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Introduction

ETSIN_CFD is a computer code aimed at the optimisation of ship hull forms based on the
calculations of potential flows with free surface [3] [9].

Nowadays, the numerical simulations carried out on computers have become an irreplaceable tool
for the optimisation of forms. The commonly called CFD (that stands for Computational Fluid
Dynamics) are used in the industry to predict the behaviour of fluids without having to resort to
expensive scale models that simulate a process.

These tools allow us to test a greater number of models in a shorter time and with reduced costs
compared with traditional tests. Thus, it is logical to use them in the first stages of the design in
order to predict concept failures as soon as possible [6].

One of the main applications for the naval industry is the optimization of ship forms and the
calculation of forward resistance. Although the accuracy of the calculation of resistance is quite
low, the potential flow methods are the most common in improving ship forms. The method we
have conceived is of this type.

Numerical results are very interesting because one can visualize the fluid's behaviour at each point
of the hull, whereas towing tests only provide overall results such as the resistance or the trim
angle. For this reason it is much easier to devise modifications aimed at reducing the resistance,
without relying on the investigator’s intuition and experience.

Nevertheless, towing tests in tanks are still necessary. With the present state-of-the-art techniques
it is not possible to compute the total resistance within the precision levels required by the
shipyards and some important phenomena (for example the interaction between the propeller and
the hull) do not yet have a satisfactory model. However, numerical tests allow for the reduction of
the number of scale tests by only needing the construction of one or two models. With these
definite tests, it is possible to determine the propeller and the propulsive plant.

The towing tank of the Naval Architecture Department of Universidad Politécnica of Madrid has
been investing concerted efforts in the development of software for numerous fields, such as
manoeuvrability, seakeeping and, of course, forward resistance optimisation [8].

The works in the field of forward resistance began in the frame of the Spanish Challenge for the
1992 America’s Cup. Since this event has been described on numerous occasions as the "formula
1" of sailing, the basin group had to commit itself completely to the world of the computer
simulations [9] in order to meet expectations. The codes designed at that time, and improved
later, have been put under numerous processes of validation, comparing our results with those
obtained from commercial programs of recognized prestige and with the available experimental
data [4]. At the moment, new programs are still being developed with the purpose of analyzing
more intricate processes like the turbulent flows with formation of vortices, and many efforts are
dedicated to the use of the software that has already been validated with practical aims.

Using this Manual

The analysis of a problem using this code consists of a three stage process: First, the preprocess
that consists in the treatment of geometric forms and grid; Second, the calculation itself; and third,
the postprocess which is the visualization and interpretation of the results.

In agreement with this, we have divided the manual into several different parts. The first one is a
summary of the numerical and mathematical foundations of the calculation module. In the second
part, the setup process of the code is described. The third part consists of a tutorial. Three
practical examples the three necessary steps that we have described previously (preprocess,
calculation, postprocess) are explained.



ETISN-CFD tutorial

Foundations

The panel method

The physical laws that govern the behaviour of fluids (water inside a glass as well as gases at
supersonic speeds) can be summarized in relationships between the variation of fluid speed and
the causes that create this variation. Among these causes are the pressure differences, the
viscosity between particles and finally the action of gravity. In the problems of naval
hydrodynamics (that this software can deal with), viscosity has a residual importance and will not
be considered. Wave generation is basically a non-viscous phenomenon albeit very difficult to
solve.

Since the problem is perfectly well known, one could think it is easy to solve, but this is far from
being true. Except in very simple cases (those without free surface) an analytical solution does not
exist and it is necessary to resort to approximate numerical methods. The tricky part is that an
infinite number of numerical methods exist. A great family is formed by the ones that distribute the
control points across the whole volume of the fluid and later impose on these points discrete forms
of the differential equations that govern the phenomenon. The method used in this report belongs
to the other great family, characterised by having control points on the boundary surfaces of the
domain. Particular solutions are used and are combined to obtain a global flow that fulfils the
boundary conditions of the problem governed by the Laplace equation which refers to the velocity
potential.

As the Laplace equation is linear, we can combine its particular solutions to obtain a new one that
is still a valid solution. The elementary solutions are sources located on the boundaries (discretized
in panels) whose intensities are adjusted in order to have the flow verify the boundary conditions:
impenetrability on the hull and the free surface being a streamline under atmospheric pressure...

The potential speed field produced by a flat panel, on which a uniform distribution of sources has
been placed, is known. Thus, if one considers any panel, and the knowledge of the intensity of the
sources, the speed induced at any point in space can be directly calculated. In the developed
method, both hull and free surface of the water near the boat are represented as two surfaces
formed by panels. One assumes that for each panel there is a uniform distribution of sources,
whose intensities are unknown. Moreover, a control point is located on each panel's centroid. The
control points that lay on the hull have to fulfil one rule: the speed vector has to be tangent to the
panel. The speed vectors located on the free surface of the water must fulfil two conditions:

The cinematic condition that indicates that the speed of the liquid must be tangent to the free
surface

The dynamic condition that requires the pressure to be equal to the atmospheric pressure.

We can combine these two equations in a single equation. The problem consists in figuring out the
value of the sources on each one of the panels so that the conditions are fulfilled for all the control
points.

As opposed to the methods of discrete volumes (finite elements and finite differences), the panel
method has the great advantage of allowing us to obtain more accurate results for the speed field
on the hull surface using a much smaller number of control points. This allows us to do a quick
and relatively precise calculation of the free surface deformation. The optimisation of forward
resistance due to wave generation requires the knowledge of the pressure distribution along the
hull and the deformation of the free surface. This is why the panel method is a good choice in
engineering.
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Technical Notes

It is very important for a correct operation of the program thatthe decimal separator symbol is
assigned to the point and not to the comma. The default option in Windows is the comma. In
order to change this option it is necessary to modify the settings in the regional configuration
menu of the Control Panel.

Example 1: Liner without bulbous bow: “S60”

In this and the following two chapters, 3 examples are presented whose guided execution will let
us explore the system’s possibilities. The first example deals with a ship without bulbous bow. The
second consists in creating the mesh of a ship’s bulbous bow with the corresponding particularities
due to the existence of the bulbous bow. The third example corresponds to a racing yacht with its
corresponding difficulties due to the existence of several appendages. In the first two cases, the
geometric definition is based on a set of lines. In the third case we directly import a definition of
the hull through surface entities.

Pre-processing

The calculations we are going to do are based upon the geometric form of the ship we want to
study. These forms are defined in an IGES file which contains a CAD definition of the hull to mesh.
With this definition, we will try to obtain a set of lines in three dimensions that will let us generate,
by means of surfaces, a computational representation of the submerged part of the hull.

In order to make the preprocess easier, the geometric representation has to meet with a few
reguirements.

Top

L.

Figure 1

The shape shown in figure 3 is ready to start the pre-process. The lines defining this hull are all
connected at the different vertex nodes of the draft.

After the preprocess, the shapes have to become surfaces that cover the entire hull. Keeping this
in mind, it is advisable that the initial drawing be the sort of mesh that facilitates the later
performance of grid generation. Thus, we will try to ensure that this geometric design, formed by
lines, will be the base for those surfaces. Therefore, we will use, as a basis, some frames and
longitudinal lines that define the future surface patches, trying to set them as square as possible.
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We use Rhino© as the CAD software but any other package capable of exporting IGES files (that
will be used by GID) is just as good. In order to illustrate the handling we have used a Series 60
model, available in the examples (S60_0.3DM).

The reason for using a CAD software before generating the mesh is to define the hull with enough
lines for GiD to be able to generate surfaces from them. These surfaces will define the submerged
part of the hull and once processed will be the basis for the mesh generated with GiD.

