFturbo2ICEM does not support wlutes -
without cut-water.

Invalid viscosity value.

See message. Set a valid viscosity value in fluid
manager] 1\,

Real gas properties will be ignored by default. You have to configure the
*.rgp file manually if required.

Only for Vista TF. See message. -

Parts of an inactive component are visible in the 3D Model. They will not
be exported.

See message. Make all visible parts for inactive
components invisible in the component

tree[ 179,
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6.2.1.4.1 Basic

? Project | Export | Basic E’

Under Basic the basic export interfaces are grouped which are available independently of the
component type.

Interfaces

=i~ Basic

N
5 LRI

A

[>

BQRQE =¥

+- CAD

+- CFD

Export pre

Design report

General geometry (tet)
General geometry (xml})
Performance data
Batch mode template
DXF

IGES

STEP

STL

BREP

Tetrahedral volume mesh

conditions

A0 &Kk FITI

Export availability is independent of the design progress. The formats IGES, STEP, STL and BREP

export the geometry visible in the 3D model.

[I=Impeller S =Stator V =Volute MC = Multi-Component export supported ]
Menu item |Description Component type
Design *.html, *.rtf, |design report | s | v |mc

report

* csy, *.ixt

Design information as text file;
Summary of most important design parameters
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see Report| iss)

General
geometry
(txt)

*.cft-geo general text file

MC

Text file containing geometry data of the design for any further
processing.

Impeller/stator:
Meridional section:
z, r of hub, shroud, leading edge
Blade mean lines, Blade profiles:
X, Y, z: cartesian coordinates
r: radius
t: angle
T: tangential length
m: meridional radius based length
m/m__: meridional radius based length (0..1)

M: meridional absolute length
M/M_: meridional absolute length (0..1)

[: blade angle

s: blade thickness
L: 3D length

la: lean angle

Volute:

Spiral cross sections, Diffuser cross sections:
X, Y, Z (cartesian coordinates)

Contour lines in circumferential direction:
X, Y (cartesian coordinates)

General
geometry
(xml)

*.cft-geo-xml |general xml file

MC

XML file containing geometry data of the design for any further
processing.

Performanc
e data

*.cft-pp XML format file

XML file containing results of Performance prediction 77

File is created for
whole project

Batch mode
template

* cft-batch XML format file

It contains all changeable values with a short description and
sample actions.
see Batch mode/26)

File is created for
whole project

DXF

* dxf neutral format

(Drawing Interchange File Format)

MC

File contains designed geometry of the selected component as
3D polylines.

IGES

*.igs neutral format

(Initial Graphics Exchange Specification)

Components and
elements are
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File contains designed geometry as 3D surfaces. Visible 3D view
is the basis.

STEP *.stp neutral format
(Standard for the Exchange of Product model data)

File contains designed geometry as 3D surfaces. Visible 3D view
is the basis. Also, the names displayed in the model tree are
exported.

Solid vs. Solid faces:
They are handled differently by various target systems. In case of
import problems, it is advisable to try the other variant as well.

Specifics:
For STAR-CCMH+, it is better to export solids instead of solid
faces. selected in 3D view
For SOLIDWORKS, try with and without STEP import option: "B-
REP mapping"”.
STL *.stl neutral format

(Standard Triangulation Language)

File contains designed geometry as triangulated 3D surfaces.
Some parameters| 100 can be adapted. Visible 3D view is the
basis.

BREP *.brep native format of Open CASCADE based
applications
(Boundary Representation)

File contains designed geometry as 3D surfaces. Visible 3D view

is the basis.
Tetrahedral |*.msh, *.vol, |3 gitemative file formats are available: I | s|V |MC
volume polyMesh  |Flyent, Netgen, OpenFOAM
mesh
File contains designed geometry as tetrahedral volume mesh for
simulation. File format and mesh resolution can be specified with
Set parameters.
6.2.1.4.2 CAD

? Project | Export | CAD E’

The CAD group contains the supported CAD product interfaces.
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Interfaces
+~ Basic
=~ CAD

B | sutocan

ﬁ BladeGen

2

S caTA

‘Bl creo Parametric

l‘ Inventor
i'“l NX
w SOLIDWORKS

t- CFD

F 08 o8 o8

Export preconditions

The export availability of CAD interfaces depends on component type and design progress.

Component type Export available from design step
Impeller, stator with blades "Mean lines"

Stator without blades "Meridional contour"

Volute "Spiral development areas”

The interfaces AutoCAD, CATIA, Inventor and SOLIDWORKS support multi-component export.

[I=Impeller S =Stator V =Volute MC = Multi-Component export supported ]

Menu entry |Description Component type

AutoCAD *-,txt Version 2014 | S|V [MC

Lisp script xyz2spline (part of CFturbo) creates splines from
imported points.
e Select "AutoCAD Classic" Workspace

e Load "xyz2spline.lsp" under Manage | Load Application
e Run command "xyz2spline" and select *.txt file

BladeGen * izt Version 14.5, 15 | S|V [MC

© CFturbo Software & Engineering GmbH




96

CFturbo 10

The file contains complete 3D impeller geometry point-by-point.

¢ File | Open: select file type ,Meanline File (*.rtzt)"
e select *.rtzt file

CATIA

* catvbs Version V5R19

MC

The macro generates a surface model + generating splines.

e Tools | Macro | Macros
e Select macro library and macro, Run

Creo
Parametric

*.ibl, *.pts Version 2.0 M090

MC

*.ibl contains geometry defined by 3D points.

*.pts files are exported for impellers only and contain information
about blade thickness defined by 2D points

e Home | New | Part <name> (if no file is open)

¢ Model | Get data | Import

e select *.ibl or *.pts file

Inventor

* bas Version 2014

MC

The macro generates a surface model + generating splines.
e Tools | Visual Basic Editor
e VB
o File | New project
o File | Import file, select *.bas
o Tools | Macro, select “Main”, Run

NX

*-ug.dat Version 8.0

MC

One file per component will be created.
e New | New Project file <name> (if no file is open)

To import curves (hub, shroud, wolute contour curves):
¢ Insert | Curve | Spline | Through points
¢ Points from file
¢ select *.dat file

To generate surfaces (blade, wlute, diffuser):

¢ Insert | surface | Through points
¢ Row degree <= number of blade profile sections

e Column degree <= Row degree-1

¢ Points from file

¢ select *.dat file

Please note: If the mentioned menu options are not available,
the appropriate commands hawe to be created:

a) "Tools/Customize” or right click on any toolbar/menu,
"Customize..."

b) "Commands", "Insert/Curve/Spline..." or "Insert/Surface/
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Through Points..."
c) Integrate selected item via Drag and Drop in a menu or
toolbar
SOLIDWORKS|*.swb Version 2014 I S|V |MC

e Tools | Macro | Run: select *.swb

The macro generates a surface model + generating splines.

6.2.1.4.3 CFD

? Project | Export | CFD E’

The CFD group contains the supported CFD product interfaces.

Interfaces
+- Basic
- CAD
= CFD
Alga ANSA

"  AutoGrid

@ ICEM-CFD

@ STAR-CCM+

E*3 TurboGrid

“=% Turbomachinery CFD

D F e FFfUAdoeFfEFL

*
h:# “ista TF

Export preconditions

The export availability of CFD interfaces depends on component type and design progress.
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Component type Export available from design step
Impeller, stator with blades "Blade edges"

Stator without blades "Meridional contour”

Volute "Diffuser geometry"

The interfaces ANSA, AutoGrid, ICEM-CFD, Pointwise, PumpLinx and Simerics MP support multi-
component export.

[ =Impeller S =Stator V =Volute MC = Multi-Component export supported ]

Menu entry |Description Component type
ANSA *.igs Version 15.3 I | S|V [MC
¢ File | Open

e Select *.igs file

AutoGrid *.geomTurbo Version 9.1.3 I | S|V [MC

¢ File | New Project
¢ “Initialize a New Project from a geomTurbo File”
e Select *.geomTurbo file

ICEM-CFD | tinxML, *.stp Version 13, 14, 14.5, 15 I | s|V|MC

A STEP file with named geometries is created. The names are
visible in ICEM-CFD if the file is imported via Workbench
Reader.

Parameters are saved in a separate XML file.

IGG * dat Version 9.1-3 | S|V [MC

Multiple data files are generated: section.dat, diffusor.dat,
cunves.dat

¢ File | Import | IGG Data
e Select *.dat file

¢ Repeat steps for remaining files

Pointwise *.igs Version 17.0R2 I | S|V [MC

¢ File | Import | Database
e Select *.igs file

PumpLinx *.spro, *.stl Version 3.4.9 I | S|V |[MC
Simerics MP

The *.spro file contains all project information. The *.stl file
contains the geometry in STL format as triangulated 3D
surfaces. Some parameters| 0 can be adapted.

In Simerics MP/ PumpLinx: Select *.spro file under Open project
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STAR-CCM+

*.bndy, *.estg, *.trbw

Version 8.04.007

MC

e Mesh | Import turbo blades...

e Select *.trbw file under Load

Turbo Wizard Settings

TurboGrid

*.cune

Version 14.5

MC

4 files are created, a session file (<filename>.tse) and

<filename>_hub.curve, <filename>_shroud.cune,

<filename>_profile.cune.

Load the saved session file <filename>.tse:

* File | New Case
e Session | Play Session

or

Open the cunve files (<filename>_hub.curve,

<filename>_shroud.cune, <filename>_profile.curve) manually:
Launcher: select directory, start ANSYS TG

File | New Case
File | Load Cunes

* curve file

input number of blades, define z axis as rotational axis,
select cartesian coordinate system and length unit, select

Vista TF

* fil, *.con, *.geo, *.aer, *.cor

Version 4.05

MC

5 files are created:

- default file <filename> fil

- control data file <filename>.con

- geometry data file <filename>.geo

- aerodynamic data file <filename>.aer
- correlation data file <filename>.cor

Run compiled executable version of the Vista TF code. Exported
files need to be in the same folder than the executable file.

ICEM-CFD (ANSYS)

This interface is supporting the script solution CFturbo2ICEM for automated meshing of CFturbo

geometries. Detailed information can be found on the CFturbo website.

The button Set parameters... opens the Export ICEM-CFDI 1) dialog for defining meshing

parameters. These settings are saved in the *.tinXML file, whereas the geometry is transferred by a

*.stp file.

For more information about using CFturbo2ICEM please see the available documentation.
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6.2.1.4.4 Specifics

The following topics contain specific information about how to import the geometry designed by
CFturbo into some CAE applications:

e AutoCAD (Autodesk, Inc.)[ o}

e Inventor (Autodesk, Inc.)l23

CATIA (Dassault Systémes)[ 08

AutoGrid (NUMECA International)[:23)

e Creo Parametric (PTC, Inc.)[ o9

ICEM-CFD (ANSYS)[:sh

STL 108

6.2.1.4.4.1 STL

Some parameters are available via "Set parameters" to influence the quality / resolution of the STL

geometry.

Parameters poo
Triangulation
Win. element length  |0.25 mim

w ¥
Max. element length IEU mm
]

Granularity | Moderate e
Files
STL write mode | Binary b
J oK | xgancel| ? Help

Minimum element length: Minimum mesh element length.
Maximum element length: Maximum mesh element length.

Granularity: Policy of mesh element construction. 5 levels from very coarse to very fine are
available.

STL write mode: Format (Binary / ASCII) for writing STL files.
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6.2.1.4.4.2 Tetrahedral volume mesh

In addition to the Qarametersm for triangulation, three export formats can be selected.

Parameters oo

Triangulation

Min. element length 025 mm
WMax. element length IEEI mm

Granularity | Moderate Ly
Files
Format OpenFOAM "

Fluent
OpenFOAM
 OK [Netgen =Ip

Fluent: *.msh file is exported

OpenFOAM: necessary *.gz files and directory structure are exported

4 [ [Example]
4 [ [constant]
[_J[polyMesh]
@ points gz
@ faces gz
Fneighbour gz
£ owner gz

Netgen: *.vol file is exported

6.2.1.4.4.3 AutoCAD (Autodesk, Inc.)

The data import from CFturbo is realized by a LISP-script.

Loading the LISP-Application and Import of the Geometry

Select "AutoCAD Classic" Workspace

Manage | Load Application (command: _appload)

Select file "xyz2spline.lsp" from CFturbo-installation directory, load and close dialog

Execute loaded LISP-application by command xyz2spline
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e Select and open *.txt file exported from CFturbo

e Attention: If"; Error: Bad argument type: FILE nil" occurs as error message it can be bypassed by

typing the filename in the open-file-dialog manually instead of selecting the file by mouse click.

EEEIEEEYCIE =

*

Drawingl £

{63 AutoCAD Classic M

AutoCAD Classic

SLPHAPEE - JHI CRITONOTE NN

&
K]

-| 5 8

Layout!

Layout?

5|9

Command:
Command: _appload

-

i}

=

2 4

NN

e

I

Warkspaces
Palsttes
Toolbars
Coramand Line

Clean Screen

Spelling
Quick Select...

Draw Order

Tiolate

Tnquiry

Update Fields

Block Editor

Xref and Black In-place Editing
Data Extraction..

Data Links

Action Recorder
Load Application..,
Run Script..
Macro

AutolISP

Display Image

Mew UCS

Marmed UCS...
Geographic Location...

CAD Standards
WWizards
Drafting Settings...

¢ Group

Ungroup
Tablet
Custornize

Options..

e

|| | 1s0-25 ~|| | standard - 2] S

T E T
y

Ctrl+9
Ctrl+0

5 5] O ByLayer

EyLayer ~|| Bulayer || Bulolr

~

DG L o0IC+EbE ok

@@@ﬁ]@

]

o]
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& 150-35 | & | standard | 3] st
EyLayer | ByLayer || BsColor
A

-

A Load/Unload Applications 003

- A

Suchen in: CFubo @ -8 > E- a

Narme - Anderungsdaturm =F|

Exarnples 29,10,2013 17:32 .§.

[ curves_points.lsp 06052013 16:01 1)
[emzsplinedsp 06052013 16:01

ol

()

e

=

< |—_'

Dateiname: (]

Deteiyp:  [AutoCAD Apps [an” orw;"bspi" v, clw”. = | -

1

Loaded Applications [ Add to History |

File Fath I Uninad r

acadml Chprogram fiestauladeskhautozad | 57

scsdZD14L..  C:\Program Fileshdutodesk butal, Statup Sulte ?

acad2014de..  C:APragram FileshAutodesk Autal. E

acappa C\Program Files\dutodesk ViutoCA, =

e

Close Help ]

=

Ry - - _appload

G 3 P ARy o ) O B ) B

Selection of xyz2spline.lsp file

Construction of Impeller

Creating the blades

e Use the command _loft to create surfaces from curves
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150-25 ~| 5| standard -2

SPARPEF - DHO CRIEANOD L™

NICustom View][ 2D Wirefra

Layoutl

me]

Byl ayer ~|| Bulayer ||| ByColor

! o
+ B

|
B

=
]
a
a

@@nﬂ@'é@ 2

B

il

Command:  Regenerating model.
Command: Regenerating model.

5|~

e

[

B8 TR s 2 T A (G 9 L

Sample-view after data import
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5 | Il A] stndard % 1s0-25 ~| 5| standard < 2] st

Byl ayer ~|| Bulayer ||| ByColor

] | [Sills] " stom View]IConceptual]

-

=
]
a
a

SPAPEF - DHO CRIEANOD L™

@@nﬂ@'é@

JE;

KD Lapoutl / Layout?

-

| Command : urrent
L Enter an option [2duireframe/Uireframe/Hidden/Realistic/Conceptual/Shaded/shaded uith Edges/shades of Gray/SKetchy/X-ray/Other] <Shaded with edges>: _C

Y 50 -
L. 3 5 e e R 3 A v B

Blade surface gerated by using the _loft command

Creating rotational surfaces (Hub, Shroud)

e Command _revolve

Select hub and shroud cunes

Specify axis start point or define axis by [Object/X/Y/Z] <Object>: 0,0,0
e Specify axis endpoint: 0,0,1

e Specify angle of revolution or [STart angle/Reverse/EXpression] <360>:360
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Dedek

AutaCAD Classic

SEAPEE - DI 0RIONUD LN,

Standard

Byl ayer ~|| Bulayer ||| ByColor

-

=
[}
il
al
fa
=i
=1
=
=
&
T

JE;

o

Construction of Volute

Hub and Shroud surfaces

EES IO
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Bulayer ||| ByColor

NCustom View][2D Wireframe]

-

=
]
a
a

SPARPEF - DHO CRIEANOD L™

@@nﬂ@'é@

JE;

1l

] 40 p | v | EELERE Layoutl
—

. |command: Regenerating model.
: Regenerating model.

T o [ = AP i i

Sample-view after data import

Creating the open part of wolute geometry
1. Command _loft
2. Select profile-curves to loft (part by part, starting with the open one)

3. Enter an option [Guides/Path/Cross-sections only] <Cross-sections only>: cross-sections only
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& Loft Settings @
Surface control at cross sections
Ruled
@) Smoath Eit
Skark conkinuity: Start bulge magnitude:
Gl 0.5
End continuity: End bulge magnitude:
Gl 0.5
Marmal kot

All cross sections

Draft angles

Start angle: Start magnitude:
a0 u]

End angle: End magnitude:
a0 u]

Close surface or solid
Petiodic (smooth ends)

[ [o's | | Cancel | | Help

Settings for lofted surface

4. Repeat steps 1 to 4 for remaining parts of the wolute

6.2.1.4.4.4 CATIA (Dassault Systemes)

The data-import is realized by a macro that is created for each geometry individually by CFturbo. The

macro is loaded and executed in Inventor.
Open the macro dialog

¢ Tools | Makro | Makros or <Alt> + <F8>
e Select an existing macro library

or

¢ Create a new macro library: <Makrobibliotheken...>, add directory which contains the macro files

created in CFturbo (<Vorhandene Bibliothek hinzufligen...>)

© CFturbo Software & Engineering GmbH



Menu 109

Akkuelle Makrobibliothek oder akkuelles Dokument:
I EPrnductl.C.ﬁ.TPrnduct j Makrobibliotheken. ..
Yerfigbare Makros:
MNamne | Sprache |

Makrobibliotheken E I

Bibliokhekstyvp:

I [C verzeichnisse j

Akkuelle Bibliokheken:

Yorhandene Bibliokhek hinzufigen. ..

Meue Bibliothek

Schliefien

e Select macro library and execute macro

6.2.1.4.4.5 Creo Parametric (PTC, Inc.)

The following files are exported by CFturbo for impellers:

e *-hub.ibl, *-shroud.ibl: points of hub and shroud
e *-profile.ibl: points for blade profiles

e *jbl: all points for hub, shroud and blades
The following files are exported by CFturbo for wvolutes:

e *-contour-line.ibl: spiral contour points
e *-section-closed.ibl: points for all spiral, cut-water and closed diffuser sections
e *-section-open.ibl: points for all open diffuser sections

Import of curves

1. Home | New | Part
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Y T==
ES
File » Home o e M e
1= & @& ¢ Ol E
) L& >
New | Open t Select Working Erase Not  Model System Play
Directory Displayed Display Colors  Trail File
Data Seftings *  [w | Utilties ~
o =
B | @
Commeon Folders
El In Session Hew
[ Desktop Sub-type
#3 My Documents i Sketch Solid
a Eetmeta
@ Part Sheetmetal
m, SVG-moon [ Assembly ) Bulk
¥ Working Directory LU Manufacturing
{E8 Network Neighborhood Drawing
Format
Wanikin Library % Report
124 Favorites - Diagram
O 7] Notebook
(@) @ Markup
Name
Common Name
[™f Use default template
0K Cancel
¥ Folder Tree
v

Launched an installer for ProductView Express.

=@

2. Model | Get Data | Import. Select *.pts or *.ibl file
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O -~ 8B8 -9~ PRT0001 (Active) - Creo Parametric = B X
&
File » Model = Analysis Annotate Render Tools View  Flexible Modeling  Applications 00O- 2]
32 Eay @ B F nods f\, _'\ i Revolve i’ Hole 2D Draft v 0 = 2 @ & @
o B % Point ~ dysweep ¥ T Round v [ Shel = a
Regenerate - Plane Sketch  Extrude Pattern Boundary Component
bl v i‘ }{x Coordinate System d; Swept Blend % Chamfer ~ Rib = - B Blend - ] Interface
Operations * GetData = Datum ~ Shapes ™ Engineering ¥ Editing * Surfaces * Model Intent
Merge/inheritance r Er="2lc
fa B2 Q& @O @ B A E
Copy From
Model Tree Independent Geometry M
[ PRTO00TPRT | 5] import
£7 RIGHT
7 TOP Open x
L7 FRONT (] ‘D b (C) b tmp » CreoParametric v|4,| |Search
4% PRT_CSYS_DEF
&+ InsertHere JJJOFQEH\Z&V =22 Views v “ﬁ’TDDlsV \’?
Common Folders D Radial_pump_Co0-hub.ibl
Desktop D Radial_pump_Co0-meanlined.ibl
@ My Documents D Radial_pump_Co0-meanline.ibl
= D Radial_pump_Co0-meanline2.ibl
svg-moon
D Radial_pump_Co0-meanline3.ibl
Iﬂ_‘T Roig ey D Radial_pump_Co0-meanline4.ibl
Network Neighborhood | [ Radial_pump_Co0-profie.ibl
3% Favorites [ Radial_pump_Co0-shroud.ibl
[} Radial_pump_Co0-thickness0.pts
D Radial_pump_Co0-thickness1.pts
D Radial_pump_Co0-thickness2.pts
D Radial_pump_Co0-thickness3.pts.
D Radial_pump_Co0-thickness4.pts
D Radial_pump_Co1-contour-line.ibl
D Radial_pump_Co1-section-closed.ibl
D Radial_pump_Co1-section-open.ibl
File name: Radial_pump_Co0-hub.itl Date modified: 15-lan-14 01:44:58 PM
Type | All Files (%) w| Sub-type
F @' * Using the template defaulf " Folder Tree Open N Cancel v

3. In "File" dialog, select desired import options

File
Source

Radial_pump_Co0-hub.ibl

Profile

Current Profile L

Import type =
port typ () Facet
) Curve
[+ Enable ATB
Options

[w Generate log file

@ Automatic
() Geometry

x

a0

Details...

4. Confirm to finish import process
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@y -2 29+ PRT0001 {Active) - Creo Parametric = B
File » Model Analysis Annotate Render Tools View Flexible Modeling Applications Import >0 e M o
" 3 - % £ f\,
File |C\datentmp\CreoParametric\Radial_ [ =] ,ﬂ #] 1ne ﬁﬁo“ w X Datum
Applies and saves any changes you have made in the
b T || (ST || PO feature tool and then closes the tool dashboard.
% & 5 AR @05 e % L
Model Tree tﬁ - @ -
(] PRTO0D01.PRT
L7 RIGHT
7 TOP
L7 FRONT
% PRT_CSYS_DEF
= Insert Here
57 Curve From File id 40
FRT_ ¢SYS DEF
F @ ®Salec‘t reference coordinate system. EH] 1 selected Coordinate System A4

All cunes can be imported in this way
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Model Tree

-k

Q

@

A @0, e R

(1 PRTOD01.PRT
L7 RIGHT

% PRT_CSYS_DEF

B4 Curve From File id 40
Curve From File id 42
Curve From File id 53
Curve From File id 55
m File id 96

+ B

ST
| i!i'g‘i)‘o’

Menu 113
B o~ -2E- - PRTO001 {Active) - Creo Parametric Trial Edition = B =
ES

File » Model Analysis Annotate Render Tools View Flexible Modeling Applications o e M e

ﬂij‘ I ,,’ Axis {\’ ] i Revolve Horat v (Tl e @ @] m

0= = . X g 3 @& s =E

Y x Point * Sweep Ro || She "
Regenerate Plane Sketch  Extrude ﬁ Pattern L Boundary E_;] Component
- "i 3{« Coordinate System GS; Swept Blend 7 Chamfer Rib - Blend Interface
Operations ¥ GetData ™ Datum * Shapes ™ Engineering ~ Edtting Surfaces ¥ Model Intent ~

Smart

Creating revolution surfaces

1. Model | Datum | Axis: create axis of rewolution selecting the two proper datum planes. (Note: use

Ctrl for multi-selection)
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B o~ -2E- - PRT0001 {Active) - Creo Parametric - B 3¢
ES
File » Model Analysis Annotate Render Tools View Flexible Modeling Applications o e M o
= -’ B i N nle n /
5;} S =3 U £ Axis ‘(\J E[/_'\ Siv Revolve Hole J} Draft = " + ‘p:c,- @ ] @
o B - “I‘ ,(’(x Point ~ ﬁ Sweep ¥ W Round ™ [ Shell 7| = ﬂ_;]
Regenerate - Plane Sketch  Extrude Pattern Boundary Component
- i 3{« Coordinate System GS; Swept Blend 2 Chamfer ~ Rib ~ - = Blend o Interface
Operations ¥ GetData ™ Datum * Shapes ™ Engineering ~ Edtting Surfaces ¥ Model Intent ~
3 . = xe [ e
% [ /s A& & @o/e s ER
Create a datum axis.
Model Tree
(] PRTO0D01.PRT
£7 RIGHT
7 TOP
£7 FRONT
% PRT_CSYS_DEF
B} Curve From File id 40
= Insert Here
Placement | Display Properties
References
TOP:F2(DATUM PLANE) Through
RIGHT:F1(DATUM PLANE) Through
Offset references
Click here to add item
OK Cancel
i @ L] Wi | 1selected Smart v

2. Model | Datum | Sketch: create a new sketch

¢ Select the plane containing the cunve to be rewolved. Reference and orientation items are set

automatically after selection.
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=] F - BT
File Model Analysis Annotate Render Tools View Flexible Modeling Applications

7 3 U 7 hds f\, I

i ' o Point ™ g Round
Plane Sketeh  Extrude Pattern
g 3{: Coordinate System ep Chamfe Ri
Operations ¥ GetData ~ Datum * Shapes ¥ Engineering * Editing * Surfaces ¥ | Model Intent ¥
=TI

B IR

Model Tree ﬁ =
(J PRTO001.PRT

£7F RIGHT

£F TOP

£7 FRONT

4 PRT_CSYS_DEF

&4 Curve From File id 40
P

% InsertHere

#3 % Sketch 1

Sketch x
CSY S NIFE

WPRT

Yi

Placement | Properties

Sketch Plane

Plane

Use Previous
Sketch Orientation

Sketch view direction | Flip

Reference RIGHT.F1(DATUM PLANE}

Orientation  Right v

Sketch Cancel

E—n @ $Salect a reference, such as surface, plane or edge to define view orientation. N 1 selected All -

e Sketch | Sketching | Project: do a projection of the curve selecting the curve. Select option
"Single" and click on "Close"
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g o EF T PRT0001 (Active) - Creo Parametric = B 2
File ~ Model  Analysis  Annotate  Render Tools View  Flexible Modeling  Applications sketch | Le- (2]
g & 5 WA B L ) T e P By
fal 3 i O-Q- -~y -8 = = + = i h
N File Construction R Palette - Normal Feature —— OK Cancel
= System Mode G-~V B O~ =Y L 2| Requirements
Setup ¥ GetData Operations ¥ Datum Sketching Editing Constrain ¥  Dimension * Inspect ¥ Close
i 3 we | o | v [ [ ]
| B ([ oo e & R
= Create entities by projecting curves or
Model Tree ”ﬁ' A= edges onto the sketch plane.
(] PRTO0O03.PRT
7 RIGHT N Select Use Edge
£7 TOP (@) Single
L7 FRONT () Chain
4 PRT_CSYS_DEF ) Loop
5.4 curve From File id 40
’.‘ A1 Close
& Insert Here
“Sketch1 T T TR TR
’
!
:
!
.
!
/
i
i
(Ba) i Al v

Finalize sketching task by clicking on "OK"
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5§ curve From File id 40
A

& InsertHere

Menu 117
gEHO - EE v PRT0001 (Active) - Creo Parametric = B 2
File » Model  Analysis  Annotate  Render Tools View  Flexible Modeling  Applications Sketch | oS- (2]
L Y AT E L ) FE ok e pg B %
2 i O e o N + = i
N File . | Select Construction R Falette . Normal Feature ——  OK | Cancel
lﬁ):I system [0 hd J—u Mode @ v A a A r£ VI o T Requirements
Setup ¥ GetData Operations ¥ Datum Sketching Editing Constrain *  Dimension ¥ Inspect * Close
7
SN Al a@ o B % 8w FE | Vo
T " "
Save the section and exit.
- :
Model Tree T T ¢
i~ 2 ,
[ PRTO003.PRT +
£F RIGHT ,-’
7 TOP
L7 FRONT

% ¥Sketch 1

All -

. Select the cunve and click on Model | Shapes | Rewlwve
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Model Tree

() PRT0003.PRT
L7 RIGHT
7 TOP
L7 FRONT
% PRT_CSYS_DEF
B4 Gurve From File id 40

-k

® i R

Revolve a sketched section around a
centerline. Create a revolved feature
as a solid or surface, and add or

remaove material

CFturbo 10
OEHwo -~ 2F -~ PRTO001 {Active) - Creo Parametric = B =
File » Model Analysis Annotate Render Tools View  Flexible Modeling  Applications o e v 0
O£ 7 & = | # Hole 0 o :
‘JEJ =3 £ s {\l E[/_'\ Sfo Revolve Hole 2 Draft @ E @
o B - “I‘ ,(’(x Point ﬁ Sweep ¥ % Round * (& Shell ﬂ_;]
Regenerate Plane Sketch  Extrude Boundary Component
- A g %Cnurdinate System d;'swept Blend ¢ Chamfer ~ Rib ~ Blend 7 Interface
Operations ¥ GetData ™ Datum * Shapes ™ Engineering ~ Surfaces ¥ Model Intent ~
= 55 Revolve
o | @ ‘

Fan
#% Sketch 1 PRT_CSYS DEF
& Insert Here
-
=@ ™ Smart -

4, Click on field "Axis" under tab "Placements" and select the rewlution axis. Surface of revolution

will be generated
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[ i Dy e  HE B e v
- . - . - E:S 6 e - e

File = Model Analysis Annotate Render Tools View  Flexible Modeling Applications Revolve

(20 | sekcttitem 4k +|[3800 Y% A C Il ([ 5o v X Datum

Placement | Options | Properties
@ & = e, (B [ag]

Bo B sketen Q& &[0 F R E

ModelT | Sketch 1 Unlink ﬂ -
I PRTOD  Axis

ORE T

L7 TOF

£F FRONT

A« PRT_CSYS_DEF

B4 Curve From File id 40

Fa

7 Sketch 1 JFRTCSYS DEF

& Insert Here
» o HRevolve 1

i
flaa FE(DATUMA)(IS)L /
@ Ry &l -
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WOSED- o

ligh

B9~ PRT0001 {Active) - Creo Parametric

&
File Model  Analysis = Annotate Render Tools  View  Flexible Modeling  Applications Revoive

[:||E‘Qj|mxis ||[dkl~|[mee  [v]2 Z1 C ||®®$ﬁg@l$x

Placement | Options | Properties

B B sueen Qe @ o %R
ModelT | Sketch 1 | Unlink | 3 -

[J PRTO0 Axis
L7 RIC [ A_1:F6(DATUM AXE] Internal CL
7 TOF
7 FRONT
A PRT_CSYS_DEF
B} Curve From File id 40
Faa
#% Sketeh 1
# Insert Here
b s #Revolve 1

|F‘ K @ | M | 1sekected Al v

5. Finalize rewlwe task by clicking on "OK"
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ODEEw o285+ PRT0001 {Active) - Creo Parametric

File = Model | Analysis @

94 @
o=

B "
Regenerate

- X B

Get Data ™

Annotate Render Tools  View  Flexible Modeling  Applications

A oA P17 Hole b))
<P Round ¥ Shell
Pattern

$ Chamfer ¥ (= Rib ~ v

7] sk Revoive
‘ ﬁ Sweep ¥
Extrude
47 Swept Blend

Shapes ¥

W Point *
Plane

Sketch
5{% Coordinate System

Operations *

B & m

Model Tree

] PRT0003 PRT
7 RIGHT
7 TOoP
7 FRONT
2 PRT_CSYS_DEF
B} Curve From File id 40
Fan

Datum * Engineering *

Editing *

a &|a@ a s % E

L =

» = Revolve 1
= Insert Here

orat v N
] B
Bl o

= = =

oo-e

2 O
S

Blend )

Surfaces ~

Component
Interface

Model Intent =

F @ .

| {Mf | 1 selected

Smart v

Creating lofted surfaces

Lofted surfaces are created from blade profiles and spiral section curves.

1. Model | Surface | Boundary Blend

© CFturbo Software & Engineering GmbH



122 CFturbo 10
LE &7 L[S o ¥ - Creo Parametric =
[ = vy v v B8 £5 PRT0001 {Active) - Creo P tril B 32
&

File v Model = Analysis = Annotate Render Tools View  Flexible Modeling  Applications foll~ g (2]
H‘rj‘ Sy I 4 ;’ Axis r\l = o:o Revolve 7 Hole b Drat ¥ + ,;:c,- @ B @
o= B - “I‘ ,‘x,g Point o ﬁ Sweep T % Round *  [m] Shell ] = f_q

Regenerate . Plane Sketch  Extrude Pattern Boundary Component

- T “‘ 5{% Coordinate System d; Swept Blend + Chamfer ~ Rib ~ - B Blend - | Interface

Operations * GetData = Datum * Shapes ¥ Engineering * Editing * Surfaces ™ Model Intent

B & m

Model Tree

(] PRTO001.PRT

7 RIGHT

7 TOP

7 FRONT

2 PRT_CSYS_DEF
B} Curve From File id 40
= Insert Here

@& e @0, B % E

,ﬂ Boundary Blend

Define a boundary blend.

tHi

1 selected Smart

2. Select desired curves (use Ctrl for multi-selection)
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O@Ew - 2@ 0~ PRT0001 {Active) - Creo Parametric

File~ | | Model Analysis Annotate Render Tools View  Flexible Modeling  Applications Boundary Blend

@lfxcnams | @‘ Click here to add item Ine ﬁd‘cﬁ‘i’ xX

Applies and saves any changes you have made in the
feature tool and then closes the tool dashboard.

BB ® @ & CE 0
Model Tree 'Tﬁ"

(] PRTO001.PRT
7 RIGHT
7 TOP
7 FRONT
2 PRT_CSYS_DEF
B} Curve From File id 40
= Insert Here
£ **Boundary Blend 1

Curves | Constraints | Control Points | Options | Properties

EdiEal

§-u @ ‘Seled two or more curve or edge chains to define the surface first direction. A point or vertex may be used in plac EH] All

3. Finalize Boundary Blend task by clicking on "OK"
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OEgow-~o-EBF -9~ PRT0001 {Active) - Creo Parametric = B X
& -
File ~ Model | Analysis  Annotate  Render Tools View  Flexible Modeling  Applications oe 2]
3;} I 4 A oA r\l D/_'\ i Revolve i Hole b Draft ¥ ol + = @ 7] @
& B - o' W Point * #]sweep ¥ T Round T [T Shel BB E i ]
Regenerate . Plane Sketch  Extrude Pattern Boundary Component
- y “‘ %Cnurdinate System d;'Swept Blend Q Chamfer = Rib ~ - = U Blend - | Interface
Operations * GetData = Datum * Shapes ¥ Engineering * Editing * Surfaces ™ Model Intent
P B A& Q@ o, 0 s
Model Tree "ﬁp = E =
] PRTOD01.PRT
L7 RIGHT
7 TOP
L7 FRONT
2 PRT_CSYS_DEF
B} Curve From File id 40
77 Boundary Blend 1
= Insert Here
@ ® | (Wj | 1sclected Smert v
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figh

B OEE By~ PRT0001 {Active) - Creo Parametric = B X

& -
File~ | | Model | Analysis Annotate Render Tools View  Flexible Modeling  Applications Le-e

Uiy @ F pcs =] s Revolve {i7 Hole b Draft ¥ R a
g 7 N o =] q A =

o= i - it ,‘x,g Point ‘ ﬁSweep - P Round * (] She MEE

'E 1
Regenerate Plane Sketch  Extrude Pattern Boundary Component
- )( o “i 5{% Coordinate System d; Swept Blend Q Chamfer = Rib ~ - B Blend - | Interface
GetData = Datum * Shapes ¥ Engineering * Editing * Surfaces ™ Model Intent

Operations *

@ & € @ o, %R

=
Model Tree '”-]‘ﬁ A Iﬁ -

(] PRTO001.PRT
7 RIGHT
7 TOP
7 FRONT
2 PRT_CSYS_DEF
B} Curve From File id 40
B Curve From File id 81
77 Boundary Blend 1
= Insert Here

13 L] Wi | 1selected Smart v

6.2.1.4.4.6 Inventor (Autodesk, Inc.)

The data-import is realized by a macro that is created for each geometry individually by CFturbo. The
macro is loaded and executed in Inventor.

To execute a macro it has to be imported into an existing VBA-project.

¢ Tools | VBA Editor
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sk Inventor 2014

Ei ) | @ Customize @® Macros j I:—l—jg |_—D iLogic Design Copy |5_—| Streamnline

— E - i Links @ VBA Editor ) ='w . &7 Supplier Content

Application Document  Exchange Editor Batch Publish

Options  Ceftings  App Manager gp Add-Ins 0¥ IdeaStation
Options + VEA Editor (Alt+F11) Web

x Starts the Visual Basic Editor and opens the Default.ivb file,

When you access the Visual Basic Editor for the first time, it
creates an empty macro file (Defoult.ivb). Macros placed into
this file load on startup.

Press F1 for more help

¢ Open file-open-dialog by File | Import File... and select *.bas macro-file, possibly a new project has
to be created File | New Project

7
| File | Edit View [nset Format Debug Run Tools Addlns Window Help
§ MewProject
P Load Project...

Unload Project
M Save As...

=l Save C:\Users\PublictDoc ts\Autedeskinventor 2014\Defaultivb  Ctrl+5

| ImportFile.. Ctri+M
Export File.. Ctrl+E
Remove

& Print... Ctrl+P

X

Close and Return to Autodesk Inventor Alt+Q

Proparties - AppiicatinPrject X| Sucbenin: | () Imertr - edpm

ApplicationPr Froject - @ | Name ° | Anderungsdatum  Typ

Alphabetic tegorized Ci bas 11122013 13:54 BAS-Datei
Zuletzt besucht

B ApplicationPraject

Desktop

Bibliotheken

Compressor
VB Files (" fm;"bas:".cls)

e Execute imported macro: Run | Run Macro (F5) close dialog by Run
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iﬂle Edit View [nset Format Debug Run  Tools Add-Ins  Window Help

BE-HsaaaocDne R S$EY 2@
Project - ApplicationProject |

S 3
[E-%& ApplicationProject (C:\U
Modules

] '

Properties - ApplicstionProject X|
ApplicationPr Froject -
e

B3] ApplicationPraject

Macros In: | ApplicationProject (C:\Jsers\Public\Documer |

e The time for executing depends on the complexity of the geometry.

a-
Ei & Customize @ Macros [[ iLogic Design Copy | 5] Streamline
= H @ s &1 VBA Editor 4 & supplier Content
Application Docurert  Bxchange Editor Batch Publish

Options  Seiting:  App Manager = Add-Ins
Options ~

99 IdeaStation
iLogic Web

Content Center

o Browser ~ &)

AUTODESK'
INVENTOR'
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6.2.1.4.4.7

Troubleshooting

e Selecting the maximal number of points for one or all components in Model settings/Point export

[s761 could cause too large exported files and "Out of memory" error message while importing in
Inventor:

To awoid this problem, reduce the selected number of points.

AutoGrid (NUMECA International)

The geometry data for impeller is exported by CFturbo to ,geomTurbo“-files which can be loaded by
AutoGrid5.

e Start IGG

¢ Change to AutoGrid5-mode: Modules | AutoGrid5

F4166810-2  Undefined =N EoR |
Geometry -iFile Geometry Grid View Tools Modules H\/

Grid &z 2| Dl=E mley, sorvares W] G
(Create

N@ "ﬂ b @ g:'| AutoGrid5
#|5] |
@3

[~ Insert/Edit

Ao | 0 50 (T
58| ) 3] 53

Connect

Generate

View |

Geometry Groups

Block Groups

Grid Configuration

o DB
RN ECY

B 101772901723 /invalid
Fofof6 K 1 9x9x9
S S x| v| 2 ] 0]+ R|DDQ ACIFIKY

Number of grid levels 4 4 4 -0.768526 -0.044004 1224522

e Open a new project: File | New Project
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& AutoGrid5810-2  Project: undefined

Row Definition

1 File Geometry View Grid Tools Modules

Expert Mode g Help ‘

(Rejset Default Topolegy | Generate Flow Paths | Generate B25 | Generate 30

Select Al Select All Rows Open Project
Add ZR Effect Add 3D Effect New P")ig(:l ‘
Add B2B Cut Save Project
O Save Project As
£ Row List Save Template
Er row 1

[ Meridional Techno Effects

Geometry Definition

Save Template As
Save Grid

Project List
Scripts

Print

Export

Import

Preferences
Quit

Edit Hub Edit Shroud

Channe! Control
Check Merigional Curves
Import Geometry Fiie

Edit Hozzle

Import and Link CAD

Mesh Control

Number of Grid Points: 264309
Grid Level
€ Coarse ' Medium  Fine

€ UserTarget [300000 :’

I™ Detailed Control

(Re)set Defautt Topology.
Row Wizard

~Row Mesh Control——————————

E = o =]

Row Control: |51/ 8|  |cb/IE]| LI P

nter >> |

~Active B28 Layer—————————

x‘v‘z

e alalalY N =/

[-20.434568 2185285 0.000000

View

¢ Close dialog by Initialize a New Project from a geomTurbo File

7& Create a new Project

sl

[~ With By Pass

Dkl Start a New Project From Scratch

[~ With Fin on Fan

Dkl Initialize a New Project from a geomTurbo File

[~ Cascade

Cancel |

¢ If the model have more than one vaned component, add so many rows as additional vaned

components
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74 AutoGrid590-3  Project : undefined

Row Definition | @z | Weer | @ | Deair | D Epeticde |3 ue|p‘

Select Al Select Al ows (Re st DefoutTopobgy | Generste Flow Pats | Generste 828 | Generse 30|
Add ZR Effect 00 3D Effect
[ A 2[s1[2] Row Conwol: x (][ =[] EI/ 0]
— T
o Add a Row at the Outlet of the Channel

MERIDIONAL

Geometry Definition
Edtub | EdtShroud Edit Nozzie
Channel Control

Check Weridional Curves.
Import Geometry File Import and Link CAD
clnis——————————————
Mesh Control
Number of Grid Points: 264309

Grid Level
€ Coarse & Medium ( Fine

£ User Target 4

I Detailed Control

(Re]set Default Topology
Row Wizard

O o0 THED ] |

_Active B28 Layer | ™™ ‘ * | " 2|k 4@”‘*}"@‘@‘@‘%'9‘@‘@‘@

22512505 2074138 0.000000 [Add a Row in the Configuration
View RO\

row
GEOMETRY OK
~Grid

e Select *.geomTurbo-file

76 AutoGrid5810-2  Project : undefined = =)
Row Definition ]| File Geometry View Grid Tools Modules Eoertiose 3| Help |
SiEE STEEA TS (Re)set Defauit Topalogy | Generate Flow Paths | Generate B25 | Generate 3D | &-
Add ZR Effect Add 30 Effect =
Add B2B Cut E || Row Control: ¥ |EP|B| ¢ |Ax|E|Q(FY
Add Row —un
> Row List =
£ row0

= Meridional Techno Effects

o B

Geometry Definition
Edit Hub Edit Shroud Edit Nozzle
Channel Control

Check Meridional Curves
Import Geometry Fie Import and Link CAD.

Mesh Control
Number of Grid Points: 678558

Grid Level
" Coarse & Medium " Fine

 UserTarget  [300000 :I

I™ Detailed Control

(Re)set Defautt Topology
Row Wizard

[ Row Mesh Control | Enter = | x| v| z [&] &+ 992 EEIc

-1.549954 0.990843 0.000000

[Active B2B Layer————————

View

N
DEFINITION €K

¢ For unshrouded impellers the tip clearance has to be applied in AutoGrid manually.
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6.2.1.4.4.8 ICEM CFD (ANSYS)

Export dialog Export ICEM-CFD and CFturbo2ICEM scripts are only available with

the corresponding license.

CFturbo2ICEM is a script solution for automatic geometry generation and meshing of CFturbo
components.

Export to ICEM-CFD is used for the CFturbo2ICEM scripts only.

2 files are exported: a *.tinXML flie containing all meshing parameters specified in CFturbo and a
* stp file containing the designed geometry with specific naming conventions. Detailed description of
the parameters can be found on the available documentation.

Export ICEM-CFD
General

Topology

Full (360°)

Mesh

Single blade passage

Mesh method
(C) Robust (Octree)

(®) Quick (Delaunay}

Tetrahedra

ﬂ: Coarse |ﬁ$ Widdle |¥ Fine

Wiscellaneous

Component caption

Triangulation tolerance

Radial_Impeller 1E-6

Prism layers

.ﬂ: Coarse |$E Middle |& Fine

Information

Meridional extension behind traiing
| edge is missing. See
- “Extension-RSI in "CFD setup™

Max. size at interfaces of adjacent
| compenents should have similar
values.

Global element scale factor [1 Number of layers 7 = Growth law  Lingar -
Global element seed size |8 ﬂ Height ratio ’12—
Min_ size fimit [1 B
Edge criterion [0.15
Part | Max. size Max. deviation Layers Height Height ratio = End height Total height Height factor
g 0.20908 ™ 0.044643 12 5214 0. 0.0625
ﬂ 0.80808 = 0.044543 12 214 0. 0.0625
ﬂ 0.80808 i~ 0.044543 12 214 0. 0.125
ﬂ 0.53939 i~ 0.044543 12 214 0 025
j— W 0.044543 12 214 0. 0s
ﬂ, r 12 214 0. 0.0625
Jutfiow | 4 ﬂ r 12 214 0. 0.125
./ oK | X Cancel | ? Help
Global setti ngs Tetrahedra Prism layers

1T coarse HE& Niddle |% Fine

Global element scale factor ni
Global element seed size "WG—Q
Min sizefimt @[ 2]

Edge criterion ’F

1T coarse |H Widdle |$ Fine

Mumber of layers 7 o

Height ratio 1.2

Growth law  Linear v
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Local Sett| ngs Part | Max. size Max. deviation Layers Height Height ratio = End height = Total height Height factor
Hub | 16 j”‘m I 0.08929 12 0.19643 1 0.0625
Shroud | 16 il 0.3871 I3 0.08529 12 0.19643 1 0.0625
Blade |8 élﬂfiﬂ'ﬁ I 0.0852% 12 0.19643 1 0.125
Blade LE | 4 j 0.26471 v 0.08829 1.2 0.19643 1 0.25
Blade TE | 2 il 0.28471 I’ 0.08529 12 0.19643 1 05
Inflow | 16 j— I 0.08529 12 0.19643 1 0.0825
Qutflow | & j - v 0.08829 1.2 0.19643 1 0.125

Possible warnings:

Meridional extension behind traiing edge is Outl_et extension is recommended due to high mesh
|  missing. See "Small outlet extension” in quality near the trailing edge.
. "CFD setup”.
Cell size at the interface between neighboring components
' Max. size at interfaces of a_djgcent should be similar.
« Compon ents should have similar values.

