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The article presents examples of the solution of the hydrodynamic problem that arises in the development
of powerful electronic devices requiring liquid cooling using the CAD/CAE modeling method. The
authors consider poorly documented or undocumented features of such solution based on the use of
free software packages — SALOME, OpenFOAM and PavaView for the CAELinux operating system
platform.
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While designing electronic devices, the need to
solve the hydrodynamic problem arises in the case
when, in order to ensure a given thermal regime of
electronic components, it is necessary to use forced
liquid cooling realized as coolers of a particular
design. For a developer of electronic devices, the
end result of solving the hydrodynamic problem
is not so much an estimate of the flow velocity
and liquid flow rate in the cooler as the choice of
a pump capable of overcoming the hydrodynamic
resistance of the cooler and providing the velocity
and flow rate with given values obtained during
thermal calculations. It is not difficult to choose
the pump parameters when the hydrodynamic
characteristic is known for the cooler, i.e. the de-
pendence of the liquid pressure drop at the inlet
of the cooler versus the flow rate or velocity of the
liquid flowing through it. With streamlined flow,
when the hydrodynamic resistance of the cooler is
determined by frictional forces, the relationship
between the pressure drop and the velocity of the
liquid is expressed by the Darcy’s law [1], which,
taking into account the hydrodynamic resistance
at the inlet to the cooler and at the outlet from
it, is represented by the well-known equation [2]
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where Ap — pressure drop of the coolant at the cooler
inlet and at its outlet;

Eins Eout — coefficients of hydrodynamic resistance
at the inlet and outlet of the cooler,
respectively;

A — coefficient of hydrodynamic resistance
(friction) along the length /;

(1)

[ — length of the coolant flow path in the cooler;
d — characteristic cooler size;
p, V — density and liquid velocity in the cooler,
respectively.

The seeming simplicity of this equation conceals
considerable difficulties in determining the coef-
ficients of hydrodynamic resistance it includes.
Known analytical dependencies providing satisfac-
tory results for practical applications are obtained
for coolers in which the flow of liquid occurs in
rectilinear channels of regular shape (circular or
rectangular cross-section) [3]. For cases when
there are some form of obstructions in the coolant
channels, local constrictions, extensions and rota-
tions, the equations for calculating are empirical
or semi-empirical, are oriented to concrete design
solutions and have a strictly limited field of ap-
plication [3, 4].

The trend to complicate the design of coolers
due to the realization in them of nontraditional
flows [5— 10] makes it impossible to use equation
(1) for practical calculations and requires the use
of other approaches. One of them is mathematical
modeling, which implements the following algo-
rithm for solving the hydrodynamic problem [7]:

— to develop a 3D geometric model, the compo-
sition, shape, dimensions and applied materials of
which adequately reflect the design of the cooler;

— to determine the distribution of flow velocity
and fluid pressure in the geometric model of the
cooler by solving within its boundaries the system
of nonstationary three-dimensional continuum and
Navier — Stokes equations with allowance for the
specified hydrodynamic effects, using the finite
element method;
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— to present the results of the solution in
a form convenient for their interpretation and
subsequent intellectual analysis (tables, graphs,
diagrams, visualization and animated pictures).

Obviously, from the point of view of the de-
veloper of electronic devices, implementing such
an algorithm should not be about writing their
own computational procedures in any algorithmic
language, but about the use of specialized software
related to CAD /CAE systems.

Today there is a variety of such software. There
is a classification of the selection criteria for the
software specifying the features and main char-
acteristics of each criterion [11]. However, the
fundamental requirement to use exclusively legal
software in the design process takes the proprietary
criterion to the first place.

It is known that proprietary CAD /CAE sys-
tems have owners who provide chargeable control
over systems development, distribution, modifica-
tion and use. For this reason, the functionality
and reliability of proprietary CAD /CAE systems
are not questioned. Such software for solving the
hydrodynamic problem includes, for example,
ANSYS CFX, SolidWorks, Elmer. Its use requires
the purchase of a license, the cost of which reaches
the price of a small economy car.