Meshing with GiD

Using GIiD, the first step is to import the IGES file of the form (/GES read) and to save it (save as)
as a GiD file™.

bill GiD Project: UNNAMED
BB} view Geomety Utilies Dats Meshing Calculate Help

Eew Crl-x Ctrl-n o @l @ ? ‘ 4
Open Ctrl-o (el s =
Save Ctrl-s

Save as Ctrlsc Otrl-s
ImporyExport
Read Batchfile Ctri-b OxF Read Crl-d
[ s Barazalid raad

Figure 2

In order to avoid problems that could occur while using GID, it is safer to copy all the imported
lines to an auxiliary layer. The use of several layers simplifies the meshing work and in some cases
you may have to erase a few empty layers created when reading the IGES file.

With the imported lines, we can generate surfaces using the command Geometry (Create - NURBS
Surface - Automatic). We want them to be exactly defined by 4 lines.

T U Uos Hehis Cocdee Lk

i Vewgeomery  hon | @ 7 1@
| Creoe 4}

Point

Delete k| Line
Edit b A
Arctangents

MURBS line

Obyjpect
Wolume boolean op. *

Figure 3

We notice that all 4 sided-surfaces have not been created. Occasionally the line system is modified
during the importing process of the IGES file. For instance, once imported, a single segment could
be split into two. Thus making it impossible to create surfaces from such lines. To solve this
problem you can use Geometry>Edit=Join Lines end Points and select the 2 lines to be joined. To
rebuild a line we create a polyline from the fragments, geometry> Create Polyline.

Possible errors?_in the surface creation phase:

L Exemple file : S60_0.gid
2 Example file: S60_1.gid
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Figure 4
Error I: 3-sided surface has been created in the stem region.

Cause: The surface that was created has 4 sides but because one is very short, we can hardly see
it. This occurs when we are not careful enough in the previous step.

Solution: Since this surface is not valid, we remove it.

Figure 5

From the two lines that form the side with the small segment we create a polyline with Create

Polyline.
&

Once created, it will constitute a single entity that has to be converted into a NURBS line to ease
its handling. Moreover, each polyline can only be used to bound a single patch which produces
several small shortcomings. We use the Convert to NURBS command to perform this conversion.

Utiities Data Meshing Calculate  Help
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© Create 3
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Divide L4
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Edit Surfhdesh
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Surface
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Figure 6

Error 11: A few panels have not been created.

Causes: it might be that the surface is defined by 5 sides instead of 4. As in error /, there are
incomplete lines. A gap between 2 lines preventing the surface from being created could also exist.

Solution: using a polyline and a NURBS Line, we create a single line from the 2 segments as in
error 1. If the problem is due to the existence of a gap, we have to join the line ends. Since there
are 4 corners for each panel and we do not know which one is the bad one, we have to test them
one by one.

In the example we are studying, the problem is due to the existence of divided lines. We can also
mention the fact that even after joining the lines or creating the polyline and transforming it into
NURBS, we should finally be able to create the surface but this is not always the case. A few nodes
can be misplaced and thus, it is never superfluous to check the connections for these points
through the Join Lines end Points function.

el Utiities Dats Meshing Calculats Help

« Wiew geometry v o @l @ ? | =]

~ Create 3 \\
Delete L3 o

Mave Point

L
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/ Swap arc

7 Edit polyline

j Edit NUREBS line

Edit NURES surfacs \

Hole MNURBS surface
Edit Surfkdash
Conwvert to NLURBS L4
Simplify NURBS &

Figure 7

After fixing these errors and creating all the missing 4-sided surfaces, the model should look like
what is shown in figure &°.

i“*;‘

Figure 8

 Example file : S60_2.gid
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There are still 3 surfaces to be created: one for the stem region and 2 for the stern region. The
surface at the stern end and the one at the stem end, have only 3 sides. The third patch from the
left of the stern region is defined by 5 sides.

Error 111: in some areas, 5-sided patches are the most natural.

Causes: in a few areas, especially for the stern, it is not always easy to only obtain four sided
surfaces.

Solution: by joining two lines we can define these surfaces with only four sides/lines. This will
result in a new problem for the adjacent panel that will not be able to use this new line as an
edge. To solve this, we have to duplicate the original line in order for the nearby panel to use it.

We will now analyse in detail the S60 example where its stern presents an area with such a
problem:
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Figure 9

We are going to apply the previously described method to this surface and more precisely to the
two left segments. Because it is used by a neighbouring panel, we have to duplicate the upper
segment. For this, we use the Copy command.

@

|t |
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o 15 ) : 1
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- ¥ Sty 7 |l
. / . ukpiecopien: |
MO opie: 2 4 [ Erniat [Fress Finish' when sulection |
Selurx[ " / : 8 Srushact I

Figure 10

Once the line has been chosen (in red), press Finish. Since the two lines are superimposed, we will
not notice any change. Before joining it, the new line has to be identified by the function L/st.
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Figure 13

We “encircle” the area containing the elements that we want to identify. In this case we will
choose a small zone that includes part of the original line and the duplicated one.

Figure 11

The following box should appear:

List E ntities
MNURBLIMNE
MNum [52 Lagrer  [====
HigherEnt: ’17 Cond: ’07
Mo meshing information
Initial Pt [14 EndPnt[3

Pnints] Knots ]

Mum FPoints: |39 Degree: |1

Mon rational

1 1.251776.0.000000.-1.050000 i’
2 1.254888,-0.003423,-1.050000

< [~

Length:[3.518733

Llstl Prevl Mexct | Close | Clone |

Use 'Tab' and 'Shift-Tak'

Figure 12

Where ANum identifies the line. We have to also look at HigherEnt which reports the number of
patches that lie on this line. In this case there is only one. We can therefore deduce that line 52 is
the one bounding the stern panel. If we take the next line (copy 53) using Next, we see that no

patch lies on it.

Lets create the line joining line 53 with the lower one. To do this, the best method is to convert
both lines into a polyline by pressing the polyfine button & we select with the mouse the lower
line and with the command /ine we introduce the number corresponding to the upper one (53).

If a message appears saying not correct polyline, the probable cause is that when doing the copy,
both lines were not in contact at their ends. This happens often and is solved with the Join Lines

10
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end Point command(as explained above). For this reason you should be especially careful when
selecting the lines to join. The lower one can be selected with the mouse, but the upper one has
to be selected with the command line with its corresponding number (53). If the previously
mentioned window appears, it means that the only problem was that they were separated.
Therefore, we must press "yes" and make the conversion to "polyline"

& shortest distance is between point

T @ 14 and point 39 =0.000000. Toin
these points? /

Cancel //

Figure 13

Once we have the polyline we can create the surface. Again, problems can appear with the lines
whose endings are not in contact. This is solved once again with the Join Lines end Point

command.

Figure 14

Error 1V: Panels are limited by three lines, instead of the four needed.

Cause: Due to an especially complicated geometry (bow, stern, etc.), some zones are difficult to
define with four lines.

Solution: We must divide one of the lines to solve the problem. This way, we are able to create
four sided panels. It does not matter if the line to be divided is not curved or has something similar

to a vertex.
In our example, this happens for the aft panel and in one of the stems. Let us study with detail the

N

A,
S
/

Figure 15

11
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The line that we have to divide is the only one not bounding any surfaces (defined by red lines).
Lines that bound several surfaces should not be divided as they form the boundary between them.
We use Divide>Near Point function to divide the line.

"R Utie: Dats Meihoa Colculsie el
T Miew goomstng rq\ @ 7 | 4|
~

C Create *

Dielete * -

Bdenee Fomt
Explodea pobdine
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NPT

s oend points
Swap arc FParameatar

Edjt polyline Pokdines

Edit MLIFRBS line Surfaces *

Edit MURHES surlace e
Hole NURBS surface
Edit Surfbdesh
. Corvertto NURBS » [
Tl Simglity NURBS r e

Figure 16

To define the chosen point for the division, the easiest thing to do is to select the line that we
want to divide, right click the mouse and in the contextual menu choose Point in Line. Thus, if we
do not indicate the zone of division very accurately, the program will choose the point on the line
closest to the centre of the mouse pointer.