6.2.1.4.4.9 TurboGrid (ANSYS)

Troubleshooting

e Surfaces can be described in TurboGrid by two different options: "Ruled" (linear) or "B-Spline".
More than 4 sections could result in an oscillating surface if the curves are not located exactly on
the surface.

To awid the problem you should select the Surface Type 'Ruled’ under 'Blade Set' in the TurboGrid
object tree.
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5

F Edit Session

J@%%ﬂn@%@j £ % g.nﬁrﬁ fe ljj%\E}
Objects |
4 E Geometry
[C] 8}, Machine Data
¥ & Hub
¥ & shroud
4 " Blade Set
b [¥] % Main blade
j Hub Tip
j Shroud Tip
(71 %) Low Periodic
[71 Y High Periodic
a Inlet
7] £ outlet -
‘ﬁ Outline
b (X8 Topolgy Set (Suspended)
b 3By MeshData (Parent suspended)

4 ’ Layers -
Details of Blade Set

Blade | Transform

Coordinate System and Blade File Definition

Insert  Display Help

»

m

File Name profile.curve
Coordinates [Cartesian - ]
Angle Units degree -
Length Units [mm - ]
Geometric Representation

Method [5DECiﬁ|' ~ ]
Lofting [5panwise - ]
Curve Type [Bspline - ]
Surface Type [Ruled - ]
Leading Edge Definition
Trailing Edge Definition =

Cut-off or sguare
[ Line of rotation on hub and shroud

Bias of Blade towards High Periodic

I Apply I l Reread Reset

Total Nodes = 0 Total Elements =0

e For open impellers and stators, a small region between leading/ trailing edge and meridional inlet/
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outlet could result in the following error message while importing in TurboGrid:
"Error extending the shroud tip line. Try reducing the "Tip expansion factor" value."

Two options are available to increase this region:

a) moving the leading/ trailing edge in meridional contour. The edge has not to be fixed on inlet/
outlet[270). This option incurs a geometrical modification

b) activating a CFD extension at inlet (for radial or mixed flow turbine impellers) or outlet (for the
rest of impellers) in CFD setup/ Extension[=e8. This option does not incur a geometrical
modification of the component but of the neighboring one if exists.

6.2.1.4.4.10 Simerics

In addition to the STL-Parameters|[o0), three export options are available:

Parameters -
Triangulation
Min. element length IF mm
w ¥
Max. element length IZ—Dli mm
|
Granularity | Moderate o
Files
STL write mode | Binary L

(®) Export all files
(::1 Export only configuration file
() Export onty STL files

v” oK | xgﬂncel| ? Help

Export all files: Configuration file (*.spro) and STL files are exported.

Export only configuration file: STL files are not exported. This option is useful if only the
configuration file is desired because the STL files are already available. This saves time because the
geometry does not have to be triangulated.

Export only STL files: The configuration file is not exported. This option is useful, e.g. if STL files for
some (but not all) components have to be exported again due to an unsatisfactory triangulation. In
this case, the original configuration file, which refers to all components, should not be overwritten.
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6.2.1.4.5 Data export limitations

Rental or Permanent license

When using CFturbo with a normal license (rental or permanent) the export is not restricted in any
way.

Demo / Test license

Export functionality can be restricted when using CFturbo with a Demo/Test license.

Data export is then disabled for all individually designed components.

To demonstrate the performance of the CAD/CFD interfaces, the data export is enabled for CFturbo
default examples only.

These default examples you can find
(1) in the CFturbo installation directory: in the directory Examples

(2) on the CFturbo website: http://www.cfturbo.com/download.html

6.2.1.5 Import 3D geometry

? Project | Project | Import 3D E-

The 3D Import enables the user to view 3D data in IGES, STEP, STL and BREP format or of
CFturbo-projects (*.cft) e.g. for comparison with the current design or for redesigning. Geometry data
is shown in the 3D Model[ 172 and can be transformed|1s0 and exported.

Imported CFturbo-projects are a pure 3D data import. The structure of geometrical parts is visible in
the 3D model tree[ /3, but no design steps can be modified.

If the the import consumes a lot of time, a lower resolution can be selected (see also Model display

[173).
6.2.1.6 Reference components

? Project | Project | Reference components “@\%

This functionality can be used for simultaneous display of various designs to compare each other and
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for purposeful modification.

Reference components
Components B Add.. |CLRemove Options
Component Position: Type for selected components
MP ng34 coolant.cft ~ e
@ 06.08.2015 O Lignt e |+
1: Stator) Line width

; . Stator)
- 3 Picel
& Impelier (3: Radial Impeller) ﬁ

. Stator)

- Stator)

MP ngq% coolant (generic).cft A
@ 06.08.2015
& Impeller (1: Radial Impeller)
{} Diffuser (2: Stator)
< Vaned stator (3: Stator) ¢ Close
Stator (4: Stator) —
< P Hep

Using the Add-button any reference project (*.CFT- file) can be added. All components of the
reference project are grouped under the selected file name.

Each component has its own color and line width (panel Options). Multiple components can be
selected using <Shift> and <Ctrl> keys. Clicking on the group header area selects all components of
the corresponding project, <Ctrl> <A> selects all components.

With the Remove-button the selected reference project with all its components can be deleted from

the list. Howewer single reference components may be deactivated by the check box at the beginning
of the line.

Display in dialogs

Reference geometries are displayed in the dialogs with selected color and line width. Numerical
values appear as small hints on input fields when mouse is mowed ower it.
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iameter d2 with

et | - 095 Min. shafl

— Reference designs:

. {1y 0.9
th b2 with ) 106

atio | | b2id2 014 || —Main din

Reference components Down right in the design step dialog windows you could completely
27 SONERT TN switch off the display of reference geometries and start the
configuration dialog.

Please note: If you add reference designs in a design step dialog the
imported geometry could be invisible initially if it's far away from the
currently designed geometry. There is no automatic scaling of the
diagram.
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Display in 3D-model

Reference geometry is displayed as 3D model i | Blade
additionally. = [M] Geometry
[] points
All reference geometries are arranged in the @] Curves
model tree in the region "Imports"”, whereas the ] Surfaces
single parts can be configured like the normal M Solids

geometry. S ] 1mports

=0
=[] =Radial Impeller=
+- [] Meridian
= [ ] Mean surface
+- [ ] Main
#- ] Blade
= [m]
#- [M] =Radial Impeller>
#- [M] vaneless Diffuser
#- ] Bowl Diffuser
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6.2.1.7

6.2.1.8

—= - O X
.@) H 9 s Pump2.cft (Pump) - CFturbo 10.0
- Project Impeller Preferences Help » 3D MODEL » 3D MODEL - BLADES 9 x
E 6 )s,, O Resetview |+ '<' Coordinate system | Q- Rotate impeller Point width Isocurves E . Activate dipping < !
Load view ¥ == show scale Curvewidth |1 3 S
Save  Print || Fitview \Z{n & i I Jution B - [ Show i ' Flip
picture  view ' b Save view 'E Background color Resolution Shaw dipping plane direction
General View Settings Clipping
@ Meridian ‘ D 3D Model | = Report |

=

<recent state> En LA N 7 ]

| 4

= [@] Components
= [@] <Radial Impeller>
& [m] Meridian
[ Mean surface

- [H] Blade

5 [@] Geometry
-l

Curves

. Transparency

o m
A
g
£
)
i
T
v

() Material |Undefined ~
@ cor [ undefined -

=

a [~ Information

o |

Licensed for: CFturbo Software and Engineering - nl20

Show/Hide messages

? Project | Project | Show/ Hide messages @

This button shows or hides the message panel on the right side of the main window.

More information to the message panel are available in the Opened groiectl?‘}‘l section.

Undo

? Project | Project | Undo 7

The design history can be opened by clicking the undo-button. It contains all modifications from
opening of the project or session in chronological order.

By selecting a list entry, this design step and all following ones are removed. Prior to that you can
sawe the current design optionally.
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6.2.2

6.2.2.1

Project Impeller Preferences Help

@ E’ E‘ Import 30 geometry

@ Reference components

& ¥

Project  Global Performance Export

|inf'c:rmation setup  prediction |7 | show messages

Project

i)

Undao

-

Pump2.cft (Pump) - CFtur

Remaove
design steps

< Active

s

Add
|| component ~

112 Rename
= Delete

‘ < Meridian 3D Model

radial coordinate
r [mm]

Components 150

140

)

3 5[5 5

12:36 - <Radial Impeller=: BElade properties

18:37 - <Radial Impeller=: Blade properties
18:38 - <Radial Impeller=: Blade properties
18:39 - <Radial Impeller=: Blade mean lines

1242 - <Radial Impeller=: Main dimensions )

The undo-button is also placed in the quick access bar by default.

Selected component

? Project | Selected Component

All operations in this group refer to the currently selected component.

Remove
design steps

+| Active

L

Add
| component =

I12 Rrename

== Delete
Selected Component

+ Add component/ )

+ Active/ Rename/ Delete| 141

-+ Remowe design steps |1

Add component

? Project | Selected Component | Add component ':II:II:'

A new component can be inserted before or behind the currently selected one, followed by selecting

the type or adding an existing one from another project.
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.:D:. ¥ Active

112 Rename
Add

component - = Delete

Remove
design steps

fD Insert before » [IPENENE

Cle  insert behind%_

Mew Stator

Mew Volute

Existing component

There can be up to 2 impellers in a project and a single wolute only.

141

An impeller can be added only if the flow direction on the selected position is suitable to the impeller

geometry.

Alternatively you can add components in the Meridian view using the EII]:' buttons between

neighboring components (see Meridian[ :s8).

Please note:

If you add a component on the first position of the project (in flow direction) then the inlet conditions

defined in the Global setugmﬁ are applied for this new component.

6.2.2.2 Active/ Rename/ Delete

The actions Active, Rename and Delete can be executed in the following manner alternatively:

e Menu Project | Selected Component

e Context menu of the corresponding component left in panel Components

e Context menu of the corresponding component right in the meridional preview
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D=

Pump2.cft (Pump) - CFturbo 10.0

PROJECT IMPELLER PREFERENCES HELP o x
_%2 ﬁ( @ m} @' Import 30 geometry .:D:. ¥ Active
@ Reference components 2 Rename
Project  Global Performance Export — Undo Add
information setup  prediction |7 | Hide messages companent Delete
Project Selected Component
< Meridian 3D Model = Report
Components Jradial coordinaie MCEESqEE @)
150
r [mm] Component Message 5
. 5
N o : : = ({] 1: <Radial Impeller> g
. . i L A : Main dimensions are not 2
Zeiie i . 3 : . @ Main updated automatically. =
[12 Rename component B dimensions Therefore the design (7)
o Active could be not up-to-date.
= Delete component »
T12 Rename Blade angles are
T
110 1 Blade Epcated automatically.
V roperties herefore geometry
] PIORETES  modifications are
100 possible
3 - currently NOT
a0 B8 niogel fini. up-to_date
20 ,%l """
oy b
60
G
«of T e S
= z [mm]
204 axial coordinate
B L B e R R AR R SRR R R N
-40  -30 -20 10 0 10 20 30 40 50 60 70 80 50 100 130
58.7: 1243 100 % ¥| +fz Reference components

& Progressions

? Project | Selected Component | Active

Licensed for: CFturbo

A inactive component is read only and also not going to be updated automatically. Inactive
components are colored grey in all views.

? Project | Selected Component | Rename

Change the caption of a component. The caption is displayed left in the components list as a hint
when moving the mouse cursor on the icon, in the meridional view, the 3D view and the report.

? Project | Selected Component | Delete

The selected component is going to be deleted after confirming the warning.
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Warning

The following component will be deleted:
Radial Impeller: <Radial Impeller=

[.7

Really continue?

v Yes |© to

6.2.2.3 Remove design steps

? Project | Selected Component | Remove design steps =&

If you make any design modifications on the current component then all following design steps are
adapted automatically (parametric model).

However, if you would like to start with an automatic generated CFturbo initial design, certain design
steps can be removed manually. Then CFturbo continues with new initial design data. For that
purpose you hawe to select the appropriate design step to be removed and then press the OK-button.

Of course, all following design steps after the selected one are remowved too.

Remove design steps

[ i X
v i el Remove design steps -
@ Main dimensions Select steps to remove
E’ Meridional contour @ Inlet definition
V Blade properties Q Cross Section

AEE R O soraiaress
= Vorwser
N Solewaer

‘J oK |xgancel| P Help | |~/ oK |xgancel| ¥ Help |
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6.3

IMPELLER/ STATOR/VOLUTE

These menus are used for the actual component design.

A separate tab with the corresponding design steps is available for each component type:

IMPELLER] 189 u% =] 5 Pump2.cft (Pump) - CFturbo 10.0
- A
o PROJECT IMPELLER PREFERENCES HELP
Selected Impeller @ I:j V g 7 C I:I ﬂ P
i
d . Main Meridional Blade Blade Blade  Blade CFD  Model  Model
<Radial Impeller = dimensions  contour properties mean lines  profiles  edges setup settings finishing
| Selection ” Meridian ” Meanline Blading ” Additional |

(Mean line[2s2)
_g—deSI n mOde@ H 9- - Vent_Airfoil_HighPressure.cft (Ventilator) - CFt

) >
-' PROJECT IMPELLER PREFERENCES HELP

Selected Impeller @ t} T/‘ &5 D lj ﬂ %

a i1
4 Main Meridional Blade Blade EBlade CFD  Model  Model
<Impeller> dimensions  contour properties profiles  sweep setup  settings  finishing
| Selection ” Meridian ” Airfoil Blading ” Additional |
(Airfoil/ Hydrofoil
design mode ss1)
STATOR 334'1 \ H 9 s Radial pump stage.cft (Pump) - CFturbo
QIATVNR 23
; PROJECT STATOR PREFERENCES HELP
Selected Stator @ d l:l @
T
<> Main Meridional Bla Blade Blade CFD Model  Model
Return channel || dimensions  contour prof profiles edges || setup settings finishing
Selection ” Meridian ” Blading | Additional
VOLUTE]/ 408 ™~ S| = Volutel.cft (Pump) - CFturbo 10.0
- ..'f - )

PROJECT VOLUTE PREFERENCES HELP

® Q@ vV S B ¥

Setup + Cross  Spiral Diffuser Cut- CFD Madel
Inlet section  areas water Setup settings
| Design steps ” Additional |

Menu items and buttons only become active in accordance to the current design state. Each finished
design steps can be opened again whereas all depending design steps and components are updated
automatically. Manual removing of complete component's design steps is possible in order to
continue with CFturbo® initial design (see Remowe design steps E:'ﬂ).

For designing the complete geometry of a single component you have to run through all items of the
appropriate menu step by step.

Alternatively all these menu items can be selected in the Meridian view using the toolbar directly on
the selected component (see Meridianlﬂﬁ).
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6.4 PREFERENCES

This menu is used for specifying some general program settings:

L;?\:\ B

PREFERENCES | HELP

N B P & K| &

Licensing || Approximation Fluids Profiles || General Units Impeller/
functions Stator

| Licensing ” Database ” Settings |

-»> Licensingm

< Approximation functions|

- Fluids/ w8
- Profiles| 12
- General[ 53

- Units/[ 8l

< Impeller/ Stator| 1)

6.4.1 Licensing

? Perferences | Licensing | Licensing

See General/ Licensing[12)

6.4.2 Approximation functions

? Perferences | Database | Approximation functions ﬁ

CFturbo uses many approximation functions. These functions are based on published measurement
data that facilitate the forecast of optimal or accessible values.

In this dialog the approximation functions are displayed graphically and can be customized. If an
open project is available then only the project relevant functions are displayed, otherwise all functions
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are available.

Currently 116 functions are available for the following individual component types and sub-types:

¢ Axial Pump Impeller
0 Standard

o Inducer

e Axial Turbine Rotor
o Standard

0 Rocket Engine

e Axial Ventilator Impeller
o Standard

0 Automotive Cooling
¢ Radial Compressor Impeller

¢ Radial Pump Impeller
o Standard

o Wastewater
e Radial Turbine Rotor
e Radial Ventilator Impeller
e Stator

e Volute

Each function has a hard coded default function. For each of these functions custom point wise
defined cunes can be added alternatively. These custom defined curves are saved in the file
Functions.cftfu that contains the custom defined functions only. The default functions are not saved
in any external file and cannot be deleted. The default functions can only be deactivated by defining
any custom function that is saved in the Functions file.

On the top left at File location, the name of the file is shown that contains all user-defined
functions. In general this file is called Functions.cftfu, and is located in the installation directory of
CFturbo. Modifications to functions are saved automatically if you leave the dialog window by
pressing the OK-button. In case the user has no write permissions one could choose a different
directory to save the file. Changing filename and directory is possible by using the Save as-function.
By clicking the Open-button a previously saved functions file can be opened.

The link to the functions file is part of each major/minor installation (CFturbo x.y). All updates by bug-
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fix releases (CFturbo x.y.z) do not modify the link to the existing function file.

The function file will not be overwritten by any update. By default the functions file is located in the
CFturbo installation directory. When you define any user-defined functions it's recommended to save

the functions file not in the CFturbo installation directory but anywhere in the company network for
two reasons:

¢ all users can use the same database for their design

* there is no risk of losing data by uninstall older versions of CFturbo

Approximation functions El
File location ]Out\et widtn ratio Points & |l B (B[4
b2/d2 [~ nq [ b2ia2 [ 2
E Open.. ‘E Save as... = Y gl | 2 |
.85 1 (20 0.12
Chdaten\Software\CFturbo\So.. \Functions. cftfu q 2 |30 017
3[40 0.22
Functions + | - |1ZI 4 |50 0.26
Inclination angle trailing edge 2 5 (70 0.32
Inlet flow angle 0.35 6 100 0.42
Intake number v
&
Mechanical efficiency .
Meridional deceleration
MPSHR coefficient abs. velocity 025 ]
MPSHR coefficient rel. velocity 7
Qutlet flow angle
W
Cutlet number
=t Outlet width ratio
0.15
[ Raabe 1
efault value
O aiilich g © valle "
| Giilich, waste water | 1
T b2id2
Side friction efficiency 15 |
Suction specific speed
Tip clearance efficiency 4 nq [-] / oK OK saves all
) ) Specific speed = changes
Wolumetric efficiency D L L L L X Cancel
Work coefficient 10 30 50 70 90 110 130 150 -
? Help
Wrap angle w | 100.19 : 0.49552 :

Source: Guelich

All available functions are listed in a tree structure in the panel Functions left from diagram, sorted
by machine type.

The user must first select the variable under the corresponding machine type. CFturbo’s internal
function is displayed in the diagram in blue color. You can add any user defined function for each
variable. Selected function is displayed in the diagram in addition to CFturbo's internal function.
Function with active check box is used by CFturbo for calculations. If no function has active
checkbox or no additional function is defined at all, then the CFturbo internal function is used.

With these buttons below the tree you can add, delete or rename functions.
+ | — 12| Alternatively you can use the context menu by right click on any function.

The following hierarchy exist in the tree:
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6.4.3

=1 Mechanical efficiency physical variable
=[] Test user defined function
S =000 parameter curve (available for some functions only)
& Upper Limit & upper limit curve (optional)
=t n=200
& Upper Limit &

Functions can depend on 2 variables whereas one serves as parameter. Separate curves exist for
each particular parameter value that are used to calculate function values. The parameter value is
displayed on endpoint of the curve in the diagram.

With the upper limit curve you can define a recommended range, which means an area that is
defined by a higher and a lower limit.

In panel Points right from diagram you can edit curve points of selected function. You can add new

points at the end of the table — the points are automatically sorted by x values. To remove a point
you hawe to delete either x or y value.

————These buttons are enabling the user to:
=31 = IEEENE
= import points from file (one point per line)
= export points to file

= copy all points to clipboard

= paste points from clipboard (e.g from Excel)

clear the table

On panel Test you can test the active function. Saving of values is possible by clicking OK-button.

Fluids

? Preferences | Database | Fluids P

The dialog lists all defined fluids. New ones can be added, present fluids can be renamed or deleted.
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Fluids

File location

(= Open.. | E Save as... CAdaten\Software\CFturbo\Source\CFturbo 10.00dcut\Fluid. cftfl

Fluids + = 1

Incompressible Compressible

A [P
02 - Oxygen S
N2 - Hitrogen —General
H20 - Steam

HZ - Hydrogen

C0 - Carbon monoxide
COZ - Carbon dioxide
502 - Sulfur dioxide

CH4 - Methane

MO - MNitrogen monoxide
NOZ - Nitrogen dioxide
MH3 - Ammonia

He - Helium

MNe - Neon

Ar - Argon

F2 - Fluorine

CIZ - Chlorine

R12 - refrigerant agent
R22 - refrigerant agent
R134a - refrigerant agent
R410a - refrigerant agent

Gas constant

Heat capacity

R[287.1 JiikgK)
cp[10049  Ji(kgK)

—Perfect Gas

Compressibility factor

 —

—Real Gas
Critical values

Preszure
Temperature

Density

Acentric factor

perit [3.72E6 Fa
Terit |:1 40.65 C
perit (313 kg

w (0,035

Kinematic viscosity

Heat capacity cpi [0 Jitkg-K=)
coefficients
cp(T) cp2 (0 Jitkg-K=)
cp3 [0 Jikg-K*)
—Transport Properties:

v|1.535E-5 nmfls

OK =zaves

V’ oK | xgancel| ? Help

all changes

In the right panel, the properties of the selected fluid can be defined. The available parameter vary
depending on the medium type (compressible/incompressible).

The buttons for opening and saving offer the possibility of the exchange of fluid data between CFturbo
installations.
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Incompressible fluid [ for pumps, ventilators only ]

A constant density p is the only parameter.

Compressible fluid [ for compressors, turbines only |

In this case some gas properties are required because they are used in the gas models for the
descriptions of the behavior of the gases. Those parameters are:

® gas constant R

e critical pressure p_., temperature T_. and density p_,

acentric factor

e heat capacity c,+ heat capacity coefficients Coi (both at zero pressure)

e compressibility factor Z

Currently the following gas models are implemented. They represent a relation between pressure,
temperature and density (here given with its reciprocal the spec. wlume Vv):

Gas model Approach Annotation Reference (first
published)
R-T-Z
Perfect Gas p= v
. Redlich, O., Kwong,
Redlich-Kwong NS LD
R-T a(T)

Each approach has

Aungier/Redlich-Kwong

“v-b+c v(v+b)

Soawve/Redlich-Kwong

Peng-Robinson

o R-T a(T)

“v-b+c vZ-2wp +t

its own set of
coefficients a, b
and c.

Aungier, R.H.[40

Soawe, G. [

Peng, D.Y., Robinson,

D.B.[4s2)

The implemented gas property models can be tested with user defined data. Those data consists of
a thermodynamic state defined by p, and T,. Using these values the density p, and the specific heat

c, will be calculated. The latter is calculated from the following approach at a pressure close to zero:
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3 .
cp(T) :chi T
i—0

Also, using a pressure p, the gas shall be compressed or expanded to an isentropic temperature T,
will be calculated. A second temperature T, is calculated under the assumption that the gas shall be
compressed or expanded from state 1 to pressure p, with an efficiency of n. The according enthalpy
and entropy differences Ah and As resp. is given too, see h-s-diagram.

Test gas property models

Input values
p1[1 bar T IEE- T
pEIE bar n (&0 I

Gas model | Perfect ™

Results

Density pl = fip1, T1} 1.1682 kgd/me
Spec. heat cpl = fip1, T1) 10048 Jikg K}
lzen. temperature TZis = fip1, p2, T1) 590.299 °C

lsen. enthalpy diff.  Ahis = f(p1, p2, T1) 656156  mAls®

Enthalpy diff. &h=fip1, p2, T1, n} 82019.5 meis®
Temperature TZ=1f(p1, p2, T1,0) 106.62 °C
Entropy diff. As=f{pl, p2, T1,T2) 441 Jitkg K)y

" Close | 7 Help
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6.4.4 Profiles

? Preferences | Database | Profiles =

[ Axial machines only]

The dialog lists all defined profiles. New ones can be added, present profiles can be renamed,
deleted and changed.
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Profile properties

File location
(= Open.. | E Save as... Chdaten\So ftware\CFturbo\Source\CFturbe 10.0dou\Win32\Profile. cftbp

Profiles

NACA 4 Digit \ NACA 85 series l Point-based ]

Name Parameters Profile polars = E % ﬁ
NACA 8309 : Lift coefficient Glide number A
NACA G508 Mazx. thickness anp@ % 1 L ‘ 1 | o
R o x| e o R

1 0.9135 2 0.0147
- =
Camber position xfil |50 % 2 3 1.034 3 0.0129
Reynolds number Re IEEE- 3 4 1143 4 0.0117
4 5 1.243 5 0.0106
5 [ 1.325 [ 0.0103
[ 7 1.367 7 0.0113
+  adg + Add by digits 8 L322 8 0.0172
8 9 1.324 9 0.0228
- Corresponding NACA Code: 6509
Delete 4+ Convert 5 10 1 343 0 0.0277 v
YN [%] €[]
20 ] 1
] -
10 7 - ]
e R R RRuhCt SN ) EUS
b o 0 q
07 5 1
b [=]
1 L5} 4
] =
=10 3 = 001 ]
] X/l [%] 7 o [°]
L B i o o e e R R R RS R R I B e e e e e R e R
0 10 20 30 40 50 60 70 20 50 100 25 35 45 55 865 75 85 495
OK saves
all changes V’ L | xgﬂl-'c"‘t|| ? L

In the right panels, the properties of the selected profile can be defined. The available parameter vary
depending on the profile type.

The buttons for opening and saving offer the possibility of the exchange of profile data between
CFturbo installations.

NACA 4 Digit

The NACA four-digit wing sections are low cambered profiles. This family of profiles allows a separate
modification of camber and thickness, which is especially advantageous for blade design.

The profile are defined by:
e First digit describing maximum camber as percentage of the chord.

e Second digit describing the distance of maximum camber from the airfoil leading edge in tens of
percents of the chord.

© CFturbo Software & Engineering GmbH



154

CFturbo 10

® Last two digits describing maximum thickness of the airfoil as percent of the chord

The thickness distribution is given by:

1 X 0° x ) X 2 X * x Y
%:E{O'Z%S{Tj —0.126(Tj _0'3516(Tj +O.2834(Tj —0.1015(T) }

The meanline consists of two parabola arcs, whose transition point is their apex, respectively. The
point is defined by the the first two digits.

B 2
yo=f L Zu_(ij P XX
|(ij BN =
I

2
_fa 1_2ﬁ+2ﬁ§_(§j 0 XX

BEO

In addition to the geometric properties lift coefficients and glide numbers need to be set with respect
to the angle of attack.

NACA 65 series

The NACA 65 series is of importance for turbo-machinery because of their systematic cascade
studies. In contrast to NACA 4 digit, their aerodynamic data is also known for more heaw cambered

profiles.

The meanline can be calculated from a theoretical lift coefficient that is calculated from a user-
defined camber angle, see Carolus[«s3)p. 54, (Eq. 3.11, 3.12):

= 2" ol @) mit 0=B.. -
Cy= In(2) tan(4j mit @ =Py, BBI’

o o Kl_?j-ln(l—?}r%m(%ﬂ.

Nose radius and thickness can be modified.

Point-based

Besides NACA profiles also user-defined profiles are provided. Therefore the lower and upper side of
the profile has to be known. Moreower lift coefficients and glide numbers need to be set with respect

to the angle of attack.
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6.4.5

General

? Preferences | Settings | General d

Menu item General preferences is used for global program options.

General preferences

Global settings

Language of online help

English :

Warning before license expiration
ry
20 3‘ days

Initial view after loading file

Weridian :

‘ 2 Reset "Additional Views" configuration |

W Ask for deactivating automatic calculations
when leading older file

Mouse handling | Updates |

General preferences

Global settings Mouse handling

30 model
Left Widdle

Updates |

Right

% Rotate V”O\IZnnm "| +% Move "|

Action when double-clicking component

() Activate PROJECT ribbon
(@) Activate COMPONENT ribbon

"h/ oK |xgancel| P Hep |

General preferences

Global settings | Mouse handling Eml_.lpq::l,xana.:.t:;

Check for available updates

[¥ Automatically: | Monthhy :

|+ Ask before checking

-

Last check: 2015-08-14

‘\/ oK |xgancel| 7 Hep |

|~/ oK |xgancel| P Help ‘

155
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Language of online help

In this dialog the language of online help can be set. The default is English.

Warning before license expiration

Furthermore you can specify the
number of days for license expiration
warning at startup. Default value is 20
days.

The warning message looks as
follows:

INFO

One or more license(s) wil expire socon.

Radial pump impeller 10.05.2011 (in 20 days)
Radial ventilator impeller 10.05.2011 {in 20 days)
Radial compressor impeller 10.05.2011 (in 20 days)
Radial turbine impeller 10.05.2011 (in 20 days)
Stator 10.05.2011 {in 20 days)
Wolute: 10.05.2011 (in 20 days)
ICEM CFD Interface 10.05.2011 (in 20 days)

(Configure warning level at 'Preferences - General’}

v

Initial view after loading file

Select which view should be displayed after file loading. Choosing the 3D Model will increase the
time needed for loading, because the model gets updated first.

Reset "Additional Views" configuration

Deletes the configuration of "Additional Views" of all dialogs. The configuration contains the \isibility
as well as width and height of the \isible elements.

Ask for deactivating automatic calculations when loading older file

If a CFturbo project was created by an older version and contains automatic calculations the user will
be asked for deactivating it when opening such a file. This should assure identical geometry over
several CFturbo versions. See Automatic calculations| 42
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3D model mouse handling

Here you can assign functions (Rotate, Zoom, Mowe) to the mouse buttons (Left, Middle, Right) for

handling the 3D model[ 72

Action when double-clicking component

The default action for double-clicking on a component in the component list can be set. This enables
the user to quickly switch to the menu needed.

Check for available updates

Optionally, you can check for available updates at program startup. 3 alternative intervals are
available: at each start, weekly, monthly.

General preferences
Global ing I Mouse
Check for available updates
v Automatically: | Monthly -

At each start
Weekly

$ Checknow.. | Lastcheck 2015-03-20

l

¢ 0K | xgancal| ? Help

Check for updates

CFturbo

Running version 10.0.0 «

Available version 528 -y

NO Updates available.

Autematic check for updates can be configured in

%\ Copyright ® 2015

!_.-"_/,..-- ' CFturbe Software & Engineering GmbH
L

" Close

An update check can be started directly using the button "Check now..." (see Check for Updates| 611
). The date of last update check is displayed for information.
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6.4.6 Units

? Preferences | Settings | Units L.t

Unit settings can be used for selecting the display units in CFturbo.
It's divided in 3 parts:

- Generall s general unit selection

< Specific speed[ =3 selecting a suitable specific speed definition

< Other[:s0t some additional unit settings, like flow/blade angle and n, definition

6.4.6.1 General

Here the physical units used in the dialogs can be set. Following units are available:

= Head: m, ft
Units

These physical units are used to dizplay the values in
CFturbo dialogs.

.................. N = Volume flow: m%h, m3/min, m¥s, ft%h, s, gpm, gps
i General Specific speed l Otherl

= Length: mm, in, m

= Density: kg/m?, Ib/ft3
= Stress: MPa, PSI

Presstting | {7 Metric (1) |§ US (fps)

Head H |[m] Meter -

Length L
Area A

Volume flow Q
Mass flow m
Density p

Dwn. viscosity p
Kin. viscosity v
Stress 1
Pressure p
Power P
Temperature T

Velocity v

Ratio 'y

Revolutions n

[mm] Milimeter

[mm™] Square millimeter

[m®/h] Cubic meter/hour

[kg/=] Kilo/zec.

[KginP] Kilo/cubic meter

[Pa-g] Pascal second

[m#/=] Sgquare meter/second

[MPa] Mega Pascal

[bar] Bar

kW] Kilowatt

[*C] Degree Celsius

[mis] Meter/sec,

[%&] Percent

[fmin] per minute

ngnse | ? Help

You can simultaneously change all units to Sl or US system by pressing the buttons above.

Pressure: MPa, PSI, bar, Pa, mm HZO, in H20, ft H20

Power: kW, hp

Mass flow: kg/s, Ib/s
Temperature: °C, K, °F
Area: mmz2, m2, in2

Velocity: m/s, ft/s

Dynamic viscosity: Pa-s, cP

Kinematic viscosity: m#/s, ft?/s

Ratio: %, -

Revwolutions: /min, /s
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6.4.6.2 Specific speed

Here the specific speed definition can be selected. This definition is mainly used for the

Approximation functions [ 14\

The definitions mainly differ in the units used for rotational speed, flow rate and energy transmission.

Units

These physical units are used to display the values in
CFturbo dialogs.

General :Speciﬁcspee :

O‘lherl

Qi mnq* mws |m o

Ng =0T 3 ~a27a
PP g | B |seang

Revolutions n |[,|'|T|i|'|] per minute =

Flow rate Q | [m#is] Cubic meter/sec. A

Head H | [m] Meter v

Information
Factor on dimensionless value: 332.58

Typical range

" Close | 7 Help

Following definitions are available:

¢ General specific speed nq* (dimensionless)

. QY

Ng =N VEE

* Type number w  (dimensionless)

12
Wg = ns = ZNH%

Speed coefficient o
12 QJ/Z

W = lenm

o=

European definition n,

-1, Q[m®/s[*?
ng =n[min l]W
* US definition N
Qlgpm]*?
Ng = n[rpm]W

Asian definition nq‘

Q[m?®/min]¥?

ng =n[min™] a—cE

Furthermore it's possible to select an alternatively specific speed definition using the separate units

for Rewolutions, Flow rate and Head.

On the bottom side some information for the currently selected specific speed definition is displayed.
The Factor on dimensionless value is the factor used to convert the General specific speed nq* to

the currently selected definition. Furthermore the Typical range of the specific speed definition for
radial, mixed-flow and axial machines is displayed in the table.
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6.4.6.3 Other

Here some additional unit settings can be selected.

Units

These physical units are used to display the values in
CFturbo dialogs.

General | Specific speed Otherl

Blade/flow angle q, B
Defined from velocity
wvector to

_ circumferential
(®) direction
s o

meridional
() direction
—cm

Suction specific speed

mnssk n[/min]-Qm?/s]2/2
B s 55 T NESHm13/%
BE ss ypical range: 1.5E2. 4E2 (1.2E3

" Close | 7 Help

Suction specific speed

Blade/flow angle a, 3

I\ tu

- Ccmn

angles measured against circumferential
- direction

(internal angles of the velocity triangle)

allowed range: 0° ... 180°

u w angles measured against meridional directi

allowed range: -90° ... +90°

There are 3 alternative possibilities to define the suction specific speed for pumps:

« Sl definition (dimensionless) nss*

12
op Q7
(9-NPSH)¥*

« European definition n

« US definition Ngq
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Qlgpm]*2

N.. =n|rpm
= =P ]NPSH[ﬁ]3/4

6.4.7 Impeller/ Stator

i
? Preferences | Settings | Impeller/ Stator A

Menu item Preferences - Impeller Options is used for global default definition. These settings are
set at the initial opening of each dialog.

On tab sheet Segment the default position of

Impeller/Stator settings the rotationally symmetric blade segment can

Segment | Diagram options | Initial default settings l be SeleCted.
Default type
e Detailed information is available at the CFD
Use rotated mean surface to both sides of the blade Setu[! 371].

'3::21' Around =single blade, middle of PS-55

() Between neighboring blades (ML to ML}

S€ mean surface o blages

/ oK | xgancel| ? Help
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On tab sheet Diagram options one can

Impeller/Stator settings specify, which parameter should be used for the

Segment :"Diagram options nitial default set‘tingsl X'aXiS Of the pl’OgreSSion diagra.ms in the
P S— Meridional contour(zs8 and Mean line| =) dialog
x-#Axis definition for plots in as well as for the cross section| 7). Some
(a) meridional contour constellations may yield undefined x-values due
Relative meridional length M/MMax - to reference (e.g. r,,.,, Az,,..) Values that are
(b) mean line and blade passage zero. Those constellations will be marked in the
Relative meridional length (radius based) mmiax hd diagrams One ShOU'd use another Option in

such a case.

= abs. meridional length M

= rel. meridional length M/M,, .

= abs. radius based meridional length m

¢ 9K | Xgancel| 7 Hep = rel. radius based meridional length m/mMaX

= abs. radius r

= rel. radius r/rMax

= abs. axial length z

= rel. axial length Az/Az,,

On tab sheet Initial default settings one can

select which settings should be used by default
when creating a new design. Individual settings
can be specified for each machine type (Pump,
Ventilator, Compressor, Turbine).

Impeller/Stator settings

Segment | Diagram options : Initial default settings

~ |
= i Blade design mode

=1 Wastewater Mean line hd

& Radial Ventiator i — Of course these settings can be modified
& Radial Compressor Bezier curve - manually in the design step dialogs if required.

T Radi i
&) Radial Turbine Meridional leading edge

= T Axial Pump Bezier curve -
[l Inducer
Blade shape
= T Axial Ventilator Freeform 3D -

(-) Automotive cooling

=TT Aial Turbi
LI Axial Turbine A Set defautt

S Rocket engine

/ oK | xgancel| ? Help
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6.5 3D MODEL

This Menu is used for general handling of the 3D model.

@}\ =] ] Pump?2.cft (Pump) - CFturbo 10.0
/" PROJECT IMPELLER PREFERENCES HELP » 30 MODEL » 3D MODEL - BLADES
lB ﬁ ’im G Resetwview ¥ 7{" Coordinate system G Rotate impeller Pointwidth |8 | Isocurves [ . Activate dipping
Yo, @ Load view | == Show scale Curve width |1 2
Save  Print Fit view . Flip
picture  view Zg | save view | B8 Background color ¢ Resalution = Show dipping plane SzEr
| General ” View ‘ Settings ” Clipping

Detailed description can be found in Views/ 3D Model [172)

6.6 3D MODEL -BLADES

This Menu is used for handling geometries with blades (impeller, vaned stator) in the the 3D model.

PROJECT IMPELLER STATOR PREFERENCES HELP » 30 MODEL » 3D MODEL - BLADES
Selected component @ Single blade f’}?’ Area Position
Radial Impeller @ Blade passage o Sphere

| ﬂ - ” @ All blades ” ﬁ Area progression Fixt to minimum

Selection Mumber of blades Blade passage

Because a project can contain multiple geometries with blades, these settings refer to the currently
selected component in the model tree[ 178 of the "3D Model" view. The name of the selected 3D
component is displayed for information leftmost in the menu.

Detailed description can be found in Views/ 3D Model [172)

6.7 REPORT

This Menu is used for handling the project report.

=

L%‘? 4 PROJECT IMPELLER PREFERENCES HELP » REPORT

B e 3 o

Save Print Copy to Expand Collapse
| report report Clipboard || all all

General Tree view
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Detailed description can be found in Views/ Report/ s,
6.8 HELP
This menu supports the user on how to use CFturbo.
PREFERENCES HELP
@ | b w & @
Help About  Default Ched: for Show  CFturbo
topics CFturbo examples updates  tutorials  website
Help Online |
The following features are available:
@ Help topics General CFturbo online help, including help index
[ i | About CFturbo Information about CFturbo (e.g. version information)
./ Default Examples Open default examples folder of CFturbo installation
#.  Check for updates|e Check for updates online
-
@ Show tutorials Show online tutorials for CFturbo
@ CFturbo website Open CFturbo website in browser
6.8.1 Check for Updates

e
? Help | Online | Check for updates %

Here you can check for available updates on the CFturbo website. Most of all this concerns the
frequently released maintenance versions 10.0.x mainly provided for bug fixing.

The currently running version is displayed as well as the latest available for download. If an updated
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version is available a direct link to the download website is displayed. The download access (hame +
password) remains valid as long as a maintenance contract is running (time limited rental licenses
include maintenance for the whole leasing period - there is no separate maintenance contract

required).
Check for updates
CFturbo
Running version 10.0.0 “
Available version 9522 -y

MO Updates available.

Automatic check for updates can be configured in

[ Ty R - = S

}X Copyright ® 2015 -
' " CFturbo Software & Engineering GmbH ‘/ =
L

%,

Update check can be executed automatically. This can be configured in Preferences/ Generall 155,
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7 Views

CFturbo offers 3 alternative views on the project in the central part of the main window. The view can
be selected by the buttons underneath the ribbons|es).

e Meridian/ 18

The diagram with the meridional view of the components gives an oveniew of the project and
enables quick access to the components and the Interfaces|[ 381 in between.

Shows the whole project as a 3D model.

° Regortma

Presents a tabular view on the project information and the parameters of the components down
to design step lewel.

Y

@\ =] Mixed-flow pump.cft (Pump) - CFturbo 10.0

PROJECT IMPELLER STATOR PREFERENCES HELP @ x
f —]( @ m} ¥ Import 30 geometry .:D:. V| Active E
@ Reference components I12 Rename
Project  Global Performance Export — Undo Add Remave
information setup  prediction |# | Hide messages companent ~ = Delete design steps
Project Selected Component
< Meridian 3D Model = Report
Components radial coordinate Mzerrz= 3)
r [ITII'I1] Component Message g
35 = ] 1: <Radial Impelier=> g
Main dimensions are not 2
@ Main updated automatically. =
dimensions Therefore the design |_‘|
2
»

25
updated automatically.

/ could be not up-to-date
/ b . Blade angles are

d
S Therefore geometry

Eavosfies modifications are
possible.
4 s s & < 3:<Stator>

15 ]
Blade angles are not
/ i V Blade updated automatically.
/ | properties  Therefore the design
K@ could be not up-to-date
4 |
3 |
-5

z [mm]
axial coordinate
N

5 15 25 35 45 55 65

1265 100 % | +% Reference components

o

4  Progressions

m 4s Licensed for: CFturbo
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7.1 Meridian

This view consists mainly of a diagram containing the meridional shape of all components.

<> Meridian 3D Model = Report
b il =
Components radial coordinate Ae=zSyes (5
4r (mm J
155 [ ] Component Message E
: Radi o
was o =] 1:Radial Impeller g
E Main dimensions are not 2
135 @ Main updated automatically. =
3 dimensions  Therefore the design |7|
/ 125 could be not up-to-date.
/ 157 Blade angles are U
Blade updated automatically.
105 3 V properties herefore geometry

modifications are

/\/ B A —— possible.

E . currently NOT
a5 F Model fini up-to_date
/ 75 1 =< 2: Vaned radial diffuser
/ 85 4 Blade angles are

turn'channel Blade updated automatically.

---------- . Therefore geometry
55 V 5
A modifications are
/ w1 e [ -Radial Impeller possible.
g ________: _______ PP currently NOT
= & Model fini. up-todate
25
L1 N
T R A : z [mm]
5 -
axial coordinate
L B e e e o e L e e o e s e e e e L e s s e ey
-50 -40 -20 0 20 40 60 an 100 120 140
-56.5:79.0 100 % ¥| +fz Reference components

& Progressions

m 218 Licensed for: CFturbo

Active components are displayed with their respective color, inactive components are displayed grey.

Meridional diagram

The diagram depicts the assembled meridional shapes of the project components and their
connecting interfaces

A large arrow on the inlet of the first component illustrate the flow direction.

Captions showing component name and a consecutive number are displayed as well.

The currently selected component is displayed with thick border and can be changed by mouse click
on a component.
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_____ v \Hﬂ

2 Vaned rallial diffuser

v

Mew Radial/Mixed-flow lmpeller

) Mew Axial Impeller
i <+ Mew Stator

Mew Volute

Existing component

Component context menu

If the mouse mowes ower the selected
component the components menu is shown
in compact style.

Alternatively you can use the corresponding
ribbon menu (see IMPELLER/ STATOR/
VOLUTE/[ 149).

Adding Components

Via the EII]:' symbol an additional
component can be added to the project at
the symbols position.

A menu shows the available component
types and the option to import an existing
one.

Alternatively you can use the corresponding
ribbon menu (see Add comgonentm).
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Progression diagram

Interface coupling

Interfaces[ 38) are located between

components. The direction of the interface
coupling is displayed by small symbols (see
left).

The coupling can be changed by moving the
mouse over a coupling symbol and selecting
a coupling configuration from the appearing
menu.
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{radial coordinate
Jr [mm]

155 ]

145 7 %

135 4

Cross-over Il

125 7

turn channel

z.[mm]
axial coordinate

-40 =20 0 20 40 60 a0 100 120 140

112.9 : 80.8 100 % v| «J Reference components

¥ Progressions | & | Cp C, C o []relative length

|s000 JMeEridional cross section area
1A [mm?]
] ™
13000
11000
9000 ]
7000 ]
] abs. meridional coordinate
N B B B B B B B ) B B

0 20 40 60 a0 100 120 140 160 180 200 220 240 260 280

Below the meridional view, progressions of several physical quantities along the flow direction of all
components can be displayed:

A Cross section area

Ch Meridional velocity

c, Circumferential velocity
c Absolute velocity

a Flow angle
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7.2 3D Model

Tab sheet 3D Model contains the three dimensional representation of the project design state.

The CAD model can be exported as IGES, STEP or STL - see Exgortl?ﬁ. For export, only the
currently visible geometrical elements are considered.

@ wan ||

c <recent state> n 2] + = 0| 4

_ = [B] Components
= @ <Radial Impeller>
IEl Meridian
‘[ mMean surface

@ Blade
= [E Geometry
[ Points
’ Curves
>|E| Surfaces
[ solids
~[#] 1mports

Report |

g

a [~ Information

] Material |Default j
@ Color [ custom.... :

Transparency []
N
o 100% 298 59.6 mm
_M| 38 Licensed for: CFturbo
Navigation

The 3D display can be influenced by mouse:

 Rotate Rotation around point of origin
O\I Zoom 1 Zoom (also mouse wheel) < Rotation around z-axis
“$ Move Move

The functions can be assigned to mouse buttons via Preferences/ General [153)

Menus

Above the 3D representation in the menus 3D Model and 3D Model - Blades you can find buttons
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which have only an optical effect but do not change the geometry model.