An alternative to proprietary are free CAD /CAE
systems, which are considered to be less functional
and less reliable software. However, our experience
of its successful use in the design of sufficiently
complex coolers [5—10] allows us to conclude
that this judgment is wrong.

To solve the hydrodynamic problem, the devel-
oper can use free software, such as the SALOME
geometric modeling system [12], the OpenFOAM
mathematical modeling system [13], and the
ParaView parallel computing visualizer [14].
The SALOME tools allow you to create a virtual
3D geometric model of the cooler and gener-
ate its finite-element representation (meshing).
OpenFOAM solvers (functions in terms of C++)
allow you to import from SALOME a meshed
model of the cooler, set the initial and boundary
conditions for the problem, and solve the above-
mentioned equations of mathematical physics
within the finite element model.

The solution obtained is an array of numerical
values in nodes of the meshed model, the number of
which can reach 105—106. ParaView functions allow
using this array of values to determine the hydrody-
namic characteristic of the cooler and to present it
in the form of a table, a two-dimensional graph, a
three-dimensional diagram, a visualization picture of
the change in pressure and velocity in space, and an
animated picture of their change in time.

Thus, these software packages interact with
each other by transmitting the information about

the cooler from SALOME to OpenFOAM and then
to ParaView, and together they form a CAD /CAE
system that implements the above algorithm for
solving the hydrodynamic problem. This system is
a complete analog of known proprietary systems,
without any loss of functionality.

One of the main obstacles to the active use of
SALOME, OpenFOAM and ParaView for solving
the hydrodynamic problem is their weak docu-
mentation. Official user manuals from developers
[12—14] help mastering the basic techniques us-
ing the simplest examples, which are far from the
real designs of coolers. Known applications of this
software repeat the main declarations of official
manuals and are focused on solving other problems
for other modeling objects [15—17].

The goal of this paper is to show practical
examples of undocumented or poorly documented
features of using this CAD /CAE system for the
solution of the hydrodynamic problem based on
the experience of designing liquid coolers for such
electronic devices as microprocessors. SALOME,
OpenFOAM and ParaView are cross-platform soft-
ware products and can run under different operating
systems. However, the rational approach is to use
them on the CAELinux operating system platform
[18] for several reasons: first, it corresponds to the
spirit of free software; secondly, the installation
distribution of CAELinux already includes these
software packages, which eliminates the need for
additional settings to ensure the correct transmis-
sion of information between the packages.

Example 1
Fundamentals of solving the hydrodynamic
problem by the CAD /CAE method

Let us consider a water cooler used for thermal
management of the Intel Core i7 microprocessor.
The cooler is a closed rectilinear channel with
rectangular cross section, whose base is in direct
thermal contact with the pedestal of the micropro-
cessor body, serving for heat removal (Fig. 1, a).
The flow volume of the cooler is a parallelepiped,
symmetric with respect to the plane parallel to
the Y0Z plane (Fig. 1, b), with the following
parameters: width X = 60 mm, height Y =15 mm
and length Z = 70 mm. Water flows along the Z
axis at a temperature of 20°C, the water velocity
at the cooler inlet is U = 0.01 m /s.

It is required to determine the pressure drop of
water at the inlet to the cooler using the icoFoam
solver, which is designed to solve the above equa-
tions of mathematical physics.

The solution of the problem is carried out in
accordance with the basic techniques outlined in
[12—14, 18], in the following order.
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Fig. 1. Model of the microprocessor with the cooler (a) and the flow volume of the cooler (b):
1 — symmetrical half of the cooler; 2 — microprocessor

1. Create a project directory

1.1. Create a project directory with a name, for
example, rect_cooler (rectangular cooler) in the
system directory Home of the CAELinux operat-
ing system.