Fointin line

Fointin surface
Tangentin line
Mormal in surface
Options
Escape

Copy/paste

Duit
Figure 17

We should choose the point that makes the panel as quadrangular as possible. This way, the mesh
will have a more uniform look. In the following figure, the segment where the line was divided is
indicated in red.

Figure 18

Doing the same thing with the stern one, we finish the process of covering the hull with surfaces.

12
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oy

Figure 19
Let us now proceed with the meshing of the hull.

In the Meshing menu, go to Structured - Surface then select the whole hull.
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Beset mesh data
Cancel mesh

Vs

Generate Cirl-g
hdesh view Citl-m
hesh quality

Edit mesh »

Figure 20

Press £5C and a window should appear to request a number of divisions for the surface edges. We
will try first with 5. We press OK and then select the line for these 5 divisions. For example, we can
select the edge of any surface and see what happens. Here, we have selected one of the
waterlines in the central section of the hull. Since the mesh has to be continuous, we can see the
horizontal lines of the surface get automatically highlighted. A surface will have the same number
of cells in the horizontal/vertical direction as its neighbour. Although this is the usual way of
creating the mesh, it has to be modified in some instances, as will be seen later.

Figure 21

13
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Let us press E£SC and Cancel the operation. We have now assigned to these surfaces the proper
number of cells in the desired direction. We can foresee that with the others the same thing will
have to be done. First, we press Generate within the Meshing menu. In the window that appears
there is no need to change anything since the size should be assigned automatically until the
surface is complete.

Figure 22

We already have our first mesh but the definition is not good enough. In this mesh it is possible to
see how in the central area (the five panels previously assigned) appear. Repeating the previous
operation with all the panels we are able to refine the mesh.

For example we select again the whole hull with Structured>Surface in the Meshing menu.
Pressing £SC, we introduce 7 as the number of segments per line, then Ok again and finally,
highlighting all the horizontal lines of the hull to mean that for each horizontal line there must be 7
panels in the mesh. We then press £5C, Cancel, Generate and verify the results.

Figure 23

We can see that for the smallest panels (stern no seria bow ???) the concentration of panels is
greater, as expected. Once this mechanism is properly understood, we can refine the mesh to a
convenient level and start varying the number of rows of cells in the vertical direction until we
consider it sufficient. Again we select the whole hull and assign, for example, the value of 9 panels
per line. In this case vertical lines have to be selected — by highlighting one, the contiguous ones
are highlighted automatically -. The new mesh should look better:

14
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Figure 24

In this initial mesh, in comparison with the upper part of the hull, the bottom part is less defined
as far as number of cells in the vertical direction is concerned. In order to homogenize the mesh it
is necessary to change the number of cells in the vertical direction of the lower vertical lines. We
increase it, from 9 to 14 and regenerate the mesh.

Figure 25

The mesh now looks more homogenous and we are getting closer to a decent result.

We should keep in mind that our mesh must meet certain requirements: It has to have a high
density zone close to the bow since it is in this zone where the potential flow is best calculated
from the non viscous hypothesis. For this reason, we will pay special attention to this area. When
we have a bulbous bow, we have to be more careful since acceptable results highly depend on a
good mesh.

In the intermediate and stern areas, the convergence of the calculated potential flow with the real
one is usually poorer, there is therefore no need for the mesh to be so dense. Having a very dense
mesh makes calculation times higher and memory restrictions apply. If we exceed the capacity of
the ram memory on our computer it will be impossible to make the calculation. A rough estimation
of the necessary ram memory needed for the calculations can be obtained with the formula RAM =
1.2 10° N? (MB). With N being the number of unknowns (n° of panels of half hull and half free
surface panelization). As an example, computers with 256 Mb RAM can solve 5000 panel
problems.

With these principles in mind, we can efficiently refine the mesh. First we are going to improve the
mesh in the aft part. With the Structured>Surface function we select the surfaces in that zone and
change the number of panels in the horizontal and vertical directions until an acceptable mesh is

15
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obtained. One of them could be the following - 5 in the X direction, bow-stern, and 4 in the Z

direction.
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Figure 26
Figure 27
Figure 28

Copy/paste

Contextual
Zoarn
Redraw
Render
Lakel

Rotate

FEan

create another layer in which we will draw the free surface. Once the layer is created and activated

Once the hull mesh is completed4 we go on to create the free surface one. To do this, we will
for use View=Layer>To use>name of the layer - we copy the waterline to the free surface layer.

panels for the stern and central zones. Once the density of panels in the bow zone is properly

We now repeat the same optimisation operation for the bow zone, and reduce the concentration of
increased, we should have a mesh ready for computations.

16

4 Example file: S60_3.gid
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In order to copy the waterline we must have the two layers in on state and the layer of the free
surface activated - 7o use. The next step is to copy the waterline to the new layer using the copy
| command. Within this command context, select lines as the entity type. We then click select
and select the lines that form the waterline of our hull within the drawing. We do this in order to
copy the waterline to the layer in use, the free surface one.

Entiestype:  Lines  —i

Transformation:  Translation —l‘

First point
Num: < [0.0
[ oo
M z (0.0

Second point

Num: < [0.0

[ o — =]
e — |

¥ Duplicate entities

Do extrude: Mo —
=

Multiple copies: [T
Select Cancel

Figure 29

If we now deactivate the layer where the hull drawing is, only the waterline should appear on the
screen.
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Figure 30

The following step is to create the limits of the free surface (the line we have just created will form
part of this limit or contour). It should look something like Figure 31:

EORDPEF T4

PN E AR OO NN

Figure 31

Usually, the fore line is ¥4 LBP forward of the bow and the aft line is LBP aft of the stern.
Therefore, the x length of the free surface mesh is approximately 2.25 times LBP. In the

17
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transverse direction, the line should be around %LBP away from the centre line. Remember that
all this data is a general estimation and only experience with the peculiarities of each case can
suggest appropriate dimensions.

We will now create a line N defined with the command line-from the point (0,0,0) that passes
through the vertexes of the free surface which we have calculated with the previous measures.

This way we are defining the starboard part of the free surface line.

In this particular case the vertexes are: (0,0,0) (-121,0,0) (-121,-90,0) (151,-90,0) (151,0,0)

(50,0,0).

Figure 32

With the command Geometry>Edit>Divide>Near point we split the horizontal line that goes inside

the forward waterline end.
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Figure 33
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Once we have selected the line that we want to divide (red coloured in figure 37), we then indicate

the division point by right clicking the mouse (the Figure 34 context menu should appear).
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Figure 34
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Select Join C-a is with the mouse and then select a zone close to the intersection of both lines.
Once the division is made, we only have to eliminate the line piece that is outside our free surface.

S1EN S
e K

Figure 35

With the erase /ine command activated (Figure 37) we select the one that we want to erase and
we press Esc. The same operation in the bow zone is repeated and we verify that both lines are
joined in the division vertex with the Join lines end point command used previously. The
appearance at this point should be something like:

Figure 36

The last operation before creating the free surface is to convert all these line edges into one single
polyline. From this polyline, a four sided surface will be created in which one of the sides will be
the waterline polyline.

In order to create this polyline we use the icon & and with the mouse drawa box that includes
most of the lines we want to convert. The rest of them can then be selected with the mouse.

Figure 37

After these operations, a new green polyline should appear. If this is not the case, the most
probable reason is that some of the lines are not properly joined and we should check them one by
one. The ones that are separated have to be joined with the Join /ines end point command.

In the end we should have four lines that form a closed perimeter, one of which contains the
starboard part of the waterline. With these lines, we create a four sided surface like we did for the
hull.
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Figure 38

The mesh criteria is stricter here than for the hull, mainly regarding the minimum number of
panels.