- Model display (top)[ 173

Model tree

Left of the 3D representation is the Model tree. There, all available geometry parts are listed in a
tree structure, whereby they can be configured individually.

- Model tree gleﬁ}mﬁ

3D-Preview

In many design step dialogs a 3D-Preview of the currently designed part can be displayed via the
Additional views button at the top.

The 3D-Preview behaves in the same way as the 3D Model view described above. For performance
reasons, the 3D objects are displayed with coarse resolution only.

See also:

- Problems when generating surfaces/solids [ 1%

- Open/ Sawe design[ e

+ Data export| 83)

7.2.1 Model display (top)

? 3D Model

The following actions are available by the buttons of the 3D Model tab. They are used for
visualization only and do not affect the geometry model.
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™ =] s PumpZ2.cft (Pump) - CFturbo 10.0
2
PROJECT IMPELLER PREFERENCES HELP - 30 MODEL » 3D MODEL - BLADES
X C Reset view i Coordinate system % Rotate impeller Fointwidth |3  Isocurves [ Activate dipping
<= L=
Y@ @ Load view ¥ == Show scale Curve width |1 2
Save  Print Fit view 5 = F
picture  view {@, | save view 'E Background calor ¢ Resolution ~ Show dipping plane =
General Il View ! Settings Clipping

General

Sawe representation as PNG, JPG, GIF or BMP

Print representation

Fit view (zoom all geometry to visible region)

L Viewing direction in positive or negative (<f>) x-axis direction
Yo, Viewing direction in positive or negative (<{>) y-axis direction
f Viewing direction in positive or negative (<{t>) z-axis direction

Reset view (default position)

Load view from file

T || Q

Sawe current view to file

Settings

ke

Switch coordinate system on/off

s Switch scale system on/off

o Set background color
o A uniform rotation of the impeller around the z axis can be generated, whereby the velocity
LI can be influenced by the track bar.
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- Select resolution of cunves and surfaces (affects display)

[ Coarse

" Middle

. Fine

.| Define line width for points

Define line width for curves

Set number of surface isocurves

Clipping

A clipping plane for x=const., y=const. or z=const. can be defined and optionally displayed. The
position of the clipping plane can be adjusted by the track bar.

The direction of clipping (visible clipping side) can be switched.

? 3D Model - Blades
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The following actions are available through buttons of the 3D Model - Blades tab. They are used for
visualization only and do not affect model geometry.

Please note: The following options refer to the currently selected component of the project.

‘D) G
—j PROJECT IMPELLER STATOR PREFERENCES HELP » 30 MODEL » 30 MODEL - BLADES
Selected component @ Single blade ;{;?‘ Area Position
Radial Impeller @ Blade passage ﬂ Sphere
ﬂ 1 ﬁ Area progression Fix to minimum
Selection || Mumber of blades || Blade passage

@ Single blade

Single blade

Displays a single blade only.

Blade passage

Display a single blade passage bordered by 2 neighboring blades.

© CFturbo Software & Engineering GmbH



Views

177

@ All blades

Display all blades of the selected impeller or vaned stator.

Zz Area
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Display an approximately perpendicularly flown through area between hub, shroud and two
neighboring blades for the currently selected component. The position of this area can
optionally be fixed to the location of the throat area (Fix to minimum). Otherwise, it can be
slided to any reasonable position within the blade to blade channel with the help of the
track bar Section Position.

By pressing the button Show progression a window is opened, in which the value of the
cross section is displayed in dependence on the position (see here[1s1 for changing
position variables) between leading edge and trailing edge. The current position as well as
that of the throat area and the maximum sphere diameter are marked with special symbols.
In the lower part of the window some measures for the current position are displayed.

Cross section progression =]
— —_Crnss section [mm?]
2100 |
1 maximum sphere
2000 | /
] —current position
1900 |
. — minimum cross section mimMax [-]
T T T T | T T T T (T T T T [ T T T T [ T T T T T T T T [ T T T T [ 7T T T T [ T T T T | T
015 025 0.35 0.45 .55 0.565 0.75 0.85 0.95 1.05
Cross section: 4239 mm* Distance B2B: 3.899 mm
Sphere radius: 1.9494 mm Distance H25: 8888 mm
06314 : 43.92 Close
Sphere

The sphere represents a particle with the highest possible
diameter that can be conweyed through the blade passage.
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7.2.2 Model tree (left)

<> Meridian |

<recent state > -

= [M] Components
- (@] <Radial Impeller>

)=

3D Model

@1

+ W] Meridian

+- [H] Mean surface
+- (@] Blade

= |E| Geometry
|:| Points

Curves
@] surfaces

Solids
Imports

Model tree structure

The model tree has 3 main sections:

1) Section Components

The Model tree contains all available
geometry parts listed in a tree structure,
whereby their visibility can be switched on
or off alternatively. All visible elements are
exported, if the model is saved as IGES,
STEP, STL or BREP - see Export] s3]

Tooltips: If the mouse is paused over an
item of the model tree its geometric
parameters are displayed: volume (for
solids), area (for surfaces) and length (for
edges).

contains all components of the project with the following sub elements:

Impeller/Stator Volute
Meridian Spiral
Mean surface Diffuser
Blade Cut-water

CFD Setug@

CFD Setugm

If an element contains child elements, it can be expanded by clicking on the collapsed element

symbol ().

Each single element without child elements can be selected ([#]) or unselected (LJ).

Each single element with child elements can have 3 states:
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= Hub The element and all child elements are
Paints selected.
Curve
surface
= [®] Hub (5] The element and not all child elements
[ Faints are selected.
Curve
surface
5[] Hub (I The element is unselected. Child
[ Faints elements might be selected.
Curve

Surface

An element is visible in the 3D view, if it is selected and all its parent elements are also
selected.

Note: If the <Ctrl> key is pressed while selecting an element, all child elements are selected, too!

2) Section Geometry
contains all basic geometrical types:
* Points
e Cunes
® Surfaces
e Solids
This allows:

¢ to select all objects of a certain geometrical type. In the 3D view, only those elements
become visible, whose parent elements are selected also.

¢ to modify the display properties of all currently visible objects of a certain geometrical type.

3) Section Imports

This section contains all imported geometric models including CFturbo components of reference
gro'ectsm or simply imported 3D models| 38

Visibility and render properties for imported models can be modified in the same way as for
components of Section Components.

© CFturbo Software & Engineering GmbH



Views 181

Right clicking on items in the Imports section provides a context menu with additional import related

options:
¢ Transform geometry - applies user defined geometric transformations to currently selected
import.
¢ Remowe - removes selected import from model tree and 3D view.
e Remowe all - remowves all imported models from model tree and 3D view.
e Export as - exports selected import in its transformed state. (This option is not
available for STL imports.)
=[] Imports
= [M] Pump3.cit Check all subelements
= [E <Radial Impeller> Uncheck all subelements
= [m] Meridian

W] Hub Transform gecmetry

[m] shroud Remove

(8] miet Remove all

(W] Outlet

Export 3 IGES

[m] Leading Edge pl:j 2

] Trailing Edge STEP

] Flow Domain STL

= (@] Mean surface i

The option Transform geometry is intended to help align imported component models with the project
model to make visual comparisons of the model shapes more convenient. To this end, any number of
simple transformations can be applied via the dialog that opens when Transform geometry is
selected.

The Transform geometry dialog allows the application of four
Transform geometry n different types of geometric transformations, accessible by
clicking on the corresponding symbols (from left to right:

testS stp translation, rotation, uniform scaling, mirroring).

ol M|

Translations can be applied iteratively along the coordinate

Translation
axes.
Direction
EI — A 0 mm Rotations can be applied iteratively around the coordinate
axes.
C Reset %) Apely Uniform model scaling is applied in absolute (percentage)
terms.

Mirroring is toggled for the models coordinate system in all
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three coordinate directions.

To apply a transformation to the current model, select a
transformation type, set its parameters and click the Apply
button (or hit Enter).

The model transformation can be reset to the state which it
was imported with by clicking the reset button.

Useful transformations for an imported model can be saved for later use by exporting the model with
its current transformation via the context menu (--> Export as, see abowe).

Display properties

The elements selected in the model tree are highlighted in the 3D view. The following attributes can
be defined below the model tree:

Colar

||:| Custom...

el Wireframe display
Shaded surface display
(F _Shaded surface display with edges or
isocurves
Material |Metalized - Material
< Color

("Undefined" => default color of material)

Transparency [

1]

100%

Transparency

The selection can be cleared by pressing the <Esc> key.

Model states

Model states contain the properties of all tree elements. Several model states can be managed via
the controls abowve the model tree.

Default - Select existing model state
H Save model state
12 Rename selected model state
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+ Add new model state

-_— Delete selected model state

The following predefined model states cannot be modified:

e "Default" The default model state

e "Default + CFD Setup" The default model state with CFD Setup visible

e "Solids only" Only solids are visible
e "Component colors" Every component is displayed with the color defined in the Components
view/ 169

For performance reasons, model states do not contain the state of each individual 3D object, but
only to the level of distinction between different geometrical types (points, curves, surfaces).
Therefore, e.g. all curnves that belong to a "Curves" object share the same properties.

7.2.3 Problems when generating the 3D model

Information about 3D-Errors

- [M] Traiing Edge If any errors occur while generating geometrical elements then the
& Cap corresponding part in the model tree is marked by red color.
=[] Elade Salid
#- [] solid Faces
[] solid

Furthermore, a corresponding error message is displayed in the message Qanell?fﬁ.

Possible warnings

Problem Possible solutions

3D-Error: Could not create solid ...

Distance tolerance is too low or too high Change the distance tolerance

(see Model settings| =)
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Problem Possible solutions

Number of data points is disadvantageous Change the number of data points for the 3D
(seldom) model

(see Model settings|=7)

Eliminating errors during surface generation

For eliminating errors during surface generation there exist the following possibilities:

¢ try a different number of data points for the 3D model (see Imgeller-I;ﬁ or Volute-Settings

445])

e try a different display resolution (see Model display (top)l )

The pictures illustrate
the possible influence of
point density on the
surface generation of the
blade.

Surface display errors

It may occur that a surface is not displayed although it exists.
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You can recognize such cases by selecting the surface in the model tree and choosing a high
number of isocurves (see Model display (top)l:73).

Normally, choosing another resolution (see Model display (top)l?s"l) solves this problem.

The orange iso-cunes
show how the surface
looks like.

lute Preferences 3D Model 3D Model - Blades Report Help
] L Coordinate system [7] {7 Rotateimpeller | Pointwidth 3 1
[¥| == show scale C Curvewidth 2
¥ Background color ("~ Resouton *
Settings.

O 3D Model ‘ Report |

| & Activate dipping
— Yo

[] show dippingplane  Z.
Clipping

Slow 3D model

If the handling of the 3D model is very slow, normally an update of the graphic card driver is
helpful.

If problems occur in
connection with the
graphic card,
sometimes an unsteady
mesh is displayed on
the faces of the solids.
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7.3

Visualization errors

Visualization errors and artifacts can often be resolved by updating the graphic card driver.

Report

The report shows the most important information about the design in a tabular style.

In the tree, the project information and the global setup parameters are listed prior to the
components. Tree elements containing sub elements can be collapsed and expanded.

< Meridian 30 Model = Report
Components | | Parameter Symbol Unit Value Value 2
=~ PROJECT (global)
[=- [ Information
Project type Pump
FileMame C:\daten\...
Title
Classification
Employee
Comment CFturbo d...
Creation date 2002-05-01
Last modification 2014-01-23
= T Global setup
[ Design Paoint
Mass flow m [kg/s] 125.88
Revolutions n [fmin] 1770
Additional casing effi... nc [%e] 100
Specific work ¥ [m2zfs?] 294.3
Specific speed (EU) ng 43
Power output PQ [kw] 37.0
Rotation direction Right
Swirl number ar M i i
Flow rate Q [m3fh] 454
Total pressure differ...  apt [bar] 2.9377
Head H [m] 30

Fluid properties
= ] 1:<Radial Impeller>
= @ Main dimensions
=+ Setup

Unshrouded impeller Mo
crlittar hladar [

g

4 [~/ Informatien

w

Licensed for: CFturbo

The buttons of the Report tab on the ribbon have the following function

=2

Sawe report as HTML, RTF, CSV or TXT

Print report

Copy the content to the clipboard

All marked rows are copied. If nothing is marked then all content is copied.

Marking can be done by mouse, <Crtl> <A> marks all.
Content will be pasted in MS Word/Excel as table.

Expand all nodes
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= Collapse all nodes
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8

Impeller

? Impeller

_—
l _ \ components featured in CFturbo.
\-"" The content reflects the design steps
during the design process.

Design steps

- Main dimensions [ 198

- Meridional contourl 268

- Blade properties [ 260

- Blade mean lines[s:9)

< Blade profiles [N
- Blade edgeslzh
< Model finishing[ =8

- Model settingslge'ﬁ

- CFD setug@

Possible warnings

This chapter describes in detail the design process for all impeller type

in the sequence they are encountered

Problem

Possible solutions

The selected impeller shape (radial/ axia

) is not matching with the specific speed.

The impeller shape (radial/ mixed-flow or axial
impeller) is not suitable for the selected design

point/ 72

This warning is generated for

Select a suitable impeller shape corresponding
to the specific speed calculated in the Global

Setupl 71}

¢ radial/ mixed-flow impeller: nq =10 ... 160
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Problem Possible solutions
¢ radial/ mixed-flow impellers with specific ¢ axial impeller: nqg = 80 ... 400
speed nqg > 160
¢ axial impellers with specific speed nq < 80
8.1 Main dimensions

? Impeller | Main dimensions @

The Main Dimensions menu item is used to define main dimensions of the impeller.

Details by impeller type

> Pump/VentiIatorlEﬁ
> Compressorlzﬁ

- Turbine[ 248

Possible warnings

Problem Possible solutions

Main dimensions are updated automatically.
Therefore geometry modifications are possible.

Main dimensions are updated automatically if To fix the main dimensions you could uncheck
any input parameters are modified. the "Automatic" calculation. Then you have to
manually start the calculation if required.

Main dimensions are not updated automatically.
Therefore the design could be not up-to-date.

Main dimensions are not updated automatically | To be sure that all parameter modifications are
if any input parameters are modified. considered you could switch to an automatic
calculation by checking the "Automatic" option.
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8.1.1

Problem

Possible solutions

Hub inlet and outlet diameter seem to be in a wrong proportion.

Potential min. hub outlet diameter (d,-b,) could
be lower than inlet hub diameter dH.

Increase impeller diameter d, or decrease
impeller width b, or decrease hub diameter d,,.

Shroud inlet and outlet diameter seem to be in a wrong proportion.

Potential max. shroud outlet diameter (d,+b,)
could be lower than inlet shroud diameter ds.

Increase impeller diameter d, or decrease
impeller width b, or decrease shroud diameter
d

5

Specific speed of impeller is invalid.

The specific speed nq of the impeller is much
too low or too high.

Check design point[ 7} and power partitioning
between impellers.

The selected impeller shape (radial/ axial) is not matching with the specific speed.

The specific speed nq of the impeller is not
suitable to the selected impeller type.

Select another impeller type (axial/ radial) or
adapt the value for power partitioning between
impellers.

Radial/Mixed-flow Pump / Ventilator

? Impeller | Main dimensions @

The Main Dimensions menu item is used to define main dimensions of the impeller. Main
Dimensions are forming the most important basis for all following design steps.
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S

The real flow in an impeller is turbulent and three-dimensional.
Secondary flows, separation and reattachment in boundary
layers, cavtation, transient recirculation areas and other features
may occur. Newertheless it is useful - and it is common practice
in the pump design theory - to simplify the realistic flow applying
representative streamlines for the first design approach.

Employing 1D-streamline theory the following cross sections are
significant in particular: suction area (index S), just before
leading edge (index 0), at the beginning (index 1) and at the end
of the blade (index 2) and finally behind the trailing edge (index
3).

Details
-»> Setugm

- Parameters| 199

< Dimensions| 201
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8.1.1.1 Setup

On page Setup you can specify some basic settings.

Main dimension
+ | © Setup @ Parameters ‘ © Dimensions ‘ Information
= | General Walues Meridian Cordier diagramm Velocity triangles
121
[~ Wanual dimensioning | 7 Rezults of mid alculatio
= [ Unshrouded 0 Design point:
= Volume flow a 454 me/h
= ’
8 [ Spltter blades Rotational speed n 1770 Imin
Mass flow m 125.88 kois
Impeller type () Standard - Head H 30 m
Power output PQ 37.043 kW
Additional casing efficiency nec 1.00
Power partitioning between impellers Specific speed (EU) ng 45,035
0% 100 %
<Impeller_1>
100 %
H=30m
ng = 49
Initial default settings
[
Hub/Shroud curve mode -
Meridional leading edge
Blade shape
/ oK v‘ 2% Cancel ? Help

On panel General you can select:

* Manual dimensioning
In manual dimensioning mode the main dimensions and blade angles are not calculated by
CFturbo. All these values are user-defined input values.

e Splitter blades (not for axial ventilators)
Design impeller with or without splitter blades.

* Unshrouded
Design a shrouded (closed) or unshrouded (open) impeller.
For an unshrouded impeller you have to define the tip clearance.

* Impeller type
For pumps select between Standard impeller and Wastewater impeller type. For wastewater
pump impellers you have to specify the desired number of blades used for some specific
empirical correlations.

In case more than 1 impeller is contained in the project the design Qoint|71'1 (head, pressure
difference etc.) can be distributed amongst the impellers using the power partitioning. The energy
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8.1.1.2

goal used for the design of the selected impeller (index i) is determined by:

Ei:ei'EGIobal’

where the capital E may either be head, specific work or pressure difference resp. The lower case e,
is the ratio describing the power partitioning for the selected impeller.

When creating a new design the initial default settings for some important properties are displayed in
the panel Initial default settings. These settings are used in further design steps and can be
modified by selecting the Change settings button. Of course these default settings can be modified
manually in the appropriate design steps. See Preferences: Impeller/ Stator settings|ss1) for more
information.

Some design point values are displayed in the right Information panel when selecting the page
Values (see Global setup[ 73).

Parameters

On page Parameters you have to put in or to modify parameters resulting from approximation
functions in dependence on specific speed ng or flow rate Q. Separate functions exist for pumps and
ventilators. Additionally some specific functions for waste water pumps are available. See
Approximation functions| 1\

Main dimension
+ | D Setup 8 Parameters ‘3 Dimensions ‘ Information
_| Parameters Values WMeridian Cordier diagramm Velocity triangles
12| Calculate suction diameter dS with < Schematic sketch for ilustration onl W Automatic fit view
i Intake number - g2
< Ir [mm]
— g8
2 | calculate impeller diameter d2 with p7a1 d osis 158
= Work coefficient hd w(0.9 ™ usen
= ]
5
Calculate outlet width b2 with 135 ]
Dutlet width ratio - b2/d2 |0.14
157]
Efficiencies 23
Design relevant Information onty +
75 ]
Hydraulic efficiency nh (83 %
E.E._
Volumetric efficiency nv (97 % A
100 a5 ]
Casing efficien C 100 % =
g = n 15 ] z[mm]
e e e LI E s o e e o s e e e B ML e e e e
0 20 40 60 a0 100 120
/ oK v‘ 2% Cancel ? Help
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For details of how to handle the parameter edit fields please see Edit fields with empirical functions
[4h,

Parameters

The panel Parameters allows defining alternative
parameters in each case for the calculation of the following
impeller main dimensions:

e

for pumps for ventilators

suction diameter ds inlet diameter dl

inlet width b1

impeller diameter d,

impeller width b, A

For dg-calculation (pumps)

= Ratio between meridional inflow velocity and specific energy

£=co/2Y
Intake coefficient € |« 0,05...0.4 (rising with nq)

= (k. at Stepanoff)

= high — smaller dimensions, lower friction losses
= < 20° — prevent the risk of cavitation

Inflow angle B,
= > 15° — with regard to efficiency

= 12°...17° — recommended for good suction capability

Minimal relative = small friction and shock losses
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velocity w

= only if no cavitation risk !

* f,g=1.15...1.05 standard impeller, nq=15...40

= f,s=1.25...1.15 suction impeller

g = fmin-1 ]I, 5]

3/4
(N PSHg [m]) (European definition for illustration)

suction specific Standard suction impeller u,<50m/s  160...220
speed Neg Suction impeller, axial inflow u1<35 m/s 220...280
Suction impeller, cont. shaft u,<50 m/s 180...240
High pressure pump u,>50 m/s 160...190
Standard inducer u,>35 m/s 400...700
Rocket inducer >>1000
2 2
c w
NPSHp =A 2L+, —
2g 2g
Min. NPSH = . suction pressure coefficient for absolute velocity ¢ (inflow acceleration

and losses): 1.1 for axial inflow; 1.2...1.35 for radial inflow casing

= ), Suction pressure coefficient for relative velocity w (pressure drop at
leading edge): 0.10...0.30 for standard impeller; 0.03...0.06 for inducer

for d, calculation (ventilator)

Diameter ratio dl/d2

5/6
dy _; 5 wo™®

_1 .
d, N

for b, calculation (ventilator)

Meri. deceleration

lelcmS

For d,-calculation
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= dimensionless expression for the specific energy:
Y= Y/(u22/2) and =Yg /(u22/2)

0.7 ...1.3 radial impeller
0.25...0.7 mixed-flow impeller
0.1 ...0.4 axial impeller

= high — small d,, flat characteristic curve
low — high d,, steep characteristic curve

Work coefficient (s

= If the check box "use n" is set d,-calculation is done on the basis of
Y =Y/n. Otherwise Y - specific work without losses - is used.

Diameter coefficient 3 | = according to Cordier diagram (see Dimensions|zof])

Outflow angle By = 6°...13°: recommended for stable performance curve (with nq rising)

For b,-calculation

Outlet width ratio

= 0.04...0.30 (rising with nq)
b./d

272
for pumps:
Mer. deceleration = 0.60...0.95 (rising with nq)
Cs/Crns
= Ratio between meridional outlet velocity and specific energy
for pumps: £, =Cra[N2Y

Outlet coefficient 82 = 0.08...0.26 (riSing with nq)

= (k,,, at Stepanoff)

for ventilators:
Shroud angle &,
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Efficiency

In panel Efficiency you have to specify seweral efficiencies. You have to distinguish between design
relevant efficiencies and efficiencies used for information only:

Design relevant

« hydraulic efficiency n,,
« wlumetric efficiency n,
« tip clearance efficiency n,

Information only

« side friction efficiency ng
+ mechanical efficiency n
« motor efficiency n_ .

« casing efficiency n_ (displayed for information only, see Global setu9|7ﬁ)

The casing efficiency n is used additionally for impeller dimensioning in order to compensate the
flow losses in the casing.

The losses resulting in energy dissipation from the fluid form the impeller efficiency.

Nim =MV NsN T

Impeller, casing and mechanical efficiency form the owverall efficiency (coupling efficiency) of the
stage ng,.

When considering motor losses additionally the owerall efficiency of the stage incl. motor r]St* is
defined.

PQ: pump output, see above

P, mechanical power demand (coupling/ driving power)

P, electrical power demand of motor
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The following summary illustrates the single efficiencies and their classification:

Relevant for

classification efficiencies . .
impeller design
casing Ne casing
N, hydraulic yes. fof energy
transmission
N+ tip
stage impeller

Ny wlumetric | yes: for flow rate

Ng side friction

no: for overall

mechanical [N, | mechanical |. .
information only

stage incl. motor | electrical Mot | Motor

The obtainable overall efficiency correlates to specific speed and to the size and the type of the
impeller as well as to special design features like bypass installations and auxiliary aggregates.
Efficiencies calculated by approximation functions| ) are representing the theoretical reachable
values and they should be corrected by the user if more information about the impeller or the whole
pump are available.

The hydraulic efficiency (or blade efficiency) describe the energy losses within the pump caused by
friction and vorticity. Friction losses mainly originate from shear stresses in boundary layers.
Vorticity losses are caused by turbulence and on the other hand by changes of flow cross section
and flow direction which may lead to secondary flow, flow separation, wake behind blades etc.. The
hydraulic efficiency is the ratio between specific energy Y and the energy transmitted by the impeller
blades:

The wolumetric efficiency is a quantity for the deviation of effective flow rate Q from total flow rate

inside the impeller which also includes the circulating flow within the pump casing:

(rising with impeller size)
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The tip clearance efficiency is only relevant for unshrouded impellers. It contains losses due to the
flow through the gap between blade tips and housing from the pressure to the suction side of the
blades. The flow losses mainly depend on the tip clearance distance x, and decrease with rising

number of blades and rising blade outlet angle ,.
Nt = 1_anRatio fn = f(nqvARatio) ARatio = X1/b

The side friction efficiency contains losses caused by rotation of fluid between hub/ shroud and
housing:

. Ps_ 05..0985 firng<40
s =" "p ¥ 0.985...0.995 fiir ng > 40

The mechanical efficiency mainly includes the friction losses in bearings and seals:

Mm = 1—p—m ~0.95...0.995
P (rising with impeller size)

Hydraulic and wolumetric efficiency as well as the tip clearance efficiency are most important for the

~
~

impeller dimensioning because of their influence to Y and/or Q . Mechanical and side friction
efficiency are affecting only the required driving power of the machine.

Information

In the right area of the register Parameter you can find again some calculated values for
information:

P
Required driving power Py =4

MNst
Power loss PL=Py —Pq =Pp(1—-7g,)
Impeller efficiency MNim = MMV NNy

Stage efficiency

Stage efficiency incl. motor
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8.1.1.3 Dimensions

On page Dimensions, panel Shaft/ hub, the required shaft diameter is computed and the hub
diameter is determined by the user.

- Shaft/Hubl 26N

The main dimensions of a designed impeller - suction b,
diameter dg, impeller diameter d,, outlet width b, - ?)
can be seen on Main dimensions panel. They can @
be recomputed by pressing the Calculate-button. d,

The computation is based on "Euler's Equation of
Turbomachinery"”, on the continuity equation and the
relations for the velocity triangles as well as on the
parameters and parameter ratios given in the tab
sheets Setup and Parameters.

You may accept the proposed values or you can

modify them slightly, e.g. to meet a certain
normalized diameter. @

S

dy

In case the checkbox Automatic is activated a new calculation will accomplished after any change
of parameter. Then the manual alteration of the main dimensions is not possible.

Regarding the impeller size one should try to attain d, values as low as possible. But there is a limit

for a specified task: lower impeller diameters are leading to higher blade loading - up to blade angles
B, which may not be suitable anymore.
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Main dimension
+| 0 setup ‘BParameters © Dimensions Information
= | Shaft Walues Meridian Cordier diagramm Velocity triangles
121
g
GlovacE e MPa Ns  sng 1000 2000 5000 10000 20000
—_ Mg 10 20 50 100 200
= Factor of safety SF[1.15 f R L R
Z | Min. shaft diameter  d 44.5 mm ] Radial Axial
= = 19 1 Mixed-flow
Main dimensions e f
g a7
Hub diameter dHE mm > ]
o ]
o 5]
[] Automatic Calculate 0 15 7
o 4
Suction diameter  dS [188 mm W13
Impeller diameter a2 ESG mm 95_9_ b
11 4
Outlet width b2 |40 mm 3.:“‘ ]
r 2q
« ]
= -
o 74
© j
E 4
o 5]
=l =1
o i
= ]
g 3]
z ]
w 1]
————T—T7T 77—
0.05 0.45 0.85 1.25 1.65 205 245
: 12, 34
Specific speedo=0 /W
/ oK v‘ 2% Cancel ? Help

A specific problem exists for ventilator impellers. If the suction diameter dg is calculated by diameter

ratio dlldz,

then the hub has to be planar, i.e. hub diameter d,; = 0. Otherwise the empirical

correlations are invalid. If the user defines a d; value deviating from O, a warning symbol points to this
problem. The solution is to select a different parameter for the calculation of the suction diameter dg

(see Parameters| 1))

Huly

Hub diameter

Main dimensions

[] Automatic

dHrmm &

WARNMNING: us

82

e of (d1/d2) requires dH=0|

Calculate

62

[~
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Select diameter @
= Open.. | H saveas..
C\daten\Software\CFturbo\dcu\Diameter. cftdi

Material

| steeitune <+ =
Norm

‘ANSIBBBJ‘J(stainIess) v |+ | =
Pressure

[ins <] =
Inside diameter [mm]

7é -~ + | _

10.4
13.8
171
225
279
36.6

Hominal diameter :
Outside diameter :
Wall thickness s :

0K =aves all changes

mm
mm

/ oK |xgancel ? Help

Information

You can select a value for the diameters dS from standard

specifications. For that purpose you have to press the button
right beside the input field.

The small dialog gives you the possibility to select a diameter
from seweral standard specifications. If material, standard name
and pressure range are selected the lower panel shows all
diameters of the chosen standard. One diameter is highlighted as
a proposal. Nominal diameter, outside diameter and wall

thickness for the marked entry is displayed. Using of + and =
buttons additional standard specifications and user defined
diameters can be added or existing parameters can be removed
from the list.

At File location the name of the file containing the diameters is
shown. The file is originally called Diameter.cftdi and is located
in the installation directory of CFturbo. Modifications of the list will
be sawed if the user is leaving the dialog window by clicking the
OK-button. In case there are no write permissions the user can
choose another directory to sawe the file. Renaming of files is
possible by Save as- functionality. By clicking the Open-button
a previously saved file can be opened.

In the right panel of any tab sheet an information panel is situated, which holds the computed
variables in accordance to the actual state of design, the resulting Meridional section| 0] as well as
the Cordier-Diagramm| 23 with the location of the best point. These three sections can be chosen by

the appropriate soft buttons in the heading.

In the Value section the following variables are displayed for information which result from calculated
or determined main dimensions:

Work coefficient

Flow coefficient

Meridional flow coefficient
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\I/1/4 Y 1/4
Diameter coefficient d=—775= 1.05d2(—2)
Py Q
Average inlet velocit Crns = Q/nv
s =
J Y ™ r/aldg —dy?
A inlet velocity (net) | Cms = a
verage inlet velocity (ne =
J Y ™ n/ald? —dy?)
_ Q/n
Awverage outlet velocity m3 — #
nd,b,
_ Q

Average outlet velocity (net) Cm3z =
nd,b,

Pfleiderer

2 2
NPSH, =4, oL 43, 1

2g 2g

with loss coefficients
A, =11..135A,=(0.03)0.1..03

Gillich
NPSHy =H- (g /ngs >

NPSH = (1WQ/ngs [

with suction specific speed nyg = 160...280

NPSHR estimation
Stepanoff

NPSHg = o-H
with cavitation number o = 1.22 -103 -nq‘"3

Petermann

with suction number Sq =(0.2) 0.4...0.6 (2.0)

Europump
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Outlet width ratio

b/d

Meridional deceleration

dcm = CmS/CmS

Estimated axial force

F,.=0.9pgH- n/4(o|52 —dNZ)

The Meridional preview is until now based on the main dimensions only.

Values Meridian Cordier diagramm

chematic

(%)

"]
7]

KELC raton only

Il

Velocity triangles

[ Automatic fit view

r [mm]

135

-
[
n

=
€n

Z [mm]

0 20 40

60 80 100 120

205

The Cordier diagram is based on an intensive empirical analysis of proved turbomachinery using

extensive experimental data.
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Values Meridian Cordier diagramm Velocity triangles

M
500 1000 2000 3000 5000 10000
10 20 30 50 100 200 300 0
20 T , R - .
Radial Axial
o NN N Mixed-flow
-
k<]
=10
5
£
- 7
"
L]
>
o 5
=S
"
s
S 3
E "
=
TR
=
8 2
o |
@
0.05 0.1 0.2 0.3 05 1 2

g,

Specific speed o =

The Velocity triangles are the result of a mid-span calculation and are based on the design point
[711 and the main dimensions.

Values Meridian Cordier diagramm elocity triangles

| I ' absolute (c) relative (w) velocity (@ mid-span
Ju [mis]
277 ‘
177
| @,
1 o
=
7 Inlet
| cm [m/s]
T — — T T T T T T T —T T
Efi -5 5 15
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8.1.2 Axial Pump /Ventilator

? Impeller | Main dimensions @

The Main Dimensions menu item is used to define main dimensions of the axial impeller. Main
Dimensions are forming the most important basis for all following design steps.

Tdﬂ @@ ® Tdsz
® @

d
. La.

The real flow in an impeller is turbulent and three-dimensional. Details
Secondary flows, separation and reattachment in boundary layers,

cavitation, transient recirculation areas and other features may > Setuglzﬁ
occur. Newertheless it is useful - and it is common practice in the

pump design theory - to simplify the realistic flow applying =+ Pump: Parameters
representative streamlines for the first design approach. [210)

Employing 1D-streamline theory the following cross sections are = Ventilator:
significant in particular: suction area (index S), just before leading Parameters[ 7
edge (index 0), at the beginning (index 1) and at the end of the blade ) )

(index 2), behind the trailing edge (index 3) and at the outlet (index + Dimensionsfz21}
4).
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8.1.2.1 Setup

On page Setup you can specify some basic settings.

Main Dimensions
+ | Setu @ Parameters 6 Dimensions Information
p
- General Values Meridian Cordier diagramm Velocity triangles
121 —
[~ Manual dimensioning Ll Seher t ustration only v Automatic fit view
g [¥ Unshrouded Tip clearance (0.5 mm 21U_r[mm]
- ]
= ]
= | Impellertype | T Standard v
200 ]
Power partitioning between impellers
Ap= 3350 Pa 4
190 ]
0% 100 % 1
<Impeller> ]
100% 180 |
Aip= 3360 Pa ]
ng =105 B - T A A A S
170 ] 03 a1
Blade design mode
=, (@) Airfoil Using pre-defined blade profiles 180
Using Euler eguation on mea es ]
150 ]
140 ]
B Z [mm
130................................I;..]
0 10 20 30 40 50 &0
/ oK v‘ X Cancel ? Help
General

* Manual dimensioning
In manual dimensioning mode the main dimensions and blade angles are not calculated by
CFturbo. All these values are user-defined input values.

* Unshrouded
Design a shrouded (closed) or unshrouded (open) impeller.
For an unshrouded impeller you have to define the tip clearance.

* Impeller type

For pumps select between Standard impeller and Inducer impeller type.
For Ventilators select between Standard impeller and Automotive cooling impeller type.

Power partitioning between impellers
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In case more than 1 impeller is contained in the project the design Qoint|7ﬁ (head, pressure
difference etc.) can be distributed amongst the impellers using the power partitioning. The energy
goal used for the design of the selected impeller (index i) is determined by:

Ei:ei'EGIobal’

where the capital E may either be head, specific work or pressure difference resp. The lower case e,
is the ratio describing the power partitioning for the selected impeller.

Blade design mode

* Airfoil/Hydrofoil[ss:
Design according to Airfoil/Hydrofoil design theory.

* Mean line[z)
Design using Euler's equation on mean lines.

Initial default setting

When creating a new design the initial default settings for some important properties are displayed in
the panel Initial default settings. These settings are used in further design steps and can be
modified by selecting the Change settings button. Of course these default settings can be modified
manually in the appropriate design steps. See Preferences: Impeller/ Stator settings|ss1] for more
information.

Some design point values are displayed in the right Information panel when selecting the page
Values (see Global setup[ 72)).
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8.1.2.2

Parameters Pump

On page Parameters you have to put in or to modify parameters resulting from approximation
functions in dependence on specific speed ng or flow rate Q. See Approximation functions 13

Main Dimensions

+ | D Setup 8 Parameters 6 Dimensions ‘
Parameters
121 Calculate impeller diameter dS2 with +
. | Work coefficient - w [0.128 ™ usen
5
E Calculate hub diameter dH2 with
= | Diameter ratio - 29.154 v pHZ=80°
Meridional expansion/ contraction = | = | — | =
Calculate inlet (dS1, dH1) with
Merid. velocity ratio - cm2icm? (1
Efficiencies
+

Dresign relevant

Information onhy

Hydraulic efficiency nh [89.2 %
Volumetric efficiency nv (35 %
Casing efficiency nc 100 %

Information

Values Meridian Cordier diagramm

w
T
=

Velocity triangles

h for illustration onh v Automatic fit view

34p 17 [Mm]
300 |
260
220
BF - — s —r— i — e |
180 |
140 ]
100 |
z [mm]
T T T T T
15 55 13 135 175 215
/ oK v‘xgancel ? Help

For details of how to handle the parameter edit fields please see Edit fields with empirical functions

[+

Parameters

The panel Parameters allows defining alternative parameters in each case for the

calculation of the following impeller diameters:

inlet outlet

d.,, d d

S1’ “H1 s2’ dH2
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T s ©  @ T ds2

d
. L.

The following is focusing on normal axial pumps - for inducers| 215 special correlations are used.

For dg,-calculation

= dimensionless expression for the specific energy:
V= Y/(Uzz/z) and y = Yeff/(u22/2)

0.7 ...1.3 radial impeller

0.25...0.7 mixed-flow impeller

0.1 ...0.6 axial impeller

Work coefiicient y = high — small dy,, flat characteristic curve

low — high dg,, steep characteristic curve

= If the check box "use n" is set dg,-calculation is done on the basis of
Y 4=Y/n. Otherwise Y - specific work without losses - is used.

Diameter coefficient d | « according to Cordier diagram (see Dimensions| 221])

For d,;, calculation
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OIL2=0.4...o.9
S2

If the check box "B, = 90°" is set the diameter ratio is set to:

dyp VY

ds; Usy

Diameter ratio deldSZ

Under the assumptions: ¢ -u =Y = const.

For dg,/d,;-calculation

Mgndlon;ell wvelocity Cm2 _09 11
ratioc _./c., Cont

94 _04..09

S1

— strictly axial ~ d,, =d,, and d, = d,
Diameter ratio d,,,/dg,

— const. hub d,=dy,,

— const. mid Ay = Ay

— const. shroud dSz = dSl

Efficiency

In panel Efficiency you have to specify seweral efficiencies. You have to distinguish between design
relevant efficiencies and efficiencies used for information only:

Design relevant

« hydraulic efficiency n,
« wlumetric efficiency n,

Information only

+ mechanical efficiency n |

« motor efficiency n_ .

The casing efficiency n_ is used additionally for impeller dimensioning in order to compensate the
flow losses in the casing.
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The losses resulting in energy dissipation from the fluid form the impeller efficiency.
Mim =Mh "Ny

Impeller, casing and mechanical efficiency form the owverall efficiency (coupling efficiency) of the
stage ng,.

When considering motor losses additionally the overall efficiency of the stage incl. motor nSt* is

defined.
~ Pq ~ P, pump output, see abowe
MNst = P_ =MNimMNcMNm
D . ; ; N
P,: mechanical power demand (coupling/ driving power)
+ Pq )
Net :P— = NstNmot P, electrical power demand of motor
el

The following summary illustrates the single efficiencies and their classification:

Relevant for

classification efficiencies . :
impeller design
casing Ne | casing
yes: for energy
transmission
Ny hydraulic
stage impeller

. yes: for flow rate
Ny | wlumetric

mechanical | N, mechanical no-: for overall

information only

stage incl. motor | electrical Mot | Motor

The obtainable overall efficiency correlates to specific speed and to the size and the type of the
impeller as well as to special design features like bypass installations and auxiliary aggregates.
Efficiencies calculated by approximation functions|1ss) are representing the theoretical reachable
values and they should be corrected by the user if more information about the impeller or the whole
pump are available.

The hydraulic efficiency (or blade efficiency) describe the energy losses within the pump caused by
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friction and vorticity. Friction losses mainly originate from shear stresses in boundary layers.
Vorticity losses are caused by turbulence and on the other hand by changes of flow cross section
and flow direction which may lead to secondary flow, flow separation, wake behind blades etc.

The wolumetric efficiency is a quantity for the deviation of effective flow rate Q from total flow rate
Q

inside the impeller which also includes the circulating flow within the ventilator:

Ny =2 ~070..095
Q (rising with decreasing tip clearance)

The mechanical efficiency mainly includes the friction losses in bearings and seals:
P m

N, =1-—"=0.95...0.995

P (rising with impeller size)

Total-total and wlumetric efficiency are most important for the impeller dimensioning because of their

~

influence to Y and/or Q . The mechanical efficiency is affecting only the required driving power of
the machine.

Information

In the right area of the register Parameter you can find again some calculated values for
information:

P
Required driving power Py =2
MNst
Power loss P =P, —Pq :PD(l_nSt)
Impeller efficiency Mim =Mh " Mv
Pa
Stage efficiency Nst = P = MimMm e
D
Stage efficiency incl. motor
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8.1.2.2.1 Inducer

Inducers are placed in front of radial pump impellers normally in order to improve the suction
performance (reduce NPSH,,) of the pump.

For inducers the inlet section is the primary one. The important suction diameter dg, is calculated
using the meridional flow coefficient ¢_:

(Pm = Q = 2 4Q2 = le = ta'nBOS
AsUsy n(d51 —dy )~nd51n Usy

In CFturbo the so called Brumfield curve is used to estimate an appropriate ¢ value to achieve a
required level of suction performance. Input values is the suction specific speed n_:

Ngg =N [min’l]~ VQ [mB/S]

(NPSH, [m])**

(or the US definition N_, see Preferences/Units/Other[ 1e5))

The Brumfield curve can be displayed and also modified if necessary by clicking on the function
button just right of the n_ edit field.

Main Dimensions
+ | O Setup © Parameters © Dimensions ‘ Information
- Parameters Values Meridian Cordier diagramm Velocity triangles
121 Calculate impeller diameter dS1 with ap ¥ 1200 + Sc h for ilustration only v Automatic fit view
;| Suction spec. speed - n3s [B00)
H = {r mm]
E Meridional flow coefficient 0.085 v Auto =
Calculate hub diameter dH1 with
Diameter ratio | w=dH/dS 30 % [ pH2=80° i
110
Meridional expansion/ contraction = | = | =] | —
Calculate outlet (452, dH2) with 80 |
Merid. velocity ratio - cm2icmi [1.25
0]
Efficiencies
Design relevant Information onhy e =
Hydraulic efficiency nh (80 %
30 ]
Volumetric efficiency nv (85 %
Casing efficiency nc 100 % 10 |
410 ]
z [mm]
LI s B s e s B ey S B e S A
-5 15 35 55 73 95 115
/ oK v‘ 2 Cancel ? Help
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The ¢, value can be calculated automatically from the given n__ value or modified manually. There is
a limit of ¢ = 0.06, lower values will result in backflow at blade tip and cavitation induced flow
instability.

Alternatively you can specify the rel. inlet flow angle B or the meridional flow coefficient ¢  directly.
Furthermore the parameters for classic axial pumpl 210l design could be used alternatively.

The inlet hub diameter d,,, is calculated using the diameter ratio v :

vi=3 02 04

S1

Typical for inducers is a constant tip (shroud) diameter. The hub diameter can increase from inlet to
outlet slightly in order to use centrifugal effect for energy transmission. The meridional velocity ratio
between inlet and outlet can be used to estimate the outlet cross section:

Cm2 4115

Cm1

Alternatively the diameter ratio v,=d,,,/d, at outlet similar to the inlet side can be used.
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8.1.2.3 Parameters Ventilator

On page Parameters you have to put in or to modify parameters resulting from approximation
functions in dependence on specific speed ng or flow rate Q. See Approximation functions 13

D Setup 8 Parameters 6 Dimensions ‘
Parameters
121 Calculate impeller diameter dS2 with pa57 N 0761 + [
. | Work coefficient - w061 [~ usen
5 = 210 ]
E Calculate hub diameter dH2 with i
= | Diameter ratio - v=dH/dS |70 % [ pH2=90°
200 ]
Meridional expansion/ contraction = | = | = | =
Calculate inlet (dS1, dH1) with ]
Merid. velocity ratio *| cm2icmi |1 190 |
Efficiencies 180
Dresign relevant Information onhy ¥
170 ]
Aerodynamic efficiency nh (&0 % 1
Volumetric efficiency nv [94.6 % 160
Casing efficiency nc 100 %
150
140 ]
130 1

Main Dimensions

Information

Values Meridian Cordier diagramm

chemat

Velocity triangles

W Automatic fit view

{r [mm]
z [mm]
L B e I L e i o o o e o e ML B
0 10 20 30 40 50 &0
/ oK v‘xgancel ? Help

For details of how to handle the parameter edit fields please see Edit fields with empirical functions

[+

Parameters

The panel Parameters allows defining alternative parameters in each case for the
calculation of the following impeller diameters:

inlet outlet

d.,, d

S1’ “H1

dSZ’

d

H2
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d
. L4

For dg,-calculation

= dimensionless expression for the specific energy:
V= Y/(Uzz/z) and v = Yeff/(u22/2)

0.7 ...1.3 radial impeller
0.25...0.7 mixed-flow impeller

0.1 ...0.6 axial impeller

Work coefiicient y = high — small dy,, flat characteristic curve

low — high dg,, steep characteristic curve

If the check box "use n" is set dg,-calculation is done on the basis of

Y 4=Y/n. Otherwise Y - specific work without losses - is used.

For d,;, calculation

Diameter ratio d,,,/d., If the check box "B,,, = 90°" is set the diameter ratio is set to:

Under the assumptions: ¢ -u =Y = const.
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For dg,/d,;-calculation

Mgndmn;’:tl wvelocity Cm2 _09 11
ratioc _./c., ot
Gy _ 0.4..09
S1
— strictly axial ~ d,, =d,, and dg, = d,
Diameter ratio dHlldSI B
~— const. hub de = dHl
— const. mid sz = dMl
- const. shroud dSz = dSl

Efficiency

In panel Efficiency you have to specify seweral efficiencies. You hawve to distinguish between design
relevant efficiencies and efficiencies used for information only:

Design relevant

- Total-total efficiency n,,
« wlumetric efficiency n,

Information only

+ mechanical efficiency n |

« motor efficiency n_ .

The casing efficiency n is used additionally for impeller dimensioning in order to compensate the
flow losses in the casing.

The losses resulting in energy dissipation from the fluid form the impeller efficiency.

Impeller, casing and mechanical efficiency form the owverall efficiency (coupling efficiency) of the
stage ng,.