1.2. Place directories and files of icoFoam
solver to the project directory rect_cooler. To do
this, go to the system directory of the CAELinux
operating system ,/opt/openfoam211/tutorials/
incompressible /icoFoam /cavity and copy directo-
ries named 0, constant and system to the directory
rect_cooler (Fig. 2).

1.3. Go to the directory constant and empty the
polyMesh directory. To do this, delete the block-
MeshDict and boundary files in the polyMesh
directory.

2. Create a geometric model of the cooler flow
volume in SALOME

2.1. Run SALOME and go to geometric module
Geometry.

2.2. Using the Box graphic primitive to create a
geometric model of the flow volume in accordance
with the specified dimensions in the form of its
symmetrical half with a width of X2 = 30 mm,
and assign it a name, for example, coinciding with
the name of the rect_cooler project directory.

- rect cooler - File Manager -+ x
File Edit View Go Help

[ caelinux E[ aelinux]_iwnsﬂnt“pﬂNMahl
[ esktop
g - - -
| File system
0 constant system
2] Network

| 472GBFilesystem &
| 11GBFilesystem &
@ Documents

(il pownload

[ Music

@ Pictures

[l videos

3items (260 bytes), Free space: 3.8 GB

Fig. 2. The contents of the project directory rect_cooler before
solving the problem
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2.3. For the rect_cooler geometric model, use
the Create Group operation to select the surfaces
(see Fig. 1, b) that correspond to the specified
boundary conditions of the problem:

— the water inlet into the flow volume occurs
through the surface inlet, perpendicular to the Z
axis and coinciding with the Y0X plane;

— the water outlet from the flow volume oc-
curs through the surface outlet, perpendicular to
the Z axis and spaced from the Y0X plane at a
distance equal to the length of the flow volume;

— the top and bottom surfaces of the flow
volume, perpendicular to the Y axis, as well as
the right surface, perpendicular to the X axis and
coinciding with the plane Y0Z, are solid imperme-
able walls;

— the left surface of the flow volume, perpen-
dicular to the X axis and spaced from the plane
Y0Z at a distance equal to the width of the model,
is the plane of symmetry.

2.4. Save the result of creating a geometric
model of the flow volume of the cooler to the
rect_cooler_geometry. hdf file in the rect_cooler
project directory, making sure that the Object
Browser window of the SALOME desktop contains
all the surfaces created as part of the rect_cooler
model (Fig. 3, a).

3. Mesh the geometric model of the flow volume
of the cooler in SALOME

3.1. Without quitting SALOME, go to the
Mesh meshing module.

3.2. Since the geometrical model of the flow
volume of the cooler has the form of a parallelepi-
ped, use Hexahedron finite elements in the form
of hexahedrons. Using the Create Mesh operation,
set the following meshing parameters:

— Wire Discretization algorithm for dividing
the edges of the model, Automatic Length hypoth-
esis of dividing the edges of the model with the
quality value, e.g., 0.5;
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Fig. 3. The geometric model of the flow volume of the cooler
(a) and the result of its meshing (b)

— Quadrangle (Mapping) algorithm for model
surface partitioning;

— Hexahedron (i, j, k) algorithm for partition-
ing the volume of the model.

3.3. With the help of the Compute operation,
perform a meshing of the model and its surfaces
that correspond to the boundary conditions of
the problem (see 2.3). The result of meshing
the rect_cooler geometric model of the cooler
flow volume is shown in Fig. 3, b. For meshing
parameters given in 3.2 the model contains 3465
finite elements.

4. Conversion of the flow volume model of the
cooler into the OpenFOAM format

4.1. While in the meshing module Mesh, export
the cooler model to the I-DEAS (integrated design
and engineering analysis software) intermediate
.unv format. To do this, select the Mesh_1 object
in the Object Browser window (see Fig. 3, b) and
select File — Export — UNV file in the main menu
of the SALOME desktop.

4.2. Save the result in the rect_cooler project
directory in the file with a name, for example,
Mesh_1.unv. Minimize the window or exit the
SALOME geometric modeling system (optional).