Number of panels in the longitudinal direction:

To calculate this number, we have to know the ship’s speed "V" for this case. The characteristic
wave length for this speed is obtained with the formula (=2'n*V%/g). The minimum number of
panels for each complete wave is around 15. Since we know the total length of the free surface,
we can calculate the minimum number of necessary panels in the X direction. In this case, the
length of the free surface is 272 m. If we suppose that the speed is 12 kn. = 6.1728 m/s this
produces 24m long waves. Since we need 15 panels for every 24 meters, we need about 170
panels in the X direction.

Number of panels in the transverse direction:

To adjust the number in the Y direction we have to get an aspect ratio of the panels that is as
close to 1 as possible. This is not always viable since it could lead to a too great a number of
panels for our equipment’s RAM memory. Therefore, this aspect ratio is considered as ideal and
the real limit will always be imposed by the calculation power of our equipment.

As a final consideration, it is important to point out that in order to not exceed the memory limit in
the calculations, we should reduce the number of panels on the hull. We can vary the size of the
free surface, and even experiment with the mesh density in the transverse direction of the free
surface. But we cannot reduce the 15 panels per wavelength for the mesh in the direction of the
free surface.

For S60 case we have used 170X23 panels in the free surface. It looks like this® (Figure 39).

4 SRS I

Figure 39

Special Mesh in the stern region.

® Example file: S60_4.gid
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As we have already commented, ETSIN_CFD calculates the potential flow around symmetrical hulls
and since this is a potential calculation, there is a difference between the calculation and the
experimental results in the stern region. This is because in these zones, viscous effects generally
dominate at low speeds and they are not considered here. This fact means that the results diverge
strongly in the stern region for transom stern ships.

For dry transom stern ships, a specific module of ETSIN_CFD exists in which a different mesh type
is used for the free surface and specific conditions are applied for the stern region.

In our case, we are dealing with ships without transom stern or with a wet transom stern. The
latter type and some others with thicker lines in the stern region can induce bad results unless a
particular mesh is used. This is due to the huge curvature of the panel lines in that region which is
needed to accurately follow the transom waterline. In order to avoid divergences, we will have to
mesh this region of the free surface in a special way. The criterion is to get a smooth union
between the waterline and the centre line a little aft of the stern.

Some examples of these cases are shown in the following figures.
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Figure 40
Figure 41

The mesh of figures 42 and 43 corresponds to a bulk-carrier 185 m long sailing at 9 kts. Due to
such a big length and the low speed of calculation, the mesh had to be very dense. We had to
shorten the free surface at the stern so as not to exceed the computer’s calculation limit. As we
can see, the stern zone has been smoothed at the free surface in order to avoid the divergences
we have just commented on.
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/-'/gure 43

In figures 44 and 45, the mesh was made for a container vessel 200 meters long sailing at 9 kts.
The transom stern is wet. This area was smoothed in the free surface panelization. In order to do
this, the connection of the waterline was made tangential to the centre line.

Process phase: ETSIN_CFD

Once the hull has been meshed, we must proceed with the proper flow calculations. We first have
to define the kind of problem that we want to solve. In our case, the Problem Type will be the one
that we have called E7SIN_CFD. In the Data menu we choose Problem Type. Within this menu
ETSIN_CFD should appear as an option. We select this type of problem and introduce the required
data for the calculation. (For more details on the calculation basis see [9]).

Within the Conditions section of the Data menu, we must indicate which part is the hull and which
part is the free surface so that they are separated during the calculation process. To obtain this,
the first thing we must do is to deactivate one of the layers. For example, we deactivate the free
surface layer and we work with the hull layer. We choose the condition Au// (default) in the
Conditions window. We leave Value as 0.0 and press the Assign button highlighting the entire hull.
This same operation has to be done with the free surface that we will activate after deactivating
the hull layer. The Starboard flotation condition has to be assigned to the free surface.
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Figure 44

The next operation to be performed is to introduce the problem data. This is done with the
Problem Data submenu within the Data menu. We must fill in the information required in the menu
boxes.

Froblem [ata

Length () [121.92
Beam (m)|16.255
Draft (m)[6.501

Speed (ks)|12

Accept data | Close |

Figure 45

Another very important step is to define the direction of the normal vectors of each surface. To
check these directions we select Draw normals>Surface within the Utilities menu. The normal
lines of the surface will be drawn and thus we will be able to check their orientation. They should
point to the inside of the hull for the hull surfaces, and they have to point down for the free
surface. If any of the lines do not fulfil this condition (normally it is a random condition) we have

to swap its direction. To swap it, the option M situated in the menu at the right hand
side of the screen must be used.
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Figure 46

With this option activated we will change the normal direction of all the selected surfaces. The final
distribution should now be as it appears in Figure 47.

Figure 47

The last thing to do is to regenerate the mesh so that this data and the changes made can be
reflected in the final calculation mesh. The Generate option from the Meshing menu asks for the
size of the generated panels but it is automatic and the value we set is disregarded. The mesh will
then be rebuilt with the correct orientation of the normal vectors. Now the mesh is ready for the
process phase.

In order to start the calculation we must enter the Calculate menu. Inside we have several options.
We can directly press Calculate. This will start the calculation and give us a message when
finished. The other option is to open the window Calculate Windows. Within this window we will be
able to launch the calculation with the Start button. This is the recommended procedure and the
one we will follow here.

FProject Starttime UID

C

Ll

< |
Cutput wisw | Kill |
Start | Start remote | Update... | Close
Figure 48
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After starting the calculations the screen will change and the name of the current case will appear:

Project Starttime UID

float_casco Thu Jan 24 15:33:60 181 =]

ol (I
Output view | Kill |
Start | Start remote | Update | Close |
Figure 49

We have already commented on the memory necessities for the calculations. These calculations
also require resources from the system and we recommend running them on a dedicated computer
so that it does not slow down any other work.

Once the calculations have been performed a warning window will appear on the screen, offering
us the possibility of directly accessing the postprocess phase which we should accept.

¢ Process'S60_5' started at Thu Jan
24 19:57:11 has finished.

(0] | Postprocess

Figure 50

Postprocess

Once the calculation is finished, we can get into the postprocess context of GiD. This can be done
when requested after the calculations or directly through the Files>Postprocess command. We
have to set certain values for a correct interpretation of the results. View Style and View Results
menus have to be active. For more details, consult GiD manual [2].
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With ETSIN_CFD we have the possibility of visualising different results in GiD. The speed field can
be visualised on both the hull and the free surface. Pressure Coefficients can also be visualised on

the hull and the wave pattern on the free surface. In order to select one of the visualisations we
will use the View Results menu.
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Component: —
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Figure 52
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First we have to select the type of view. Within view menu, we activate Contour Fill.
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Figure 53

Within the Results box, pressing Q we can see all the variables that can be visualised:
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Figure 54

Visualisation of Pressure Coefficient

Pressure Coefficient (Cp): This coefficient is a non dimensional way of representing the pressure
on the hull.

2
Vv
Cp=1-| —
P Vv

o0
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In order to visualise the pressure coefficient function on the hull we have to select it in the
previous menu. After selecting it, we press Apply. Pressure coefficient distribution appears only on
the hull, since it makes no sense to draw this pressure coefficient on the free surface, where the
pressure is atmospheric. For a better visualisation we will deactivate the layer that contains the
free surface. We use the Select & Display Style menu. S SurfaceSet 1 corresponds to the hull mesh
and S SurfaceSet 2 to the free surface mesh. By deactivating the free surface one ['] and pressing
Apply in the View Results menu, only the hull will remain visible.
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Figure 56
Visualisation of the wave pattern.

Another feasible visualisation is the wave pattern on the free surface.