When considering motor losses additionally the owerall efficiency of the stage incl. motor nSt* is
defined.
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Pq P+ ventilator output, see above
MNst = P_ =MNimNcMNm
b P, mechanical power demand (coupling/ driving power)
+ Py .
Nst =— =NstNmot P, electrical power demand of motor

P

el

The following summary illustrates the single efficiencies and their classification:

Relevant for

classification efficiencies . .
impeller design

casing Ne casing
yes: for energy
transmission

Nyt total-total

stage impeller

. yes: for flow rate
Ny wvolumetric

mechanical | N, | mechanical no: for overall

information only

stage incl. motor | electrical Nmot | Motor

The obtainable overall efficiency correlates to specific speed and to the size and the type of the
impeller as well as to special design features like bypass installations and auxiliary aggregates.
Efficiencies calculated by approximation functions| ) are representing the theoretical reachable
values and they should be corrected by the user if more information about the impeller or the whole
pump are available.

The hydraulic efficiency (or blade efficiency) describe the energy losses within the pump caused by
friction and vorticity. Friction losses mainly originate from shear stresses in boundary layers.
Vorticity losses are caused by turbulence and on the other hand by changes of flow cross section
and flow direction which may lead to secondary flow, flow separation, wake behind blades etc.

The wolumetric efficiency is a quantity for the deviation of effective flow rate Q from total flow rate

inside the impeller which also includes the circulating flow within the ventilator:

(rising with decreasing tip clearance)
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The mechanical efficiency mainly includes the friction losses in bearings and seals:

P
n =1--1-~095..0995

(rising with impeller size)

Total-total and wolumetric efficiency are most important for the impeller dimensioning because of their
influence to Y and/or Q
the machine.

. The mechanical efficiency is affecting only the required driving power of

Information

In the right area of the register Parameter you can find again some calculated values for

information:
PQ
Required driving power Pp=—
MNst
Power loss P =P, —Pq :PD(l_nSt)
Impeller efficiency Mim = NNy
PQ
Stage efficiency Nst = P = MimMm e
D
+ Pq
Stage efficiency incl. motor Nt = P = NstNmot
el

8.1.2.4 Dimensions

The main dimensions of a designed impeller - suction diameter dg, and d,,, and
outlet diameter dg, and d,,, - can be seen on Main dimensions panel. They can

be recomputed by pressing the Calculate-button. The computation is based on
"Euler's Equation of Turbomachinery”, on the continuity equation and the
relations for the velocity triangles as well as on the parameters and parameter
ratios given in the tab sheets Setup and Parameters.

You may accept the proposed values or you can modify them slightly, e.g. to
meet a certain normalized diameter.
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dSZ

Td“ ® o @

d
di H2

In case the checkbox Automatic is activated a new calculation will accomplished after any change
of parameter. Then the manual alteration of the main dimensions is not possible.
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Main Dimensions
+ | D Setup 8 Parameters ©) Dimensions Information
- | Main dimensions Values Meridian Cordier diagramm Velocity triangles
121
DAUtUmEﬁC Calculate Ns 500 1000 2000 5000 10000 20000
—_ I 10 20 50 100 200
_E Inlet | : L L
@
z Hub diameter  dH1 IESU mm I N N Radial . hel
19 4 Mixed-flowi
Shroud diameter dS1 (400 mm 1 =~ -
Outlet I
™
Hub diameter dH2 IESU mm o 1
=
Shroud diameter dS2 400 mm 5 15
%)
& i
— 13
Get | []Outlet | from neighbering component u ]
o
(=3
& 11
3
u 9]
P ]
.
z ]
[E) T
£ ]
o
= -
o 5
o 5
(&)
@
o .
w 3
1 -
T T T T T T T
0.05 0.45 0.85 1.25 1.65 2.05 245
: 12, 34
Specific speedo =0 /W
/ oK v‘ X Cancel ? Help
Information

In the right panel of any tab sheet an information panel is situated, which holds the computed
variables in accordance to the actual state of design, the resulting Meridional section[2031 as well as
the Cordier-Diagramml 205 with the location of the best point. These three sections can be chosen by
the appropriate soft buttons in the heading.

In the Value section the following variables are displayed for information which result from calculated
or determined main dimensions:

Work coefficient

Flow coefficient
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Meridional flow coefficient

Q _Cm2

Pm =
s 2 2 u
*(dzs —dyy )Uz 2

Diameter coefficient

1/4

v 1/4
\j
Py Qis

Q
Awerage inlet velocity Cm= 5 5
75/4(d «—d Hl)
Inlet abs. circ. velocity c
component ut
Inlet relative velocity W,
Average outlet \velocity = Q
m2~ 2 2
75/4(d s;—d HZ)
Outlet circ. velocit _1
y Cuz__(Y_ulCul)
component u,
Outlet relative velocity w,
Meridional velocity ratio Cno /C mi
Relative velocity ratio W,/ W,

The Meridional preview is until now based on the main dimensions only.
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Values ||Meridian | Cordier diagramm | Velocity triangles |

Schematic sketch for illustration only

200

150

180

170

160

-
on
=

140

v Automatic fit view

r [mm]

Zz [mm]

-15 3 13

25 35

225

The Cordier diagram is based on an intensive empirical analysis of proved turbomachinery using
extensive experimental data.
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Values Meridian Cordier diagramm Velocity triangles

M
500 1000 2000 3000 5000 10000
10 20 30 50 100 200 300 0
20 T , R - .
Radial Axial
o NN N Mixed-flow
-
k<]
=10
5
£
- 7
"
L]
>
o 5
=S
"
s
S 3
E "
=
TR
=
8 2
o |
@
0.05 0.1 0.2 0.3 05 1 2

g,

Specific speed o =

The Velocity triangles are the result of a mid-span calculation and are based on the design point
[711 and the main dimensions.

Values Meridian Cordier diagramm elocity triangles

| I ' absolute (c) relative (w) velocity (@ mid-span
Ju [mis]
277 ‘
177
| @,
1 o
=
7 Inlet
| cm [m/s]
T — — T T T T T T T —T T
Efi -5 5 15
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8.1.3 Centrifugal Compressor

? Impeller | Main dimensions @

The Main Dimensions menu item is used to define main dimensions of the impeller. Main
Dimensions are forming the most important basis for all following design steps.

The real flow in a compressor impeller is turbulent and three-
dimensional. Secondary flows, separation and reattachment in
boundary layers, transient recirculation areas and other features
may occur. Nevertheless it is useful - and it is common practice
in the compressor design theory - to simplify the realistic flow
applying representative streamlines for the first design
approach.

Employing 1D-streamline theory the following cross sections
are significant in particular: suction area (index S), just before
leading edge (index 0), at the beginning (index 1) and at the end
of the blade (index 2) and finally behind the trailing edge (index
3).

Details
> Setuglzf'ﬂ

- Parameters| 229

< Dimensions| 235
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8.1.3.1 Setup

On page Setup you can specify some basic settings.

Main dimensions
+ | © setup ® Parameters ‘ © Dimensions ‘ Information
- | General Values Meridian Cordier diagramm Velocity triangles
121
[ Manual dimensioning | 7 Resultz of mid-zpan calculation
: v Unshrouded Tip cIearanceE mm Design point:
5 ) Rotational speed n 14000 /min
E v Spliter blades Mass flow m 531 kgi's
Specific work Y 85980 mAls®
Power output PQ 45655 KW
Additional casing efficiency nec 1.00
Specific speed (EU) ng 32.185

¢ OK v‘ X Cancel

7 Help

On panel General you can select:

e Manual dimensioning

In manual dimensioning mode the main dimensions and blade angles are not calculated by
CFturbo. All these values are user-defined input values.

e Splitter blades
Design impeller with or without splitter blades.

¢ Unshrouded
Design a shrouded (closed) or unshrouded (open) impeller.
For an unshrouded impeller you hawe to define the tip clearance.

When creating a new design the initial default settings for some important properties are displayed in
the panel Initial default settings. These settings are used in further design steps and can be
modified by selecting the Change settings button. Of course these default settings can be modified

manually in the appropriate design steps. See Preferences: Impeller/ Stator settings/[s1] for more
information.
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Some design point values are displayed in the right Information panel when selecting the page
Values (see Global setup[ 71).

8.1.3.2 Parameters

On page Parameters you have to put in or to modify parameters resulting from approximation
functions in dependence on specific speed ng or flow rate Q (see Approximation functions Es'ﬁ).

Main dimensions
+| O setup © Parameters | © Dimensions ‘ Information
- | Parameters Walues || Meridian | Cordier diagramm | Velocity triangles
121 + i o
Blade outlet (cross section 2) Schematic sketch for illustration only v Automatic fit view
— Calculate impeller diameter d2 with 3545 4 509 T Tmm
E Diameter coefficient - b [4.484 1F [mm]
5 = 265
Calculate outlet width b2 with ]
Outlet width ratio - b2/dz |0.038 245 7]
[ Blade inlet (cross section 1) 225 ]
Suction side (cross section S) . ]
Calculate suction diameter dS with 203 ]
WMerid. deceleration v| cm2iems|l b
185 4
165 ]
145 ]
125 ]
Efficiencies 4' 105 ]
Design relevant Information onby
85 4
Total-to-total efficiency ntt (20 % 851
[l 45 ]
) ) 25 ] z [mm]
Casing efficiency nc 100 g, | BN S B B B B Y R B B B B B R B B S R —

-10 30 70 110 150

/ DK v‘ 2 Cancel

P Hep

For details of how to handle the parameter edit fields please see Edit fields with empirical functions
[a,

Parameters
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The panel Parameters allows defining alternative values in
each case for the calculation of the following impeller main

dimensions:

« suction diameter dS

+ impeller diameter d,

« impeller width b,

For d,-calculation

Work coefficient

= dimensionless expression for the specific enthalpy Ah, =Y

and Ah=Y . resp.

\V _ Ahis and \Ij_
u22/2

low — high d,, steep characteristic curve

basis of Ah=Ah,/n. Otherwise Ah, - the isentropic specific

enthalpy - is used.

u22/2

= high — small d,, flat characteristic curve

If the check box "use n" is set d,-calculation is done on the

Ah

(Total) Flow coefficient o,

= dimensionless flow rate

Qs

(O
T . 2
—d,u
g2

0.01 narrow radial impeller, untwisted blades
0.15 mixed-flow impeller, twisted blades

Diameter coefficient &

= according to Cordier diagram (see Dimensions| )

© CFturbo Software & Engineering GmbH



Impeller

231

Machine Mach number Mau

= dimensionless peripheral speed of impeller related to total

inlet speed of sound

u
Ma, =—2%
s

Peripheral speed u,

= Limiting values due to strength as a function of the material

For b,-calculation

Outlet width ratio b2/d2

0.01...0.15 (with nq rising)

Meridional flow coefficient ¢,

= dimensionless flow rate

_ QZ _ C2m

T
Td,bu; U,

0.10...0.50 (with nq rising)

For d,-calculation (optional)

Diameter ratio dlld2

d,/d,=0.3...0.8

Relative deceleration w2/wl

w,/w,>0.7 or f(b,/d,)

For b,-calculation (optional)

Meridional deceleration sz/le

c Jc_.=0.8.125

m2° “ml

for dg-calculation

Meridional deceleration

lelcms or

CmZ/CmS

c /c_.=009.11

ml “mS

c Jc .=0.7..13

m2° “mS
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Relative inlet flow angle B¢

c c
B =arctan—"% =arctan—™>— ~ 30°

Us —Cys

Relative inlet Mach number Mys

2 2
Ws _NCms *Wus _g25 085

as

The relative inlet Mach number can be implemented in a certain range only. The lower limit is given
by the fact that small values for dS (high meridional velocity ¢ .) as well as high values for dS (high

rotational speed ug and therefore w () result in an increasing relative velocity wg. Due to the square
root equation of M ¢ two different values of dS are possible. For certain boundary conditions a
minimal relative velocity and therefore a minimal relative inlet Mach number is existing always.

Wus

dg

Rel.inlet Ma-number dsT

Rel. inlet Ma-number dS{

In this context it's important to know that the fluid density is dependent on the velocity and therefore

on the geometrical dimensions.

Efficiency

In panel Efficiency you hawe to specify several efficiencies. You have to distinguish between design
relevant efficiencies and efficiencies used for information only:

Design relevant

* flow efficiency n, (total-total)

* wlumetric efficiency n,
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Information only

+ mechanical efficiency n

+ motor efficiency n_

« casing efficiency n_ (displayed for information only, see Global setugFﬁ)

The casing efficiency n is used additionally for impeller dimensioning in order to compensate the
flow losses in the casing.

The losses resulting in energy dissipation from the fluid form the impeller efficiency.

MNim = NNy

Impeller, casing and mechanical efficiency form the overall efficiency (coupling efficiency) of the
stage ng,.

When considering motor losses additionally the owerall efficiency of the stage incl. motor nSt* is

defined.
B Pq B PQ: output power, see above
MNst = P_ =MimNcMNm
D . ; ; o
P,: mechanical power demand (coupling/ driving power)
« Py ] .
Net :P— =NstNmot P, electrical power demand of motor

The following summary illustrates the single efficiencies and their classification:

classification efficiencies Relevant for.
impeller design
casing Ne casing
yes: for energy
transmission
stage Nyt flow
impeller
Ny wlumetric | yes: for flow rate
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mechanical |N,, | mechanical
no: for overall
information only

stage incl. motor | electrical Mot | Motor

The obtainable overall efficiency correlates to specific speed and to the size and the type of the
impeller as well as to special design features like bypass installations and auxiliary aggregates.
Efficiencies calculated by approximation functions|1ss) are representing the theoretical reachable
values and they should be corrected by the user if more information about the impeller or the whole
machine are available.

The impeller efficiency n,, describes the energy losses caused by friction and vorticity. Friction

losses mainly originate from shear stresses in boundary layers. Vorticity losses are caused by
turbulence and on the other hand by changes of flow cross section and flow direction which may lead
to secondary flow, flow separation, wake behind blades etc.. The impeller efficiency is the ratio
between the actual specific energy Y and the energy transmitted by the impeller blades without any
losses:

< <

Ny =

The wlumetric efficiency is a quantity for the deviation of effective flow rate Q from total flow rate

~

inside the impeller Q which also includes the circulating flow within the casing:

n, == ~0.93...0.99

jeli¥e)

(rising with impeller size)
The mechanical efficiency mainly includes the friction losses in bearings and seals:

P
N, =1--"~0.95...0.995

P (rising with impeller size)

Impeller efficiency and wolumetric efficiency are most important for the impeller dimensioning

~
~

because of their influence to Q and/or Y . The mechanical efficiency is affecting only the required
driving power of the machine.

Information

In the right panel of the tab sheet Parameter you can find again some calculated values for
information:
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P
Required driving power Py = 2
MNst
Power loss P.=P—Pq :PD(l_nSt)
Impeller efficiency Nim = NNy
Pa
Stage efficiency Nst = P =MimMmMe
D
« Py
Stage efficiency incl. motor Nt = P = NstMmot
el
k-1 c 2
Tk |[1-—2—|-1
2cpTts
Total-to-static efficiency MNes =
T, -1
(perfect gas model)

8.1.3.3 Dimensions

On page Dimensions, panel Shaft/ hub, the required shaft diameter is computed and the hub
diameter is determined by the user.

2 Shaft/Hubl 267
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The main dimensions of a designed impeller - suction
diameter dg, impeller diameter d,, outlet width b, -

can be seen on Main dimensions panel. They can
be recomputed by pressing the Calculate-button.
The computation is based on "Euler's Equation of
Turbomachinery"”, on the continuity equation and the
relations for the velocity triangles as well as on the
parameters and parameter ratios given in the tab
sheets Setup and Parameters.

You may accept the proposed values or you can
modify them slightly, e.g. to meet a certain
normalized diameter.

In case the checkbox Automatic is activated a new calculation will accomplished after any change
of parameter. Then the manual alteration of the main dimensions is not possible.

Regarding the impeller size one should try to attain d, values as low as possible. But there is a limit

for a specified task: lower impeller diameters are leading to higher blade loading - up to blade angles

B, which may not be suitable anymore.
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Main dimensions
+ | D Setup ‘ # Parameters ©) Dimensions Information
= | Shaft: Values Meridian Cordier diagramm Velocity triangles
121 =
AELDEES = LR Ns 500 1000 2000 5000 10000 20000
Z Ny 10 20 50 100 200
= SF|1.15 9 ) ’ L
JE Factor of safety
E Min. shaft diameter d 51.5mm 1 Radial Axial
194 Mixed-flow
Main dimensions 1
Hub diameter dH (30 mm gﬁ 177]
a1 J
) o
Automatic Calculate S:_, -«
e 3
Suction diameter 272 E 1
M [=] i
Blade inlet diameter W — 13
Blade inlet width 0 Q‘” ]
" 517 = B
Impeller diameter 51 & 117]
Outlet width 20.2 g_h
1 3]
= 4
=
@
@ 77
£
o 1
=
= g
= 5
=
@
o
w 21
1 -
———T T T T
0.05 0.45 0.85 1.25 1.65 205 245
; 12, 34
Specific speedo =0~ /W
¢ OK v‘ X cancel | ‘P Help
Information

In the right panel of any tab sheet an information panel is situated, which holds the computed
variables in accordance to the actual state of design, the resulting Meridional section[zs as well as
the Cordier-Diagramm[ 239 with the location of the best point. These three sections can be chosen by
the appropriate soft buttons in the heading.

In the Value section the following variables are displayed for information which result from calculated
or determined main dimensions:

Work coefficient

Flow coefficient
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Meridional flow coefficient

__ 9
Oy =——~E—=

~fm2 _01.05

Diameter coefficient

1/4
v
8 = T = 105d2{
Pt

Y

tS

2

Jl/ll

Tangential force coefficient

c,=—' ~3..6
Nt Pm

Outlet width ratio

b,/d, = 0.01...0.15

Diameter ratio dJ/d,
2 2
_VWms +Wys
Inlet Mach number Ma,g =—F——<0.75...0.85
kRZT ¢
Ma., = 1 <1

Outlet Mach number

(perfect gas model)

Reaction

s
2Y

r=1

thermodynamic values for

- impeller inlet (cross section S)

- impeller outlet (cross section 2)

p,p, T, C,CHW, U

The Meridional preview is based on the until now designed main dimensions.
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Values Meridian Cordier diagramm

Velocity triangles

[V Automatic fit view

Jr [mm]

3|

z [mm]

239

The Cordier diagram is based on an intensive empirical analysis of proved turbomachinery using

extensive experimental data.
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Values Meridian Cordier diagramm Velocity triangles

N
500 1000 2000 3000 5000 10000
10 20 30 50 100 200 300 0
i, Radial, ) Axial
- Mixed-flow
-
s ]
=10
s
2
=
"
g
&
=5
0"
g
g 3
B |
=
o 1
=
g 27
o i
w

[

0.05 0.1 0.2 0.3 05 1
Specific speed o = ' 1™

8.1.4 Radial-inflow Turbine

? Rotor | Main dimensions @

The Main Dimensions menu item is used to define main dimensions of the rotor. Main Dimensions
are forming the most important basis for all following design steps.
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The real flow in a turbine rotor is turbulent and three-
dimensional. Secondary flows, separation and reattachment in
boundary layers, transient recirculation areas and other
features may occur. Newertheless it is useful - and it is
common practice in the turbine design theory - to simplify the
realistic flow applying representative streamlines for the first
design approach.

Employing 1D-streamline theory the following cross sections
are significant in particular: area just before leading edge
(index 0), at the beginning (index 1) and at the end of the
blade (index 2) and finally behind the trailing edge (index 3).

The cross section (S) is situated at the suction side in the
connection flange of the component following the turbine.

Details
» Setugm

» Assumgtionsm

< Dimensions| 243

The design of the main dimensions has to be made in a strict order. This will be secured by the
following:One step within the design has to be finished completely before the next can be
accomplished. That is to say, the changeability of a tab sheet will be disabled by CFturbo until all
necessary parameters have been specified.
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8.1.4.1 Setup

On page Setup one can specify some basic settings.

+ | D Setup

General
12

P

# Parameters ‘ ©) Dimensions ‘

[~ Manual dimensioning | 7

[w Unshrouded

ersion 1.

[~ Splitter blades

Blade angle

Mean blade angle

Mean angle of incidence

Tip clearance IE.MB mm

§B1 80 :
ifo :

Main dimensions

Information

Walues

Meridian

Design point:
Pressure ratio
Rotational speed
Mass flow

Relative flow angle

On panel General you can select:

e Manual dimensioning

In manual dimensioning mode the main dimensions and blade angles are not calculated by
CFturbo. All these values are user-defined input values.

e Splitter blades
Design the rotor with or without splitter blades.

e Unshrouded

Design a shrouded (closed) or unshrouded (open) rotor.
For an unshrouded rotor you have to define the tip clearance.

Cordier diagramm

Velocity triangles

i1 233

n 38400 /min
m 1.54 kgls
Bl 90.0 *

/ oK v‘ 2% Cancel

P Help

When creating a new design the initial default settings for some important properties are displayed in
the panel Initial default settings. These settings are used in further design steps and can be
modified by selecting the Change settings button. Of course these default settings can be modified
manually in the appropriate design steps. See Preferences: Impeller/ Stator settings|ss1) for more

information.
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The design concept is based on a mean flow area, therefore a mean blade angle bB1 as well as a
mean incidence angle i has to be given. In order to yield best efficiency the angle of incidence should
be 20..30°.

Some design point values are displayed in the right Information panel when selecting the page
Values (see Global setup[ 71).

8.1.4.2 Parameters

On page Parameters one has to put in or to modify parameters resulting from approximation
functions in dependence on specific speed ng (see Approximation functions m).

Main dimensions
+| O setup @ Parameters © Dimensions ‘ Information
= | Parameters Walues Meridian Cordier diagramm Velocity triangles
121 4 i ) )
Blade outlet (cross section 2) Schematic sketch for illustration only v Automatic fit view
— | Calculate outlet diameter d2 with + rmm]
S | Diameter ratio v a2id1 o 5 p
5 = 1125 ]
Calculate outlet merid. velocity p
Merid. acceleration - cm2icm1 [1.15 1025 ]
Blade inlet (cross section 1) ]
) ] 92.5
Calculate rotor diameter d1 with ]
Coefficient ratio | CR=wig*[13 v usen ]
{i: 82.5
Suction side (cross section S) _:
Calculate suction diameter dS with 725
Merid. acceleration - cmSicmz2 |1.05 ]
625
[v Calculate hub diameter dH ]
[~ Automatic dH/ds 0.28 28]
Efficiencies 425 1
) + 1
Design relevant Infermation onby b
325 4
TotaHto-total efficiency ntt |86.5 % 22.5—:
Casing efficiency nc 100 % 12 :_—:
25 | z [mm]
L e
0 10 20 30 40 50 &0 70 80
/ oK v‘ 2% Cancel ? Help
Parameters
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The panel Parameters allows defining alternative values in
each case for the calculation of the following rotor main

dimensions:

« suction diameter dS
« rotor diameter d1

« inlet width bl

For details of how to handle the parameter edit fields please see Edit fields with empirical functions

[4h

One of the following parameters has to be specified for the calculation of the rotor diameter d, .

Work coefficient

dimensionless expression of the specific enthalpy
v= Ah, and = Ah
u22/2 U22/2

big — small d;
small — big d;

Guideline ~ 2

If the check box "Use n" is set d,-calculation is done on
the basis of Ah=Ah,_-n. Otherwise Ah, - the isentropic
specific enthalpy - is used.

Flow coefficient ¢

dimensionless mass flow

in accordance to Cordier-Diagramm| zs1)
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= Coefficient of a flow force pointing in tangential direction
Tangential force coefficient o ]
3 ... 4 Francis high-speed turbine
4 ... 8 Normal-speed turbine

c =u/
= o 8 ...10 Low-speed turbine

= Ratio of work to the square of the meridional speed
Coefficient ratio
6 ...10 Francis high-speed turbine
10...12 Normal-speed turbine

c, =Yl 2
R = V0 12...30 Low-speed turbine

Between the work coefficient Y the relative flow angle B, and the tangential force coefficient uJ/(pm

there is the following relation:

1

\Ij:
1+ 1 cot(B,)
v/

At a relative flow angle of 3,= 90° the work coefficient becomes y=2. In this case the work coefficient

m

should not be chosen as a design parameter in the tab sheet Parameters. Otherwise one has no
influence on the meridional flow coefficient and therefore meridional flow, see last equation.

For all further geometric variables guess values hawe to be given:

Diameter ratio d2/dl ~0.5

Meridional acceleration
sz/le 1.005..1.05

Meridional acceleration (suction

side) ¢, /¢, 1.005..1.05
or

Diameter ratio d /d, ~0.7
Diameter ratio d, /dg ~0.3

There are three specification modes of the diameter ratio d,/dg:

e Direct input
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e Automatic calculation: option "Automatic". Here the diameter ratio will be adjusted in a way
that the guideline of the geometrical ratios[zs1 will be met.

* Direct specification of d, in the tab sheet Dimensions. Here the diameter ratio is not
necessary.

With diameter ratio d /d, option "Automatic" is deactivated.

Efficiency

In the group Efficiency the following efficiencies need to be given:
Design relevant

* Rotor efficiency n,, (total-total)

Information only

* Mechanical efficiency n

Internal and mechanical efficiency form the overall efficiency (coupling efficiency):

P, PQ: (isentropic) Rotor power
MNist = P =N MNm
Q Po: Power output (coupling/ driving power)

The rotor efficiency (or blade efficiency) n,, describes the energy losses within the turbine caused by

friction and vorticity. Friction losses mainly originate from shear stresses in boundary layers.
Vorticity losses are caused by turbulence and on the other hand by changes of flow cross section
and flow direction which may lead to secondary flow, flow separation, wake behind blades etc.. The
rotor efficiency is the ratio between the actual specific work Y and the specific work at loss less
transmission:

Ny =

< | =<

The mechanical efficiency mainly includes the friction losses in bearings and seals:

(rising with impeller size)

Information
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In the right panel of the tab sheet Parameter some variables are displayed for Information:

actual Power P Po = PoNust
Power loss P P =Py-Pp
calculated with total density in the outlet:

Flow Q Q, - ﬂ

Ptz
Total pressure inlet p,; Py = TP,
Pressure ratio total-total Tyt
Pressure ratio total-static Ts
Stage efficiency total-total Nitst
Efficiency total-static Nis

U

Isentropic velocity ratio Vis = Th,s

In general for cost reasons single-stage & single-intake machines are preferred cowering a range of
about 10 < ng < 400. In exceptional cases it may become necessary to design a rotor for extremely
low specific speed values (ng < 10). These rotors are characterized by large rotor diameters and low
rotor widths. The ratio of free flow cross section area to wetted surfaces becomes unfavorable and is
causing high frictional losses. To prevent this one may increase either rotational speed n or mass
flow rate ? if possible. An alternative solution could be the design of a multi-stage turbine reducing
the pressure drop of a single-stage. If especially high specific speed values (ng > 400) do occur one
can reduce rotational speed n or mass flow rate ? if feasible. Another option would be to operate
several single-stage turbines - having a lower nq - in parallel.

Please note: CFturbo® is preferably used between 10 < ng < 150 — radial and mixed-flow rotors.

8.1.4.3 Dimensions
In the panel Shaft, the required shaft diameter is computed.

2 Shaft/ Hublzs7
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The main dimensions of a rotor - suction diameter ds,
hub diameter dH, rotor diameter d1 and inlet width b1 -

can be seen on the tab sheet Dimensions. They can
be recomputed by pressing the Calculate-button
within the panel Main dimensions. The computation
is based on "Euler's Equation of Turbomachinery"”, on
the continuity equation and the relations for the
wvelocity triangles as well as on the parameters and
parameter ratios given in the tab sheets Setup and
Parameters.

One may accept the proposed values or can modify
them slightly, e.g. to meet a certain normalized
diameter.

In case the checkbox Automatic is activated a new calculation will accomplished after any change
of parameter. Then the manual alteration of the main dimensions is not possible.
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Main dimensions
+ | D Setup ‘ # Parameters ©) Dimensions Information
- | Shaft Walues Meridian Cordier diagramm Velocity triangles
121 "
Allowable stress  T[13 LH N snp 1000 2000 S000 10000 20000
—_ Mg 10 20 50 100 21
= Factor of safety SF(1.15 f s L L L
@ ; ’ q
k Min. shaft diameter d 286 mm ALY Radial ' . Axial
19 Mixed-flow
Main dimensions 1
Calculate b 17 ]
Nﬁ 4
Hub diameter 40 g b
a — 15 ]
Suction diameter 143 & ]
Rotor diameter 202 g - ]
Inlet width 20.2 " ]
9
& 11
o=
3
1] 9]
w0 ]
[
T
= i
= T
o 1
=
= g7
2 5
(&}
@
o
(5] 4
3
11
77—
0.05 0.45 0.85 1.25 1.65 205 245
; 142, 34
Specific speedo=0 /W
/ oK v‘ 2% Cancel ? Help
Information

In the right panel of any tab sheet an information panel is situated, which holds the computed
variables in accordance to the actual state of design, the resulting Meridional section[s1 as well as
the Cordier-Diagramm[2s1] with the location of the best point. These three sections can be chosen by
the appropriate soft buttons in the heading.

In the information section of the tab sheet Dimensions the following variables are displayed for
Information:

Work coefficient

Flow coefficient
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c
Meridional flow coefficient Om = & _Cm
ﬂdlblul Ul
Ah, e
Diameter coefficient 8=1.054-d,;- “'5}/
Qis72
Q[m3
: L S| points to machine type
Specific speed n, Ng = n[mln ]

(different unit definitions: see Preferences 159'1)

1 rotor

and general shape of

Inlet pressure, density and temperature

static and total values

Inlet velocities €y Cupr Cpp W
. . _ 4
Peripheral speed at inlet U = |[—
2-Y My
. Uy
Machine-Mach-number M, = P
1
Blade width at inlet b}

Outlet pressure, density and temperature

p2’ T2’ pZ’ pt2’ Tt2’ pt2

static and total values

Outlet \elocities Cpr Cipr Crr W,

Peripheral speed at outlet u, =m-d,-n
C2

Outlet Ma-Number M, =—=

Mean diameter at outlet

Width at outlet
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Ratio Width-diameter at inlet

1

b,/d

1

guideline: 0.05..0.15

Diameter ratio

d/d

2" 72min

with:

dZmin = %(dé _dﬁ)

guideline: 1.005..1.05

Ratio radius-width at outlet

(rs _rN) (ds _dN)

b,

2'b2

guideline: 1.005..1.05

The guidelines given in the last column of the last three rows, should be matched within the design.

The Meridional preview is based on the main dimensions designed until this point.

Values Meridian Cordier diagramm

Schematic sketch for illustration only

Velocity triangles

[V automatic fit view

Z [mm]

0 2 4 3]

8

10

12

14

16

The Cordier diagram is based on an intensive empirical analysis of proved turbomachinery using

extensive experimental data.
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Values | Meridian ||Curdierdiagramm | Velocity triangles

500 1000 2000 2000 5000 10000

100 200

300 Ny

Francis=Turbine

Kaplan-
Turbire

=
-4 =]
L

n
s

w

Specific diameter 5 = p™ | "% = 1,05 d, (i@’
(=]

The Velocity triangles are the result of a mid-span calculation and are based on the design point

[ 781 and the main dimensions.
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Values Meridian Cordier diagramm Velocity triangles

absolute (c) relative (w)

=)

velocity @@ mid-span

Ju [mfs]

450 7|

350 |

250 |

fotg,

Outlet

cm [mis]
et
300

253

The Velocity triangles are the result of a mid-span calculation and are based on the design point

[ 781 and the main dimensions.
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Values Meridian Cordier diagramm Velocity triangles

absolute (c) relative (w) velocity @ mid-span

=J

Ju [m/s]

500 | !

400 ]
300 |
200

100 ]

lnlet

cm [mis]

m;’ -100 0 100 200 300

8.1.5 Axial Turbine

? Rotor | Main dimensions @

The Main Dimensions menu item is used to define main dimensions of the axial rotor. Main
Dimensions are forming the most important basis for all following design steps.
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T ds1

d
Tdm T "

The real flow in the rotor is turbulent and three-dimensional. Details
Secondary flows, separation and reattachment in boundary layers,

transient recirculation areas and other features may occur. > Setuglza
Newertheless it is useful - and it is common practice in the turbine

design theory - to simplify the realistic flow applying representative < Parameters|ss)

streamlines for the first design approach.
+ Dimensions|zs:)
Employing 1D-streamline theory the following cross sections are
significant in particular: just before leading edge (index 0), at the
beginning (index 1) and at the end of the blade (index 2), behind the
trailing edge (index 3) and at the outlet (index 4).
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8.1.5.1 Setup

On page Setup one can specify some basic settings.

Main Dimensions

# Parameters ‘ ©) Dimensions ‘ Information

General Walues Meridian Cordier diagramm Velocity triangles

=
ha
i~

[ Manual dimensioning | 7 Results of mid

,'__; [ Unshrouded Tip clearance 0.4 mm Design point:

a Rotational speed n 25800 /min
o

T Mass flow m 16 kg/s
> | Impellertype | T Standard -

Power partitioning between impellers

0% 100 %

Blade design mode
QN Airfoil Using pre-defined blade profiles

Mean line Using Euler eguation on mean lines

? Help

/ oK v‘ X Cancel

On panel General you can select:

e Manual dimensioning
In manual dimensioning mode the main dimensions and blade angles are not calculated by
CFturbo. All these values are user-defined input values.

e Unshrouded
Design a shrouded (closed) or unshrouded (open) impeller.
For an unshrouded impeller you have to define the tip clearance.

e Impeller type
Select either Standard or Rocket engine rotor type.

In case more than 1 rotor is contained in the project the design point|7ﬁ (Power output, pressure
ratio) can be distributed amongst the rotors using the power partitioning. The energy goal used for
the design of the selected rotor (index i) is determined by:
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where the P is the actual power output. The lower case ¢, is the ratio describing the power
partitioning for the selected rotor.

On panel Blade design mode currently one design mode is available:

* Mean line|2e2
Design using Euler's equation on mean lines.

In case a pressure ratio 1 has been specified in the Global setug|71'1 the pressure ratio used for the
design of the selected rotor is determined by:

T

[~

j#

T, =

When creating a new design the initial default settings for some important properties are displayed in
the panel Initial default settings. These settings are used in further design steps and can be
modified by selecting the Change settings button. Of course these default settings can be modified
manually in the appropriate design steps. See Preferences: Impeller/ Stator settings/[s1] for more
information.

Some design point values are displayed in the right Information panel when selecting the page
Values (see Global setupl 7).
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8.1.5.2

Parameters

On page Parameters one has to put in or to modify parameters resulting from approximation
functions in dependence on specific speed ng (see Approximation functions m).

+|

O Setup € Parameters ©) Dimensions ‘
| Parameters
2L | calculate inlet (dM1) +
| Isen. velocity ratio totaktc| v vs [0.574
5
@ Calculate outlet area with
T
= | Degree of reaction - R|[0.25
Calculate inlet (dH1, dS1) with 80 ¥ oim
Diameter ratio - v=dH/dS Bgl %
=
Meridional expansion/ contraction = | = | = | =
Calculate outlet (dH2, dS2) with
Merid. velocity ratio - cm2/cmi [1.05
Efficiencies
Design relevant Information onty +
Totakto-static efficiency nts (80 %
Casing efficiency nc 100 %
Parameters

Main Dimensions

Information

Walues Meridian

w

Cordier diagramm

raton

Velocity triangles

W Automatic fit view

31';
su';
707
rs';
777
75';

75 ]

74

737

z [mm]

72-|||||||
5

z5

6.5

45 85 10.5

/ oK v‘ X Cancel

? Help

The panel Parameters allows defining alternative parameters in each case for the

calculation of the following impeller diameters:

inlet

outlet

d.,, d d

S1’ “H1

d

S2’ TH2
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o | [«

TdHl

T du2

For details of how to handle the parameter edit fields please see Edit fields with empirical functions

G

With the help of the following parameters the inlet of the rotor can be calculated.

Isentropic velocity ratio v,

Mean inlet diameter 0.5(dg,+d,,,)

Ul - n * dMl
Vis = =
\/ZAhttis \/ZAhttis

Degree of reaction R

Outlet tip diameter dg, (and viac_,/c . d,,)

Ah
Ahy,

Tangential abs. velocity
component ¢,

Outlet tip diameter dg, (and viac_,/c . d,,)

Diameter ratio dH/dS

Inlet hub diameter dHl

The outlet section can be calculated with:
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0.9..1.1
— strictly axial  d,,=d,, and dg, = dg,
Meridional velocity ratio
Coo/Cot — const. hub d,=4d,,
— const. mid Ay = Ay
-~ const. shroud  dg, = dg;
Efficiency

In the group Efficiency the following efficiencies need to be given:
Design relevant

* Rotor efficiency n, (total-static)

Information only

* Mechanical efficiency n

Internal and mechanical efficiency form the overall efficiency (coupling efficiency):

Py PQ: (isentropic) Rotor power
Nitst = 5 = Ntt"m
Po
P,: Power output (coupling/ driving power)

The rotor efficiency (or blade efficiency) n,, describes the energy losses within the turbine caused by

friction and vorticity. Friction losses mainly originate from shear stresses in boundary layers.
Vorticity losses are caused by turbulence and on the other hand by changes of flow cross section
and flow direction which may lead to secondary flow, flow separation, wake behind blades etc.. The
rotor efficiency is the ratio between the actual specific enthalpy difference and the ideal (isentropic)
specific enthalpy difference at loss less transmission:

Ah

_ tt
Nt Ah

ttis

The mechanical efficiency mainly includes the friction losses in bearings and seals:

(rising with impeller size)
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8.1.5.3

Information

In the right panel of the tab sheet Parameter some variables are displayed for Information:

actual Power P P5 = PoNust
Power loss P P =Ps-Pp
calculated with total density in the outlet:

Flow Q, o - ﬂ

Pt2
Pressure ratio total-total Ty
Pressure ratio total-static Ts
Efficiency total-total Nyt
Efficiency total-static Nis

ul

Isentropic welocity ratio Vis = Thttls

In general for cost reasons single-stage & single-intake machines are preferred covering a range of
about 10 < ng < 400. If especially high specific speed values (ng > 400) do occur one can reduce
rotational speed n or mass flow rate ? if feasible. Another option would be to operate several single-
stage turbines - having a lower nq - in parallel.

Please note: CFturbo® is preferably used between 100 < nq < 400 — axial rotors.

Dimensions

The main dimensions of a rotor - inlet diameter dg, and d,,, and outlet diameter
dg, and d,, - can be seen on Main dimensions panel. They can be recomputed

by pressing the Calculate-button. The computation is based on "Euler's
Equation of Turbomachinery", on the continuity equation and the relations for the
welocity triangles as well as on the parameters and parameter ratios given in the
tab sheets Setup and Parameters.
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You may accept the proposed values or you can modify them slightly, e.g. to
meet a certain normalized diameter.

- Sle
® e

d
" L.

In case the checkbox Automatic is activated a new calculation will accomplished after any change
of parameter. Then the manual alteration of the main dimensions is not possible.
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Main Dimensions
+ | D Setup # Parameters ©) Dimensions Information
= | Main dimensions Walues Meridian Cordier diagramm Velocity triangles
121
Calculate Ns 500 1000 2000 5000 10000 20000
—_ Mg 10 20 50 100 200
_E Inlet L L L L
o
gz Hub diameter ~ dH1[148 mm 1 N Radal '% i Gl
19 Mixed-flowi
Shroud diameter dS1 (188 mm ] R
Outlet TS
o
Hub diameter dHZ [148 mm [s] 1
=
Shroud diameter dS2 (169 mm 5 15
[T}
G
— 13 ]
Get | [ Inlet | from neighboring component || ]
o
(=3
& 1
3
u 9]
] ]
s
Z ]
[E) T
£ ]
o
= _
o 5
o 5
(&)
©
o 4
@ 3
1 -
T T T T T T T T
0.05 0.45 0.85 1.25 1.65 205 245
: 2, 34
Specific speedo=0 (W
/ oK v‘ X Cancel ? Help
Information

In the right panel of any tab sheet an information panel is situated, which holds the computed
variables in accordance to the actual state of design, the resulting Meridional section[2s11 as well as
the Cordier-Diagrammls1) with the location of the best point. These three sections can be chosen by
the appropriate soft buttons in the heading.

In the information section of the tab sheet Dimensions the following variables are displayed for
Information:

Work coefficient

Flow coefficient
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(p = —Ql =
Meridional flow coefficient m rc( 2 2)
2 Ois” —dyy” Jup
Ah,
Diameter coefficient 8=1.054 -dg; - —18 —
Qu’2

Inlet pressure, density and temperature

pl’ Tl’ pl’ ptl’ Ttl’ I:)tl

static and total values

Inlet velocities Cpr Cupr Gy Wy Uy
Uy
Inlet Mach-number M, = .
1

Outlet pressure, density and temperature

I32’ T2’ p2’ pt2’ Tt2’ I:)t2

static and total values

Outlet welocities Cyr Cupr Cprigr Won U,
Co
Outlet Ma-Number M, = =
2

The Meridional preview is based on the main dimensions designed until this point.
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Values |||'.'|er'u:|ian | Cordier diagramm | Velocity triangles |

Schematic sketch for illustration only

W Automatic fit view
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The Cordier diagram is based on an intensive empirical analysis of proved turbomachinery using

extensive experimental data.
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Values | Meridian ||Curdierdiagramm | Velocity triangles
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300 Ny

Francis=Turbine

Kaplan-
Turbire

=
-4 =]
L

n
s

w

Specific diameter 5 = p™ | "% = 1,05 d, (i@’
(=]

The Velocity triangles are the result of a mid-span calculation and are based on the design point

[ 781 and the main dimensions.
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Values Meridian Cordier diagramm Velocity triangles

absolute (c) relative (w) velocity @@ mid-span

)
Ju [mfs]
450 7| e
- &
350 |
250 |
150 7]
50 ]
Outlet
cm [mis]
————F—T—T—T—TFTTT T
0 100 200 300
3

8.1.6 Shaft/Hub

Dimensioning of the shaft diameter is made under application of strength requirements. It is a result
of torque M=P/w to be transmitted by the shaft and the allowable torsional stress t of the material.

You can directly enter allowable stress or select the value from a list by pressing button &3 right
beside the input area.
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Allowable stress Ina small dlalgg window you can see some
materials and its allowable stress. The list can
File location be extended or reduced by *+ and = button.
You can confirm selected value by pressing
(= oOpen. ‘ H saveas.. the OK-button.
Chdatem\Software\CFiurbo\Source\CFturbo 10.deutiv... At File location the file containing material
properties is shown. The file is originally called
Select value [MPa] + | = Stress.cftst and is located in the installation
Staz 2 128 ~ directory of CFturbo. Modifications of the list
[Standard] 15.0 will be sawed if the user is leaving the dialog
Sts0-2 15.0 window by clicking the OK-button. In case
Ste0 -2 18.0 there are no write permissions the user can
E‘;ﬁ 1::3 choose another directory to sawe the file.
St70-2 212 Renaming of files is possible by Save as-
C45 21.2 functionality. By clicking the Open-button a
15Cr3 21.2 previously saved file can be opened.
25 Cr Mo 4 22
C &0 25.0
34 Cr Mo 4 25.0
30 Mn 5 30.0
16 Mn Cr & 30.0
3T MnSis 35.5
34 CrNiMo & 42,5 v
0K saves all changes
J OK | xgancel| ? Help
To consider a higher load, e.g. due to operating conditions away from the design point, a safety
factor SF may be specified leading to a modified proposed shaft diameter d.
8pQY - SF
> E0QYSF
T N
The hub diameter d, is usually selected as small as possible and depends on the kind of connection
of hub and shatft.
8.2 Meridional contour

? Impeller | Meridional contour )

The design of the meridional contour is the second important step to design the impeller.

Graphical elements can be manipulated not only by the computer mouse per drag and drop but also
by using context menus. To this end a right click on the appropriate element is necessary. Doing so
the mode of the leading edge can be changed as well as the coordinates of Bezier points for
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example.
Melidional contour = '@
@, ~d-&5- #o 0B ® zoomcurrent | @) Zoomal £ agdtionalViews v |Libkelaode
Design mode
radial coordinate
E 2 Midal
e mmy 2 = Hub, Shroud e
20
E [~ Hub-Shroud coupled
19
18] ’
& [V Trailng edge fixed on outlet
] 5|
17 P
16
E [
15 S
14
13
12
bl
10
o5
=
7
=
.
o
Area circles a8
Cdl Neighboring components Reference designs
Flow: Grid z [mm]
Flow: Streamines 1 axial coordinate| | ¥ «J Configure...
Flow: cm-lines. L L I L L R R R R RN R
M Flow: cm-surfaces 5 35 45 55 65 75 B85 895 105 115 125 135 145 155 165 175 185 185
» W OK  w| 3 Cancel | P Hep
14.1: 4.3 100 % Hub  Middle  Shroud % Debug

There are two different options to define hub and shroud contours.
= ) .
Hub, Shroud  Direct design of the two contours

= Middle Design of center line; the contours result from given cross section
distribution between suction (dS) and outlet (d2) cross sections

Hub, Shroud

In the first case, hub and shroud can be designed separately or in coupled mode. If the Hub-Shroud
Coupled check box is checked hub and shroud will be modified simultaneously considering the
same relative positions of the Bezier points.

Middle
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In the second case, only the geometric center line of the flow channel will be modified. The contours
result from specifying a relative cross section distribution. It may either be linear or could be loaded
from a file using the Progression dialog[ 46,

The first value of each line is the relative meridional coordinate x along the center line, with x=0 at the
inlet cross-section and x=1 at the outlet cross-section. The second value is the relative cross section
A, Which allows to compute the related absolute value:

A=A+ Ay (Aout _Ain)

The cross section is used to determine the meridional width b vertical to the flow direction.

This strategy is mainly suitable for mixed-flow impellers, it's suboptimal for radial impellers with
relative sharp direction change from axial to radial.

Trailing edge fixed on ...

The trailing edge (turbines: leading edge) is fixed on meridional outlet (turbines: inlet) and can not
designed like the leading edgel 2s3 (turbines: trailing edgel zs2).

Uncheck this option to detach the trailing edge (turbines: leading edge) from meridional outlet
(turbines: inlet) and design its position and shape independently.

Display Options

In the Display Options panel some graphical representations can be activated for illustration:

[ 2 Area circles

. for calculation of cross section area

|

z[mm]
adal coordinate

LSRR ARRRS AR AAMS LA BRRR R RS L BEAAS R MM RARAL LA e A
15 05 05 15 25 35 45 S5 65 75 85 95 105 115 125 135 45 155 165 1.5 185 195
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{radial coordinate
r[mm]

®

2 o

Neighboring components

on inlet and outlet side are displayed for
information.

ey
() | -
- g

Use the buttons to zoom the current meridional
shape only or the entire geometry.