4.3. Open the OpenFOAM terminal window by
selecting Applications — caelinux — OpenFOAM
2.2.1 terminal in the main menu of the CAELinux

- polyMesh - File Manager - + x
File Edit View Go Help

caelinux U (@ caelinux || rect cooler || constant | W
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Fig. 4. The contents of the subdirectory rect_cooler/
constant /polyMesh after converting the cooler model
from SALOME to OpenFOAM

operating system desktop, and enter the rect_cooler
project directory.

4.4. Convert the cooler model from the inter-
mediate I-DEAS format to the OpenFOAM format
by executing the ideasUnvToFoam Mesh 1.unv
command in the terminal window. Make sure that
the protocol for executing the ideasUnvToFoam
command was completed with the End string,
indicating that the conversion was successful
without errors. Also, make sure that the result
of the conversion was the creation of boundary,
faces, neighbor, owner and points files in the
rect_cooler /constant /polyMesh project subdirec-
tory (Fig. 4).

4.5. Convert the dimensions of the cooler model
specified in the SALOME geometric modeling
system in millimeters to meters, accepted in the
OpenFOAM mathematical modeling system by de-
fault. To do this, execute the transformPoints
-scale '(0.001 0.001 0.001)' command
in the terminal window and make sure that there
are no errors.

5. Prepare the flow volume model of the cooler
to the computation by OpenFOAM

5.1. Define the types of surfaces of the cooler
model that correspond to the boundary conditions
of the problem (see 2.3). To do this, open the
rect_cooler /constant /polyMesh,/boundary file in
any text editor and make the following changes:

— for the inlet and outlet surfaces, specify the
patch type;

— for the top, bottom and right surfaces,
specify the wall type;

— for the left surface, specify the symmetry-
Plane type.

The rect_cooler/constant /polyMesh /boundary
file should have the following form (the order
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of the surfaces and the value of the startFace
parameter can be different):

6
(

left

{
type symmetryPlane;
nFaces 231;
startFace 9684;

}

right

{
type wall;
nFaces 231;
startFace 9915;

}

inlet

{
type patch;
nFaces 165;
startFace 10146;

}

outlet

{
type patch;
nFaces 165;
startFace 10311;

}

top

{
type wall;
nFaces 315;
startFace 10476;

}

bottom

{
type wall;
nFaces 315;
startFace 10791;

5.2. Set the initial and boundary values of the
water velocity, corresponding to the initial data
and the boundary conditions of the problem (see
2.3). To do this, open the rect_cooler,/0,/U file in
any text editor and make the following changes:

— on the inlet surface, set the velocity value
at the inlet to the flow volume of the model:
0.01 m/s along the Z axis, and 0 m /s along the
remaining axes;

— define the outlet surface as a surface with
zero gradient;

— on the top, bottom and right surfaces, set
zero velocity value in all coordinate axes;

— define the left surface as a plane of sym-
metry.

The rect_cooler/0,/U file should have the
following form (the order of the surfaces may be
different):

dimensions [01 -1 00 0017
internalField uniform (0 0 0);
boundaryField
{

inlet

{

type fixedValue;

value uniform (0 0 0.01);
}
left
{

type symmetryPlane;
right
{

type fixedValue;

value uniform (0 0 0);

}
outlet
{

type zeroGradient;
}
top
{

type fixedValue;

value uniform (0 0 0);
}
bottom
{

type fixedValue;

value uniform (0 0 0);

5.3. Set the initial and boundary values of the
water pressure, corresponding to the boundary
conditions of the problem (see 2.3). To do this,
open the rect_cooler,/0/p file in any text editor
and make the following changes:

— set the inlet, top, bottom and right surfaces
as surfaces with zero gradient;

— set zero pressure value on the outlet surface;

— define the left surface as a plane of sym-
metry.