Again in the View Results menu, with this function: Q we select the visualisation that we want, in
this case the wave pattern. To visualise only the free surface we enter it in the Select & Display
Style menu. In this menu, deactivating S SurfaceSetl means only the free surface will remain
visible. Do not forget to click Apply after every change.
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Figure 57
Velocities field visualisation.

The last visualisation option is the velocity field. This magnitude is full of physical meaning, both
on the hull and on the free surface. The flow is potential and so the speed on the hull surface is
not the ship’s speed itself. To correctly interpret this output data, it is necessary to consider the
ship still and that the water advances towards it at the ship's forward speed.

Again, we follow the same steps and visualise Velocities. There is also the possibility of choosing
any Velocity component as well as the module.

Figure 58
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Figure 59

This representation of the free surface together with the hull is not the best one. GiD distributes
the colour range automatically and this causes (because the data value limits are always on the
hull) the free surface gradients to be ill defined. It is better to deactivate the hull layer when
studying the free surface information.
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Figure 60
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Longitudinal cuts.

Figure 61

The result files are kept in folder results within the folder casename.gid where the mesh used for
the calculation was saved. This folder also contains the ascii files long_cut_1.5508B.dat,
long_cut_1.0587B.dat and long_cut_0.5665B.dat. In these files there are the curves corresponding
to longitudinal sections of the free surface at 0.5665B°, 1.0587B and 1.5508B. With these graphs
we can visualise the height of the generated waves and other characteristics. This will be one of
the most useful tools when optimising the ship’s hull, as will be discussed later. They can easily be
imported from Excel, for instance.

For the S60 example used in the tutorial, the graphs are shown in the following figures.

LONGITUDINAL CUT AT 0.5665B
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LONGITUDINAL CUT AT 1.0587B

Figure 63

LONGITUDINAL CUT AT 1.5508B

Figure 64

These are non dimensional graphs. Along the X-axis, the free surface X-component is represented.
It is in a non dimensional form with LBP as the reference length. The orientation is the common
one. Therefore, x=0 corresponds to the ship’s bow and x=1 corresponds to the stern. Along the
vertical axis we have the free surface elevation in non dimensional form, taking again LBP as the
reference length. So, if we want to know the proper value of the height of some of the waves, we
must multiply its graphed value by LBP.
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Tutorial. Example 2: Fishing Vessel with bulbous bow.

In order to illustrate the calculation process of a ship with bulbous bow, we are going to use an
optimised fishing boat. This optimisation process is described in one of the following sections.

We have already explained the first example, commenting on almost every detail. We will now use
that example to concentrate on the new features that a case with bulbous bow implies.

Preprocess

Again we need a CAD definition — usually in IGES or DXF format — describing the starboard side of
the submerged part of the hull.

Grid generation with GiD

Once we have imported the IGES’ file we must save it in casename.gid. We are now ready to start
the grid generation process.

There is no difference between the phase of preparation of the hull panels and the S60 example.
The same errors usually appear and they are overcome in an analogous way. We will just
comment on the specific problems that arise from the existence of a bulbous bow.

Stern region:
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rd //

/

T

7

7
< 74

Figure 65

Several surface patches can be problematic. The second patch from the left in figure 65 seems to
be bounded by five sides. This is not really the case since the solution was to duplicate the lower
line shared with the lower panel. This duplicated line together with the following segment was

" Example file: MOTOP.igs
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made into a polyline to bind the patch that we wanted to form. Thus, the lower edge line of this
patch is a polyline and therefore the panel is bounded by four entities.

Another complicated patch is the one right at the beginning of the sternpost - the one that links
the keel with the beginning of the sternpost.

Figure 66

This patch falls under the same category as the one bounded by three lines. We saw that the
solution was to split one of them in two and to create the surface with those four lines.

Figure 67

Other problematic patches are those at the end of the keel. Some of them are defined by three
lines instead of the four necessary. Again this is solved by dividing one of the lines and generating
those patches from four lines.

The transom stern region in the free surface panelization has already been commented on in the
previous example. As a reminder, we said that the solution for the cases of wet transom was to
model a free surface that does not consider the zone of the transom stern. What has to be done in
this case is to extend the waterline in order to smoothly join it to the centre line.

In order to create the free surface patch, some of the ideas taken into account in the previous
section were used. A possible free surface would be formed by the waterline and the segments
between the points (LBP,0,0) and (5LBP/4,0,0), (5LBP/4,0,0) and (5LBP/4,-LBP,0), (5LBP/4,-LBP,0)
and (LBP,-LBP,0), (-LBP,-LBP,0). The last segment will be made between (-LBP,0,0) and the end of
the segment we created to join the water line with the centre line, skipping the transom.

33



ETISN-CFD tutorial

For the creation of the line that skips the transom, we will work in the layer where we have
previously copied the waterline. In this layer we will create a line that joins the water line to the
centre line.

Figure 68

Figure 69

The following step will be to split both lines and to join them at the intersection point. To do this
we use the divide command as already explained. We will also eliminate the unnecessary transom
line.

Figure 70

In order to obtain a smooth junction with the centre line we will use the command
Geometry=>Create>Arc tangents. This command asks for the radius of the connecting arc. We will
continue trying until obtaining a smooth join. In this case a value of 2 was used.

boola el
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Delete b Line
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Figure 71
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The final result has to be similar to what is shown in the following figure.

J

Figure 72

In order to define the panel number we will calculate the reference wavelength (A=2rv?/g). With
this value we can calculate the number of panels in the longitudinal direction. In order to decide
the adequate number of panels in the transverse direction we will have to take into account the
RAM memory of our computer. We set the panel number as to not surpass the RAM capabilities.

In the hull mesh the bulbous bow region has to be carefully considered. In this region a dense and
uniform grid has to be created like the rest of the forward region of the hull.
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Figure 73

Considering the bulbous bow, an especially interesting area to mesh is the one inside the circle in
figure 73. In this region, the boundary of the two neighbouring panels is not the same. Each one is
bounded by different lines. The problem is that the upper patch of the bulbous bow does not
contain the same number of divisions in the vertical direction because it is shorter than the one to
the left, regarding the vertical direction. The problem arises when selecting the row of upper
patches to mesh. A solution to avoid these situations is to consider these lines during the previous
modelling with the CAD program. We can select the section that starts the bulbous bow as the one
corresponding to the forward point of the waterline. Since this is not always feasible we explain
the solution used in this example. Through trial and error, we mesh the bulb patch until there is
sufficient continuity with the neighbouring patches. We are referring to the number of divisions per
unit length.
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We will now show different views of the mesh in order to appreciate the details of some of the
complicated regions.
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Figure 74

Figure 75

In Figures 74 and 75 we observe the intersection of the keel with the hull.

Figure 76

In the stern region special attention must be given to the sternpost. The situation is similar to the
bulbous bow with neighbouring patches bounded by different length edges. We proceed in the

same way as in the bulbous bow. In this case, to refine the mesh, we have sharpened the
sternpost’s upper patch in order to improve the smoothness of that region.

Another interesting aspect is that patches that are flat or almost flat, like the ones on the keel, and
some of the sternpost, can be meshed with a lower density than those of the hull.
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Figure 77

This is one of the many possible meshes® to make the calculations that we describe next.

8 Example file: MOTOP.gid
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Calculation Process: ETSIN_CFD.

The first thing to do, as previously discussed, is to define the kind of problem, Problem Type,
within the Data menu. In our case we will select E7SIN_CFD.

The following operation will be to assign conditions to the different elements of the mesh, basically
hull and free surface. Within the Data menu the Conditions submenu is opened and the Hull
Condition is assigned to the hull (condition AHul/l if we show conditions with the Draw command).
The Starboard Flotation condition is assigned to the free surface (condition Starboard Flotation if

we show conditions with the Draw command.)
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b Include local axes

Figure 78

Starboard Flotation

Figure 79

Another form to fill within the Data menu will be the one corresponding to the principal dimensions
of the problem, Problem Data.
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Figure 80

We now draw the normal vectors of the patches and swap with the SwapSome command those
that are not oriented towards the inside part of the hull, and set the normal vector of the free
surface oriented downwards.