[radial coordinate
rmm]

e

iSasazees
\
' a
| | ;
\ i ‘
@ o
1 \

" .

N : o
\ : . B

\
//
7

&
IS
IS
@

Meridional flow/ Grid
grid used for meridional flow calculation

- see Meridional flow calculation| zs)

{radial coordinate
r [mm]

Meridional flow/ Streamlines

meridional streamlines, equal mass flow
fraction between neighboring streamlines

- see Meridional flow calculation| zs)
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g comrante Meridional flow/ cm lines
e 2| isolines of const. meridional velocity ¢, _

/ \\\, @

7] ,DI\\\ . . .
A S < see Meridional flow calculation| s3]
1] p Py /I*\.
137] : /// /
\\\ P /
N\ ;
g IS /
| s
’ Tl
%
‘] i
/S

s R R A e & =

=z [mm]
adal coordinate|
T T

[radial coordinate
rmm]

meridi
T T T

T T T T T
42 44 46 43 S 52 54 56 53 8

82 &4 65

Meridional flow/ cm surfaces

iso surfaces of const. meridional velocity ¢

(scaling is displayed below the diagram)

- see Meridional flow calculation| zs)

Possible warnings

Problem

Possible solution

Inlet hub diameter: the deviation between meridional geometry
and main dimension is higher than 0.1%

The difference between the hub diameter and the

corresponding geometric size in the meridian is
too large. This is possible for imported polylines
only.

Adjust either the main dimensions| s or the
imported cune.
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Problem

Possible solution

Inlet shroud diameter: the deviation between meridional geometry
and main dimension is higher than 0.1%

The difference between the suction diameter and
the corresponding geometric size in the meridian
is too large. This is possible for imported
polylines only.

Adjust either the main dimensions| 199 or the
imported curve.

Outlet diameter: the deviation between meridional geometry
and main dimension is higher than 0.1%

The difference between the impeller diameter and
the corresponding geometric size in the meridian
is too large. This is possible for imported
polylines only.

Adjust either the main dimensions| 99 or the
imported curve.

Outlet width: the deviation between meridional geometry
and main dimension is higher than 0.1%

The difference between the outlet width and the
corresponding geometric size in the meridian is
too large. This is possible for imported polylines
only.

Adjust either the main dimensions| 99 or the
imported curve.
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8.2.1 Hub-Shroud contour

. Rel. position (0.1} W

A

Angle [7] vy
|y
/

® Bezier curve 3
, Circular Arc + Straight Line
f\ Straight Line

- _ﬁ : Polyline

0 /
[ = EH savecune
Rel. position (0..1) O Resetcurve
2,7 vy Contour 3
rfoosst - TR

Hub & Shroud

Hub and shroud countours can be designed as:

® Bezier curve
The cune is defined by the position of the Bezier points.
+ Details[ 7l

e Circular Arc + Straight line
The cunve consists of a circular arc and a straight line.
2 Details| 2s0l

e Straight line
The contour is defined by a straight line between start and endpoint.
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® Polyline
The cune is fixed and cannot be modified interactively. Import of point sets from file is
possible (Load polyline).

Radial ventilator impellers are designed simply by arc and line by default (Circular Arc + Straight
line), all other impeller types in Bezier mode (Bezier curve).

Z [mm]

§ ’ Angle [7] 7
r [rmmj hd b

3ol
Shift complete geometry {

Special context menu features

* On the endpoints of hub and shroud the complete geometry can be shifted optionally (Shift
complete geometry). Hence the geometry can be positioned on a specific axial position.

® There are some reasonable constraints when working in this simplified mode e.g. the
inclination angle of the trailing edge can only be set when hub and shroud are in Bezier mode
both.
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8.2.1.1 Bezier

Bezier curves

Hub and Shroud are represented by 4th order Bezier curves. This is the default and most flexible
curve mode.

The cune is determined by five Bezier points.

Points 0 and 4 are defining the endpoints of the curves while the other three points determining the
shape of the curve. The middle point (2) can be mowved without any restrictions whereas points 1 and
3 hawve only one degree of freedom. Point 1 is only movable on the straight line between points 0 and
2, point 3 between point 2 and 4. Therefore no curvature is occurring at the end of the cunes. In
conjunction with a continuous curvature gradient small velocity gradients can be expected. The two
straight lines are defining the gradients in the end points of the cunes.
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o Circular Arc + Straight Line v Limit stop
- Straight Line Fixed start angle
- Polyline Fixed end angle
B savecurve (= Polyline to Bezier
(& Reset curve
Contour 4

Bezier point 2 can be limited in its mobility by the curve context menu option Limit stop. As a result
the axial and radial position is limited in the area between the curve endpoints 0 and 4.

The above mentioned coupling between the Bezier points can be
context menu option Coupled Bezier points.

switched on or off by the cure

Start angle (line 0-1 or 0-1-2) and end angle (line 3-4 or 2-3-4) can be fixed optionally by the curve
context menu option Fixed start angle or Fixed end angle. A fixed angle is illustrated by a dotted
line instead a dashed one and by a triangular marker on the curve endpoint.

Tangential connection

In Bezier mode a tangential connection to neighboring componen
switched on or off using the icon beside the the first or last Bezie

ts (impeller or stator) can be
r point:

~ tangential connection

g . .
non-tangential connection
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A
%ﬂi The hint of the icon contains the angle of the neighboring

Tangential inlet connection component for information.

to previous outlet: 51.2 °
== Click to ACTIVATE

Primary design

For an automatic primary design of the contours the following values are used:

- Main dimensions[s®: d,, dg, d,, b,

= Inclination angle g of trailing edge to horizontal (see Approximation functionsmﬁ)

= Inclination angle e of hub and shroud to vertical (see Approximation functions lﬂ—ﬁ)

= Axial extension: pumps, ventilators according to a) (Guelich), turbines according to b)
(Lindner), compressor according to c) (Aungier). In some cases where the hub diameter d,, is

quite small compared to the impeller diameter d,, for compressors the average of a) and b) is
applied instead of c).
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b) Az = (dy/, —dyy)/2

C)Az = d2(0.014 +0.023 -j—2+ 1.58 - (pJ
H
Point 1 is primary placed at 3/4 of the axial distance of points 0 and 2, point 3 at 2/3 of the radial
distance of points 2 and 4.

The manipulation of the contours can be achieved by shifting the positions of the Bezier points. As
an alternative the position of Bezier points can be realized by input of numerical values (see
Graphical dialogs[43). Trailing edge can be rotated by moving Bezier points 4. If <Ctrl> key is
pressed simultaneously the whole trailing edge can be moved in axial direction with constant
inclination angle (change axial extension). Inclination angle of trailing edge can be numerically
determined by clicking the right mouse button on it.

In the design process for the meridional contours the user should try to create curvatures which are
as steady as possible in order to minimize local decelerations. The maximum values of the curvature
should be as low as possible and should entirely disappear at the end of the contours. These
requirements are met very well by Bezier curves showing the above mentioned limitations. Local
cross section 2mnrb should grow from the suction to the impeller diameter as uniformly as possible.

8.2.1.1.1 Converting Polyline / Bezier

If using simple polyline for hub and/or shroud - e.g.
for imported meridional geometrie - this cune can
be conwerted to a Bezier curve. Thus, it's possible
to make systematic modifications of existing
geometries.

|
® Begier curve [ v Coupled Bezier points
e Circular Arc + Straight Line | v Limit stop

1 SuaightLine Fixed start angle
o Polyline Fixed end angle

H savecune @ Polyline to Bezier
& Resetcurve

Contour »
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8.2.1.2

Approximate Polyline to Bezier curve = |- ]
esE B-d-&- &7 B 1. Import Polyline
Y D mport from fie
157 Cadatentmp\Hub
" 2. Approximate Bezier curve
ITE B st
127
17
107 ]
o
877
1
&
57
a7
a7
7
17
73 K
X o
T T T X cancel
0 10 20 3} 4 S0 6 70 8 % 100
7 Hep
100 % veos
Approximate Polyline to Bezier curve = e =S
aHE B-U-&- &7 B 1. Import Polyline
Y 2 import from fie
155 CadatenimpiHub
145 2. Approximate Bezier curve
(=] B stan:
125
159
105
55
85
75
65
55
4
37
2 By
153
]
oK
X v
T T T T X Cancel
0 10 20 3 4 50 60 70 8 %0 100
7 Hep
ot 1 $5 Devug

Circular Arc + Straight line

First the desired polyline is imported via Import
from file.

The imported curve is displayed red, the original
curve blue.

By pressing the Start! button the position of the
Bezier points is calculated in such a way that the

imported poyline is replicated as exact as possible.

Hub and shroud are represented by the segment of a circle and a tangential straight line. The radius
of the segment is defined by Point 1. The points 0 and 2 are defining the axial position of the

meridional contour.
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For an automatic primary design of the contours the following values are used:

- Dimensions| o} d,, dg, dy, b, b,
- Radius of the circle segment R: 14% of dgq

The manipulation of the contours can be achieved by shifting the positions of the points. As an
alternative the position of points can be realized by input of numerical values. By moving points 0 or 2
the whole geometry can be mowed in axial direction.
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d,

A
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8.2.1.3 Contour

® Bezier curve
Circular Arc + Straight Line
Straight Line

Polyline
H savecure
(& Reset curve

<+ Add outlet curve

The design of hub and shroud can be expanded optionally. Therefore additional curves can be added
on inlet and outlet side in order to design complex contour curves.

The additional inlet and outlet curves can be switched to any curve type (Bezier, Circular, Straight,
Polyline) by their own popup menu.

Tangential transition

The tangential transition between neighboring curves can be switched on or off using the icon beside
the the first or last Bezier point:

At tangential connection ™ non-tangential connection
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8.2.2 Leading-Trailing edge contour

Z [mm] )
r [mm] [228.29 v
rel. [0.28768 X

Bezier curve
® Straight Line
r = constant
Z = constant

B savecure

/ (&  Reset curve

® Begier curve
Straight Line
r = constant
Z = constant

H savecune
(& Reset curve

Leading and trailing edge contour can be designed as:

® Bezier curve
The Leading edge is defined by the position of the Bezier points.

e Straight
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The Leading edge is a straight connecting line between the endpoints on hub and shroud.

e r = constant
The Leading edge runs on constant radius, i.e. parallel to rotational axis.

e z = constant
The Leading edge runs on constant axial coordinate, i.e. perpendicular to rotational axis.

The trailing edge can not be designed, if Trailing edge fixed on outlet[2r)

The position of the meridional blade leading edge on hub and shroud can be defined by its axial (z),
radial (r) or relative position (rel.) optionally.

In case of Splitter blades each leading edge can be designed individually.

The turbine rotors and compressor impellers have straight leading edges by default, in case of
turbines z = constant additionally.
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8.2.3

The leading edge is designed by a 4th order Bezier curve, too. Regarding the Bezier points, the
statements made abowve are applicable in a similar way. The only difference is the manipulation of the
end points. For the leading edge there is no restriction on hub and shroud contour. The position of
the leading edge always appears at the same relative position in a primary CFturbo design but this
not mean to be a suggestion.

Leading edge can be designed as a straight line by selecting Straight in the context menu of the
curve (controlled by 2 Bezier points). Additionally the edge can be strictly axial or radial (z = const.
or r = const, controlled by 1 Bezier point).

For radial impellers having nq ~ 10...30 the leading edge is often designed parallel to the z-axis. As
the trailing edge is parallel to the axis too for such applications 2D-curved blades can be created. At
higher specific speed nq or due to strength reasons the leading edge often is extended into the
impeller suction area. Various diameters result in different leading edge blade angles - therefore 3D-
curved blades are created. This leads to better performance curves, higher efficiencies and improved
suction capacity for pumps.

The position of the leading edge should be chosen in a way that the energy transmission should be
about equal on all meridional flow surfaces. A criterion is the approximately equal static moment

S = | r dx of the meridional streamlines on hub and shroud between leading and trailing edge. In the
Static moment section the corresponding numerical values are displayed. Both ends of the leading
edge should be perpendicular to the meridional contours of hub and shroud if possible. To obtain
equal static moments on hub and shroud the trailing edge is often not parallel to axial direction -
particularly at higher specific speeds (mixed-flow impellers).

Additional views

The following information
can be displayed in the
meridional contour dialog
using the "Additional views
button:

£ additional views

. Informational values
30-Preview
Curvature progression
Static moment
Area progression

Cm progression

Informational values

Some additional values are displayed for information:
¢ Minimal curvature radius on hub and shroud (position is marked on the hub and shroud cunes)

e Static moment S from leading to trailing edge on hub and shroud (see below)
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¢ Angle €in the hub and shroud end points measured to the horizontal direction

* Angle y, . of leading edge on hub and shroud measured to the horizontal direction

¢ Axial extension Az of hub and shroud
¢ Radial extension Ar of hub and shroud

* Angle y of trailing edge measured to the horizontal direction

* Default axial extension Az from inlet shroud to outlet midline (defined for radial impellers only)
e Maximal axial extension Az, of complete meridional shape

* Maximal radial extension Ar,, of complete meridional shape

* Axial blade owerlapping z, of shroud blade area onto hub blade area in z-direction

* LE distance b, from LE at hub to LE at shroud

* LE circle b, as diameter of a circle inside the meridional contour at LE position

* LE diameter d, at intersection of LE and midline

e Diameter ratio dlld2

3D-Preview

3D model[ +72 of the currently designed meridional shape.

The meridian contains hub and shroud as well as a
circular projection of the blade in a plane.

Curvature progression
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Curvature progression along hub and shroud curve. The progression should be as smooth as possible
awiding hard peaks.

Static moment

The static moment is the integral of the cune length (x) in the blade area multiplied by the radius (r):

T

S=J.rdx

e

It should be similar for hub and shroud end points.

Area section

Progression of the cross section area between hub and shroud.

Local maximum or minimum should be awided.

Cm progression

Progression of the meridional velocity c_ along the meridional streamlines.

- see Meridional flow calculation| zss

8.2.4 Meridional flow calculation

Stream function g

Within the meridian the stream function ¢ will be solved. For an incompressible fluid this equation is
in cylindrical co-ordinates (z, r):

For a compressible fluid the equation looks like:
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where a is the sonic speed defined by:
a=+vk-R-Z-T-

Hub and shroud are representing stream lines where as at in and outlet there is a certain stream
function distribution chosen. This is done in accordance to the mass flow imposed by the global
setup[ 781

Calculation grid and solution scheme

The equation is solved using a finite-difference-method (FDM) on a computational grid, which will be
generated using an elliptic grid generation. For more information about the used computational
techniques refer to e.g. Anderson et al[ssx.

Results

The meridional velocity component can be calculated by the axial velocity component:

c. ~rRPr OV
z 1
r p or
by the radial velocity component:

_RPR OV

C, = ,
r p oz

with:

C =+/C2+C2.

r, and p,, are reference radius and density respectively. In case of incompressible fluids the density
is constant throughout the flow domain and the according term in the equations is discarded.

Example

After each change of the meridional contour a new computational grid is calculated. Also, some
extensions are added to the inlet and outlet in order to ease the setup of the boundary conditions.
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Extension

d2

18]

ds

Extension

On the basis of the updated grid the equation for stream function is solved and lines with constant
values of the stream function and of the meridional velocity are displayed.
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_| radial coordinate

15 p

7S

,,,,,,,,,

z [mmi]

5| | | | | 1 | 1 H avial coordinate
T T T T
-40 -30 20 -10 0 10 20 30 40 50 80

f 1 11 12 13 14 15 16 17 18 19 2 21 22 23 24 25 26 27 28 29 3 31 32 33 34 35 36 37 38 39 4 41 42

Annotation

Due to the potential flow theory the given solution is only a rough estimation of the real meridional
flow. One has to bear in mind that friction is not considered as well as the no slip boundary condition
at hub and shroud. For detailed flow analysis CFD-techniques for solving the entire set of Navier-
Stokes-Equations has to be used. Also the solution scheme implemented (FDM) may not always
find a solution for every combination of design point and meridional contour.

Singularities will occur if the solution domain has radii close to zero. Then at those locations some
artefacts might exist in the meridional velocity contours.

For compressible fluids it is necessary that the flow regime in the entire domain has to be far away
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8.3

8.3.1

from transonic conditions. Otherwise the equation will not have solution.

Mean line design

The design of the blade's geometry is made in four steps in this design mode:

(1) Blade propertiesz2)

(2) Blade mean lines| =8

(3) Blade profiles[=:n

(4) Blade edges|[=4

Blade properties

? Impeller | Blade properties %4

Definition of blade properties is made in two steps:

(1) Blade setug@ﬁ

(2) Blade angles|on

Specification of number of blades and number of spans

Blades

Murnber
of blades

7 Al @

Usual number of blades are:

Murnber Al -
ot spane |© 2 z..m

Pump 3...7
Ventilator 6...10
Compressor Depending on blade exit angle 3,

e 12 forfSZzSO"
e 16 for82z45°..
e 20 for82z70°..

.60°
.90°

Radial turbine

12 ...

20
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Axial turbine 30 .. 70 (100)

Many blades - causing low blade loading - are related to higher friction losses. By choosing of fewer
blades - leading to a higher blade loading - the hydraulic losses may rise due to increased secondary
flow and stronger deviation between blade and flow direction.

The recommended number of blades according to Pfleiderer is displayed as a hint at the information
image [ for radial & mixed-flow pumps, ventilators, compressors only ]:

—k d, +d; sinB1+Bz

Nz

d; —d;
with k, = 6.5 ... 8.0 for compressors, else 5.0 ... 6.5.

The recommended number of blades using the Zweifel work coefficient is displayed as a hint at the
information image [ for axial turbines only |:

z= 2-nd¢(tan(900—al)+tan(90°—a2))cos2(900—a2)
y-Az

with Az the axial chord length and d_, the average impeller diameter. The Zweifel work coefficient is
in the range of ¢ = 0.75..1.15 and is specified in the approximation functions| 5]

Splitter linked to Main blade

If the impeller has splitter blades then the shape of the splitter can be linked to the main blade
optionally. If linked the splitter blades are truncated main blades. Otherwise the splitter blade can be
designed completely independent.

Blades
Number - +y O Main Splitter linked Number Al -
186 3 2
of blades ﬂ d & Splitter v to Main blade of =pans J
Information

In the right panel some information are displayed which result from calculated or determined values:
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Hub  Shroud  Inside blade passage

Outside blade passage

U [mis]
140 ]
120
100
80 3 N
o] e SR
\
40 y >
20 ] / //
07 Leading edge Traiing edoe
20 ]
40
= cm [m/s]
[5; 0
=J Span =1 (Hub) Span = 15 (Shroud)
Leadingedge | Tralingedge | Leadingedge | Traiing edge
z 0 55 0 55
d 230 280 399 399
oF 90 525 90 389
BF 38.1 593 331 404
u 6 66 54 54
cm 517 489 613 389
cu 0 375 0 482
or 0 0 o o
cax 51.7 439 613 389
® 51.7 617 613 &2
wu 3 284 94 458
w 833 566 1122 60.1
T 118 1.09 14 106
ila 82 93 222 25
w2lw1 067 0.54

(1) Velocity triangles
The velocity triangles of inflow and outflow are displayed.

Continuous lines represent flow velocities on hub (blue) and
shroud (green).

Velocities directly before and behind blade area are displayed
by dashed lines to show the influence of blockage in the flow
domain.

Furthermore the blade angles are displayed by thick lines in
order to see the incidence angle on the leading edge and the
flow deviation caused by slip velocity on trailing edge.

(2) Values

Numerical values of velocity components and flow angles are
displayed in a table. A short description is at mouse cursor
too:

Diameter

Angle of absolute flow to circumferential direction
Angle of relative flow to circumferential direction
Circumferential velocity

Meridional velocity (c_=w.,_ )

Axial component of absolute velocity
Radial component of absolute velocity

OCT»™”DQ o

3

(]
)
x

0

(@]

Circumferential component of absolute velocity

Absolute velocity
Circumferential component of relative velocity: w +c =

c

c

Relative velocity
Obstruction by blades (see below)
Incidence angle: i = B, - B,

Deviation angle: 3 = B, - B,

Tz g0

s o
Py

Deceleration ratio of relative velocity: w,=w,/w,
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B@ G

r BB2 at trailin

BB1 (LE)
optimal current AR
1 328 28.0 4.8
295 280 -15
3 |262 255 07
4 |29 29 0.0
196 188 0.0
6 163 16.3 0.0

optimal
233
224
214
205
185
186

BB2 (TE)
current
233
24
214
205
185
186

i Ir [mm]

R
inflannnNlannn

(3) Default 3B, mean line design only

Default blade angles for the optimal Free-form 3D blade
shape is displayed compared to the currently specified/
calculated angles. Dewviations from default values are marked
in red color. Default blade angles are calculated based on

- Shockless inflow for 3, at blade leading edge

- Euler equation for 3, at blade trailing edge

sections result from the mean line design - see Blade angles/
"Auto" [ s,

If the mean line design already exists in the component then
these dependent angles are calculated automatically for
information, otherwise the table cells remain empty.

(4) Meridian

The Meridian with the locations of the spans is displayed in
this diagram.

Radial element blades

For Radial element blades the number of spans is fixed to
11. Furthermore a Distribution exponent can be specified.
This exponent has influence on the distribution of spans and
herewith especially on the shape of the leading edge
(turbine). For highly spatial curved blades the continuity of
the blade surface can be influenced by this parameter.

Distribution exponent Impact

Distribution exponent [1 1: spans uniformly distribut
(default)

Distribution exponent liuf_ <1: spans concentrated to
shroud

Distribution exponent |71_5 >1: spans concentrated to
hub
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8.3.1.1

Blade setup

? Impeller | Blade properties V

On page Blade setup basic blade properties are defined.

Blade properties

Free-form 307 will provide best results To consider blade blockade

Deviation from shockless inflow Deviation from blade-congruent flow

Definition | Shockless flowrate - Model

RQ = Flow ratio shockless / design

Hub [100 %
Shroud [100 %

[ -C
Slip coefficient 7= 1-—4dw —~u2

7= 085 (Hub:0.84, Shroud: 0.85)

Blades
Number Al Number Al -
[ [
of blades J e of spans J 2=
Q Blade setup ‘ ® Blade angles ‘
Blade shape Blade thickness s [mm]

| ﬁ Free-form 3D hd Leading edge | Trailing edge
Hub 43 43
Shroud 3.8 3.8

B1: Incidence i=BB-BF B2: Slip

6 =FB - BF

Guelich\Wiesner -

[S5)
Information
Velocity triangles Values Default RB Meridian
Hub  Shroud Inside blade passage Outside blad_epﬂag_e
[umis]
27
17 ]
-9
4 Leading edge Trailing edge
= cm [m/s]
/ oK v| 2% Cancel ? Help
=

(1) Selection of desired Blade shape

There are 7 different types:

Free-form 3D

Ruled surface 3D[sod
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N

=

1 p

L

|7

-~

Helical 3D

cant

The initial blade shape depends on the machine type and can be customized in the Impeller

preferences| i1l

PUMP

Radial & Mixed-flow

Free-form 3D
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+ Waste water pump

Free-form 2D

Axial Free-form 3D
+ Inducer Helical 3D
VENTILATOR
Radial & Mixed-flow Circular 2D

Axial

Free-form 3D

COMPRESSOR

Radial & Mixed-flow

Ruled surface 3D

TURBINE

Radial & Mixed-flow

Radial elements 3D w08

Axial

Free-form 3D

Only the Free-form 3D blade shape provides complete flexibility, all other types result in
limitations in blade angle specification and mean line design.

In case of Ruled surface 3D blade shape and linked splitter blades the linkage can be

specified in more detail. See Ruled Surface blade| o).

299

Limitations
Blade shape Splitter blades | Meridional shape
Free-form 3D (no limitations)

Ruled surface 3D

Radial elements 3D

Helical 3D for Inducers only

Free-form 2D

Straight 2D

Circular 2D not available for
splitter blades

available only if the meridional direction
is mainly radial:

hub must overlap shroud in z-direction
about 50% or more

© CFturbo Software & Engineering GmbH




300 CFturbo 10

(2) Defining the blade thickness values at leading and trailing edge in panel Blade
thickness s

Blade thickness is important for the blade angle calculation due to the blockage effect and flow
acceleration.

By different thickness on hub and shroud side a tapering to the blade tip can be designed.
Initial thickness values are based on empirical functions| ).

2 impeller types have special thickness requirements:

e Waste water pumps have very high thickness values at leading edge to awoid solid
attachments (10% of d, for 1 blade, 5% of d, for more blades). The rest of the blade has

smaller thickness of 30% relative to the max. thickness at leading edge.

e Inducer pumps have very low thickness values at leading edge to improve suction
performance: 6%...10% of normal blade thickness.

(3) Specification of incidence angle on blade leading edge (deviation from
shockless inflow) on panel 31: Incidence

Pump, Ventilator, Compressor Turbine

from ratio Q for
shockless inflow / Q for| Ro = Qshockless / Qee
max. efficiency

fully automatic by theory of WIESNER
adapted by Aungier] s

or or

directly by incidence angle i directly by incidence angle i
(RQ=100% or i=0° for shockless inflow) (i=0° for shockless inflow)
or

from ratio of incidence | i, =1i/Bg
angle i / blade angle B,

For inducers there is an additional check if the incidence is > 1° even for high flow rates
(overload) to prevent pressure side cavitation.

[ Pump, Ventilator, Compressor impellers only ]
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(4) Estimation of slip velocity in panel B2: Deviation flow — blade

You hawe to use one of the following slip models:

e WIESNER/ s:8l theory
closed empirical model

e AUNGIERIs:8 theory
closed empirical model, extended Wiesner model

e PFLEIDERERI/ =7 theory
input of coefficient a

e User-defined
manual selection of angular deviation 3,.-3, resp. velocity ratio cu2/cu2’

)

o GUELICH][=1) theory (for waste water pumps only)
specific slip model for waste water pump design

the radius of leading edge varies from hub to shroud the blade angle (3, does not remain constant.
A higher radius on shroud results in a lower value for 3, .- the blade is curved on leading edge.

Possible warnings

Problem Possible solutions

Number of blades differ from the initially defined (Main Dimensions).
(waste water pumps only)

Number of blades differs from the number that was It makes no sense to use other number of
initially selected in Main dimensions| 150 used for blades for main dimension calculation and
empirical correlations to calculate the main blade design itself.

dimensions. This can result in inconsistent impeller

design. Before modifying the number of blades

here one should adapt the number in Main
dimensions|1s0), update the empirical
parameters and the main dimension.

All mean lines except the hub mean line are extrapolated on the leading/ trailing edge.
("Free-form 2D" blade shape only)

The hub is the master mean line for "Free-form 2D" Use axis parallel (const. radius) or slightly
blade shape. For this blade shape the geometry of all | sloping meridional leading/ trailing edge.
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Problem

Possible solutions

other mean lines is designed automatically in such
way that it is exactly overlapping the hub mean line if
viewing in z-direction. The resulting blade shape is
two-dimensional.

If the other curves have points with higher radius at
trailing edge/ lower radius at leading edge than the
last/ first hub point (sloping meridional edge), then
these curves hawe to be extrapolated.

Leading edge: The shroud point should
have higher or equal radius than the hub
point.

Trailing edge: The shroud point should
have lower or equal radius than the hub
point.

"Radial elements 3D" blade shape is not possible for the current
combination of meridional leading/trailing edge and hub contour

The hub is the master mean line for "Radial elements
3D" blade shape. The geometry of all other mean lines
is designed automatically in such way that it forms a
blade consisting of radial fibers|[ st The resulting blade
shape is three-dimensional.

If the other curves have points with lower z-values at
leading edge/ higher z-value at trailing edge than the
first/last hub point, these curves have to be
extrapolated. In this case the blade would have a bad
quality in the extrapolated region.

Use radial (const. axial position) or sloping
meridional leading/ trailing edge.

Leading edge: The shroud leading edge
should have a higher or equal axial
position compared to the hub.

Trailing edge: The shroud trailing edge
should have a lower or equal axial position
compared to the hub.

Ruledsurface blades may have bad quality surfaces in case of just 2 mean lines
("Ruled surface 3D" blade shape only)

Impeller with splitter blades can have waw blade
surface if only 2 blade profile sections are used.

Increase the number of blade profile
sections (page "Blade angles").

"Straight 2D" blade shape is not possible for the current
meridional leading edge contour and blade angle combination.

The hub mean line is the master mean line. All other
mean lines are adapted automatically in order to
owerlap the hub mean line if viewing in z-direction.

If the other mean lines are extended they will be
extrapolated automatically. For specific combinations
of meridional leading edge and blade angles BB1[07
an extrapolation is impossible.

Leading edge[zs: The point on shroud
should be mowed to a higher radius.

BB1[=0n: Blade angle should be increased.

"Straight 2D" blade shape is not possible for the current
meridional trailing edge contour and blade angle combination.
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Problem

Possible solutions

The blade angle is too small or too large - therefore
designing a "Straight 2D" blade shape is impossible.

cartesian coordinate
707y [mm]
©
Stator
o
Direction .
of rotation Leading edge

N

. N

-10 aLE

M Blade

N /

@ \| a | _u

“ Trailing edge

«

7 [}

-0 \ ("TE

o u

X [mm]

e cartesian coordinate

5 @5 e 05 1S 125 13 145 1S5 185 175 18S

85 205 215 28

Trailing edge|z2: The edge should be
mowved to a higher radius.

oLE/BLE[=0: Blade angle should be

increased.
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8.3.1.1.1 Ruled Surface blade

Ruled surface blades are used especially to enable flank milling for manufacturing. The mean surface
is generated by spatial movement of a straight line.

When using splitter blades that are linked to main blade then this linkage can be specified in more

detail.

Blades

Mumber & Main Splitter linked
18
of bladez E] & Splitter v to Main blade

) Blade setup | #) Blade angles |

— Blade shape — Blade thi
“Free-form 307 wil provide best results To conside
| {:“ Fuled surface 30 4
Options for linked splitter: b
() Exact (adjusts main blade) stroud

(@) Mean lines only
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You can choose between the following options:

Exact (adjusts main blade): The blade geometry of the splitter is forced to be equal to its main
blade. Therefore, the leading edge of the splitter needs to be a ruling of the main blade. Due to the
flexible choice of the splitter leading edge, this option requires a readjustment of the main blade.

Mean lines only: The blade geometry of the splitter is designed using the mean lines of the main
blade. The advantage of this option is a higher flexibility in design of a curved leading edge of the

splitter. (depends on the number of mean lines)

The following pictures illustrate the combination of different options (splitter is rotated into the main
blade for illustration):

e Splitter linked to Main Blade

e 2 spans

e Exact (adjusts main blade)
Main and Splitter are using identic
rulings. The splitter leading edge is

influencing the rulings and therefore the
main blade.

e Splitter linked to Main Blade
e 2 spans

e Mean lines only

Main and splitter are using their own
rulings. The splitter is guided by the hub
and shroud mean lines of the main blade
only. The resulting splitter shape can
slightly deviate from the main blade.
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e Splitter linked to Main Blade
® 5 spans

e Mean lines only

The splitter is guided by all 5 mean lines
of the main blade. The resulting splitter
shape is following the main blade and
can have a cune leading edge but it's no
more a ruled surface.

e NOT Splitter linked to Main Blade

® 5 spans

Main and splitter are using their own
rulings. There is no coupling between
splitter and main blade. The splitter
shape can highly deviate from the main
blade.

8.3.1.1.2 Radial element blade

Radial element blades are used especially with highly loaded fast speed turbines in order to avoid
bending stresses within the blades due to centrifugal forces. The blades are composed of radial
blade fibres if straight lines can be put into the mean surfaces in a way that they go through the axis
of rotation at z = constant.

Radial element blades require the following geometrical boundary conditions for radial &
mixed-flow impellers:

¢ Blade angle at input (turbines) or output resp. (all other types): B ~ 90°
¢ Inclination angIeI?a from hub and shroud to the horizontal: € < 90°
e Vertical trailing (turbines) or leading edge resp. (all other types) with z ~ const.

e Small wrap angle: ¢ ~ 360°/number of blades
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8.3.1.2 Blade angles

? Impeller | Blade properties 4

On this page the blade angles are calculated.

307
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s ~
Blade properties &J
Blades Information
Number & j | Number & j S Velocity triang] Val ' Default B Meridi
of blades - L of spans | < elocity triangles aues'E efau Meridian
U ]
Q Bilade setup ® Blade angles ‘ J Span =1 (Hub) Span = 6 (Shroud)
Hub —s Shroud Leading edge Trailing edge Leading edge Trailing edge
z 60.7 94 157 55
’V|/|— Calculate 2B [ Automatic d 894 277 189 265
af 50 176 50 18.7
Span BB [] BB2 [] RF 326 16.3 162 14
Hub o e u 83 257 175 213
bl =<5 =2 cm 53 39 51 39
=5 ses cu 0 123 0 11.6
i 3 253 21.2 or 43 3.8 0.8 37
GELE| e TR cax 31 039 5 14
C 53 129 5.1 12.2
— : wu 8.3 13.4 175 15.8
Shroud § 152 18.4 W 9.8 139 183 16.2
T 1.2 1.08 1.16 1.08
ilé 0 6.8 0 4.4
w2l 1.42 0.89

/ oK v|xgancel ? Help

Later designed mean lines depend on the number and the meridional position of profile sections as
well as the blade angles. Blade angles f,, and B, are calculated from the welocity triangles,

whereby the blade blockage of the flow channel and the slip velocity is considered.
The degree of freedom when designing the blades depends on the selected blade shape. Referring to

the blade angles this means, that they are marked as (auto) and are result of the Mean line[=:9)
calculation.

Distribution from hub to shroud

The blade angles are calculated for hub and shroud. On panel Distribution from hub to shroud you
can define how the blade angles of the inner sections are defined.

Blade angles 3B

= Specifying number of blade profile sections for further blade design using the vertical track bar

= Calculation of blade angles using values from Blade setungse'ﬂ by pressing button Calculate
B

= Manual adaptation of calculated blade angles if required
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Calculation or input of blade angles can be executed for 2 up to 11 blade profiles. Further blade
design is realized according to the defined blade profile number. All meridional lines which will be
used for blade design are displayed in the diagram. The number of lines can be adjusted with the
track bar on the left side of the table. By default the meridional lines are equally spaced between hub
and shroud.

When using 2D blade shapes a low number of profiles may be sufficient in dependence of the leading
edge shape, e.g. for a straight leading edge. For that reason the initial design for ventilators is made
by 2 blade profiles.

Blade angles are computed under consideration of the equations listed below. They remain
unchanged by default if they are determined once. If main dimensions or meridional contours are
modified or, on the other hand, values of blade thickness or slip velocity are renewed, a recalculation
of blade angles should be executed by pressing the button Calculate BB. This recalculation is made
automatically if the checkbox Automatic is selected.

- Details of calculation of Inlet trianglem

+ Details of calculation of Outlet triangle| =231

(auto)

For special blade shapes some restrictions are existing and only the blade angles of the master
mean line at hub can be calculated or adapted manually. The angles of all other sections are
calculated automatically later during the mean line designl=9 because they depend on the mean line
shape. This fact is indicated by the caption "(auto)" in the table. This means that there is a coupling
condition based on the selected blade shape that results in an automatic calculation of the blade
angles. The blade angles can be displayed in the mean line dialog in the “Informational values”[ =2
panel.

Circular blades

For circular blades the radius of the blade R is displayed beside the blade angle table for information.
This radius depends on the radii r;, r, and blade angles Bg,, 8, at leading and trailing edge. If the

calculation of the circular blade is not possible a warning symbol is displayed.

Possible warnings

Problem Possible solutions

Blade angles are updated automatically.
Therefore geometry modifications are possible.

Blade angles are updated automatically if any To fix the blade angles you could uncheck the
input parameters are modified. "Automatic” calculation. Then you have to
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Problem

Possible solutions

manually start the calculation if required.

Blade angles are not updated automatically.
Therefore the design could be not up-to-date.

Blade angles are not updated automatically if
any input parameters are modified.

To be sure that all parameter modifications are
considered you could switch to an automatic
calculation by checking the "Automatic” option.

Change of swirl cu*r iswrong.
Check blade angles and velocity triangles.

* 1 * i . * 1
C,,'T, is lower than ¢  *r, (turbines: c ,*r, is
higher than c ,*r,) resulting in energy

transmission in the wrong direction (Euler
equation of turbomachinery).

Recalculate and/or check blade angles B, and
flow angles B at leading and trailing edge.

ABB1/2 (leading/trailing edge) is higher than warning level

Blade angle difference (highest - lowest value) at
all spans exceeds the warning lewvel. The
resulting blade could be highly twisted.

Check the resulting blade shape and awid high
blade angle differences on spans if possible.

ABB1/2 (leading/trailing edge) is higher than error level

Blade angle difference (highest - lowest value) at
all spans exceeds the error level. Blade design
based on these extreme values makes no
sense.

Decrease the blade angle differences on spans.

8.3.1.2.1 Inlet triangle

The inlet triangle is defined by inflow parameters and geometrical dimensions on leading edge.

Between inlet area and leading edge the swirl is constant because transmission of energy from
rotating impeller to fluid occurs in blade area only. Cross sections 0 and 1 (see Main dimensions|s0))
are different only due to blockage of the flow channel by blades (z,) in section 1. This results in an

increased meridional velocity c_.

© CFturbo Software & Engineering GmbH



Impeller 311

tanf, =1
ul
Cm1=Cmo U1
t . nd s
1, =—2>— with t,=—"2%,0,=—22
t,—o, z sinBg

Wy =Up =€y
u, = md;n
r r
_ s _ S
Cuq _CuSr__uS(l_Sr)r_
e ¢ > 1 1 (const. inflow swirl)

Selected blade angle (3, does only indirectly influence the velocity triangle due to blade blockage.
Differences between selected blade angle B, ; and flow angle B, is referred as the incidence angle: i =

BlB_Bl

In general an inflow without any incidence is intended (i=0). If iz0 the flow around the leading edge
shows high local velocities and low static pressure:

i >0: B, <,z — stagnation point on pressure side

i <0: B, > B,z — stagnation point on suction side

A small incidence angle i can be profitable for best efficiency point. Calculation of B, ; inside CFturbo
gives inflow without incidence.

Typical inlet blade angles are:

Pumps, Ventilators | B, < 40° due to best efficiency

Pumps B,z as small as possible due to cavtation; with regard to efficiency not
smaller then 15...18°

Compressors optimal blade angle B, ; is about 30°
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If the radius of leading edge varies from hub to shroud the blade angle B,, does not remain constant.
A higher radius on shroud results in a lower value for 3, .- the blade is curved on leading edge.

Possible warnings

Problem

Possible solutions

Leading edge blade angle 31 > 40°
(pumps, ventilators only)

Unusual high inlet blade angles. Small inlet
angles are typical for pumps and ventilators.

Too high values indicate too small inlet cross
section.
Increase suction diameter dS (Main dimensions

190

Leading edge blade angle B1 < 10°

Unusual low inlet blade angles.

Too small inlet angles indicate too high inlet
cross section. Decrease suction diameter dS

(Main dimensions| s3)

The blade angles are not within the valid range.

Usage of CFturbo is limited to inlet angles
between 0° and 180°.

Blade angle calculation is impossible (see
below) or adjust unsuitable user input for blade
angles.

BB indeterminate. It's not possib

le to determine blade angle B.

Blade angle calculation failed.

Check input values and geometry.

[ Turbine rotors only]

In case of turbines the calculation of the incidence by Aungierlzeﬁ can be used.

According to decreased energy transmission the s

lip coefficient vy is defined:
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8.3.1.2.2 Outlet triangle

The outlet triangle is determined by geometrical dimensions of flow channel and selected blade angle
B,g- The blade angle B, strongly affects the transmission of energy in the impeller therefore it has to

be chosen very carefully.

Similar to the inlet the welocity triangles in cross sections 2
and 3 are different due to blockage of the flow channel by
blades , in section 2.

c
tanf, =—12
Wy2

0]

=C,
N

a

o
N

n
N

CL.E

u, = nd,n

_ Y/ﬂh +u,’(1-8,)
u;

Cu2

~ Y
from:Y=—=u,c 3 —Uu,Cc
Mh

For determination of B, it is important to be aware about the deviation between flow angle and blade
angle. The direction of the relative flow w, at impeller outlet does not follow exactly with the blade
contour at angle B,,. The flow angle B, is always smaller than blade angle (,, due to the slip
wvelocity. This difference is called deviation angle o:
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8zﬁza _Bz

The deviation angle should not exceed 10°...14°, in order to limit increased turbulence losses by
asymmetric flow distribution.

A reduced flow angle B, results in smaller circumferential component of absolute speed c ,, which is
- according to Euler's equation - dominant for the transmission of energy. Blade angle B, is
estimated by c , , for blade congruent flow (see figure). Therefore an estimation of slip is necessary.

Slip can be estimated by empirical models. Three different possibilities are available in CFturbo (not
for Turbines):

+ (1) Decreased output by PFLEIDERER[ 17

+ (2) Outflow coefficient by WIESNER/ =18

+ (3) Outflow coefficient by AUNGIER[ =18

Blade angle B,, must be determined to reach the desired energy transmission - respectively the
required head/ pressure difference - under consideration of slip velocity.

The following recommendations for common blade angles 3, exist due to optimal efficiency:

Pumps 15°...45°, commonly used 20°...27°

Ventilators not higher than 50°

Compressors 35°...50°, unshrouded impellers up to 70°...90°

Turbines radius dependent, see sine rule[ =1l

Radial machines - except for turbines - with low specific speed nq usually have similar values for
B,g- The blades for this type of impellers are often designed with a straight trailing edge (B,5=const.).

For turbine rotors the radii along the trailing edge from hub to shroud are very different, resulting in
very different values for 3, and twisted blades.

Possible warnings

Problem Possible solutions

Trailing edge blade angle 32 < 10°

Unusual low outlet blade angles Too small outlet angles indicate too high outlet
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Problem

Possible solutions

cross section.
Decrease impeller diameter d, or outlet width b,

(Main dimensions|sol)

The deviation (slip) between blade and flow & > 20°

(pumps, entilators,

compressors only)

Unusual high dewviation (slip) between blade and
flow direction at outlet. This indicates too high
blade loading.

Possible solutions could be: increase the
impeller diameter (Main dimensions| o),
increase the number of blades, increase
meridional blade length (Meridional contour| 28,
select a different slip model

Trailing edge blad

e angle B2 > 90°.

Unusual high blade angles at trailing edge. The
blades are forward curved.

Increase impeller diameter d,, or outlet width b,

(Main dimensions|[140) and/or the slip coefficient
Y.

The blade angles are not within the valid range.

Usage of CFturbo is limited to blade angles
between 0° and 180°.

Blade angle calculation is impossible (see
below) or adjust unsuitable user input for blade
angles.

BB indeterminate. It's not possib

le to determine blade angle 3B.

Blade angle calculation failed.

Try to increase the impeller diameter d, or outlet
width b, and/or the slip coefficient y.

The deviation (slip) between blade and flow 6 is unrealistic high.
Check deviation model and/or values.

The slip calculation results in a value higher than
90°, which is unrealistic high.

Possible solutions could be: increase the
impeller diameter (Main dimensions|1s0),
increase the number of blades, increase
meridional blade length (Meridional contour| 2,
select a different slip model
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8.3.1.2.2.1 Slip coefficient by AUNGIER

Outflow (slip) coefficient y is defined for the decreased energy transmission:

Cuw —Cu2
u;

y=1-

The c -difference is called slip velocity.

The smaller the outflow coefficient, the higher the deviation of flow compared to the direction given by
blade.

Aungier adjusted Wiesner's[s:3l original empirical equation for the estimation of outflow coefficient:

VSN By

0.7
z

y=1-

The limiting radius ratio €, is given by:
. _ y—sin(19°+0.28,,)
"M 1-sn(19°+0.28,;)

The slip factor is corrected for radius ratios € = r/r, > g, with:

jxj Bas /10

[ Compressors only ]

The model is further adjusted in case it is applied to splitter blades. Then the number of blades in the
abowve equation is corrected by the relative splitter blade length with respect to the main blade length.

Circumferential component of blade congruent flow can be calculated as follows:
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8.3.1.2.2.2 Slip coefficient by PFLEIDERER

Reduced energy transmission is expressed by decreased output coefficient p:

p==-1
Y

This coefficient can be empirically calculated in dependence of experience number "

2
o

p=v 2S

S=Trdx

f

static moment from leading to trailing edge

y'=a (1+ [32/60 ) experience number

experience number a:

Radial impeller with guided vanes a=0.6
with volute a=0.65...0.85
with plain diffusor a=0.85...1.0
Mixed flow/axial impeller a=10 ...1.2

(the numbers are valid for sufficiently high Re; y’ strongly grows with small Re)

More descriptive is the decreased output factor k :

(k,=1: for flow congruent to blade)
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Circumferential component of the flow, which is congruent to blade, can be calculated as follows:
2
c r 1
cuw=—ﬁnnl{}——{kndl—éj

Now the outflow (slip) coefficient y according to Wiesner[ =15 can be calculated:

Cuw —Cu2
u;

y=1-

8.3.1.2.2.3 Slip coefficient by WIESNER

Outflow (slip) coefficient y is defined for the decreased energy transmission:

1_ Cuze =Cu2

’Y:
u,

The c -difference is called slip velocity.

The smaller the outflow coefficient, the higher the deviation of flow compared to the direction given by
blade.

Wiesner developed an empirical equation for the estimation of outflow coefficient:

VSinBag

z0.7

Gilich modified this formula by two additional correction factors:

with the correction factors:

© CFturbo Software & Engineering GmbH



Impeller 319

8.3.1.2.24

8.3.2

8.16sin
o -op{ 22500

Circumferential component of blade congruent flow can be calculated as follows:
Cuze =Cu2 +(1—Y)U2

Contrary to Wiesner's original suggestion an average inlet diameter d, is not used for the
calculation of k  in CFturbo but the diameter at hub and shroud respectively. Doing so a slip
coefficient for hub and shroud can be calculated. An average slip coefficient is determined by:

Y= 0'5(VHub *+ Y shroud )

The switch between radial and mixed-flow calculation of the correction factor f, is done by:

f, = mex(0.98,1.02 +1.2-103 (n, - 50))

Slip coefficient by GULICH (w aste w ater pumps)

For waste water pumps the slip mainly depends on the number of blades.