Figure 81
We will regenerate the mesh (Generate within the Meshing menu) so that the new mesh reflects
the changes done so far.

We are now ready to launch the calculation process. Within the Calculate menu we unfold the
Calculate Window submenu and press Start to begin the calculation.

Project Starttime UID
MOTOP_hulbol ‘Wed Feb 13 15:06:33 184 =
< [
Output wiew | Kill |
Startl Start remotel Update... | Close |
Figure 82

Once the calculation is finished we select Postprocess to start the

postprocessing phase.

Postprocess

We can start the postprocess phase directly from the final screen of calculation or with the
Postprocess icon.
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oy

If we do it this way, we will have to open the file where the results are automatically saved after
the calculation. This file will be in the directory casename.gid where casename is the name that we
gave at the beginning of the case study. Within this folder we will find a file called
casename.flavia.res containing the data for the visualization of the results.

Directory:  exjusers/clopez/ETSIN CFD/pesquera_bulbo/MOTOP_bulbol gid — | ﬂ

21 resultados B MOTOP_bulbol flaviabon B MOTOP_bulbol.msh

B MOTOP_bulbol-1.dat B MOTOP_bulbol flaviares B MOTOP_bulbol.out

B MOTOP_bulbol.cnd B MOTOP_bulbol.geo B MOTOP_bulbol prb

B MOTOP_bulbol dat B MOTOP_bulbol lin B MOTOP_bulbol.uni

] [iD
File name: ‘MOTOPﬁbu\bm flavia.ras Open
Files of type: — | Cancel

Figure 83

Once opened we can visualize the different results offered by the code.
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Figure 84

To start, we select Contour Fillin the window indicated in the following figure.
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Figure 85
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Pressure Coefficients Visualization.

We select the corresponding option in the View Results window and deactivate the free surface
layer in the Select & Display Style window.
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Figure 86

The pressure coefficients graph should look like this:
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Figure 87

Wave pattern visualization.

We follow the same steps by choosing Wave pattern, deactivating the hull layer and activating the
free surface layer.
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Figure 88

Velocity Field Visualization.

We choose Velocities in Results box and [Velocities] in the Component combo box. With the hull
and free surface we get the following graph.
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Figure 89

As with the S60, we separate the visualization to see both the hull and the free surface. We get
this with the Select & Display Style window activating and deactivating S Surfaceset 1 and S
Surface 2 corresponding to the hull and free surface. If we select S Surface 1 and press Off only
the free surface will remain visible. We must not forget to click the Apply button after any change
to update all the colour scales.
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Figure 91

Longitudinal Cuts.

The results files are kept in the folder resu/ts within the folder casename.gid where the mesh used
for the calculation was saved. This folder also contains the ascii files long_cut 1.5508B.dat,
long_cut_1.0587B.dat and long_cut_0.5665B.dat. Inside these files are the curves corresponding
to the longitudinal sections of the free surface at 0.5665B° 1.0587B and 1.5508B. With these
graphs we can visualise the height of the generated waves and their other characteristics. This is
one of the most useful tools when optimising the ship’s hull, as will be discussed later. They(other
characteristics??) can easily be imported from Excel, for instance. They are represented in the
following figures:

° B= ship's beam
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LONGITUDINAL CUT AT 1.55088

Figure 94

We have put these graphs in a non-dimensional format in the same way that we did for the S60
example. We refer to the explanation of that example to fully understand these longitudinal cut
graphs.
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Tutorial. Example 3: IACC Class Yacht.

This example is aimed at illustrating an alternative form to proceed with the hull mesh generation.
In previous examples the hull is defined by lines which bound the surface patches forming the hull
in the grid generator GiD. An alternative method would be to have the case study’s geometry as
surface patches directly in IGES format. This is the possibility we are now going to study in more
detail.

We will use an America's Cup type hull. This geometry is defined by means of an IGES file. This file
has been generated with a commercial program for ship design. It was later exported as NURBS
surfaces in a 3D IGES™ format.

Figure 95

Preprocess

Once we have the geometric form in a GiD compatible format, we can start with the preprocess
phase following the same steps as in the previous cases.

First, we import the IGES file to GiD, using the commands: Files — Import- Iges..

1 1ACC_0.igs
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Figure 96

The first thing to do will be to eliminate the port section of the hull, including the rudder, the keel
and the bulb™.

The following step stems from the necessity of having no surfaces that get into the hull or fit the
definition of dry submerged areas. Due to this, we need to trim the hull in its intersection with the
keel and the rudder, and trim both rudder and keel in their intersection with the hull. This
operation is performed with the option: Geometry-Create-Intersection-Multiples Surfaces. Once we
have selected the surfaces to trim we should press £sc. This operation performed on the surfaces
of the keel and the bulb should give rise to figure 96. We see that after creating the intersections
there are some new inner surfaces that we have to eliminate because they are not going to form
part of our final geometric shape. The previous example of the bulb and the keel would finally end
up as shown in figure 99.

Figure 97 Figure 98

1 Example file: IACC_1.gid

47



ETISN-CFD tutorial

Figure 99
The surface trimming operation has to be performed between the rudder and the hull as well.

An important recommendation is to put each element in a specific layer in order to work with them
more efficiently. A good proposal is the one shown in figure 100.
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Figure 100

Another important step in the preprocess is to trim the hull (with??)at the free surface. First, we
will define the free surface patch that we are going to use. Following the parameters defined in
the previous tutorials, we will draw the edges of the free surface. We must take into account that
the forward end of the free surface will be 1/4 LBP forward of the hull. The lateral side of the free
surface patch will be 3/4 LBP away from the centerline and the back side of will be at LBP from the
stern. We will have defined a quadrilateral like the one in figure 101.

Figure 101

Since we have not defined the flotation line, we will create it from the intersection of the free
surface and the hull. First, we will create the free surface patch from the quadrilateral defined in
the previous step. Later on, we must intersect the free surface quadrilateral with the hull, using
the command sequence Geometry-Create-Intersection-Surface Surfaces, and selecting the hull and
the quadrilateral. This will produce the main water line. The problem arises when dealing with
surfaces that are not so well defined, mainly the hull. In this case we can create a copy of both
surfaces in another layer and extend to portside the free surface centerline so that the free surface
encircles the hull. Once the new line has been defined, we can put the new elements back in the
free surface layer, as can be seen in figure 102.
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Figure 102

Again we have to eliminate all those surfaces that are to be discarded in our calculations. This
includes the dry part of the hull and the auxiliary free surface patch that we created in the
previous step to define the water line. Also, we have to verify that the lines defining the free
surface patch are in the layer corresponding to the free surface. After this process, the layout
should be similar to the one of figure 103.

Figure 103

We will reconstruct the centerline of the free surface patch so that it contains the water line we
have just generated. It might eventually be necessary to copy this line into the free surface layer
as it could have ended up in the hull layer after this process.

In order to avoid stability problems in the stern region calculations, the connection between the
waterline (and the hull??) must be as smooth as possible. We do this by drawing a straight line
from the stern part of the waterline to the centerline. Later on, we smooth the junction with an arc
using the command Geometry-Create-Arc Tangents (radio 5). A possible solution is the one shown
in figure 104.
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Figure 104

With the obtained waterline we trim the centerline to form the inner edge of the free surface
patch. With this line and the other three segments we can define our final surface patch*?.

—

Figure 105

In order to be able to mesh a surface patch, the patch has to be a four sided one. If the patch is
bounded by three lines, we have to split one of the lines to get the fourth side, as has repeatedly
been shown. If the surface patch is bounded by 5 lines or more, the only option will be to split the
patch. Therefore, we will have 2 four sided surfaces. We encounter this type of problem both for
the hull and for the bulb.