The table contains typical values for the slip coefficient y:

number of blades | slip coefficient y
1 0.48 ... 0.6
2 0.53 ... 0.65
3 0.67 ... 0.75
Blade mean lines
&

? Impeller | Blade mean lines

The blade mean lines are designed on the number of meridional flow surfaces which were determined

in Blade properties [zs2).
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The spatially curved meridional flow surfaces are mapped
to a plane by coordinate transformation. This coordinate
system has the angle in circumferential direction t as
abscissa and the dimensionless meridional extension m

as the ordinate.

Both quantities are created by the reference of absolute
distances in meridional (M) and tangential direction (T) to
the local radius r:

am=IM 49T
r r
tanB:d_m

This conformal mapping allows the uniform handling of various impeller types (radial, mixed-flow,

axial).

It should be noted that for each meridional flow surface a separate m-coordinate is existing.

Design mode

The mean lines can be designed on 2 alternative methods. On panel Design mode you can select:

B Bade meaniines

[ nonbisdemt |6 rromtatviencen |

OHE | B W& | & Azoommeant ines @ Zoomal

, {menaional coorainate
mr1

NS
tangential coordinate|

@ 0 02 04 06 08 1 12 14 16 18

m,t-geometry

(=3 Eo =]
5 AddtonalViews  +
S The blade is designed in the conformal m,t-
Ep—— mapping by Bezier curves. Beta distribution
- as an additional view is calculated and
i displayed for checking.

ponents:

Reference com
" & conture.

Voo o Xgonen | 7 e

3 Special display option for splitter
blades:
With "Splitter blade relative to main
blade" checked, corresponding mean lines
(splitter and main) have the same
maximum m-value. Otherwise all mean
lines have the same maximum m-value as
the main blade's hub mean line.

Also the visibility of the inner mean lines
can be toggled via "Inner mean lines".

© CFturbo Software & Engineering GmbH



Impeller 321

[l Bnde meaniines

[® I o o |

BB progression

Q®® | BB Qe @ o

[Bade angle £8 1]

1.75 Jmernidional coorainate
m [

= The blade is designed via its Beta
distribution by Bezier curves. m,t-curves
are calculated and displayed for
information.

Ef’ Special display option for splitter
blades:

The display of main and splitter curves can
. ‘ be toggled by the check boxes

P e independently.

Vo o Xome |7 pew

m/mMax [%]
n %

Depending on the selected blade shape (see Blade properties |795ﬁ) the design of the mean lines is
more or less restricted.

e Freeform blades, 2D blades, Radial element blades| 23

e Circular blades, Straight blades|=N

For some blade shapes, user defined angular positions can be loaded using the Progression dialog
)

The blades of an impeller representing a deceleration cascade for the relative velocity. Therefore the
risk of flow separation exists. The user should try to obtain a continuous, smooth change of flow
direction, as well as the cross section graduation of the flow channel should be as steady as

possible.
If the impeller has Unlinked splitter blades (see Blade Unlinked splitter blade
properties| 202]), then you can specify the behavior of the Behavior of spiitter when main blade is

splitter in case the main blade is changing: S

(™ Fixved relative postion
¢ Rel. position to main blade is fixed {¢ Fixed absolute position

e Abs. position of splitter blade is fixed

The Frontal view (switch above the diagram) represents the designed mean lines in a frontal view,
including diameters d, and d,.

Some more blade information is displayed in tables and diagrams in order to check the design and
for informational purposes:

e Additional [s28\Views|[ 28

The blade lean angle can be manipulated only indirectly:
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* Blade lean angle| s

Possible warnings

Problem

Possible solutions

Blade angles B1, B2 and meridional/ tangential blade extension
could result in a nontypical blade shape.

Blade angles B1, B2 and meridional/ tangential blade extension
could result in an extreme blade shape.

The values of the blade angles B1, B2 and
the meridional and tangential blade extension
most likely result in an abnormal or strange
blade shape.

To awid any subsequent problems such mean
line shapes are blocked.

In theses cases the blade is highly curved or
has a S-shape. To design a reasonable blade
the wrap angle has to be not too low and not too
high.

You can
a) modify the blade wrap angle ¢
(checking the blade overlapping)
or
b) modify the blade angles B1 and B2
(probably the main dimensions have to be
adapted)

ABB1/2 (leading/trailing edge) is higher than warning level

Blade angle difference (highest - lowest value) at
all spans exceeds the warning lewvel. The
resulting blade could be highly twisted.

Check the resulting blade shape and awid high
blade angle differences on spans if possible.

ABB1/2 (leading/trailing edge) is higher than error level

Blade angle difference (highest - lowest value) at
all spans exceeds the error level. Blade design
based on these extreme values makes no
sense.

Decrease the blade angle differences on spans.

Overlapping of neighboring blades seems to be too small.
Overlapping of neighboring blades seems to be too high.

The owverlapping of neighboring blades is too
small/ too high.

Modify the blade wrap angle ¢ and/ or the
number of blades (see Blade angles| o).
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Problem Possible solutions

High tangential leading edge sweep angle requires high number of spans.

Leading edge sweep angle (tangential difference | Increase the number of spans - see Blade
between hub and shroud meanline at LE) is high. anglesm.

This curved shape requires a minimal number of
spans to awid abnormal or strange blade shape.

A level and an error level exist for this
test.

It's not possible to keep the meridional boundary conditions for this blade shape.

r, z coordinates at leading/ trailing edge of one or | Check meridional contour, blade shape and
more mean lines do not correspond to their mean lines.
meridional positions.

8.3.2.1 Freeform blades, 2D blades, Radial element blades

Freeform blades have the highest flexibility - the mean lines of all blade profile can be designed
directly.

For 2D blades and radial element blades you can design the hub mean line only, all other mean lines
are calculated automatically due to the constraints of the blade shape.

In general the mean lines are represented by 3rd order Bezier curves. Using the context menu of the
mean lines Bezier curves can be fitted from polylines. Moreower, the curve mode can be switched to
polyline to use a user-defined polyline directly.

F i S
Y
'y - | -

Polyline

~ -

E Save polyline

/ Reset
O L B A
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V e S

/ Bezier curve I - -
/El S Iyli

ave polyling
/i poly

(& Reset
f

Constraints are:

* Meridional extension dm (see Meridional contour] zes))

e Start angle ¢,
e Wrap angle Ag

Start angle ¢, defines the starting point of the mean lines. The absolute value is irrelevant, only the

position of the mean lines to each other can be influenced. If all mean lines have the same starting
point then the leading edge starts on the same angular position on all mean lines (radial leading
edge). On panel Leading edge points you can select, if the position of points 0 of the mean lines
is Constant, Linear or User defined.

Wrap angle Ae can be specified numerically for inner (hub) and outer (shroud) mean line, in between
the values are interpolated.

For continuous transition between the separate mean lines (blade surface), the matching points of
each mean line have to be Coupled linear. If you deactivate this option then you can modify all
mean lines independently, inclusive individual wrap angles Ag.
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Jmeridional coordinate
Im [
1.25 7 5 &
115 ]
105 ] AE::J
095 :
] o
0.85 :
075 :
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0.55 ] 3
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025
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015 ] Bezier point
0.05': 0 P
_: Leading edge Trailing edoe
-0.05
0415 ] t[
tangential coordinate
T
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CFturbo's primary design is fixing point O (leading edge) for all cross sections at tangential
coordinate t=0 and meridional coordinate m=0, while point 3 is determined by the meridian
coordinate of the trailing edge (dm) and the wrap angle Ag. The initial wrap angle A is based on
empirical functions |43

In case of Splitter blades the design options depends on the link between main and splitter blades
in the Blade properties(sonl. If Splitter blade linked to Main blade is activated there, the splitter
blade is a shortened main blade. The blade- and wrap-angles are calculated automatically. Under
Constraints the relative position of the splitter blade between two main blades can be adjusted. It
couldn't be set on all profiles user defined like the Start angle ¢,

If main and splitter blades are not linked there are all degrees of freedom in design for both.

The m-t-view of the splitter blades is shown on a separate tab (Splitter blade (m-t)). Additionally the
profiles of the contiguous blades are shown. By default they are positioned relatively by their m-
coordinate. That can be changed under Display options by selecting another Splitter to main
position (m-t).

In case of Turbines the situation is vice versa: The leading edge is located at high meridional
coordinates whereas the trailing edge is at zero.

The wrap angle ¢ is initially constant for all cross sections, but it can be modified individually. The
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wrap angle tremendously influences the blade angle progression () along the mean line. Beta-
progression can be viewed in a separate diagram.

Two points in the middle, 1 and 2, must be on a straight line at an angle of B, or B, to the
horizontal in order to fulfill the boundary condition: = dm/dt

The primary design shows points 2 at 1/4 of the wrap angle, and points 1 at 3/4.

Individual mean lines can be designed separately. If the linear coupling mode is active you can mowve
and rotate the connecting line. The positions of Bezier points of all mean lines are modified
correspondingly, to get uniform profiles. If you select a point of the inner cross sections you can
mowe the entire connecting line. On the other hand, if you select any point of the inner or outer cross
sections, you can moe this point along the related straight line. This line is given by B, or B,

(rotation of the connecting line). Points 0 (leading edge) and 3 (trailing edge) can only be moved
horizontally (m=const). Points 3 can be mowed interactively (mowve/ rotate trailing edge). Points 0
(leading edge) can moved only by modifying wrap angles in table Boundary conditions.

By activating the Central Bezier point option a flexible central point is added for representing each
mean line by a 4th order Bezier curve. As a result more flexibility is provided.

In panel Blade angles the blade angles B;,, B;, (see Blade Qropertieslzh) and the angles in x,y-

plane (frontal view) B, Xy’ B , are stated for information.

B2,x

In panel Blade information the angles of overlap of neighboring blades ¢, and the incidence angle i
(see Blade properties|[zs?) are stated.

Possible warnings

Problem Possible solutions

Coupling partially deactivated. Blade surface could be deformed.

The mean lines are currently not linearly Activate linear coupling if it is deactivated.
coupled, which can result in deformed blade
surfaces. Homogenize (3, blade angle values (see Blade

- : . properties | 2s2).
Either linear coupling has been deactivated or

it is impossible because of highly deviating
blade angle values.

The warning occurs because the intersection
of Bg, line and intersection line for one or more

mean lines cannot be determined. Usually this
has one of the following causes:
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Problem

Possible solutions

a) It is geometrically impossible to determine
this intersection (approximate parallel lines).

b) The intersection is not between the points of

hub and shroud mean line.

¢) The point of intersection is too close to the
endpoints of the mean line (lower than 5%).

8.3.2.2 Circular blades, Straight blades

/ﬁ Main blade {m-t) Y f) Frontal Yiew (x-y) \

160

140 ]

120 ]

100

-100 ]

<120 ]

140 ]

-160 ]

cartesian coordinate

Jy [mm]

Circular 2D

x [mm]

cartesian coordinate
— T

-160 120 -80 -40 o

160

suRJBEIp Lojssa.60.d SanEs [BUGRR UL

For these simple 2D blade
shapes all mean lines are
completely determined by
blade shape and blade angles.
All mean lines are computed
fully automatically, so they
can't be modified interactively.

The blades are displayed in
Frontal view most
reasonable.

For circular blades the center
of the circle and the blade
radius are displayed in the
frontal view. Furthermore the
appropriate numerical values
are displayed in the Circular
blade table in the
Informational values area
(see Additional views| =28
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8.3.2.3

/ﬁ Main blade {m-t) Y (j\ Frontal Yiew (x-y) \
cartesian coordinate Straight 20
y [mm]
110 ]
a0
0
50
30
0]
10 ]
=30
-50
-0
-90
10 ]
x [mm]
cartesian coordinate
I e B L e e T T T
-130 -110 -90 =70 -50 =30 -10 10 30 £0 70 a0 0 130

Additional views

The following information
can be displayed in the
mean line dialog using the
"Additional views" button:

£=] Additional views |+

30-Preview

<

Beta progression
v Cross section
Lean angle
¥ Relative velocity

Static pressure

Abs, circumnferential velocity

Swirl

Informational values

swelbelp UnISsaIboly sanpes [EUGREULGI]

The display of the curves can be toggled by the check boxes that are accessible via 3 in the lower
corner on the left. In case of splitter those curves of main and splitter blades can be hidden/shown. In
case separate curves for suction and pressure side are existing their visibility can be toggled too.

3D-Preview
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3D model[ 173 of the currently designed mean surface.

Beta progression

Bg progression along every mean line.

Too high local extreme values should be awoided if possible.

Blade passage area

Progression of the blade passage area within a channel built by two neighboring mean surfaces as
well as hub and shroud.

Lean angle

Distribution of the lean angle A.

With the lean angle the quasi-orthogonal of the blade leans away from the z-direction. The quasi-
orthogonal is a straight line connecting corresponding points on hub and shroud mean line. These
lines are setup in the blade properties dialog and are displayed in the meridional cut[=o if just two
mean lines were chosen. Otherwise the quasi-orthogonal is not displayed but internally determined
by connecting corresponding points on hub and shroud mean line.

- see Blade lean angle|s:)

Relative velocity

- See Blade loading calculation| ssd

Static pressure

- See Blade loading calculation| ss2

Abs. circumferential velocity

- See Blade loading calculation| s
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Swirl

< See Blade loading calculation[ssa

Blade loading

- See Blade loading calculation[ =2

Informational values

The tables contain additional values for information:
Radial diffuser [ Stator type "Radial diffuser” only ]
Various values to verify the quality of the diffuser design.
< see Mean line[ = design for "Radial diffuser" stator type
Cross section
Throat area between neighboring mean surfaces.
This value depends on the number of blades, the wrap angle and the blade shape.
Circular blade
Radius, sector angle, center point, leading edge point, trailing edge point of circular arc.
Lean angle

Lean angle values at leading (A,) and trailing edge ().

< see Blade lean angle[ss2

Blade loading [ Pump impeller only ]

Blade loading estimation with lift coefficient (Guelich):

Blade angle

Table with the blade angles B, calculated in the Blade grogertieslzz'ﬁ dialog or computed due to
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simple blade shapes.
Blade angle in x-y

Table with the blade angles of the frontal view 3, Xy
In case of strictly radial impellers these values are consistent with the blade angles ;.

Blade angle with sine rule [ Turbine rotors only |
Calculated blade angle using the sine rule.

For every mean line the calculated angles as well as their differences to the actual blade angles are
given in a table.

< see Sine rule[ =1

Blade length and solidity

Table with:

- length of the blade mean lines in 3D

- solidity of the blade mean lines (chord length divided by (r-d,/z))

Other information
Table with:

- resulting angles of overlapping ¢, of 2 neighboring blades

- incidence angle i for hub and shroud

8.3.2.3.1 Sine rule

[ Turbine rotors only]

With the help of the sine rule blade angles at the outlet can be evaluated. In accordance to this rule
blade angles at the outlet should have almost the same size as the angle that is built by a
hypotenuse being the pitch t, and a cathetus (opposite leg) being the smallest distance between two
neighboring mean lines eq at a flow surface. If this is the case the outflow can be regarded as
almost tangential to the trailing edge.

This is shown in a picture for a single mean line.
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8.3.2.3.2 Blade lean angle

The blade lean angle | can not be controlled directly. It is influenced by the meridional contour, the
meridional extension, the wrap angle and the mean lines. It is calculated on the basis of the length of
the quasi-orthogonal |, and a radius r multiplied with the turning angle @. The radius is that at the

intersection of the quasi-orthogonal and the outer span. In the case given below this span is the
shroud.
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With an example of a compressor some means for the manipulation of the blade lean
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8.3.24

angle are given:

e 1,1: blade angle[ s B, |

* ,11: move second Bezier point[+3 at leading edge

e 2,1: wrap anglef =3 1

* )1 and enlargement of the curvature: reduction of the meridional extension of the meridional

contour| 2es

Blade loading calculation

Determination of velocity distribution on impeller blades by Stanitz & Prian[ s

Stream lines must be known a-priori (see Meridional flow calculationlgt?l). Stream lines rotated
around z-axis build stream surfaces.The relative velocities will be calculate in a blade-to-blade
section, that is encapsulated by two adjacent stream surfaces. Single values of relative velocities will
be determined at r = constant. Before that an average velocity is calculated on the basis of the
continuity equation:

The part mass flow is a function of the entire mass flow, number of blades and number of stream
lines. Between two adjacent stream surfaces there is always the same mass flow.
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w

Wps

The cross section is determined by stream line distance Ah, the radius r, the tangential distance
between pressure and suction side of two neighboring blades At and by a mean relative flow angle:

A=r-At-Ah-sin(B)-

With the assumption of zero circulation of the absolute flow within a stream surface (green surface)
the relative velocity at the suction side can be calculated by:
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here u is the local circumferential velocity, ¢ is the circumferential component of the absolute
\elocity, B, and Bps are the blade angles at suction and pressure side respectively. Due to the fact
that mean relative velocity is an averaged value of w_ and Wi the relative velocity at the pressure
side can be calculated with:

W, _=2-W-—-W

ps ss

Annotation

The continuity equation has to be solved iteratively for the relative velocity since the density of a
compressible medium is determined by the relative velocity. The density can be calculated from
isentropic relation:

The awerage relative flow angle is approximated by the average value of the blade angle at suction-
and pressure side. At a certain radius the assumption applies that due to the slip (decreased power)
the flow cannot be considered as blade congruent anymore. The mean relative flow angle will be
corrected by the slip at loci with a radius bigger than this Stanitz-Radius.

The whole procedure is based on the assumption that the flow is considered as frictionless and that
shocks as well as heat transport across boundaries do not occur. There might by geometric
constellations where the cross section (blue surface in the images abowe) is too small for the mass
flow specified in the global setup[ 71\, If this happens the equation can't be solved for the average
density and relative velocity and no data is displayed for the respective span.

Blade loading

Static pressures at suction and pressure side can be determined by the \elocities. To this end a
relation between the enthalpy difference between suction and pressure side and the meridional
derivative of the swirl is used:

hps _hss :E'CmM'

n om

The blade loading can be expressed in terms of the pressure difference between suction and
pressure side and divided by the total inlet pressure:

For incompressible fluids the second therm within the brackets is zero.
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Another formulation of the blade loading makes use of the wvelocity difference between suction and
pressure side and divided by the average \elocity:

W, —W

ss ps
w
Other gquantities

Beyond the afore mentioned variables the average circumferential component of the absolute velocity
c, as well as the average swirl B can also be displayed. Those quantities are determined by:

. :u—W-cos(E),

O

B=r-c

u*

Also the Ackeret criteria are displayed together with the relative velocities. In accordance to the
below defined Ackeret criteria the maximum relative velocity of the respective span shall not be
bigger than 1.8-w,, whereas the minimum relative velocity shall not be smaller than 0.3-w,:

_ Wz
Ackeret = A’ll

C1a W
Ackeret, =18= %Vz’

2 Wi
Ackeret,,, =0.3= %Vl'

8.3.3 Blade profiles

? Impeller | Blade profiles 4

To create blade profiles (main and splitter) the orthogonal blade thickness distribution for the hub and
the shroud profile is used. By default the thickness is defined at leading edge, at trailing edge and at
the control points of the blade. For the initial CFturbo-design, typical values in dependence on the
impeller diameter d, are used (see Approximation functions Eh).

2 impeller types hawe special thickness distribution:

e Waste water pumps have very high thickness at leading edge to awid solid attachments.
Starting from 20% of the blade length the thickness is constant up to the trailing edge.

¢ Inducer pumps have very low thickness at leading edge to improve suction performance. The
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very small leading edge thickness is increasing up to 40%...80% of pitch (t:nd/nBI) to achieve
constant blade thickness. The thickness distribution is asymmetric and sharpen at the suction
side only.

The representation of the thickness distribution is made along the relative blade length (0 = leading
edge, 1 = trailing edge).

2] Blade profiles [E= =R
[ B manbiode | & rrontatviem ev) |
= . Design mode
@, ~-d-&- Fo OB F addiional Views  +
Lingar | Freeform
Blade thickness
o5 [mm]
55-PS-Coupling
() Mone
29 (@ Symmetric
. Pressure side (PS) - () Fixed thickness distribution
w =l ==l w
= = = =
4 = - 7 = .
1 ?3 Meanline k=) Global point count
e e e e e e e LD e e e e o 2
E‘ .E [” identic profiles (from hub to shroud)
B = = T [~ e Flexible length position
31~ Suction side (SS) =
77
1 %]
rel. Blade length
L e e S NN e s e e L e e e L B
E" -5 5 15 25 35 45 55 65 75 85 95 105
108721 100 % %% Debug | Hub  Middle  Shroud
—+S-[mm]
45 [ 1
35]
257]
15
05 ] Reference designs
N e e 1%] | ™ g Configure...
L o e L B e o e o LA s o o e B L
-5 5 15 25 35 45 55 65 75 85 95 105
« 0K v| X Cancel ? Help
[¥ Diagrams synchronized in extension [¥ Fit s-extension

The orthogonal blade thickness values are added to both sides of the blade mean line to create the
pressure and suction sides of the blade.

In the panel Geometry the following properties for the profile design can be specified:

Design Mode

Linear
Linear interpolation between control points

Freeform
Bezier curves are used for the thickness distribution
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Linked to Main
Only for splitter blades: splitter profile is linked to main profile

Global point count

Global number of control points

Identic profiles

All profiles have the same thickness distribution

Flexible length position

Shifting control points in horizontal direction

SS-PS-Coupling

None
No coupling between suction side and pressure side

Symmetric
Symmetric thickness distribution: control points on suction and pressure side are coupled

Fixed thickness distribution
Shifting the thickness distribution to pressure/suction side whereas the distribution itself
remains constant

Each thickness curve has a popup
menu to add/ remowve polygon/
Bezier points, to load or save the
cune and to reset the distribution to
default.

Add polygon point

Remove polygon point

E save polyline
(& Reset

For Bezier curves a Polyline to
Bezier[ 43 conversion is available as
well as using a thickness
distribution from a pre-defined
profile from profile managerm.
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Add Bezier point
Remowve Bezier point

Qb J e @

Info

Load pelyline

Polyline to Bezier...
Load profile from profile manager

Save polyline

Reset

The Info panel represents information of the designed blade profile.

Throat area
Smallest cross section between 2 neighboring blades

Actual thickness

Actual orthogonal blade thickness values of hub and shroud profiles at leading edge, at trailing
edge, after 1/3 and after 2/3 of the blade length

If the cells are colored red, then the thickness on leading/trailing edge is differing from the
Target thickness.

Target thickness

Orthogonal blade thickness values for hub and shroud profiles at leading edge and at trailing
edge as defined in the Blade properties| 2 dialog.

Please note that the blade thickness on leading and trailing edge should be modified in the
Blade gropertieslzz'ﬁ dialog only. In this case the blade angle calculation should be updated due
to the blade blockage.

Display options

The Display options only influence the graphical representation. For instance, the visibility of the
smallest cross section can be toggled.

© CFturbo Software & Engineering GmbH



Impeller 341

Zoomal 5 agmonaivews

&

ERECE =)

The Frontal view (switch above
the diagram) represents the
designed profiles in a frontal view,
including diameters d and d,.

Furthermore, the smallest cross
section between 2 neighboring
profiles is displayed.

Possible warnings

Problem

Possible solutions

Pressure and suction side (...) are intersecting or swapped.

The blade sides are intersecting or they are on
the opposite position. Normally this can occur
only when loading profiles from file.

Check the imported profile data if
a) pressure and suction side are not intersecting
b) pressure side is always above suction side

Thickness values do not match with target thickness on LE/TE

Current profile thickness on leading- / trailing
edge deviate from the specifications of the

Blade properties|zs2 dialog.

Check the imported profile data if the values
for leading and trailing edge match those of
the Blade properties|zs2 dialog.

Internal thickness is lower than those specified for hub/shroud in blade properties.

After changing the blade thickness on leading
or trailing edge in the Blade properties| 2o
dialog, the thickness of the blade at the inner
control points is unaffected. It could happen
that the thickness on leading and trailing
edge is higher than in the middle of the
blade.

Adjust the inner control points
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8.3.3.1

Additional views

The following information
can be displayed in the
blade profile dialog using
the "Additional views"
button:

Informational values

= Additional views |«

<A

Informational values
30-Preview

Blade passage area
Blade to blade

Profile distance

Some additional values are displayed for information:

e Actual thickness at hub and shroud

e Target thickness at leading and trailing edge of hub and shroud respectively

3D-Preview

3D model[ 72 of the currently designed blades.

Blade passage area

The 3D-Preview contains the blades.

Area that is approximately perpendicularly flown through and formed by hub, shroud and two

neighboring blades.

Blade to blade
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Two neighboring blades in m-t-co-ordinates. In display options Ef’ the span to be displayed can be

selected.

Profile distance

Distance of two neighboring blades in m-t-co-ordinates. For axial machines with a coaxial meridian

this gives a good impression of the de facto distance distribution.

8.3.3.2

[ |
[—

Add Bezier poink

Femove Bezier paink
e

(= Palyline to Bezier
(= Load polvline
= E Save polyline

H55(Y Reset

Converting Polyline / Bezier

{1}

Teomilimm mdme # TN

Approximate Polyline to Bezier curve

GwE B-H-5- &7

s [mm]
1]

1029:11.4 100 %

e
-5 5 15 25 a5 45 55 65 75 a5 95 105

¥ Debug

= o]

1. Import Polyline
D Import from fie ..

Cdaten\tmp'test

2. Approximate Bezier curve

B start:

oK

X Cancel

7 Help

Any existing thickness distribution
can be conwerted to a Bezier cune
for further modifications.

First the desired polyline is
imported via Import from file. The
imported cune is displayed red, the
original cure blue.

By pressing the Start! button the
position of the Bezier points is
calculated in such a way that the
imported polyline is approximated
roughly.

The existing and via context menu
added Bezier points can be moved
for better matching the imported
cune.
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8.3.4

Blade edges

? Impeller | Blade edge C

The previously designed blade has a blunt leading and trailing edge (connection line between
endpoints of suction and pressure side).

The blade edges are designed by specifying its thickness distribution. The representation of the
blade thickness s is made on 15% of the straight blade length | on leading and trailing edge.

If the complete thickness distribution including leading or trailing edge was already designed in the
Blade profilel =7 dialog, then the Edge position[ =0l (transition from blade edge to blade suction/
pressure side) has to be defined only.

Blade edges = @
fﬁ Leading edge (I-s) \’E\J Trailing edge (I-s) \’() Frontal View (x-y) \
Design mode
B - -2 - . . .
@, [F == ] [V L £ Addtional Views Simple | Elipse lﬁ
JBlade thickness [~ Axis-Symmetric
* s [mm]
() Uniform @ Coupled linear

28]

%] —

24 ]

22

SR T . )
j Reference designs
] 1 [mm]
) Blade lengtn| | 3 Configure
T

L I e e i e
m' £ -4 2 0 2 4 [ 8 10 12 14 16 18 20 22 24 26 28 30 32 34

./ oK ‘xgance\|? Help
07307 100 % Hub  Middle  Shroud

In panel Geometry the blade edge shape can be selected:

(1) Simple
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The blade edge has a blunt end.
A straight line is calculated from the endpoint of suction side perpendicular to the mean line.

Trim on inlet/outlet effects trimming the blade on the corresponding inlet or outlet surface. The
trimming is possible on the trailing edge only (or on the leading edge of turbines).

(2) Ellipse

—_—— i ——

The blade edge is rounded elliptically.

The semi-axis ratio can be defined. One axis runs on the mean line, the other perpendicular.

(3) Bezier
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For this purpose 4th order Bezier curves are used.

Points 0 and 4 representing the transition between the blade sides and the rounded blade edge. You
can mowe these points only along the corresponding blade side. Bezier points 1 and 3 can only be
moved on straight lines which correspond to the gradient of the curve in points 0 or 4, respectively in
order to guarantee smooth transition from the contour to the blade edge. Bezier point 2 is not
restricted to mowve - it has the most influence to the shape of the blade edge. Its horizontal position is
calculated automatically in such way that the leading edge starts at position I=0 and the trailing edge
ends at position |=blade length. The blade edges are designed at the first or last 10% of the blade
length.

AXxis-Symmetric results in symmetric geometry, i.e. points 0/4 and 1/3 have the same horizontal
position and point 2 is on the middle line.

There are two different possibilities to determine the shape of the blade edge. In the Bezier curve
option panel you can select between:

= Coupled linear:
only blade edges of hub and shroud will be fixed, while anything between will be interpolated
linearly

= Uniform:

when designing blade edge on hub or shroud then Bezier points of all other leading edges
have the same relative positions

Info

Info area represents information of Blade edge design.

Display options

Display options only influence the graphical representation. For instance, the \isibility of the smallest
cross section can be toggled.
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[l Biade edges (==
] I Je
oEE B-H-&- F, B Quzoomtiose | BB zoomst £ ssonavews «

Cartesian coordinate
y (mm]

W visole & Confgre.

0K | Xcancel | P tep

Possible warnings

The Frontal view (switch above the diagram)
represents the designed blades in a frontal
view, including diameters d und d,.

Furthermore the smallest cross section
between 2 neighboring blades is displayed.

Problem

Possible solutions

The blade exceeds the meridional boundaries caused by the blade thickness.
Check the meridional leading/trailing edge position.
The model finishing option 'solid trimming’ will not be available.

The warning indicates that some parts of the blade
leading edge are outside the meridional dimensions
of the component.

The orthogonal application of thickness on the

Dependent upon the location of these areas
one has to modify leading or trailing edge.

If the leading edge (or the trailing edge of
turbines) exceeds the meridional boundaries
you can adjust it in the Meridional contour|ze3)
dialog only.

Exceeding trailing edge (or leading edge of
turbines) can be corrected by trim on in/
outlet.
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Problem

Possible solutions

mean lines can result in some blade position
outside the meridional boundaries. As a result the
model finishingl?h option 'solid trimming’ will
probably fail.

Error while extrapolating Blade to reach Hub/ Shroud surface. Check meridional
geometry, blade angles and thickness.
Trim may be poor/failed, due to meridional contour at suction port and LE.

The orthogonal blade thickness is added to the
blade mean line to create the blade sides. Then
one blade side will be trimmed on hub/ shroud, the
other one will be extrapolated to hub/ shroud
surface.

For the below illustrated configurations of
meridional contour and blade geometry the
extrapolation fails.

Meridional contour|zss} Account for blade
thickness during leading edge positioning or
align leading edge towards the direction of the
shroud normal (see images below).

The trimming/ extrapolation of blade and hub/
shroud will be successfull depending on blade
angles and blade thickness. A solution can be
the modification of the leading edge by
repositioning and changing its angle relative to
the shroud.

Blade profile[7: Reduce blade thickness

Mean line[s:8: Check mean line shape and
keep lean angle on a low level

© CFturbo Software & Engineering GmbH



349

Impeller

Possible solutions

Problem

Mean surface

Mean surface

|
»”

Blade thickness

intersection

Blade thickness

Missing

&
Blade Mean surface

Blade Mean surface

Pressure/ Suction side at Hub/ Shroud:

max. thickness is too high to get smooth surface.
Either blade thickness at the specified profile

side or meanline curvature at the specified
span position has to be reduced .

The combination of of high blade thickness and
high meanline curvature results in degenerated
blade profiles and prevents creating smooth blade

surface.
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8.34.1

Problem

Possible solutions

Blade thickness

Max. Blade thickness

-

- Blade mean surface

Mean surface

Blade thickness

Edge position

f ﬁ Leading edge {|-s) Y ﬁ Trailing edge (l-s) Y (} Frontal Yiew {x-y¥) \

22

1Blade thickness
1s [mm]
18]
147]
107]
.
.
5] I [mm]
1 Blade length

If the complete thickness distribution including leading or trailing edge was already designed in the
Blade profile[ =57 dialog, then the Edge position[ sl (transition from blade edge to blade suction/
pressure side) has to be defined only.
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In panel Geometry the transition from the blade edge to the suction/pressure side can be defined.

Position in % of the straight blade length.

Edge pozition E.EIIZI o,
The leading edge should be within the range of 0% to

Ulties L e e i) ooy 15%, the trailing edge between 85% and 100%.
betyween suctionipressure

side and blade edge.

8.4  Airfoil/Hydrofoil design

The design of the blade's geometry is made in three steps in this design mode:

(1) Blade groger‘[ies@h
(2) Blade profiles|sci)

(3) Blade sweeginglzsﬁ

8.4.1 Blade properties

? Impeller | Blade properties V

Definition of blade properties is made in three steps:

(1) Cu-specification| ssal

(2) Blade profile selection| s

(3) Kinematics|ass!
Specification of number of blades and number of spans

Blades

Mumber - MNumber all -
T E‘ “
of blades J of =pans J
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Information

In the right panel some information are displayed which result from calculated or determined values:

207]

Hub  Shroud Inside blade passage Outside blade passage

JuTmis]

e Y
ey ?
T Leading edge Traiing edge

cm [ITI]S]
b 0

Span =1 (Hub) Span = 15 (Shroud)
Leading edge Traiing edge Leading edge Trailing edge

0 55 0 55

280 280 399 399

30 525 S0 339

381 598 331 404

66 66 94 94

51.7 489 613 389

0 375 0 48.2

0 0 0 0

.7 4289 613 389

.7 817 613 62

66 284 94 458

838 566 122 601

118 109 14 106

22 93 222 225

(1) Velocity triangles
The welocity triangles of inflow and outflow are displayed.

Continuous lines represent flow velocities on hub (blue) and
shroud (green).

Velocities directly before and behind blade area are displayed
by dashed lines to show the influence of blockage in the flow
domain.

Furthermore the blade angles are displayed by thick lines in
order to see the incidence angle on the leading edge and the
flow deviation caused by slip velocity on trailing edge.

(2) Values

Numerical values of velocity components and flow angles are
displayed in a table. The track bar on top of table can be
used to get the values at any span. A short description is at
mouse cursor too:

Diameter

Angle of absolute flow to circumferential direction
Angle of relative flow to circumferential direction
Circumferential velocity

Meridional velocity (c_=w._)

Axial component of absolute velocity
Radial component of absolute velocity
Circumferential component of absolute velocity

Absolute velocity
Circumferential component of relative velocity: w +c =

Relative velocity
Obstruction by blades (see below)
Incidence angle: i = B, - B,

Dewvation angle: & = f3;, - B,
Deceleration ratio of relative velocity: w,=w.,/w,

O CT™»DQ

3

3)
&

)

o
c

Tz g0

= o
Py
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r [mm]

(3) Meridian

The Meridian with locations of the spans is displayed in this
diagram.

z [mm]

e (4) Current B

Here blade angles as well as relative flow angles are
displayed versus span. Also the chosen polar together with
the angle of attack is given in an additional diagram.

= Y
w o o
L L

Progressions of geometric parameters (angles):

BD mn 110 120 130 140 1 D

B1/2 Angle of relative flow to circumferential direction
BB1/2 Blade angles at leading and trailing edge

0144 7]
01427]
0.0147]

0138 ]

0136 ] u[]
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8.4.1.1

227

ozl S fmm)

M> &0 70 80 90 100 110 120 130 140 150

0.m O7f fmm
NN MRS NS NSNS —-S_—— (.10

E} 60 70 30 80 100 110 120 130 140 150

Cu-specification

? Impeller | Blade properties "4

[ Axial machines only]

W (5) Criteria

Progressions of aerodynamic and airfoil parameters:

Re Reynolds-number

I/t solidity

DH DeHaller critierion

ST Strscheletzky critierion
DFO01 diffusion number

On tabsheet cu, cm definition the velocity triangles at every span can be defined in accordance to

the radial equilibrium[ssh.
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r ~
Blade properties @
Blades Information
Number Number - -
20 5 15 -~ 5 - . .
. J TrTs J 2..15 Values Meridian Diagrams Axial values
Hub Shroud  Inside blade passage  Quiside biade passage
© cu, cm definition ‘ 8 Profile selection ‘ € Profile properties {u mis]
T 140
cu, cm distribution @ trailing edge |
UL 1
Radial equilibrium  Variable load 7 120 ]
cy Cm cut/rip ]
z 100 ]
2 54p3Hub to Shroud
[
= 1r [mm] N
- ] 30
200 4
5§ ] 1 AN
k<] 1 i
8 19 ] 60 ] ~ >
i3 - T \
180 0] /?}
170 7 ] ye
b 207] Y e
160 -~
4 0 Leading edge Trailing edge
150 ]
1 220
140 4
b [m/s]
T veloci
130 e | 0
25 75 175 275 375 475 il cm [m/s]
3 >
/ oK v| 2% Cancel ? Help
e -

It can be chosen from 3 different modes concerning the manipulation of c ,(r):

Radial equilibrium  “ariable load

“fariable load
Cy

Free vortex

51p JHUDT
r [mm]

Valocity

“ariable load rel. to free vortex

Variable load

Free vortex

Variable load rel. to free
vortex

The c ,(n)-specification is
controlled by a second order
Bezier cune.

c,,(n) is defined to get the
same swirl at every span:

The slope is the derivative
according to:
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(e
{/e)

With a slope of zero a free vortex
distribution is set.

slope =

Please note: There is not always a solution of the differential equation of the radial equilibrium.
Therefore some Bezier point constellations are not possible.

At the second tab of the diagram the distribution of the corresponding degree of reaction is

displayed: R = Ah

Iah,

stat ot
. 5
Blade properties @
Blades Information
Number 20 j Number 1=‘j 5 15 Velocity triangl val Weridi Di fecsle
e = ofspans ° =l 215 elocity triangles alues Meridian iagrams ial values
Hub  Shroud Inside blade passage Outsideblad_epﬂag_e
 cu, cm definition ‘ @ Profile selection ‘ € Profile properties ‘ {u mis]
] 140 ]
cu, cm distribution @ trailing edge | ~
Radial equilbrium  /ariabis joad S 120
Reaction R =Ap/ Apt ]
= 100 ]
8 5qp JHUb to Shroud
]
= 1r [mm] ] \
] 50 ]
200 4
e \
B 1 i
8 190 ] 60 ] . >
- ] N
180 4 40 ] /?>
170 7 ] Ve
] 20 Y -
160 ] -
] 0] Leading edge Trailing edge
150
] -20
140
R[]
130 e e [ 40
062 084 066 088 07 072 074 076 078 =h cm [m/s]
«' oK v| 2 Cancel ? Help
e -

8.4.1.1.1 Radial equilibrium

Basis of this is the balance of pressure and centrifugal forces under the following assumptions:

¢ the flow is rotationally symmetric
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e friction is neglected
¢ the streamlines are axis-parallel and have no inclination

The radial balance equation is given here for a section behind an impeller [pump, compressor,
ventilator] and before a rotor [turbine] respectively:

0=p,dA —(p, +dp,)dA +rw’p-dA -dr

- dp, :pCLZJZ

dr r
The definition of total pressure in section 2 differentiated with respect to r plus above equation yield:
2
u

dp,, 052 dc, Cu2
P2 _ 2 e Em2 e
ar P TP Em2 Ty U2 gr

With the blade work according to Euler the equation becomes:

d(rc c,, dirc dc
Thmp'ZTm (dru2) ;12 (dru2)+cm2 dr:z

With the following boundary conditions and a given c ,(r)-specification the solution of the differential
equation gives a c,_.()-distribution and therefore the complete velocity triangles at every span.

rS;hr
m= Ip-cmz(r)~2nr~dr
rHub

rShr
P= J.u(r)-cuz(r)-p~cm2(r)-2nr-dr

niub

From the velocity triangles the degree of reaction can be determined by the following equation:
2
_Ah 1- A!c ’
Ah, 2A(Uy -Cyy)

8.4.1.2 Blade profiles

? Impeller | Blade properties "4

[ Axial machines only ]

On tabsheet Profile selection the axial blade profile properties are specified. To this end the profiles
have to be selected from the Profile managers2\

Two alternative methods are available:
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Blade element momentum method[sel

Here either NACA 4 digit or point based profiles can be used. Also an angle of attack a has to be

specified, see blade element momentum method] 1)

- ~
Blade properties ﬁ
Blades Information
Number Number - - T
7 = 10 = = e : . ) )
. J TrTs J 2..15 Velocity triangles | Values Meridian Diagrams Axial values
Hub  Shroud Inside blade passage Outside blade passage
@ cu, cm definition 8 Profile selection © Profile properties Jumis]
80 |
Method |
@ Profile catalogue 7) Lieblein Ill Awverage solidity = 0.74 I '
Profile properties E'U__ \
Hub — Shroud Group | NACA 4 Digit - \
[
Af|l~|—|  Profie| nacasane RS \
0] A
Span cL L
Hub 1 1.14 \
2 1.14
1.14 30__ \ ]“.
4 1.14 \ l'\
5 1.14
Middle | ) |
[ 1.14 \ .
1.14 20 | | ~
0 1.14 1 .
9 5.0 1.14 14 \. ~ I
Shroud 10 5.0 1.14 4 \ /
10 |
/ —
e
/ -
-
/T
0 ] Leading edge Trailing edge
& cm [m/s]
/ oK v| 2% Cancel ? Help

%

Lieblein method|se3)

Here only profiles of the NACA 65 series can be used. A solidity has to be specified that has to be
on all spans: 0.4 <=1/t <= 2.0. It is used for the calculation of the skeleton length and stagger angle,

see Lieblein method/ s,
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~
Blade properties ﬁ
Blades Information
Number Number - - T
2y - 15 = = e : . ) )
of blades J of spans J 2..15 riangles Values Meridian Diagrams Axial values
Hub  Shroud Inside blade passage Outside blade passage

{u mis]
140
Method
") Profile catalogue @) Lieblein Ill Awverage solidity = 1.29 1
120
Profile properties
G i - -
roup | NACA 65 series 100 ]
Profile | NACA65-010 | = (]
Span ci en | \
Hub 1 120 E
2 1.15 50—_ — \
3 1.10 ~ N
106 1 ?
1.01 40 ] y }
| 20 ] //
Middle 8 083 1 s
9 0.8 /
0az 0 Leading edge Trailing edge
0.73 =20
14 0.70
Shroud 15 067
-40
& cm [m/s]
/ oK v| 2% Cancel ? Help
e -
8.4.1.3 Kinematics

Two methods are available for the determination of the scaling (solidity) and staggering of the profiles:

e Blade element momentum method[= [only ventilators]

for low pressure applications (high specific speed nq)

e Lieblein method[s2 [pumps, ventilators]

for high pressure applications (low specific speed nq)

On the tabsheet Profile properties the stagger angles and solidity are calculated.
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r ~
Blade properties &J
Blades Information
Number Number = =
7 = 0 = = . - )
. J e J 2...15 Values Meridian Current B Criteria Axig |,
Hub  Shroud
@ cu, cm specification ‘ @ Profile selection © Profile properties {umis]
Hub — Shroud GD__
’V|/|— Calculate Airfoil | [V Automatic j
Span vl | [mm] p (098 5]
Hub 1 424 121.0 s mection factor
5 40
4 37 7.4 4]
Middle ~
- R 30 ]
32 0 ]
g 30 8.2
Shroud 10 291 50.3 f
20 ]
10]
0] Leading edge Trailing edge
= 1 cm [m/s]
/ oK v| 2% Cancel ? Help
L
Limitations

The design methods are valid only within certain scopes:

The deceleration should no be smaller than the DeHaller[ ss1 criterion:

W,
w

>0.6..0.75

1lhub

In a pipe flow having a swirl a dead water zone is built at small radii. Strscheletzky and Marcinowski
stated that the diameter of such a dead water zone should be smaller than the hub diameter of an
impeller. From this they derived the following criteria for single stage machines:

and for multi stage machines:
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From boundary layer analysis the diffusion number applied for profiles with a maximum thickness of
10% was derived:

DFM:( _&]A.LA_W

Special NACA-measurements yield a scope to be fulfilled of DF, , < 0.6.

8.4.1.3.1 Blade element momentum method

This method makes use of the behavior of a single airfoil in an infinite room, i.e. the airfoil is not
influenced by other airfoils. This is true if the solidity s/l is smaller than one.

The design described here is based on the relation between aerodynamic or hydrodynamic profile
data and design parameter cast into the Euler equation.

The circumferential force F, based on the profile properties reads as:

F, =sin(B, +3)-F

2
o

~sin(B, +8)-c_-p-

1-b with F~F
2

whereas if it is derived from the force balance it reads as:
I:u =m '(Cuz _Cu2)
YImp

=pcmtb

By equalizing both force descriptions one gets the following equation, which co-relates the profile
properties lift coefficient ¢, and solidity I/t with the design point data (Y, n, m):

] N

Sil‘](Boc +6)‘CL 'W7-%:Cm ) Ilrjnp

The meaning of the variables is given in the following table:

YImp specific work of the impeller

I/t solidity (chord length/pitch)
b width of the profile

c, absolute circumferential velocity component
C absolute meridional velocity component

B. awerage rel. flow angle

w, average rel. velocity

c, lift coefficient

a angle of attack

o) angle between resulting force and lift force
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Wea

8.4.1.3.2 Lieblein method

Lieblein[ 411 carried out systematic wind tunnel investigations on the swirl change properties of the
profiles of the NACA 65 series. The meaning of the used entities is given in the following table

Y stagger angle
I/t solidity (chord length/pitch)
B Angle of relative flow

Bs Blade angle

u circumferential velocity
w Relative velocity
i Incidence angle: i = B, - B;

5 Deviation angle: 3 = B, - B,

Three limitations apply for this approach:
e The maximum relative thickness must be d/l < 0.1

* The Reynolds-Number must be Re, > 2-10°

¢ The solidity I/t must be on all spans: 0.4 <= I/t <= 2.0
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rd
-' 2
. &
.-""-‘ o - k
e
.__.-_‘.-' . .
F equivalent circular t
skeleton line
Bex
-
P P S S|
- B S = \
-~ -
e Tangent to
- - skeleton line
Tangent to e
skeleton line Py
-’L‘&-‘;r’ v
\ -"}r_-
.—'/"F r
. u
- Chord line p e
Pes length |
ui
L

Lieblein derived design diagrams for the following parameter
¢ Incidence i
¢ Deviation 6

The basic approach is as follows: with the specified solidity the skeleton length is calculated. With
the relative flow angle B, (from cu-specification|ss#)) and the solidity I/t the incidence is determined

using Lieblein's design diagrams. The same is done with respect to the deviation. Now the the blade
angles at leading and trailing edge are known. Note: The blade angles are applied to the equivalent
circular skeleton line with the radius:

|
r =

& BBZ_BBl

2.9n ~Be B
2

From the blade angles the stagger angle can be determined by:
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8.4.2

Blade profile

? Impeller | Blade profiles &%

To create 3D blade profiles the specified or calculated values from the Blade Qrogertieslgh are used:
¢ Profile shape based on profile selection[ss7

e Chord length (scaling) and Stagger angle (rotation) of each profile at the respective span
position based on profile propertieslgsﬁ

The resulting 2D profiles are displayed top left in the dialog whereas the thickness distribution at
each span location can be found below.

Blade Profiles

Y

x £ addtionalViews »

&, W R R & & 23] Informational values
- - Profile
Tangential coordinate Blade angle B3
s0 37 [mmi BB1[] BE2 [7]
i 0.8 519 -
401 2 18.4 9.5
B 15.9 47.1 TE relative thickness |0.18% %
» 4 13.5 4.7
20 5 1.1 42,3
6 3.7 39.9 [ Radial 20 blade shape
10 6.3 37.5 Master span number |9 ﬂ
E 3.9 35.1
0 -
2 s 52 Edge split
-10 10 0.9 30,3
30-Preview x LE relative position 5 %
=20
»
This is the splitting pesition between
= L | suction/pressure side and blade edge.
I 1 Used for export only.
-40 4 Z [mm
Axial coordinate|

m' -40 300 -20 10 o 10 20 30 40 50 80

56.8 . 475 174 %
11_lhiCKneSS
s [mm]
o]
.
<]
23
Reference components
53 7 @ Configure...
1 tmm]
E profile length
T s e e e e e e e e e S
5 25 45 65 85 w5 125 W OK '|X23”CE‘ 7 Hep

The following information can be displayed using the "Additional views" button:

* Informational values: resulting blade angles at leading (;,) and trailing edge (,)

e 3D-Preview: 3D blade shape after the 2D blade profiles were projected into its span surface
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8.4.3

Profile

The previously selected blade profile names are displayed for information. For NACA profiles the
trailing edge thickness can be adapted for manufacturing reasons. The additional thickness is added
linearly over the length of the profile.

Radial 2D blade shape

Radial 2D blades can be designed by using a constant stagger angle of a selected master span
profile.

Please note: By applying the radial 2D blade shape the aerodynamic properties of the resulting
blade will be different from those stated in the Blade properties| st

Edge split

The edge split position defines the transition from blade suction/ pressure side to the leading edge.
It's used for the 3D model generation as well as for the data export.

Blade sweep

? Impeller | Blade sweep &

In this design step the blade sweep can be optionally specified. Blade sweep is normally only useful
for acoustic reasons and comes at the cost of slightly reduced efficiency.

In default configuration this design step does not generate any sweep by aligning the centroid points
of all profiles exactly in radial direction. You can return to an unswept configuration at any time by
using the Reset sweep curve option.

The left area of the dialog is comprised of four diagrams that display the current blade sweep
definition, represented in several projections. Depending on the Sweep mode (see below) selected,
only two of these diagrams are active at a time, whereas the other two diagrams are merely
informative.

The design curves ( ) in active diagrams exhibit control points which are movable along design
guide lines (gray) which subdivide the radial space between Hub (blue) and Shroud (green).

The user designed sweep projections are combined into the 3D sweep curve which is then applied to
the blade geometry by stacking the blade profiles along it. The informative sweep projections are
updated accordingly.

Independently of Sweep mode the blade positioning in the meridional contour can be controlled in
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the axial projection diagram (top left). Blade positioning can be controlled via a special control point
at the base of the sweep curve, which can be moved along the Hub contour and that mowves the blade
geometry along with it. Design configurations where the Blade exceeds the meridional boundary have
to be corrected by adjusting the blade position in order to finish this design step successfully.

Blade Sweep = =
- Informational values x Addtional Views
radial coordinate [mm] =
170 7 [mm] | Sweep correction SURIYIELT
e 087 | (_)Axialz + Tangential t
7]
= (®) Sweep A + Dihedral v
3D-Preview x -
130 J »
] 9 {S. Profile stack mode
110 [\ (O Stackon leading edge
/I\ @) Stack on centroids
90 ~
J] (O stack on traiing edge
70 g
Reset sweep curve
50 Z [mm]
axial coordinate| X [mm]
—— — T T T T T
15 55 -50 50
86.8:135.8 139 % 119.2: 2115 100 % ug
Stack curve Blade extent
radial coordinate radial coordinate
150 r [mm]-& 150 §r [mm] &
140 140
1309 o 130 9 ) Acoustic Benefit x
120 3 120 3 r [mm]
150 |
110 7 o 110 7 o ]
100 7 I 100 7 g
90 o 90 o 110 ]
a0 ] a0 ] j
3 3 50 ] Reference components
70 = AL 70 = A [° q
= ol = d’he‘dl ] ¥ @ Configure...
E SWeej E | ra =
60 — T 71— Pl 60 — T — 70 ]
-50 50 -50 50 1 ADw [dB]
T Tt
¢ OK v| X Cancel | ‘P Help
100 % 108.0:157.4 100 % = = = L

The following information can be displayed using the "Additional views" button:

¢ Informational values: The sweep correction factor | representing the efficiency loss by
sweeping (see Kinematics| sss))

e 3D-Preview: The final result of the sweep design process, the swept 3D blade shape.

e Acoustic benefit: ...compared to the unswept blade design

Sweep mode

The Sweep mode controls which of the 2D Sweep projections define the blade sweep and are
modifiable by the user.
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For defining a blade sweep two alternative options are available:
e Axial z + Tangential t

Sweep projected in meridional and axis-normal view.
This view also shows the blade outline.

Shroud/ Tip

l..l"
\
r _\.
L ] Hub
Z VL
X

e Sweep A + Dihedral v (default)
A: Incidence not perpendicular to blade axis, blade area nevertheless in flow direction
v: Blade plane not perpendicular on hub, defines V-positioning

;
I.fz ,

t ,,’J’:

Profile stack mode

The profile stack mode controls how 2D-Profiles are stacked relative to profile geometry onto the 3D-
sweep cune. This Design choice will subsequently also be reflected in the display of profiles in the
previous Blade profile[se: dialog.

The blade sweep for each sweep mode can be defined on one of the following blade profile positions:
o [b leading edge

o [T\ centroids (default)
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o Jl trailing edge

8.5 CFD Setup

? Impeller | CFD setup :.:

The designed geometry can be extended by virtual elements.

e Extension[sss)

Impeller segment][ s

Blade O-Gridl s75)

Through - flow areals7

Blade projection[ss)

These extensions are to be used for flow simulation (CFD) and are virtual only.

8.5.1 Extension

? Impeller | CFD setup | Extension

The designed geometry can be extended in meridional direction at the outlet.

© CFturbo Software & Engineering GmbH



Impeller 369

CFD Setup (23]
; @ Extension # Miscellaneous
3 - =T - ivate
o, @ = o B I Acta
qr [mm] nttial de=ign Defining Rotor-Stator-Interface (RS
155 7 —
145—: |Tangentia\
1 ! {
135 FJ _e";:-‘EEﬂ?E radial
_3 i (@) absolute
125 7 i
1 ;' ! I~ Extension outlet at r = constant
115 .
] ! )
1053 . Cross section area
1 / ! Extension inlet 35940 mm*
95—: e ! Extension outlet - mm*
85
75 ]
_: =T
65 TN
55 1
45
35 —J//
25—: Reference designs
E Visible Configure...
153 z [mm] &
A B R B A o B B B AR AR EAREES
-40  -30 -0 -10 o 10 20 30 40 50 60 7o &0 80 100 110 120 130 140
|,/ oK |xr‘_anoel| 7 Hep |
66.1:159.7 100 % Hub Middle Shroud

The extension defines the Rotor-Stator-Interface (RSI). Its geometric parameters will be considered
at the next component as inlet conditions so that the geometries as well as the meshes based on

them match each other. Typically, the RSl is located in the middle of the rotating and the non-
rotating component.

Extension

Stator/

Volute

RSI .
(RSI Connection: see Otherl )

Using the extension is recommended, because otherwise the trailing edges of the blades would just
lie on the rotor-stator interface, which can cause both meshing problems and numerical simulation
errors. Meshing problems could occur, especially for small values of the blade angle B3,

The drop down menu Direction sets the direction of the extension. If it is set to tangential, hub and
shroud will be tangentially extended.

Below you can specify the Length of the extension and whether the length should be measured
radial or absolute (i.e. in the direction specified abowe).
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Furthermore, you can set Extension outlet at r = constant, which means that the outlet of the
extension is forced to be horizontal in the diagram (parallel to the z-axis).

The designed outlet extension will be displayed in the diagram automatically.

For unvaned stators, the extension is not necessary and therefore not activatable.

Possible warnings

Problem Losungsmaglichkeiten

The length of the extension is smaller or equal to the distance tolerance. This might cause
sewing defectsin "Meridian.Flow Domain" during model finishing.

The length of the extension is smaller or equal | If geometrical problems occur, change the
to the distance tolerance[=8]. This might cause| distance tolerance or the length of the
geometrical defects when sewing faces during | extension.

Model finishing[ =8

Extension outlet has nearly constant radius. Selecting "Extension outlet at r = constant” is
recommended.

The endpoints of the hub and shroud extension| Set the endpoints of the hub and shroud

have a slightly different radius. This can result | extension to the same radius by checking the
in almost flat cone surfaces for the adjacent "Extension outlet at r = constant” checkbox.
RSI Connection, which may be problematic to
import into other CAD/CFD systems.

Extension outlet is nearly vertical. Selecting "Extension outlet at z = constant” is
recommended.

The endpoints of the hub and shroud extension| Set the endpoints of the hub and shroud
hawve a slightly different z-coordinate. This can | extension to the same z-coordinate by

result in almost flat cone surfaces for the checking the "Extension outlet at z = constant"
adjacent RSI Connection, which may be checkbox.

problematic to import into other CAD/CFD

systems.

8.5.2 Miscellaneous

? Impeller | CFD Setup | Miscellaneous

Miscellaneous virtual elements can be created:
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* Segment[ =

e Other[sA

CFD Setup
@ Extension # Miscellaneous
—¥ Segment —[ Blade O-Grid
_ - d d i
@ Around single blade, by roated mean iine Offset curves around each blade profile
d id d

Use rotated mean surface to both sides of the blade Hub Shroud
() Around single blade, middle of PS-S5 (@ Offset [mmi] 430 3.30

Use center between neighboring blade sides Ratio [%] 457 330
() Between neighboring blades (ML to ML)

Use mean surface of neighboring blades

— Other
[~ Smooth inlet ¥ Through - flow area
Transition from inlet side to the blade leading edge Flow domain inlet and outlet area
B @ inlet side P distribution ¥ Blade projection
Hub 60 . (@) linear Blade tip projection to casing for unshrouded
i geometry and projection to RSI for extenzion
quadratic
root ¥ R=l Connection
Simple connection to the rotor stator
interface

Reference designs

Visible \@E Configure...

|/ 0K |xgancel| ? Help |

8.5.2.1 Segment
? Impeller | CFD Setup | Miscellaneous | Segment

The segment is the flow passage around a single blade and represents the smallest rotation-
symmetric part of the impeller.
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[v Segment

f« Around single blade, by rotated mean line

Use rotated mean surface to both sides of the blade

" Around single blade, middle of P5-55

USE Center DEMWeEe gignoornng Diade SIKeEs

" Between neighboring blades (ML to ML)

Uze mean zurface of neighboring blades

[ Smooth inlet

ansition from inlet side to the blade leading edge
B @ inlet side B distribution
IE:* : {+
IEti . (™
~

There are the following options for the design:

"Around single blade, by rotated mean line"

The blade mean surface is rotated to both sides to the middle of the flow channel.

"Around single blade, middle of PS-SS"

The middle of blade pressure and suction side of two neighboring main blades forms the segment

boundary. This type should be used for thick asymmetric blades. It ensures that the blades do not
cut the periodic surfaces of the segment.

"Between neighboring blades (ML to ML)"

The mean surfaces of two neighboring main blades form the segment boundary. This type is
currently not supported by Model finishing[=\
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"Around single blade, by rotated mean line"

With "Smooth inlet" a smooth transition from the impeller inlet to the blade area can be designed.
This surface is created by a \irtual extension of the Blade mean line[=:9 from the blade leading edge
(which is the trailing edge in case of turbines) to the Inlet[ =8 (Outlet for turbines).

There are three types of § distribution from the leading edge of the blade (B,) to the Inlet[s7)
(Binlet):

= linear
= quadratic
* root

The values of B, have been defined in the Blade properties|s7. At the Inlet[s7! the distribution of the

angle B, is linear from hub to shroud.

without "Smooth inlet" with "Smooth inlet"
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3D Model

The segment can consist of up to 3 solids:

= Segment.Real Geometry

Segment of the flow passage bounded by real geometries (defined by Meridional contourlTsz'sﬁ)

= Segment.Extension

Segment of the virtual geometry Extension[sse) (optional)

= Segment.RSI Connection

Segment of the virtual geometry RSI Connection|s7) (optional)

Possible warnings

Problem

Possible solutions

Segment type "Around single blade, middle of PS-SS" is not applicable because the
blade exceeds the meridional boundaries.

This type of segment is incorrect if the blade
exceeds the meridional boundaries.

Modify the blade so that it does not exceed the
meridional boundaries or choose another type of
segment.

3D-Error: Could not create

solid for ... RSI Connection

Unsupported RSI Connection geometry, e.g.
only on one side (hub or shroud)

Uncheck RSI Connection| s or change its
geometry
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Problem

Possible solutions

General solid creation problem

See 3D Model[ 3

8.5.2.2 Blade O-Grid

? Impeller | CFD setup | Miscellaneous | Blade O-Grid

Auxiliary curves for meshing can be designed that have a constant distance to the blade at each

span.

v Blade O-Grid

feet curves around each blade orof

Hub Shroud
(+ Offset [mm] 550 5.50
(" Ratio [%] 3.2 239

Offset

Absolute distance from the auxiliary curves to the blade

Ratio

Ratio of offset to the distance between neighboring blades (at blade center)
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8.5.2.3

8.6

Other

? Impeller | CFD Setup | Miscellaneous | Other

Other

[w Through - flow area

Fln

dArrmain inlat A
L8} uulha

E1 and outiet area

[v Blade projection

Crig s L e ice L L

Through-flow area

Inlet and outlet area define the inflow and outflow boundary of the whole flow channel.

Blade projection

In case of an unshrouded impeller the outer blade profile is projected onto the casing.
If an Extension[ss8 exists, the blade trailing edge is projected onto the RSI.

This option must be enabled for a successful export to ICEM-CFD (ANSYS)[ a1,

RSI connection

If a Rotor-Stator-Interface (RSI) is existing on the inlet side of the component, an existing gap can be
closed automatically by the RSI connection. These surfaces provide a simplified, closed volume
model for flow simulation neglecting impeller side chambers or other casing parts.

(see also Extension| sev)
Model settings

? Impeller | Model settings ﬂ
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On dialog Model settings you can specify how many data points are to be used for the 3D model
and for the point based export formats.

The number of points can be set for both cases separately for all geometry parts.

= Meridian: hub/shroud
= Blade: mean line, pressure/suction side, leading/trailing edge

Model settings @ Model settings @

1 Point Export |

i 3D Model

Data points

O Default
Weridian Hub, Shroud F5 20...50
Blade Mean line [35 10...50

Presetting Coarse | Niddle |

Meridian Hub, Shroud IEU 20...100
Blade Mean ling |EIJ 20...100

130 5
FE LiiE Pressure, Suction side IEU 20...100
Diztance tolerance Leading, Trailing edge [30 10...50

Tolerance 0.1 mm O

"=}

Length unit for export

IWare.

| ] Milimeters -

& OK | xgancel| P Help & OK | xgancel| P Hep

3D Model

Distance tolerance (3D

Model) Tolerance |0.1 mm

The distance tolerance defines the maximum allowed distance
between sewed surfaces, e.g the faces of a solid.

If it is too small, the solids cannot be created.

If it is too big, small faces are ignored when creating a solid.

Point Export
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Presetting Presetting
Coarze Kiddle Fine

Select from 3 global presets.

Length unit for Export —

[mm] Kilimeters -

The length unit for the geometry export can be selected. Please
select the appropriate units when importing data to the chosen
CAD software.

When a new impeller is created the model settings of the last opened impeller are carried over.

8.7 Model finishing

? Impeller | Model finishing %

The dialog offers different possibilities to design the connection between blade, hub and shroud.

[ Madel finishing
Connection Blade - Hub/Shroud

) No model finighing

Il © Extend blade only

L = 1 CALG

- @ Solid trimming

accurate, but time-consuming

Fillets

v Hub Radiuslr mm
[ Shroud Max. ~ 10

Update mode

@ Manual

~ | Automatic

-

5

Information

\/ oK | xgﬂncel| ? Help
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No model finishing

Il Extend blade only Extends blades through hub, shroud and trailing edge;
for later trimming in a CAD-system

M solid trimming Trims blade on hub, shroud and trailing edge;
affects only the solids (and solid faces) of Meridian.Flow Domain,
Segment and Blade.

Trimming is only possible if the solids of Meridian.Flow Domain and
Blade could be created successfully.

Trimming is a time-consuming operation (up to 1 minute or some
minutes for impellers with splitter blades).

Because only solids are trimmed, point-based exports cannot take
advantage of this operation.

Details:

Solid trimming is based on a Segment/s. If no segment is defined, it
is created temporarily, not visible to the user.
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Internal workflow:

e The blades are extended (see Extend blade only[s73)

¢ A single blade is trimmed with Meridian.Flow Domain

* From Meridian.Flow Domain, a segment is cut. In this way the
trimmed Segment.Real Geometry is created.

e CFD Setup option: If there is an Extension|ss8 or RSI Connection| s78)
, Segment.Real Geometry is fused with Segment.Extension and
Segment.RSI Connection. In this way, Segment.Flow Domain is
created.

e Segment.Flow Domain is copied multiple times. The copies are
rotated and sewed in order to create a new Meridian.Flow Domain.

 CFD Setup option: If Blade projection[s7swas chosen, the
corresponding projection surfaces are exactly trimmed.

Option: Blade root fillet Fillet creation at blade root;
affects only the solids (and solid faces) of Meridian.Flow Domain and

Filsts Segment.
(:f Hub Radius .15 mm | The fillet radius should not be larger than the recommended value.
v Shroud Max. ~ 10

Fillet creation is not
possible if the fillets of two
neighboring blades would
meet or if the fillet would
protrude beyond the

impeller inlet.
Update mode
¢ Manual The 3D-model is updated only after closing the dialog.
e Automatic The 3D-model is updated after every design modification automatically.

Symbol in main window
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The symbol shows the state of Model-finishing.
%. Model finishing is not defined yet.
%« The 3D-Model has been updated according to the finishing settings.

‘P The design has been changed but the 3D-Model is not up to date (not finished) or the model
finishing has failed.

Possible warnings

Problem Possible solutions

Model finishing currently NOT up-to-date

Model finishing was not executed yet; Open Model finishing[ =78 and click <OK>
therefore the 3D model is not up-to-date

Extend/solid trimming could fail due to high tangential difference between hub and
shroud at leading/trailing edge and low number of spans.

Very low number of spans Increase the number of spans| =07 up to at least
4

Finishing type was reset to "No model finishing". Solid trimming is not supported for the
selected segment type "Between neighboring blades (ML to ML)". See CFD Setup/
Miscellaneous/ Segment.

Solid trimming is not supported for "ML to ML" | Change segment type][ =)
segment type.

Finishing type was reset to "No model finishing". Solid trimming is not possible.

Solid trimming is not possible if the blade Change blade design so that it fits into
exceeds the meridional boundaries (caused by | meridional boundaries, e.g. change Blade edges
the blade thickness). [200]

Fillets are not supported.

Fillets are not supported if solid trimming is not -
possible.
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Problem

Possible solutions

Fillets creation on shroud was deactivated.

Fillets on shroud are not supported for
unshrouded designs.

3D-Error: Finishing failed!

Leading edge very near to inlet

Change Meridional contour|zs3: Move leading
edge towards outlet

Inlet (nearly) tangential to hub or shroud

Change Meridional contour] 23 Avoid
tangentiality

3D-Error: Finishing failed! (Fusing solids)

Fusing of real geometry with CFD Setup
components (Extension or RSI Connection)
failed.

Increase the number of spans|son
or

Remowe Extension / RSI Connection from CFD
Setug@

3D-Error: Blade proj

ection to RSI failed!

Projection of blade to RSI (Extension) failed.

Change CFD Setugm: Modify Extension or
remove Blade projection

3D-Error: Blade tip proj

ection to casing failed!

Projection of blade to casing (shroud) failed.

Change CFD Setup[=0t Remove Blade
projection or RSI Connection
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9 Stator

? Stator

This chapter describes in detail the design process for stator type components

// featured in CFturbo.

The content reflects the design steps in the sequence they are encountered
during the design process.
Design steps

- Main dimensions [ 9

- Meridional contourlss8)

- Blade properties 5ol

- Blade mean lines[ss8)

< Blade profiles[zsR

+ Blade edges[sh
< Model finishing[ o8

- Model settingslgfh

- CFD setuglzﬁ

9.1 Main dimensions

? Stator | Main dimensions @

The Main Dimensions menu item is used to define main dimensions of the stator.
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Main dimensions
General shape Information
SooTiEe | |T| Radial diffuser h b Set defaut Meridian preview Information values
& B =y
[v Blades @\@ *vgvv ﬁ,,f @
[~ Spliter blades {r{mm]
[T Unshrouded W 140 7]
1 Downstream Inlet
] Oulet
Q Extent ‘ 0 Inlet l © Outlet ‘ !
1 |
Extent, Inlet and Outlet values are coupled. All values can be _ |
modified while some others are updated automatically. 130 ;
Extent (Inlet to Outlet) - ;
,-” Centerling |~ Hub, Shroud 1 |
4 |
Center Radial - 120 '
1 |
| I
] |
0 ar [30.5 mm ;
e 110 ]
5 o0 '
L [30.5 mm G - ] | iFt_ ]
Outlet b[15 mm +[180 : "I" - :
Z[mm]
T T T T T T 1T
15 25 35 45

General Shape

Auto fit view

v‘ X Cancel

P Help

Here you can define the stator type initially. Currently the following types are available:

* Free form

e Radial diffuser

Using the button "Set default" you can set default properties for each stator type.

Blades

Here you can define if the stator should be vaned or unvaned.

For vaned stators you have to define the number of blades and the existence of splitter blades.

Via Unshrouded you can decide to design a shrouded or unshrouded stator. For unshrouded stator
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you have to define the tip clearance.

Information

Right in the dialog some additional information are displayed.

e The Meridian preview is based on the until now designed main dimensions and visualizes the
general proportions.

¢ Information values lists important coefficients, which result from determined main dimensions.
The specific values depend on the selected tab sheet on the left side: Extent/ss7, Inlet[ =) or Outlet
[3001,
If the font color is blue then a hint for the recommended range of this value is available when the
mouse cursor is on the table row.
If the font color is red then the current value is outside the recommended range.

Details

- Number of blades [ 93

+ Extent/
2 Inlet[ s

- Outlet/ s0l

Possible warnings

Problem Possible solution

Hub/ Shroud/ Midline length is O (unrealistic geometry).

The extent[se7] of the stator is 0 at hub, shroud or | Specify a reasonable length value or remove the
midline. stator completely.
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9.1.1 Extent
Stator extent has to be considered in relation to its inlet[ 9 and outlet[=s5. These 3 areas are

coupled, i.e. one is inherently defined by the two others.

) Extent ‘ ) Inlet 6 Outlet

Extent, Inlet and Outlet values are coupled. All values can be
maodified while some others are updated automatically.

Extent (Inlet to Outlet)

;, Center line // Hub, Shroud

Center Radial bt

mm

=
=3
=

[¥5]
=
th

L 305 mm G0 -
Outlet b[15 mim 180 * b

Extent from inlet to outlet can be defined by 2 alternative possibilities in principle:

1. Center line

® preselection of extension direction:Radial, Axial, Tangential (to outlet of previous component),
Free form

e Definition of axial extension Az and radial extension Ar
or
length L and angle of center line to horizontal direction €

¢ Definition of end cross section (Inlet or Outlet) by width b and angle to horizontal direction y

2. Hub, Shroud

separately for hub and shroud:

e preselection of extension direction:Radial, Axial, Const. area (with respect to opposite side),
Tangential (to outlet of previous component), Free form
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e Definition of axial extension Az and radial extension Ar
or
length L and angle of hub/shroud to horizontal direction €

The angles € and y are defined by 0° horizontal right and rising in counter clockwise direction
(mathematical positive). A menu with some default angles is supporting angle input:

|~
— Right 0°
+— |[Left 180°
T Up
90°
1 Down
. 270°
. Perpendicular

Perpendicular: € perpendicular to inlet or outlet cross section

Parallel: y parallel to inlet or outlet cross section

Depending on the interface[ 381 type the extents are defining the inlet or the outlet of the component.
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9.12

If the stator has the primary interface side at outlet the extents will modify the outlet. Otherwise if the
stator has the primary interface side at inlet then the inlet will be defined by the extents.

@ Extent @ Inlet © Outlet

Extent, Inlet and Outlet values are coupled. All values can be
modified while some others are updated automatically.

Extent (Inlet to Outlet)

The component iz fixed by itz neighbors. Both neighboring
components have primary interfaces - see components
- preview in main form.

If the neighboring components are primary both at
inlet and at outlet then the extent of the stator cannot
be specified explicitly because it's clearly defined by
these interfaces.

Information
Design point Design point information, see Global setugmﬁ
Ratio outlet to inlet
Diameter ratio dom/dm
Width ratio bOut/bIn
Area ratio Aom/Am
Inlet area A,
Outlet area Aout
Inlet

Here you can define the inlet of the stator.

If the outlet can be modified then it's updated by addition of extent to inlet. Otherwise the extent will

be adapted.

2 Details: see Interface definition[ 40)
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9.1.3 Outlet

Here you can define the outlet of the stator.

If the inlet can be modified then it's updated by subtraction of extent from outlet. Otherwise the
extent will be adapted.

+ Details: see Interface definition[ 401

9.2 Meridional contour

? Stator | Meridional contour )

In principle, the same features are available as for the meridional design|zs# of impellers.

The endpoints of hub and shroud curves are fixed by main dimensions|[ =4 and cannot be modified
here.

For "Radial diffuser" type of stators (see main dimensions|zs4)) the following geometrical dimensions
are defined:

L

b3 =hd

\‘T\\Q

B
L\A§
&
QT‘T?

2 S OGN

S NN NN

\%‘\“‘\\\
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9.3 Blade properties

? Stator | Blade properties v

In principle, the same features are available as for the blade Qrogerties@ of impellers.

To support the selection of a suitable blade count a separate dialoglzﬁ can be used, which can be
started by pressing the button right beside the edit field.

The outlet angles aTE are input values for most of the blade types according to the desired change of
flow direction. Slip models are not available for stators. Some angle oversizing should be considered
if necessary.

Two additional special blade shapes are available for "Radial diffuser" type stators (see Main
dimensions [ ss4):

1. Log. Spiral + Straight 2D

The inlet section of the vanes without overlapping is noneffective and configured as a logarithmic
spiral (similar to spiral casing).

The diffuser part in the overlapping area is straight. The transition point between these areas can
be moved along the logarithmic spiral curve (see mean line| s+4)).

2. Circular + Free-form 2D

The inlet section of the vanes without overlapping is configured as a circular arc with the boundary
conditions inlet radius r3, inlet angle a3 and ideal throat width a3.

The diffuser part in the overlapping area is designed by a Bezier curve with optionally 2 (straight),
3 or 4 Bezier points (selectable by context menu). The transition point between these areas can
be moved along the circular arc curve (see mean line[ss).

Calculation of throat width a3 can be done using the conservation of angular momentum (const.
swirl) or a specific deceleration ratio alternatively:

a) Const. swirl

Throat width corrsponds to the dimensioning in accordance with the conservation of angular
momentum, whereat the deceleration is increased by using the factor f_, (1.1...1.3).
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b) Deceleration

Alternatively one can use the deceleration ratio c3q/c2 (0.7...0.85) for throat width calculation.

Q c,
a3_ o —

zbsc, | c3

Trailing edge angle aTE is a result of mean line design for these special blade shapes and therefore
cannot be specified explicitly (“var.").

9.3.1 Number of blades

Number of blades, stator outlet diameter and minimum blade distance are significant for the actual
diffuser part of the stator and therefore have high influence on the flow losses. These 3 parameters
have to be adjusted carefully.
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The number of blades of impeller and stator has to be
coordinated carefully in order to minimize pressure
Humber of blades pulsation and therefore mechanical load and noise
emission.

Impeller-Stator-Interference

Impeller blades zl
The number of impeller blades is defined and fixed by the

Stator blades zl i . - i
impeller, otherwise it's an input value.

E [=r]
oA k||

recommended: &; 10

The number of stator blades can be modified and should be

Periodicity one of the recommended ones.
m = vz — vy gl
According to the number of blades z different pressure
vI | w | m | fields are generated in the impeller and the stator, which
1 1 4 are moving relative to each other and are characterized by
1 2 14 the periodicity p:
1 3 24 . o
N 1 2 « impeller periodicity p, = v,"z,
2 2 8 « stator periodicity Py =Vv,'Z,
2 3 18 (v = integer multiplier)
3 1 8
3 2 2 The interference of both pressure fields cannot be
2 3 12 calculated exactly. But most important for the resulting

pressure field is the difference of both periodicities:
Minimum m-value

m=0: not allowed m=|p,—p,||=|v,~z,—v,|~2,,|

m=1: not allowed for vi=1..2

m=2: unfaverable but acceptable

< LEN

0K

2 Cancel ? Help

The following recommendations should be kept:

e m = 0 (impeller and stator blade count have shared integer multipliers) should be awided in
each case, because high pressure pulsation can be generated here.

e m = 1 should not be allowed in first and second order (v,=1; v=2) due to unacceptable shaft

vibration, if possible also in third order (v,=3).

e m = 2 as well represents a periodic impeller load, but is acceptable in most cases.
* Vibration modes with m >2 normally don't generate resonance and are allowed therefore.

For each modification of the stator blade count z,, the m-values for each combination (v, = 1..3) and
(v, = 1..3) are calculated and displayed in the table. Values m=0 are marked in red color, m=1 in

orange and m=2 in yellow.

The recommended stator blade count according to the current number of impeller blades are
represented below the input field.
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94

Blade mean lines

? Stator | Blade mean lines &

In principle, the same features are available as for the mean lines[ =5 of impellers.

For special radial diffuser blade shapes "Log. Spiral + Straight 2D" and "Circular + Free-form 2D"
the mean line design is made in the frontal view. The mean lines are the inner vane sides (concave

) Blade mean lines - B
/ﬁ Main blade (m-t) Y() Frontal View (x-y) \ ] Addiional Views |+
Design mode
@, & vl & | @& | B Ozoombade @ Zoomal Informational values x o
Radial diffuser ~ mt - geometry
Jcartesian coordinate Circular + Frea-form 20 Throat distance a3 (LE)
180 3y [mm] a3 Optimum 6.67 mm
170 3 a3 Actual 6.67 mm
E Outlet distance 24 (TE) ~ 19.8 mm r
gco Diffuser opening angle @
150 8 Maximum allowable 52 ° Angular positions
3 8 Actual 40 ©
140 Area ta;u AR =A4/A3 ﬁ Lnear
3 - Leading edge Wrap angle
130 AR Optt 2.94
e j 0[] 29[
1203 AR Actual 2.97 q =
1 Pressure recovery coeff,
R cpIdeal (loss-free) 0.89 :
100 ] p Optimum 0.56 =
B Actual 0.66 =
%0 D 5 62
Diffuser effedency nD 749 %
307 Inlet velocity ratio c3g/c2  0.95
707 Non-dimensional length L:  8.67
E Throat aspect ratio b3/a® 2,25
&0 Qutlet rel, kin, energy 0.014
Bk Velocity ratio c4/c1m 142 .
o Beta progression x
€ Blade angle oB []]
20
10 ]
o
-0
Reference components
-2 x [mm]
7 J5 Configure
30 cartesian goordinafe
L B e L B e B e T e LA o B B i i Sy R S
o 30 -10 10 30 50 70 80 10 130 m/mMax =
¢ oK v| X Cancel | P Help
10191768 195 % $% Debug  Hub  Middle  Shroud g R &

Initially the blade thickness is ignored for the mean line design (red/magenta in the sketch). The
opposite side if the flow channel is generated by rotation and adding the blade thickness. The blade
thickness is assumed as linear between sLE and STE (see blade Qrogertieslgﬁ), if the thickness
distribution was not defined yet. Otherwise the thickness distribution defined in the blade QI’Oﬁ|e|¥h
design is used. In the later blade profile design the thickness is added to one side of the mean line
only.

© CFturbo Software & Engineering GmbH



Stator 395

Diffuser area has to be designed carefully in order to minimize losses. The quality of the diffuser
design can be \erified according to the following criteria (see panel Radial diffuser in Informational
values area). Values outside the recommended range are displayed in red color.

N

Throat distance a3 (LE) Throat width at inlet (leading edge)

Optimal value: average of
a3 Optimum * calculation by const. swirl and see blade properties|ssi)
deceleration ratio

Actual value: shortest distance
a3 Actual from vane leading edge to
neighboring vane

Shortest distance from vane

Outlet distance a4 o . :
trailing edge to neighboring vane

Diffuser opening angle 0 Allowable diffusion angle
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0 Maximum allowable

Max. allowable value to avoid flow
separation depending on
equivalent inlet radius and length

9 =165 |
L
asb
Rg’eq — STE 3

0 Actual

Actual value calculated by
equivalent inlet radius, length, inlet
and outlet area

A,
Area ratio AR=A4/A3 Area or deceleration ratio Ag = A_
3
i i A, —105+0.184-34
AR Optimum * Optimal value Ropt — 1+-U>+0U.
3,eq
AR Actual Actual value Ag <3
Pressure recovery of the diffuser Pq —P3
Pressure recovery coeff. . o : : C =
c identified by a dimensionless P 2
P coefficient 2 Cs
Pressure recowery in an ideal -1— 1
cp Ideal (loss-free) * ) Cpid = 2
(loss-free) diffuser R
0.26
) Pressure recowvery for optimal area Ly,
cp Optimum * ratio A, Coopt = 0.36) —
3,eq

Pressure recowery in real diffuser

based on test results; plotted in

. .
cp Actual (with energy losses) diagrams; target: ¢ ... = C, .
np=—P =
Diffuser effeciency nD * Diffuser efficiency i Cojid 1—%
Ag

Inlet velocity ratio c3qg/c2

Inlet deceleration ratio

csq/c2 = 0.7...0.85 for low

specific speed

Non-dimensional length
L34/a3

Ratio of length to throat width

L, /2, = 2.5...6
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Throat aspect ratio b3/a3 | Ratio of inlet width to throat width | b,/a; = 0.8...2

Kinetic energy of diffuser outlet; to c42
Outlet rel. kin. energy * minimize losses in the overflow =0.02...0.04
channels of multistage machines ZgHor:t

Ratio of outlet velocity to inlet
Velocity ratio c4/c1m * velocity of downstream impeller of| ¢,/c,,, =0.85...1.25
multistage machines

* for radial diffusers of pumps only

9.5 Blade profiles

? Stator | Blade profile 4

In principle, the same features are available as for the blade grofileslgﬁ of impellers.

For the special radial diffuser blade shapes "Log. Spiral + Straight 2D" and "Circular + Free-form 2D"
the blade thickness is added to one side of the mean line only (see Mean line[ ssa).

For radial diffusers the same informational values as in the mean line design[ss: are displayed in the
Info area. The reason is the influence of the blade thickness to these numbers.

9.6 Blade edges

? Stator | Blade edges <

In principle, the same features are available as for the blade edges|z« of impellers.

9.7 CFD Setup

In principle, the same features are available as for the CFD setuglzaﬁ of impellers.
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9.8

9.9

Model settings

? Stator | Model settings .ﬂ

In principle, the same features are available as for the model settingslge'ﬁ of impellers.

Model finishing

? Stator | Model finishing %

In principle, the same features are available as for the model ﬁnishinglﬁﬁ of impellers.
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10 Volute

? Volute
This chapter describes in detail the design process for wlute type components
featured in CFturbo.

The content reflects the design steps in the sequence they are encountered
during the design process.

Design steps

< Inlet definition[+0d)
- Cross section] 408

+ Spiral development areas| 7

 Diffuser[
- Cut-water] ssh
- Model settings [+

+ CFD setup[+h

10.1 Setup & Inlet

? Volute | Setup + Inlet @

The first design step of the wlute is to define the inlet side. It consits of 2 steps:
(1) Setup[+od

(2) Inlet details [
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Values ||r..'|erir_iian |

Schematic sketch for illustration onby v Automatic fit view

r

(]
-]

;

BN

10.1.1 Setup

On right panel Information on
page Meridian you can find a
meridional preview (z, r) of the
designed wolute inlet.

The outlet of the upstream
component is represented
schematically in gray, the interface
position in brown.

Auto fit view results in automatic
scaling of the diagram if geometrical
values are changing.

On page Setup you can define some general properties used for the spiral design.

Depending on the project type different input parameters are required (see below).

for pumps, ventilators, compressors
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Setup & Inlet

© Setup @ Inlet details Information

Values Weridian

J  Set default

L

[v Autematic fit view

Volute type

) Double volute

Design flow rate

Volumetric efficiency  nv [38 % 33
Flow factor Fa [l

Spiral inlet

Inlet diameter din EB mm 28
j [10.5
Inlet width bin mm a7

31

\

\/ oK v‘ 2 Cancel | ? Help

for turbines
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Outlet definition
© Setup # Outlet details Information
Values Weridian
J  Set default
Schematic sketch for illustration only [v Automatic fit view
Volute type ] r[mm]

(®) Single volute 1
(") Double volute ]
30 ]
Design flow rate |
Volumetric efficiency v [100 % -

Flow factor Fat e \ /
Spiral outlet i
Outlet diameter dQut |54 mm 2
Dutlet width bOut |7 mm g
Flow angle a3 : 24

_ z [mm]

T T [ T 1T T [ T 1 [ T 1 [ 117 {1

-05 15 35 55 75
\/ oK v‘ 2 Cancel ? Help
Volute type

¢ Single wolute (default)
This simple type is commonly used and has a single cut-water.

¢ Double wolute
A second cut-water (splitter) is designed in order to reduce the radial forces.

Design flow rate

* Volumetric efficiency n,, (default: 1.0)
to consider any internal volumetric losses (recirculation)

¢ Flow factor FQ (default: 1.0)

for over dimensioning, particularly for better efficiency at overload operation

Spiral inlet (outlet for turbines) b

In

A
|

* Inlet diameterd, (d,)

—_——— -

* Inlet width b, (b,)

* Abs. flow angle a, (turbines)

© CFturbo Software & Engineering GmbH



404

CFturbo 10

Please note:

For stand-alone volutes you have to define the inlet interface first, see Inlet Details[ 9, instead of
specifying d, and b,  values.

[for pumps, ventilators, compressors]

d, and b, are suitable to the previous component outlet. If the previous component is an impeller d,

and b, are determined using the ratios d,/d, and b,/b,, which are calculated from functions

dependent on the specific speed ng (see Approximation functionm).

Clicking on the Set Default button at top recalculates the standard values.

A short distance between the impeller and the cut-water is desirable for reasons of flow. For acoustic
and vibration reasons, however, a certain minimum distance is necessary. The inlet width b, should

be chosen such that the width/height ratio at the end cross-section of the wolute is close to 1. The
ratio b,/b, can be varied within a relatively wide range without significant negative effect on the

efficiency. For radial impellers with open impeller sides, values up to b,/b,=2 are possible. At higher
specific speeds (wider impellers), howewer, high width ratios have a negative effect on flow (intensive
secondary flows, turbulence losses). In this case, b,/b, should be between 1.05 and 1.2.

Values d, and b, are coupled to the corresponding interface values )

[for turbines]

do, @nd by, has to be set by the user.

Information

Various calculated values are shown, for information purposes, on the right side (Values):

Calculated internal flow rate Q, Qi =Fq -Q/ny
Inlet/Outlet diameter ratio d,/d,
Inlet/Outlet width ratio b, /b,
Inlet/Outlet meridional velocity Cn
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Inlet/Outlet circumferential velocity |C,

Inlet/Outlet velocity c

Inlet/Outlet flow angle a

10.1.2 Inlet details

On page Inlet details the details of the inlet interface can be specified.

Details: see Interface Definition[ 38)

Setup & Inlet
O setup 8 Inlet details Information
Coupling to L Values Meridian
Upstream Outlet ?JL L TIEETEg
. Design point:
== Volume flow a 36 mh
Hub z[3.5 mm r[30 mm Rotational speed n 3000 imin
Mass flow m 09932 kg's
Shroud z[3.5 mm r (3 mm Head H iZm
Y | I Power output PG  0.031335 kW
Inlet Additional casing efficiency nc 1.00
i ' C.
,+* Center line // Hub, Shroud Specific speed (EU) nq 39651
Offset az|d mm Ar(1.53 mm
Abszolute z[0 mm ri3ls mm
F—
Width b(10.5 mm
Angle El 180

& OK v‘ X Cancel | ? Hep

Stand-alone volutes

For stand-alone wlutes you have to define the inlet interface first (z and r at hub and shroud side),
instead of specifying d, and b, values at page Setupl il

By using the + button you can transfer this interface definition to the geometry. On the right side on
page Meridian you should see the desired inlet geometry now.
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10.2

Diameter and width ratio

If the upstream component is an impeller then additional edit fields for the diameter ratio d,/d, and
width ratio b,/b, are available. Here you can define the inlet diameter and the inlet width using
empirical functions.

Information

Right in the panel Information on page Values some values are displayed for information. These are
values of the design point (Global setu9|7ﬁ) and flow properties on the outlet of upstream
component.

Cross Section

? Volute | Cross Section Q

The shape of the cross-section of the wlute can be selected here. The general cross section shape
is illustrated whereas the radial extension is assumed (radial scaling can be modified above the
diagram).

In general, very small cross-sections width should be awided. The achievable cross-section shape
strongly depends on manufacturing and the available space.
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72 Cross section B
LI Cross sections illustrate the general cross section shape. The radial extension is assumed. Radial scaling (for illustration only) S e R
= Add section | = Delete section
@, @& ~d-& | 20 B e[l | () Left(Shroud) | Right (Hub) |
zun_r[mm] 180 7 Radius Based (Symmetric)
360 7 Radius Based (Symmetric)
] '
150 '
180 ]
170°]
160 ]
Section properties
150 Base height h ED mm
Cone angle & [35 =
140 ] Main radius R |70 mm
i ue to geometrical constraints
130
Base radius RB |30 mm
Corner radius RCEU mm
120]
110 ]
100]
90 ] Reference components
v Configure...
Z [mm] @
T ——— LI e B B e
_ 4 10 20 30 40 50 60 70 80 50 100 110
Ef’ Show selected section only 0K .‘ X cancel | P Help
130.2: 155.9 100 % %5 Debug

The table contains the cross section definitions (at least 1 cross section). Each cross section is
defined by:

¢ the circumferential position: angle ¢

® (de)activation by selecting the checkbox on the left side (at least 1 cross section has to be
active)

® cross section type on the left side

e optional cross section type on the right side or symmetric

The section definition is running in the range 0° < ¢ < 360°. The section at ¢=0° is flat always -
therefore a section definition at this position makes no sense.

Between 2 neighboring cross section definitions a smooth transition is realized. If only a single
section is defined then this definition is used for all circumferential positions.
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The following cross section types are available:

Rectangular

FE0°
most simple cross-section shape; cannot
TG be achieved in cast parts; only sensible for
low specific speeds, since otherwise the
FFTHE cross-section becomes too large
150°
1200
BO°
0
Trapezoid
\ J60° /
\ 300° S / cannot be achiewved in cast parts; the angle
\\ 240" ___:__7;/ d can be specified; results in a flatter cross-
TEE section than a rectangular cross-section,
\ / with less intense secondary flow
120° £
g0"

Round - symmetric

simple geometry with a beneficial stress
distribution; does not develop on rotation
surfaces

Round - asymmetric, external

more favorable secondary flow structure
than with a symmetrical cross-section; often
with mixed-flow impellers

e Strictly external: cross sections don't
fall below inlet radius

e Open to right: asymmetric development
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to right (pos. z-direction)

e Square on top: square shape on right
top of cross section

Round - asymmetric, internal
limitation of radial extension;
additional bend necessary

see Internal cross sections| s

Bezier - Rectangle type

analogous with Rectangle; with chamfers
(cast radii)

see Bezier cross section[ +1)

Bezier - Trapezoid type

analogous with Trapezoid; with chamfers
(cast radii)

see Bezier cross section| 411
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Line segments

see Line Segments cross sectionl 412

Radius based

see Radius based cross section| 415

Section properties

Here you can specify some properties of the currently selected cross section in the table Sections.

Details can be found in the table abowe.

Display options

Under Display options, changes can be made which affect only the graphics.

Limitations

For double wolutes the cone angle (opening) of all cross sections has to be constant. Therefore round
types and Line segments are not available.

If any of these impossible cross section types are already part of the project then they are converted
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automatically when selecting the double wolute type (see Setup & Inlet[+0). The following message
will be displayed:

e "Volute section type(s) were modified due to double volute requirements."
if any cross section type was modified automatically

e "Cone angle(s) were modified due to double volute requirements."
if the cone angle of any cross section was adapted automatically

10.2.1 Bezier cross section

The shape of a Bezier cross-section is described by a Bezier cune.
'4 3 2
r o = — —&]
I

One half of the shape of the cross-section is described using a 4th degree Bezier polynomial. Points
0 and 4 are the end points and cannot be changed. Point 1 can be moved along a straight line which
corresponds to the cone angle of the cross-section (0° for a rectangle type, & for a trapezoid type).
Point 3 can only be mowed in the horizontal direction in order to guarantee a smooth transition
between the two symmetrical halves. The intersection of the two lines which points 1 and 3 are on is
designated by the letter S and plays an important role in the positioning of Bezier points 1 and 3.
Point 2 can be moved freely and therefore he has the major influence on the shape of the cross-
section. In the first design, point 2 is identical with point S.

Two basic shapes of the cross-section can be selected, rectangular or trapezoid. Only the end
cross-section of the volute is designed, all other cross-sections result from this. Under the heading
Inner point position, you can select whether positioning of the inner points 1 and 3 should be
relative (0..1; O=point 0/4; 1=point S) or absolute (distance from point S). The numeric values of the
positions can be changed by right-clicking on points 1 or 3. If the option Show all points under the
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heading Options is selected, the different positioning methods become apparent.