The hull has been sectioned by the keel, the rudder and the free surface patch. It is bounded by 6
lines. Each line is limited by the points that we show in figure 106.

Figure 106

We are now going to split the hull in order to define it entirely with four sided patches. To divide
the surface patches we will use the command Geometry-Edit-Divide-Surfaces-Near Point. This
operation will offer us two directions in order to split the surface. We will select the appropriate
direction in accordance with the criteria we have chosen for the whole splitting operation.

12 Example file: 1ACC_2.gid

50



ETISN-CFD tutorial

El
0 Choose NURBS sense

gSense| “3ense | Cancel

Figure 107

In the case shown in figure 107 we indicate the forward point on the bow and choose the direction
u.

Figure 108

In figure 108 we see how the forward surface is bounded by 3 lines. The aft surface is bounded by
6 lines. If we divide the lines by the points shown in figure 108, we obtain a patch distribution with
which we can proceed with the meshing operation, as can be seen in the next figure.

Figure 109

A similar process has to be undertaken with the complicated geometric shape of the bulb (figure
110). In this case we have to separate the forward region of the bulb in order to obtain a better
definition. These types of decisions are usually better made after designing a preliminary mesh and
trying out different possibilities and then checking whether the grid is satisfactory.
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Figure 110

After some tests, the most reasonable option seems to be to divide the bulb in two halves, upper
and lower. We take a horizontal plane passing through the trailing edge at the bulb stern as the
section plane. We write down the coordinates of the points that define the straight line of the
trailing edge and then, from this segment, we define the edges of the patch that will be used for
the section.

Figure 111

We will start by dividing the bulb surface with this section plane. Now, our experience says that it
is usually necessary to create zones in the bow and stern with smaller surface patches. The final
form should be similar to figure 112.

Figure 112

The forward region is formed by 3-sided patches. We have to split some of the edge segments to
get 4-sided patches, as shown in figure 113.
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Figure 113

The following step will be to study the viability of the stern patches of the bulb. We must try
meshing this region and if the mesh quality is not good enough we will have to create new lines or
rebuild the surface patches.

During the visualization of the geometric shapes, it sometimes seems that some of the edges of
the shapes do no exist. The reason is that these edges also bound other patches in a deactivated
layer. This means that during the meshing process both lines will have the same number of
divisions. To avoid this problem and to have the freedom to choose the mesh density in every
surface, we must ungroup both surfaces. This operation is performed with the command Utilities -
Uncollapse — Surfaces indicating the surface, in this case, the keel, as shown in figure 114. In this
way we create a new edge line, and both surfaces have different patches. To visualize this border
we put the surface patch, in this case the keel, in the right layer( right clicking Layer —Send —
Surfaces and selecting the keel patch).

Figure 114
Let us proceed with the meshing of all the entities. Again through trial and error we try to obtain a
smooth mesh on the hull and a density on the free surface that accomplishes the requirements
explained in the previous chapters.
The density of panels on the free surface is mainly defined by the speed and length of the free

surface patch. This case study will be tested at a speed of 8 knots. In the first estimation it will
generate waves of a wavelength determined by the following equation:

2
7»=2'ch—
9
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Where V and g are dimensionally coherent.

The wavelength for this case study is 10,86 m. Since our free surface is 48m long, we see that we
can house 48/10,86 = 4,42 complete waves within our domain. Taking into account that the
representation of a wave requires approximately 15 panels, we see that we will need at least 67
panels in the lengthwise direction. For the transverse direction we choose 30 panels, so that the
panels have an aspect ratio close to 1. The free surface will have a layout similar to figure 115.

Figure 115

There are no strict rules for the hull mesh and the appendages. We will mesh with a density
sufficient to be sensitive to the form and the details. We will try to ensure that the forward third
has a denser grid than the rest. We will also pay greater attention to the definition of the leading
edges of the different appendages. We use the command Meshing — Structured - Concentrate
elements to get this. We must select the edges of the side where we want a greater density. We
select a weight value that has to be fine tuned by trial and error.

In figure 22, we see the keel after selecting the top and bottom edges as the direction for
the longitudinal variation of the panel density. Next, a box will appear to set the weight for the
mesh in that direction.

Concentrate elemen =]

StartVWeight  End YWeight

o 2 pd 4
Ok | Cancel

Figure 116

Before proceeding with the hull meshing, forward and stern patches must be modified since they
are three sided surfaces. We have chosen the division points shown in figure 117.
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Figure 117

Next we show the different elements of the hull with the proposed mesh™.

Figure 118

Figure 119

13 Example file: IACC_3.gid
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Figure 120

Once we have a mesh, we have to make some verifications prior to the calculation. First, we have
to ensure that the normal vector’s orientation, points towards the inside of the hull. We must also
verify that the free surface’s normal vector, points downwards. For the visualization of the normal
vectors, the command Utilities - Draw Normals - Surfaces is used. In order to change the
orientation we will right click and then Contextual - Swap Some.

Figure 121

Calculation process: ETSIN_CFD.

The last step before calculating is to define (inside GiD context), the type of problem we are
solving. Since this is a generic case of symmetrical flow, without transom, without drift and list, we
will indicate Data - problem Type - ETSIN_CFD

Data Meshing Calculate  Help
Problem type » EEUETESS
ETSIN_CFD

-

Interval L

Examples 4

Localaxes *  tcdyndl 4

Transfarm...
Internet Retrieve. .
Others...

Figure 122

The following operation will be to assign conditions to the different elements of the mesh, basically
hull and free surface. Within the Data menu the Conditions submenu is opened and the Hull
Condition is assigned to the hull and appendages (condition 1 if we show conditions with the Draw

56



ETISN-CFD tutorial

command). The Free Surface condition is assigned to the free surface (condition 2 if we show
conditions with the Draw command.)

Another form that must be filled in within the Data menu will be the one corresponding to the
principal dimensions of the problem, Problem Data, figure 123.

Problem Data

9 1

Length (m)|17
Beam (m ),37
Diraft (m) |4
)

Speed (kis) |8

Accept data | Close |

Figure 123

We will regenerate the mesh (Generate option in the Meshing menu) so that the new mesh
reflects the changes done so far. In this case, we have a 3721 panel mesh.

We are now ready to launch the calculation process. Within the Calculate menu we open the
Calculate Window submenu and press Start to begin the calculation.
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Figure 124

Once the calculation is finished, we have to get into the postprocess context of GiD. This can be
done simply when requested after the calculations or with the Files>Postprocess command. We
have to set certain values for a correct interpretation of the results. View Style and View Results
menus have to be active. First we have to select the type of view. Within view menu, we select
Contour Fill.

With ETSIN_CFD we have the possibility to visualize different results in GiD. Speed field can be
visualized in both the hull and the free surface. Both pressure coefficients on the hull and the wave
pattern on the free surface can also be visualized. In order to select one of the visualizations we
will use the View Results menu.

Visualization of the Pressure Coefficient.
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Pressure Coefficient (Cp): This coefficient is a non dimensional way of representing the pressure

2
%
Cp=1-|_—
p (VOOJ

In order to visualize the pressure coefficient function on the hull, we have to select it on the View
Results menu (figure 125 left hand side). After selecting it, we click Apply. The pressure coefficient
distribution appears only on the hull since it makes no sense to draw this pressure coefficient on
the free surface where the pressure is atmospheric. For a better visualization we can deactivate
the layer that contains the free surface. In order to do this, we use the Select & Display Style
menu (figure 125 right hand side). S Surface Set 1 corresponds to the hull mesh and S Surface Set
2to the free surface mesh. By deactivating the free surface layer with the icon [J and by pressing
Apply in the View Results menu, only the hull will remain visible.

on the hull.
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Figure 126
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GiD automatically defines the scale limits for the graphic representation of all the results. We
recommend that you set them manually and keep them for the incoming comparisons. £7SIN_CFD
is basically a comparative tool. The most reliable information is obtained from comparing the
results of different ship hull forms. This is why it is so important to keep the scales consistent for
the different case studies for the same graph types. We have selected a scale ranging between -2
and 1 for the pressure coefficient. This can lead to the non representation of some small regions,
for instance the rudder's lowest edge. This is the part of the ship where the gradients are greatest.

If we do not set this limit, the entire colour range will be concentrated on the rudder and the rest
21

of the hull will appear monochromatic. For the range definition, we use the icon Iw to define the
7
maximum and the icon ®™-3 to define the minimum. For an automatic colour range selection and
o

to reset the range when switching visualization, we must use this icon T
Wave pattern visualization.

Another feasible visualization is the wave pattern on the free surface.

Again in the View Results menu, we select the visualization that we want with this function:-, in
this case the wave pattern. To only visualize the free surface, we enter into the Select & Display
Style menu. In this menu, when deactivating S Surface Setl, only the free surface remains visible.
Do not forget to click Apply after every change. We must also set maximum and minimum
visualization values for the incoming comparisons.

[ Contour Fill of Wave Pattern . |

Figure 127

Velocity field visualization.

The last visualization option is the speed field. This magnitude gives a lot of information, both for
the hull and for the free surface. The flow is potential and therefore, the speed on the hull surface
is not the ship’s speed itself. To correctly interpret this output data we must consider the ship to
be still and that the water advances towards it at the ship's forward speed.
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Again, we follow the same steps and visualize Velocities. There is also the possibility of choosing
any speed component as well as the module.

Wiew Fesults

Analysis: TIME AMALYSIS =i
Steps: |n 25 [

4/ ||~

Wiew: Contour Fill =i
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Results: ['velocities g

Campanent: |velocities | — |

Apply | Close

Figure 128

Figure 129

Since all the colour range is concentrated on the rudder’s tip (figure 129), we must manually set
the range limits to make our visualization useful. These limits must be set for every visualization
option. For instance, since the smallest velocity regions correspond to the appendages, we must
show the velocity gradient on the hull without the appendages and set a greater value for the
minimum.
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Figure 130

In figure 130, we can see that the forward part of the bulb and the rudder's leading edge do not
appear because their velocity range is out of the selected range.
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Longitudinal cuts

[ Contour Fill of Welociies , [Velocities |. |

Figure 131

The results files are kept in folder resu/ts within the folder casename.gid where the mesh used for
the calculation was saved. This folder also contains the ascii files long_cut_1.5508B.dat,
long_cut_1.0587B.dat and long_cut_0.5665B.dat. Inside these files are the curves corresponding
to the longitudinal sections of the free surface at 0.5665B, 1.0587B and 1.5508B. With these
graphs we can visualise the height of the generated waves and their other characteristics. This is
one of the most useful tools when optimising the ship’s hull, as we will discuss later. They can
easily be imported to Excel, for instance. They are represented in the following figures:

4 B= ship's beam
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LONGITUDINAL CUT AT 1.5508B
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Figure 134

These are non dimensional graphs. Along the X-axis, the free surface X-component is represented.
It is in its non dimensional form with LBP as the reference length. The orientation is the common
one. Therefore, x=0 corresponds to the ship’s bow and x=1 corresponds to the stern. Along the
vertical axis we have the free surface height in non dimensional form, taking again LBP as the
reference length. So, if we want to know the proper value of the height of some of the generated
waves, we must multiply its graph value by LBP.

Hull Optimization Examples

In this chapter a series of examples will be presented, dealing with how to optimize hulls through
the use of the E7S/N_CFD code.

Optimization is achieved by comparing alternatives hull forms. Meshes are prepared for the
different ship forms (changing bulbs, stems, and other elements that play an important role in
wave generation). The calculation case is performed for each alternative at the ship design speed.
With the obtained data it is possible to decide which of these designs is best.

In our search for the optimum design, we will have to make a series of assumptions. Since this
method calculates the potential flow and not the viscous one, the optimal design is the one that
generates the smallest amplitude waves. The smallest amplitude is related to the smallest wave
resistance and hence to the smallest forward resistance.

When the amplitudes of the waves are similar, attention has to be paid to the pressure coefficient
distribution and speed fields on the hull and free surface. If gradients in these fields are greater in
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any particular design, this means that this choice is worse regarding wave generation simply
because these gradients are a sign of higher waves.

Since the calculations do not consider the viscous effects, results will be more accurate in the
forward third of the hull. Viscous effects are more important from the forward third of the hull
onwards and dominate in the stern region, especially at low speeds. Therefore, this tool must be
focused on the optimization of the forward part of the hull, with special attention paid to the
bulbous bow if present.

In order to illustrate this optimization method, we are going to present the case of four fishing
boat designs that were optimised and then decide which among them would be the one with the
smallest wave resistance. Two of them are with bulb and two without.

Hull design alternatives.

h “  Hulll
b Aull2
‘ hull 3

? Hull4

Figure 135

A hull and free surface mesh were prepared for each design proposition.
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Figure 136

The following step is to launch the calculation processes and once concluded, we will obtain the

maps of speed distribution within the GiD postprocess and analyze the graphs of the longitudinal

cuts.
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Speed field graphs on the hulls.

HULL 1

HULL 4

[Weloeities |

i1
IE.4333
5.7667

Figure 137

In these first representations we can see that the zones with greater gradients are in the forward
third of the hull. We zoom in/on these regions to further analyze them and obtain the
corresponding conclusions.
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HULL 2
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1
il

HULL 3 HULL 4
Figure 138

The first visual impression is used to notice the bad hydrodynamic properties of the bulbous bow
of design 1. Considerable gradients appear for the speed field leading to higher deformations on
the free surface and therefore greater wave resistance. Hulls 2 and 4, seem to have little to
present in this phase when comparing them with hulls 1 and 3 due to the obvious shape difference
between them. For a more precise analysis, it is essential to use the free surface longitudinal cuts
corresponding to these designs.

In order to better compare the different cases, we use one graph for the four corresponding
longitudinal cuts of the wave systems. The usual thing is to represent these cuts at several specific
distances from the centre line. These distances are 0.5665*B, 1.0587*B and 1.5508*B as has
already been mentioned.
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Figure 139

The first cut, the one closest to the hull, is the one that provides the best information for the
amplitude of the generated waves on the free surface. Within it, the bow wave and the forward
third of the ship are the regions with the most precise definition for our CFD. If we focus on this
region, we can see that the wave with the smallest amplitude is the one generated by hull 3,
followed by hull 1 and then, with quite a big difference, the worst ones are hulls 2 and 4. This
makes the choice of a bulbous bow a good one and we now have to choose between hulls 1 and
3.

For a more educated choice between hulls 1 and 3 we study the next wave cuts and verify
whether hull 3 is still the one with the smallest wave amplitude.
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Figure 140
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11 NUDOS 1.5665B
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Figure 141

We can now verify that hull 3 presents the lowest amplitude waves in the forward region of the
cut. This analysis allows us to state that the best choice, regarding wave generation and therefore
wave resistance, is hull 3.

This example has demonstrated how to discard, among different alternatives, those that will
produce a higher wave resistance. Therefore, taking this process to its limits we are able to
evaluate the best design among those of a series of close alternatives. To perform this comparison
we visualise, on the same graph and for a certain speed, the wave cuts corresponding to each
case.

This methodology provides us with a good tool when devising modifications in hull shapes, bulbous
bow designs, appendages... We get knowledge of the quality of the alternatives by comparing all
of them.

To precisely define the required power in order to project the engine system, the best thing to do
now is to do a towing test in a model basin of the selected alternative. With this experiment, the
speed resistance curve is obtained and used afterwards to select the engine and design a suitable
propeller.
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