The minimum curvature radius of the designed contour is shown in the box to the bottom right.

10.2.2 Line Segments cross section

The shape of a Line segments cross-section is described by a series of line segments.

ead

One half of the shape of the cross-section is initially based on line segments arranged in a trapezoid
shape. Points 1 and 4 are the fix start- and endpoint.

All corner points are connected by line segments. The coordinates of each point and the related
corner radius can be adjusted in the context dialog:
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Coordinates and radius of vertex

Using the context menu of a line segment, points can be added at the cursor position or be removed:

Add polygen point

Remove polygon point
Edit segment
EH save polyline

F O Reset

The context menu also offers to display and edit the values of the segment. Either the start- or
endpoint of the segment can be changed. In some cases, like in sample 1, the segment between
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point 1 and 2 has a fixed start point according to the geometrical constraints.

! Angle [7] Length [mm][7.329
I Fixed
| {* Startpoint

i Z [mm] r [mm] |5

" Endpoint ("4

z [mm] 5-3'3'5 r [mm] |'_‘5- 16 %

When moving points the following constraints can be enforced by pressing a key on keyboard:

CTRL Point moves on a circle around the previous point. The radius stays constant while
pressed.

CTRL + Point moves on a circle around the next point. The radius stays constant while pressed.

SHIFT

ALT Point moves on a line between its last position and previous point.

ALT + Point moves on a line between its last position and next point.

SHIFT
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10.2.3 Radius based cross section

The shape of a radius based cross section is described by straight lines and circular arcs.

Y

The geometry is described by the following parameters:

base height h height of the radial base part

base radius Rg rounding between base part and cone part
(radius can be limited due to length of base part and cone
part)

opening angle o) angle of the cone part

corner radius Rc rounding between cone part and main circular arc on top
(radius can be limited due to length of cone part and circular
arc on top)

main radius R radius of main circular arc on top
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10.2.4

Internal cross sections

Internal wolutes are limited in its radial and axial extensions (see gray lines in the picture).

| I Cross sections illustrate the general cross section shape. The radial extension is assumed. Radial scaling (for illustration onty)

Cross section = B

Section definitions
=+ Add section | = Delete section

@, [ B A I B -2 € o[ | Left(Shroud) | Right (Hub) )
T [mm] 360 [ Roundinternal  (not availsble)
340 ]
i |
320 '
— |
i |
300
280
260
Section properties
240 Meck width |4 mm
o] Inner bend snapelzlr‘\ Ay
220 ] i
Outer bend snape ™,
200 ]
Bend area ratio 1.03
180
180 ]
140 ]
120 ] Reference components
7 Configure...
Z [mm] &
T ———— LI o s o s sy e e e L e e e e
ma ¥ Show selected section only 420 0 20 40 60 20 100 120 140 160 180
L& / oK v‘ X Cancel ? Help
93.9:2282 100 % 35 Debug

The additional bend can be described by the following parameters:

Neck width

side distance from wolute inlet to actual wlute cross
sections

Inner bend shape

shape of the inner bend wall

Ratio

semiaxis ratio for quarter bend

Outer bend shape

shape of the outer bend wall

Bend area ratio

ratio of outlet to inlet section of the bend
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10.3 Spiral development areas

? Volute | Spiral development areas @

The spiral development areas can be designed and calculated in this dialog box.

2] Spiral development areas =]
@, ~d - = & A L5} Informational values x [ addiionalViews
End cross section Spiral contour

oo 1T

[v Can be modified
Wrap angle 360 :

Design rule

Pflgiderer Stepanoff User-defined

c, r* =const.

70 7

» Swirl exponent %1

[T Cut-water compensation

nner radius 4

a0 Start angle 270
-10 Thickness 2
20 f f
30
e ]
30 -10 0 10
s
-40 Area progression x
o JArea [mm?]
300
60 j
it 200
'BUE ] Reference components
] 100 ] ¥ Configure..
% [mm] 1 g Config
B T T T T T 4
& 50 40 30 20 -0 0 10 20 30 40 50 60 i Pl S — IAlnglle 1
2 - prs = 0 100 200 300 v o '| X gancsl | 7 teb
39:-122 100 % 35 Debug

The spiral development areas can be calculated manually by pressing the Calculate spiral button or
automatically if the Automatic check box is selected.

e The manual calculation freezes the radial extension of the currently designed cross sections (red
contour curves in the main diagram on the left side).
Any modifications of the Inlet definition[ o or the Cross section| 08 shape result in updated cross
sections while keeping the radial extension of each section constant.
All maodifications in this dialog are not considered as long as the Calculate spiral button is not
pressed.

e The automatic mode updates the cross sections completely if anything was modified in the Inlet
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definition[+00) or the Cross section[+?) dialog.
Furthermore all modifications in this dialog are considered directly by updating all cross sections
completely.

Furthermore the wrap angle can be defined - default value is 360°.

Design rule

You can select the Design rule for wolute calculation, whereas 3 possibilities exist: Pfleiderer,
Stepanoff, User-defined.

+ Details [«0Design Rule[+z0)

Cut-water compensation

In panel Cut-water compensation you can specify parameters for the cut-water design.

+ Details Cut-water compensation| 2]

Circular arc approximation

For spirals with rectangular or trapezoidal cross sections, an approximation by circular arcs is
provided. The arcs are optimized with respect to the maximal deviation from the initial contour, which
is defined by the design rule. Information about the resulting circular arcs (e.g. midpoints, radii and
angles) are shown in the "informational values" view. In addition their details are given as hint of the
arc in the diagram.

Note, that further calculations are based on the initial contour.

Display options

Under Display options, changes can be made which affect only the graphical presentation:

Show - refers to the main diagram with volute contour

Section lines radial angle lines
Cut-water compensation cut-water compensation as a larger inner radius
Circle segments circular arcs of the contour approximation
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Show in cross section — refers to the cross-section diagram

Cut-water section cut-water cross-section
Equivalent diameter (outlet) equivalent diameter (dashed line)
Filled cross sections filled cross-sections

Possible warnings

Problem Possible solutions

It's not possible to calculate spiral contour exactly.
Please check "Volute/ Inlet definition" and geometry.

Spiral sections cannot be calculated due to Too narrow cross section shape can result in
unusual inflow direction or wlute cross section | unreasonable high height-width-ratio. Try to
definition. select another cross section shape.

Volute end cross section is not reasonable.
Check "Volute/ Inlet definition" and geometry.

The properties of the end cross section are not | Check the properties of the end cross section.
reasonable, e.g. the ratio H5/B5 is too low or too
high. See also the hints to the error "It's not possible
to calculate spiral contour exactly.".

Spiral contour calculation failed due to invalid inflow conditions.
‘Check "Volute/ Inlet definition".

Spiral sections cannot be calculated due to The flow angle on wolute inlet should be small
invalid inflow direction. (<~45°, 90° is completely invalid). It can be
checked in "Volute/ Inlet definition", page
"Volute" right at "Values": Flow angle a. The
inlet flow angle is defined by the previous
component. If no previous component exists, the
inflow angle is defined by "Global setup/ Inflow".

Angle of last cross section definition is higher than spiral wrap angle.

One or more cross sections are defined at Adapt circumferential position of the cross
positions ¢ > spiral wrap angle ¢ section definition ("Volute/ Cross section") or
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Problem Possible solutions

spiral wrap angle ("Volute/ Spiral areas").

Cross sections are updated automatically.
Therefore geometry modifications are possible.

Spiral cross section extents are updated To fix the spiral cross section extents you could

automatically if anything on the inlet side or any | uncheck the "Automatic” calculation right top.

spiral properties are modified. Then you have to manually start the calculation
if required.

Cross sections are not updated automatically.
Therefore the design could be not up-to-date.

Spiral cross section extents are not updated To be sure that all parameter modifications are
automatically if any input parameters are considered you could switch to an automatic
modified. calculation by checking the "Automatic” option.

10.3.1 Design rule

The flow rate through a cross-section, A, of the circumferential angle, ¢, is generally calculated as:

ra(‘P)
Q, = [c,dA = [c b(r)dr
Ts
Using Q(p =Q '<P/(27°)
the outer radius r

results in an equation to calculate the circumferential angle, ¢, dependent on

21 ra(®)

=2 e b(r)d
¢ ) r{C (r)dr
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b(r) is a geometrical function which is defined according to the shape of the cross-section. The
velocity ¢ is chosen in accordance with the design instructions. Under Design rule, two alternatives

can be selected.

1. Pfleiderer

Experience has shown that the losses can be greatly minimised if the wlute housing is dimensioned
such that the fluid flows in accordance with the principal of conservation of angular momentum. The
cross-section areas are therefore designed in accordance with the principal of conservation of angular
momentum, i.e. angular momentum exiting the impeller is constant. In addition, an exponent of
angular momentum, X, can be chosen so that the principle c r* = const. is obeyed. When x=1, the

angular momentum is constant. For the extreme of x=0, the circular component of the absolute
velocity cu remains constant at the impeller outlet.
ra(9)
_2nCyry b(r)
Qi r

Ta

The integral can be explicitly solved for simple cross-section shapes (rectangles, trapezoids,
circles). For other, arbitrary, shapes, it can be solved numerically.

2. Stepanoff
Alternatively, it can be beneficial to design the wlute with a constant velocity in all cross-sections of
the circumference. According to Stepanoff, this constant velocity can be determined empirically:

. The constant k_ can be determined dependent on the specific speed n, (see
Approximation function[142)).
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3. User-defined

Contrary to 1. and 2. the geometry progression is defined directly. The end cross section is defined
by radius or cross section area, the distribution by Radius- or Area progression (Set Progressionmﬁ

).

Cut-water compensation

Cut-water is available for external wlutes only. For internal wolutes the cut-water is a result of
intersection of spiral and diffuser.

Some initial cut-water parameters can be specified in the Cut-water section:

Inner radius r,

Informative, see Inlet[ o0l

r, is the inlet radius of the wolute and/or outlet radius of

radial diffusers

Thickness e

Thickness of the cut-water at the start of the wolute (for

compensation)

Compensation ¢,

Angle, above which cut-water correction begins (standard:

270°)

The cut-water does disturb the flow, since the
cross-section of the flow is narrowed suddenly by
the thickness of the cut-water.

To weaken this negative influence, the cut-water
can be corrected. This is achieved by assuming
that from the angle ¢ the inner radius r,

increases linearly to a value of r,+e at the end

cross-section of the wolute. This results in larger
wolute cross-sections in this area, so that the
narrowing of flow caused by the cut-water
becomes less significant.

By clicking on Default, you can return to the
standard values for the cut-water.
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10.3.3 Additional views
The following information - i
. . Addit AN
can be displayed in the ﬁ onatvisws
spiral dialog using the # | Informational values
"Additional views" button: .
3D-Preview
Cross sections
Radius progressicn
Area progression
Area-Radius-ratio
Contour angle progression
3D-Preview
3D model[ :72 of the currently designed spiral development areas.
Informational values
Some informative values relating to the end cross-section are displayed:
Radius r
| o ’
eig
I H, °
Width B
Side ratio H./B
r
c Equivalent diameter s
Area Ag
! Volume flow Qs
Awerage velocity Ce
Static pressure Ps
Density Ps
Temperature T
Mach-number Ma,
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Cross sections

Volute cross sections (z-r)

Radius progression

Radius distribution (¢-r)

Area progression

Area distribution (¢-A)

Area-radius-ratio

Area/Grawvty center radius (r.) distribution (¢-A/R)

Contour angle progression

Angle between the outer spiral contour and the circumferential direction (¢-a). Note, that due to the
differential characteristic of the contour angle, the continuity of this distribution is decreased by one.

10.3.4 Double Volute

Double Volutes are used to compensate asymmetric casing forces that are inevitable for Single
Volutes.

Double Volute design can be activated in the initial volute Setupmﬁ.
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General procedure for Double Volute design

Double wlutes are calculated analogously to Single Volutes. The blockage at splitter leading edge
has to be compensated by splitter compensation (see parameters below), exactly like Cut-water
comgensation@. Furthermore, the calculation of the outer contour is considering the geometry of
the splitter (position, fillet-radius, thickness).

The inner radius of the splitter r_, and thus the Inner area (Il) at ¢ is given by the outer radius r_at ¢-
(pSpI'

The Outer area (I) is calculated based on the Design rulel s« for
* a constant flow rate defined by the splitter start angle (normally 50% of owerall flow rate)
* starting from the splitter outside radius r, =, + Ar.
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Ar

dr

Splitter of Double Volute

For double wolutes you can define additional properties of the spiral and splitter.

The start angle ¢Spl is the angular position where the splitter starts. It also determines the
splitter contour.

The angular offset ApSpl can be used to achieve a radial offset without changing the contour.

The thickness eSpl defines the distance between the inner and outer splitter contour.

The compensation ¢Spl,C is used analogous to the cut-water compensation.

The fillet radius defines the radial corner radius between spiral and splitter surface.
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Splitter of Double Volute

Start angle pSpl|120 :

Angular offset  ApSpl Iﬂi

l“l.Ei mm
Compensation  @SplC |20
Fillet Radius splft mm

Thickness eSpl

Additional views

The progression diagrams contain curves for each part of the wolute, like the area progression below.

Area progression x

|Area [mm?]

300 |

200

100 |

0 T T [ T T T 1 1 p;-nqlil[j

0 100 200 300

Total Innmer volute Outer volute

Beside the default informational values| 2 separate values for inner and outer part of the wolute are
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reported.
Furthermore 2 additional ratios are displayed:
e Expansion of outer wolute (using end point of blue curve / start point of blue curve)

¢ Ratio of outer to inner throat (using end point of blue curve / end point of green curve)

10.4 Diffuser

2 Volute | Diffuser '/

The geometry of the outlet diffuser can be designed and calculated in this dialog box.

2 Diffuser = B

@, [ ~H -~ = L3 Q, Diffuser | Informational values x [ addtional Views
Y fmm] 1 ut L Direction
Tangential Radial Spline
100
30 Angle 1 °
80 1
Dimensions
70 ] xy-plane | z-direction l
60 Height He [73.234
Cross sections x = mm
507 T [mm] Rotation start angle 0 [58.327 :
E R\ [~ Vertical outflow direction
40
1 80 ] End cross section
B Circle Rectangle
x4 Diameter Dﬁlzzt.s mm
10
el Section progression
L Position of end shape B5 %
-0
z !t growth o %
-20
ol Area progression  Quadratic area -
-30
-40
-50
30
-60
70 Reference components
~ Configure...
E x [mm] & g
w5
40 20 0 20 40 20 Z [mm
—— — | % cancel | 7 Help
ol - L £ h
47.3:100.3 100 % %8 Debug | (W) = s

In general, 3 basic shapes are available:
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Tangential diffuser

Radial diffuser
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Spline-diffuser

The tangential diffuser is easier to manufacture, the radial diffuser has the advantage of minimizing
tangential forces. The spline diffuser is similar to the radial but with extended flexibility.

Tangential diffuser

For the tangential diffuser the excentricity can be specified:

ﬁ] The right side is parallel to the center line (perpendicular to the last spiral cross section).
The diffuser opens to left side only.

”EF The diffuser opens to both sides (default).

[EF The left side is parallel to the center line (perpendicular to the last spiral cross section).
The diffuser opens to right side only.

12T The excentricity can be specified manually.

Radial diffuser

In the case of a radial diffuser, the angle € between the outlet branch and the line connecting
impeller-center and outlet branch center can be selected.

Spline diffuser

For the Spline-diffuser the angle ¢, between connecting line impeller-center <> outlet branch center
and diffuser start section has to be defined. Points 0 and 4 are start and endpoint of the middle line
on the inlet and outlet cross section, point 2 is fixed by the intersection of appropriate perpendiculars
of these sections. Position of points 1 and 3 influence the curve shape of the middle line.
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By clicking on Default, you can return to the default values for the diffuser geometry.

Dimensions

The extension of the diffuser can be defined in panel Dimensions. Parameters in the x,y-plane can
be specified, as well as a rake of the diffuser in z-direction.

For all diffuser shapes the extension is
defined by the diffuser height hg, which is the
\ distance from the diffuser outlet to a parallel
line through the center point.

The distance Cq from the h-line to the center

point is displayed for information, both in the
diagram and numerical in the Information
panel.

agm?/

Additionally the starting position of the diffuser is defined by the angle ¢,, whereas 0° is horizontal

right. The whole wolute can be rotated by this value. By using the button Vertical outflow direction
the wolute can be rotated for vertical direction of the pressure joint.

The diffuser bending in z-direction is described by the parameters shown in the sketch.

There exist 2 straight segments 1, 3 and a circular segment 2. The lengths L, L, and L, are
specified as percentage.

The curvature is defined by the radius R, the direction by the angle a.

The z-bend is illustrated in the diagram by a green center line.
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center line
z-bend

End cross-section

The end cross-section of the diffuser can be either round or rectangular. The diameter Dy can be

directly defined or selected from standard tables. In the case of a rectangular end cross-section the
height Hg and width B can be chosen.

Section progression

The position of end shape specifies the percentage position along the diffuser, where the type of
end cross section is reached (default = 100%). To reach certain cross section areas a scaling of
those sections is necessary. Instead of just scaling uniformly in both directions (z and r) a scaling
ratio (z/r growth) can be defined.

The choice of the area progression influences the scaling of the morphed cross sections.

Linear blending

The morph between two different cross sections is linear which results in an
quadratic area progression. (unscaled)

Linear area

The size of the morphed cross sections is scaled to achiewve a linear area
progression.

Quadratic area

The size of the morphed cross sections is scaled to achieve a quadratic
progression from the diffuser inlet to the end shape position. The progression to
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diffuser outlet is linear again.

Custom area

The size of the morphed cross sections is scaled with respect to a Beziér
cune.

Splitter of Double Volute

The position of splitter end defined the relative length of the splitter inside the diffuser.

Display options

Under Display options, changes can be made which affect only the graphics.

10.4.1 Additional views

The following information ﬁ Additional Views |v|

can be displayed in the :
diffuserl dialog using the 3D0-Preview
"Additional views" button:

3D-Preview

<

Informational values

<

Cross sections

Area progression

3D model[ 72 of the currently designed diffuser geometry.

Informational values

Some informative values are displayed:

Equivalent diameter DIN Diameter of the equivalent circle at the diffuser
inlet

Equivalent diameter DOUT Diameter of the equivalent circle at the diffuser
outlet

Area AIN Area at diffuser inlet
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Area AOUT Area at diffuser outlet

Deceleration ratio AR Ag = D52/D62

Length L Length of the diffuser

Angle to middle ¢ Angle between connecting line impeller-center <>

outlet branch center and diffuser start section

Center distance C Distance from the h,-line to the center point
Cone angle 3 Cone angle from D, to D over the length L
Diffusor radius R Radius of middle line (for radial diffuser only)

Cross section

Volute cross sections (z-r)

Area progression

Area distribution (I-A)

10.5 Cut-water

? Volute | Cut-water ~5

The geometry of the cut-water can be designed in this dialog box.
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2] Cut-water - B
o PN O, st 5 assinavens <
o0 T [r fmm] Design mode
60l Simple Fillet Sharp
20 ] Fillet radius R[5 mm
Diffuser base
1 o5
70 50 form facter
b Spiral start postion 13
B W Automatic
0] 40 7] Surface transition  Automatic -
40
30
30
o v Equivalent diameter (inlet) z [mm
v ]
[#lp |4 Cut-water section
10
Area progression x
0] 4zp JAred [mm?]
-10]
450 )
-20]
1 4407
-30
0] 420 ]
50 4
400 Reference components
] W Configure...
50 X [mm] i confg
L A B B o A B J
o [ ¢ 0 @ % a w0 £ Length [mm] | |
= ' OK | XCancel| ? Help
58.1:85.0 104 % 3§ Debug 0 w = = @

Generally, the cut-water can be designed in three modes: Simple [, Fillet[+9 or Sharp[s3),

Splitter of Double volute

The leading/trailing edge axis ratio specifies the ratio between the minor and major axis length of
an ellipse, representing the leading and trailing edge of the splitter.

Limitations
General The wrap angle[«7 must be at least 330°.
Simple For cornered spiral cross sections the side position is fixed to the corner position

and cannot be modified individually.

Rounding of cut-water edges (Round edges) is possible only if side position is
higher than the position of maximum curvature and if no radial offset is defined.

Radial offset is available for strictly external wolutes with 360° wrap angle only.
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AL Fillet cut-water is not available for cornered cross sections, either spiral or diffuser.

Intersection of spiral and diffuser geometry is necessary to create a fillet cut-water.

Fillet cut-water is usually not possible, if the spiral development is at the beginning
very flat and a tangential diffuser with a big end cross-section is chosen.

For asymmetric spiral cross sections, only non-tangential surface transition is
available.

I Sharp cut-water is not available for cornered cross sections, either spiral or diffuser.

Intersection of spiral and diffuser geometry is necessary to create a sharp cut-
water.

Cut-water design is not available for internal volutes.

Possible warnings

Problem Possible solutions

Cutwater is self-intersecting.

Cut-water faces intersect each other. The problem might have various reasons.
Therefore, modify spiral, diffuser or cutwater
design.

E.g. define a flat radius progression at the start
of spiral development areas|«1), or change
angular position / radial offset of the
cutwater.

3D-Error: Could not create bounded surface for Cut-water.Patch!

The side position should not be too low when

Parameter side position is disadvantageous.
edges are rounded.

3D-Error: Could not create fillet for Cut-water! Possibly, the fillet radius is too large.
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Problem Possible solutions

[for asymmetric volutes] Modify the Position of end shape[ ) in the
Diffuser dialog to awid wawy intersection curve.

Fillet cannot be created because intersection
curve of spiral and diffuser is wawy.

[for asymmetric volutes] Modify Spiral start position

Fillet cannot be created because intersection
curve of spiral and diffuser is tangential to the
sharp diffuser edge.

10.5.1 Simple

The simple cut-water is a rounding-off between spiral and diffuser.
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Design mode

Simple Fillet Sharp

Angular position pC,0 IZ.T =

(7] Min. value = 17.3

Radial offset ArC |0 mm
Cut-water height 0.1 .11
Side position [n.08s5 NEE

[v Round edges

The rounding is defined by the angular position
9. o (0°=start of wolute). Underneath, the minimum

necessary angular position is displayed to prevent
overlap of the actual wlute and the diffuser.

Additionally, the diffuser can be
shifted in radial direction by the
radial offset Ar. to reduce the

intersection of spiral and diffuser.
This radial offset corresponds to
the cut-water thickness.
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Side position defines the
transition position from the central
rounding surface to the side
surfaces. For asymmetric spiral
cross sections two independent
values can be specified for left and
right side.

The created edge can be rounded
optionally (Round edges).

The cut-water height has a
similar effect like side position and
defines the transition position of
the cut-water surface on the spiral
outlet.
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10.5.2

SidePos=0

SidePos=05

Cut-water

height |

v

The cut-water itself is designed by a 4th order Bezier curve. The shape can be modified interactively

after zooming in (Zoom Cut-water).

Fillet

For fillet cut-water design the spiral and the diffuser are trimmed and rounded at their intersection
cune.
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Prerequisites:

* The wrap anglem must be high enough so that spiral and diffuser intersect.

Design mode

Simple Fillet Sharp
Fillet radius R (0.54 mm

Diffuser base
form factor

Spiral start position 27

[v Automatic

Surface transition  Non-tangential

|

[Ta]

-

The corresponding fillet radius can be specified.

Additionally, the Diffuser base form factor defines the
roundness of the first diffuser cross section on its base
side and is between 0.2 and 1:

¢ 0 = cornered base side (like spiral section)
e 1 = full rounded base side

The factor affects the shape of the intersection cune
and therefore the shape of the cut-water.
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Diffuser base form factor
—s=— 0.0

—— 10

e e
"‘**HHMO‘*."

Diffuser base form factor for around spiral cross section

Diffuser

Compares diffuser base form factor of 0.2 and 1.0 for a spiral cross section of type line segments

The Spiral start position indicates the angular position at which the spiral begins and influences the
intersection of spiral and diffuser. It has to be at least 1° and must be lower than the intersection
position of spiral and diffuser. If Automatic is activated the optimal angular position is determined
automatically.

The Surface transition defines the transition from the side patch surfaces to the central fillet
surface:

¢ Tangential: Tangential transition between both surfaces (Time-consuming)
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¢ Non-tangential: No tangential transition between both surfaces

e Automatic: Tries tangential transition. If it fails, a non-tangential transition is used. (Time-
consuming)

If the fillet cut-water mode has been
chosen, the 3D-model is set to the
model state| 2] "Solids only" after
every update of the design because
only then the spiral and diffuser
surfaces that are trimmed according to
the fillet are visible.

10.5.3 Sharp

For sharp cut-water design the spiral and the diffuser are trimmed only at their intersection cune. The
resulting geometry can be processed in the CAD system.
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Prerequisites:
e The wrap angle[«7 must be high enough so that spiral and diffuser intersect.

Design mode

Simple Fillet Sharp

10.6 CFD Setup

The designed geometry can be extended by virtual elements.

* Through-flow area
Inlet and outlet surface of the flow domain.

* RSI Connection
If a Rotor-Stator-Interface (RSI) is existing on the inlet side of the component, an existing gap
between this RSI and the wolute inlet can be closed automatically by the RSI connection.
These surfaces provide a simplified, closed wolume model for flow simulation neglecting
impeller side chambers or other casing parts.

These extensions are to be used for flow simulation (CFD) and are virtual only.
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CFD Setup

[v Through-flow area

nlet and outlet surfac

[
i)

 OK | xgancel| P Hep

10.7 Model settings

? Volute | Model settings Iﬂ

On dialog Model settings you can specify how many data points are to be used for the 3D model
and for the point based export formats.

The number of points can be set for both cases separately for all geometry parts.

= Spiral: Cross sections, points per cross section
= Diffuser: cross sections
= Cutwater (sides): Cross sections, points per cross section

The cutwater cross sections setting does not refer to the center face, because its section
count is determined by the number of points of the spiral and by the side Qositionm.
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Model settings Model settings
! 3D Model | Point Export | 3D Model | Point Export |
— Data points — Data points
Thesze numbers of data points are used for the These numbers of data points are used for
30 model. point-based export to external applications.

Presetting Coarse | Middle |

Spiral O cti E5 15...30 |7_2 3
pira IEEEEERLLE Spiral Cross sections 18...100
vints per section : Points per section 72 18...100

Diffi Cross secti 15 5...30

ruser ross sectons Diffuser Cross sectinnsliﬂ 5 50
Cutwat Cross secti 15 5..40

utwater ross sectons Cross sectinnsliﬂ 5 50

(zides) Cutwater

) ) (sides)
Points ction [15 10..40
oints per section Points per section EU 10...100

— Distance tolerance
— Length unit for export
Maximum distance between sewed faces, e.g.
solid faces.

Tolerance |0.2 mm O

Select the appropriate unit to use for point-based
data export to CAE software.

| tmmi] Milimeters -
|.~/ oK | xgancel| P Help | |./ oK | xgancel| P Hep |
Presetting
Presetting
Coarze | Widdle | Fine

Select from 3 global presettings.
Distance tolerance

(3D Model) Tolerance [0 mm &

The distance tolerance defines the maximum allowed distance
between sewed surfaces, e.g the faces of a solid.

If it is too small, the solids cannot be created.
If it is too big, small faces are ignored when creating a solid.

Length unit for Export
(Point Export) (mm] Milimeters -

The length unit for the geometry export can be selected. Please
select the appropriate units when importing data to the chosen
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CAD software.

When a new volute is created the model settings of the last opened wlute are adopted.
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11  Appendix

11.1 References

GENERAL

Willi Bohl, Wolfgang Elmendorf
Strdomungsmaschinen 1+2
Vogel-Verlag, 2008

Werner Fister
Fluidenergiemaschinen Bd. 1 und 2
Springer-Verlag, 1984 und 1986

Wolfgang Kalide
Energieumwandlung in Kraft- und Arbeitsmaschinen
Hanser-Verlag, 1989

Carl Pfleiderer, Hartwig Petermann
Strdomungsmaschinen
Springer-Verlag, 1991

Joachim Raabe
Hydraulische Maschinen und Anlagen
VDI-Verlag, 1989

Arnold Whitfield, Nicholas C. Baines
Design of Radial Turbomachines
Longman Scientific & Technical, 1990

PUMPS

Johann F. Gilich
Kreiselpumpen
Springer-Verlag, 1999

Kurt Holzenberger, Klaus Jung
Kreiselpumpen Lexikon
KSB AG, 1989

Val S. Lobanoff, Robert R. Ross
Centrifugal Pumps, Design & Application
Gulf Professional Publishing, 1992

Michael Schwanse

Stromungsmechanische Auslegung und Nachrechnung von radialen und diagonalen
Kreiselpumpenlaufradern

Dissertation, TU Dresden, 1990
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A. J. Stepanoff
Centrifugal and Axial Flow Pumps
John Wiley & Sons, 1957

John Tuzson
Centrifugal pump design
John Wiley & Sons, 2000

Walter Wagner
Kreiselpumpen und Kreiselpumpenanlagen
Vogel-Verlag, 1994

Gotthard Will

Kreiselpumpen

in: Taschenbuch Maschinenbau, Band 5

hrsg. von Hans-Joachim Kleinert, Verlag Technik Berlin, 1989

VENTILATORS

Leonhard Bommes, Jirgen Fricke, Reinhard Grundmann
Ventilatoren
Vulkan-Verlag, 2003

Bruno Eck
Ventilatoren
Springer-Verlag, 1991

Thomas Carolus
Ventilatoren
Teubner-Verlag, 2003

COMPRESSORS

Ronald H. Aungier
Centrifugal Compressors
ASME Press, 2000

Klaus H. Ludtke
Process Centrifugal Compressors
Springer-Verlag, 2004

Bruno Eckert, Erwin Schnell
Axial- und Radialkompressoren
Springer-Verlag, 1980

Davide Japikse
Centrifugal Compressors Design and Performance
Concepts ETI, 1996
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N. A. Cumpsty
Compressor aerodynamics
Krieger publishing, 2004

Ernst Lindner

Turboverdichter

in: Taschenbuch Maschinenbau, Band 5

hrsg. von Hans-Joachim Kleinert, Verlag Technik Berlin, 1989

Members of the staff of Lewis Research Center
Aerodynamic design of axial-flow compressors
NASA SP-36, Washington, D.C. 1965

P. de Haller
Das Verhalten von Tragflligelgittern in Axialverdichtern und im Windkanal
Brennstoff-Wé&rme-Kraft, Band 5, Heft 10, 1953

TURBINES

Ronald H. Aungier
Turbine Aerodynamics
ASME Press, 2006

Hany Moustapha, Mark Zelesky, Nicholas C. Baines, Davide Japikse
Axial and Radial Turbines
Concepts NREC, 2003

Further literature

John D. Stanitz, Vasily D. Prian

A rapid approximate method for the determining velocity distribution on impeller blades of centrifugal
compressors

NACA Technical note 2421; July 1951

John David Anderson, R. Grundmann, E. Dick
Computational Fluid Dynamics: An Introduction
Springer-Verlag, 1996

Redlich, O., Kwong, J.N.S.
On the Thermodynamics of Solutions. V. An Equation of State. Fugacities of Gaseous Solutions,
Chemical Reviews. 44, No. 1, pp. 233-244, 1949

Aungier, R.H.
A Fast, Accurate Real Gas Equation of State for Fluid Dynamic Analysis Applications,
Journal of Fluids Engineering, Vol. 117, pp. 277-281, 1995

Giorgio Soave
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Equilibrium constants from a modified Redlich-Kwong equation of state.,
Chemical Engineering Science. 27, No. 6, pp. 1197-1203, 1972

Peng, D.Y., Robinson, D.B.
A New Two-Constant Equation of State,
Industrial and Engineering Chemistry: Fundamentals, Vol. 15: pp. 59-64, 1976

11.2 Symbols

Symbol |Description

a Angle of absolute flow to u

B Angle of relative flow to u

o Deviation angle flow / blade

S, Swirl number

T Obstruction of flow channel by blades

0] Angular velocity

p Density

n Efficiency

U] Pressure coefficient

o} Thickness in circumferential direction; Speed coefficient
(0] Wrap angle; Flow coefficient

A Cross section area

b Width

c Absolute velocity

Con Meridional wvelocity (¢ =w, )

c, Circumferential component of absolute velocity
d Diameter

F Force
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Symbol | Description

h Enthalpy

H Pump head

i Incidence angle

L Length

M Torque

m Mass flow

N Number of revolutions

n, Ng Specific speed

p Pressure

P Power

Q Flow rate

r, R Radius

S Orthogonal thickness

S Static moment

u Circumferential velocity (Rotational speed)
Y Velocity

w, Circumferential component of relative velocity (w,+c =u)
w Relative velocity

Y Specific energy

z Geodetic height; Number of blades

11.3 Contact addresses

Development, Sales, Support

CFturbo Software & Engineering GmbH
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11.4

www.cfturbo.com

Unterer Kreuzweg 1
01097 Dresden, Germany

Phone: (+49) 351 40 79 04 79
Fax:  (+49) 351 40 79 04 80

Friedrichstral3e 20
80801 Munich, Germany

Phone: (+49) 89 189 41 45 0
Fax:  (+49) 89 189 41 45 20

License agreement

Software Cession and Maintenance Contract

between
CFturbo Software & Engineering GmbH
Unterer Kreuzweg 1, 01097 Dresden (Germany)

- hereinafter designated the 'Licensor' -
and

the CFturbo user

- hereinafter designated the 'User' -

§ 1 LICENSE AGREEMENT

By virtue of this agreement, the User acquires from the Licensor the non-transferable and non-
exclusive right to use the software 'CFturbo’ (hereinafter designated the 'Software") for a period of
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time, in exchange for the licence fee agreed between the Licensor and the User.

1. Licence Object

The User acquires a nodelocked license or a license for one local office network (LAN) at one
distinguished location of the company.

The program package consists of a data medium (CD-ROM or DVD) with the Software and a user
manual in the form of a PDF file. In the event that the Software was downloaded from the official
website of the Licensor, the program package consists of the corresponding installation file including
electronic documentation.

2. Duration / commencement of the licence

The User obtains the right to use the Software. The right is obtained after the payment of the full
licence fee and implicitly expires at the end of the arranged time period.

4. Right of Use

(1) In accordance with this contract, the Licensor grants the User a right of use to the Software
described under 1. as well as a right to use the necessary printed matter and documentation. The
printing-out of the manual for the purposes of working with the Software is permitted.

(2) The User may duplicate the Software only insofar as the duplication in question is necessary for
the use of the Software. Necessary reasons for duplication notably include the installation of the
Software from the original data medium onto the mass storage of the hardware used, as well as the
loading of the Software into the RAM memory.

(3) The User is entitled to perform duplication for backup purposes. Howewer, in principle, only a
single backup copy may be created and stored. The backup copy must be labelled as being a
backup copy of the ceded Software.

(4) If, for reasons of data security or the assurance of a fast reactivation of the computer system after
a total failure, the regular backing-up of the entire dataset including the computer programs used is
essential, then the User may create the number of backup copies which are compulsorily required.
The data media concerned must be labelled accordingly. The backup copies may only be used for
purely archival purposes.

(5) The User is obliged to take appropriate measures to prevent the unauthorized access of third
parties to the program including its documentation. The supplied original data media, as well as the
backup copies, must be stored in a location protected against the unauthorized access of third
parties. The employees of the User must be explicitly encouraged to obsene these contractual
conditions as well as the provisions of copyright law.

(6) Additional duplications, also including the printing-out of the program code on a printer, must not
be created by the User. The copying and the handover or transfer of the user manual to third parties
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is not permitted.

5. Multiple Use and Networks

(1) The User may use the Software on any hardware available to him, provided that this hardware is
appropriate for the use according to the Software documentation. In the event of changing the
hardware, the Software must be erased from the previously used hardware.

(2) The simultaneous reading in, storage or use on more than one hardware device is not permitted
unless the User has acquired multiple-use licences or network licences. Should the User wish to use
the Software on multiple hardware configurations at the same time, for example to permit the use of
the Software by several employees, he must purchase the corresponding number of licences.

(3) The use of the ceded Software on different computers on a network or another multiple-

workstation computer system is permitted, provided that the User has purchased multiple-use
licences or network licences. If this is not the case, the User may only use the Software on a
network if he prevents simultaneous multiple use by means of access protection mechanisms.

6. Program Modifications

(1) The disassembly of the ceded program code into other code forms (decompilation) as well as
other types of reverse-engineering of the different manufacturing stages of the software, including a
modification of the program, is not permitted.

(2) The removal of the copy protection or similar protection mechanisms is not permitted. Insofar as
the trouble-free use of the program is impaired or hindered by one of the protection mechanisms, the
Licensor is obliged to remedy the fault on an appropriate request. The User bears the burden of proof
of the impairment or hindrance of trouble-free usability as a result of the protection mechanism.

(3) Copyright notices, serial numbers and other marks used for program identification purposes must
in no event be removed or modified. This also applies to the suppression of the screen display of
such marks.

7. Resale and Leasing

Resale and leasing of the Software or other cession of the Software to third parties is only permitted
with the written agreement of the Licensor.

8. Warranty

(1) The Licensor makes no warranty with respect to the performance of the Software or the obtained
data and the like. He grants no guarantees, assurances or other provisions and conditions with
respect to the merchantability, freedom from defects of title, integration or usability for specific
purposes, unless they are legally prescribed and cannot be restricted.
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(2) Defects in the ceded software including the user manuals and other documents must be
remedied by the Licensor within an appropriate period of time following the corresponding notification
of the defect by the User. The defect is remedied by free-of-charge improvements or a replacement
delivery, at the discretion of the Licensor.

(3) For the purposes of testing for and remedying defects, the User permits the Licensor to access
the Software via telecommunications. The connections necessary for this are established by the
User according to the instructions of the Licensor.

(4) A right of cancellation of the User due to the non-granting of use according to § 543 para. 2
clause 1 no. 1 of the Civil Code is excluded insofar as the improvement or replacement delivery is not
to be regarded as having failed. Failure of the improvement or replacement delivery is only to be
assumed if the Licensor was given sufficient opportunity to make the improvement or replacement
delivery.

(5) Furthermore, the statutory regulations also apply.

9. Liability

(1) The claims of the User for compensation or replacement of futile expenditure conform, without
regard to the legal nature of the claim, to the existing clause.

(2) In the Software, it is a question of a design procedure. It is considered to be purely an
approximation method. The Licensor is not liable for the functioning of the data obtained in practice,
for the manufactured prototypes or components, or for possible consequential damages resulting
therefrom.

(3) The Licensor is liable for damage inwlving injury to life and limb or to health, without limitation,
insofar as this damage is the result of a negligent or intentional breach of obligation on the part of the
Licensor or one of his legal representatives or vicarious agents.

(4) Otherwise, the Licensor is liable only for gross negligence and deliberate malfeasance.

(5) Liability for consequential damages due to defects is excluded.

(6) The abowve regulations also apply in favour of the employees of the Licensor.

(7) The liability according to the Product Liability Act (§ 14 ProdHaftG) remains unaffected.

(8) The liability of the Licensor regardless of negligence or fault for defects already existing on
entering into the contract according to § 536 a para. 1 of the Civil Code is expressly excluded.

10. Inspection Obligation and Notification Obligation

(1) The User will inspect the delivered Software including its documentation within 8 working days
after delivery, in particular with regard to the completeness of the data media and user manuals as
well as the functionality of the basic program functions. Defects determined or detectable hereby
must be reported to the Licensor within a further 8 working days by means of a registered letter. The
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defect notification must contain a detailed description of the defects.

(2) Defects which cannot be detected in the context of the described appropriate inspection must be
reported within 8 working days of their discovery with observance of the notification requirements
specified in paragraph 1.

(3) In the event of the violation of the inspection and notification obligation, the Software is considered
to be approved with regard to the defect concerned.

11. Intellectual Property, Copyright

The Software and all the authorized copies of this Software made by the User belong to the Licensor
and are the intellectual property of the latter. The Software is legally protected. Insofar as it is not
expressed stated in this contract, the User is granted no ownership rights to the Software, and all
rights not expressly granted by means of this contract are reserved by the Licensor.

12. Return

(1) At the end of the contractual relationship, the User is obliged to return all of the original data
media as well as the complete documentation, materials, and other printed matter ceded to him. The
program and its documentation must be delivered to the lessor free of charge.

(2) The appropriate return also includes the complete and final deletion of all installation files and
online documentation, as well as any copies that may exist.

(3) The Licensor may dispense with the return and order the deletion of the program and the
destruction of the documentation. If the Licensor exercises this elective right, he will explicitly inform
the User to this effect.

(4) The User is expressly advised that, after the end of the contractual relationship, he may not

continue to use the Software and, in the event of non-compliance, is violating the copyright of the
copyright holder.

§ 2 SOFTWARE MAINTENANCE
The Licensor performs the maintenance and upkeep of the Software modules included in this

contract under the following conditions. The maintenance of computer hardware is not the subject
matter of this contract.

1. Scope of the maintenance obligation

(1) The contractual maintenance measures include:
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a) The provision of the respectively newest program versions of the Software modules named under
§ 1 no. 1 as free-of-charge downloads. The Software is installed by the User.

b) The updating of the Software documentation. Insofar as a significant change to the functional
scope or operation of the software occurs, completely new documentation will be provided.

¢) On the expiration of the defect liability period resulting from the Software cession contract, the
remedying of defects both in the program code and in the documentation.

d) Both the written (also by fax or e-mail) and telephone advising of the customer in the event of
problems regarding the use of the Software as well as any program errors that may need to be
recorded.

€) The telephone advice senice (‘hotline’) is available to customers on working days between 9.00
a.m. and 4.00 p.m. (CET).

f) Defects reported in writing or requests for advice are answered no later than the afternoon of the
working day following their receipt. As far as possible, this occurs by telephone for reasons of speed.
The customer must therefore add the name and direct-dial telephone number of the responsible
employee to every written message. For defect reports or requests for advice sent by e-mail, the
answer may also be given by e-mail.

2 The following senices, among others, are not included in the contractual maintenance
senices of the contractor:

a) Provision of advice outside of the working hours specified under § 2 para. 1 letter e).

b) Maintenance senices which become necessary due to the use of the Software on an inappropriate
hardware system or with an operating system not approved by the Licensor.

¢) Maintenance senices which become necessary due to the use of the Software on another
hardware system or with another operating system.

d) Maintenance senices after interference of the customer with the program code of the Software.
€) Maintenance senices with respect to the interoperability of the Software which is the subject
matter of the contract with other computer programs which are not the subject matter of the

maintenance contract.

f) The remedying of faults and damage caused by incorrect use by the User, the influence of third
parties or force majeure events.

g) The remedying of faults and damage caused by environmental conditions at the setup location, by

defects in or absence of the power supply, faulty hardware, operating systems or other influences not
attributable to the Licensor.

2. Payment

(1) If the User has acquired the Software for a limited period of time, then the payment for the
maintenance has already been effected in full with the payment of the licence fee.
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(2) In the event of a right of use for an unlimited period of time, the first twelve months of maintenance
are included in the licence fee. In the following period, the annual maintenance fee can be found in
the enclosed price table. The Licensor is entitled to adjust the maintenance fee on an annual basis in
accordance with the general trend of prices. If the increase in the maintenance fee amounts to more
than 5%, the customer may cancel the contractual relationship.

3. Duration of the Contract

In the case of a time-limited right of use, maintenance contract ends with the expiration of the right of
use of the Software.

In the case of a time-unlimited right of use:

the maintenance contract is extended after the first twelve months by a further twelve months
respectively, unless the User opposes this in writing to the Licensor within a period of 3 months prior
to the expiration.

or

the User may demand, after the first twelve months, a continuation of the maintenance contract by a
further 12 months respectively up to the date of the expiration of the contract. The demand must be
made in writing.

4. Cooperation Obligations

(1) In the transcription, containment, determination and reporting of defects, the customer must
follow the instructions issued by the Licensor.

(2) The customer must specify its defect reports and questions as accurately as possible. In doing
so, he must also make use of competent employees.

(3) During the necessary test runs, the customer is personally present or seconds competent
employees for this purpose, who are authorized to pronounce and decide on defects, functional
expansions, functional cutbacks and modifications to the program structure. If necessary, other work
inolving the computer system must be discontinued during the time of the maintenance work.

(4) The customer grants the Licensor access to the Software via telecommunications. The
connections necessary for this are established by the customer according to the instructions of the
Licensor.

5. Liability

(1) The Licensor is liable only for deliberate malfeasance and gross negligence and also that of his
legal representatives and managerial staff. For the fault of miscellaneous vicarious agents, the
liability is limited to five times the annual maintenance fee as well as to such damage the arising of
which is typically to be expected in the context of software maintenance.
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(2) The liability for data loss is limited to the typical data retrieval expenditure which would have come
about in the regular preparation of backup copies in accordance with the risks.

8 3 MISCELLANEOUS AGREEMENTS
1. Conflicts with Other Terms of Business

Insofar as the User also uses General Terms of Business, the contract comes about even without
express agreement about the inclusion of General Terms of Business. Insofar as the different
General Terms of Business coincide with respect to their content, they are considered to be agreed.
The regulations of the anticipated law replace any contradictory individual regulations. This also
applies to the case in which the Conditions of Business of the User contain regulations which are not
contained in the framework of these Conditions of Business. If the existing Conditions of Business
contain regulations not contained in the Conditions of Business of the User, then the existing
Conditions of Business apply.

2. Written Form
All agreements which contain a modification, addition or substantiation of these contractual
conditions, as well as specific guarantees and stipulations, must be set down in writing. If they are

declared by representatives or vicarious agents of the Licensor, they are only binding if the Licensor
has granted his written consent to them.

3. Notice and Cognizance Confirmation

The User is aware of the use of the existing General Conditions of Business on the part of the
Licensor. He has had the opportunity to take note of their content in a reasonable manner.

4. Election of Jurisdiction
In relation to all of the legal relations arising from this contractual relationship, the parties agree to

apply the law of the Federal Republic of Germany, with the exception of the United Nations
Convention on Contracts for the International Sale of Goods.

5. Place of Jurisdiction

For all disputes arising in the context of the execution of this contractual relationship, Dresden is
agreed to be the place of jurisdiction.
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6. Severability Clause

Should one or more of the provisions of this contract be ineffective or wid, then the effectiveness of
the remaining provisions remains unaffected. The parties undertake to replace the ineffective or woid
clauses with legally effective ones which are as equivalent as possible to the originally intended
economic result. The same applies if the contract should contain a missing provision which requires

addition.
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