The rect_cooler,/0/p file should have the fol-
lowing form (the order of the surfaces may be
different):

dimensions [02 -2 000 071;
internalField uniform O;
boundaryField
{
inlet
{
type zeroGradient;
outlet
{
type fixedValue;
value uniform 0;
}
left
{
type symmetryPlane;
right
{
type zeroGradient;
}
top
{
type zeroGradient;
}
bottom
{
type zeroGradient;

}
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5.4. Set the physical properties of the wa-
ter according to the conditions of the problem.
When using the icoFoam solver, it is sufficient to
specify only the kinematic viscosity value nu. At
a temperature of 20°C, nu = 0.000001 m2/s. In
any text editor open the rect_cooler/constant,/
transportProperties file and enter the value of this
parameter. The file should contain:

nu nu [0 2 -1 000 0] 0.000001;

5.5. Set computation parameters. To do this,
open the rect_cooler /system/controlDict file in
any text editor and make the following entries:

— set the start time of the computation
(startTime) to zero;

— the end time of the computation (endTime)
is equal to the time when the steady flow of water
in the cooler sets in. To quantify it, an empirical
rule is used, according to which for a given flow
velocity at the inlet, the flow volume must be
updated 10 times, i.e. with an inlet flow velocity
of 0.01 m /s and a cooler length in the direction
of flow of 0.07 m the time of setting the steady
state is 70 s;

— the deltaT time step of the computation
is accepted so that during the computation the
maximum value of the Courant Number (Courant
Number max) displayed in the OpenFOAM ter-
minal window for the count protocol does not
exceed 1.0. For the initial data received, the value
of deltaT should be taken as 0.1 s;

— interval of recording the intermediate re-
sults of the writeInterval computation should be
set. For example, if the computation time is 70 s,
the time step is 0.1 s, the interval of recording
intermediate results is 20, then 35 subdirectories
containing velocity and pressure values for the
cooler model for every 2 seconds will be created
in the project's directory.

The rest of the parameters remain unchanged
[13].

The rect_cooler /system/controlDict file should
look like this:

application icoFoam;
startFrom startTime;
startTime 0;

stopAt endTime;
endTime 70;
deltaT 0.1;
writeControl timeStep;
writeInterval 20;
purgeWrite 0;
writeFormat ascii;
writePrecision 6;
writeCompression off;
timeFormat general;
timePrecision 6;
runTimeModifiable true;

6. Running the task and obtaining a solution

6.1. Run the task for computation. To do this,
execute the icoFoam command in the OpenFOAM
terminal window while in the project's directory.

6.2. Observe the computation process watching
the count protocol which is dynamically displayed
in real time during the solution of the problem in
the terminal window. The final part of the count
protocol is shown in Fig. 5. The protocol contains
the current time (Time) from the moment of the
beginning of the water flow with the time step
deltaT, the average (Courant Number mean) and
the maximum (Courant Number max) values of
the Courant number, initial (Initial residual) and
final (Final residual) values of the calculation of
the remaining projections of velocity U and pres-
sure p for the corresponding current time Time,
the time of task solving (CPU time) ClockTime
and other parameters.

6.3. Wait for the successful completion of the
task, when the output of the count protocol data
stops in the terminal window at the endTime
moment, and the last line of the count protocol
contains the End value. The content of the
rect_cooler project directory for completed com-
putation is shown in Fig. 6. Depending on the pro-
cessor performance and the size of the computer's
main memory, the time for solving the problem
can vary from 4 to 15 seconds or more.
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Fle Edt View Terminadl Go Help
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DICPCG:  Solving for p, Tnitial residual = 1.2041e-06, Final residual = 2.81662e-07, No Tterations 1
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ExecutionTime = 12,75 5 ClockTime = 13 5
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DILUPBICG: Solving for Uz, Initial residual = 9.22677e-09, Final residual = 9.226772-09, Mo Iterations O
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DICPCG:  Solving for p, Initial residual = 1.85052¢-07, Final residual = 1.85052e-07, Wo Iterations o
time step continuity errors : sum local = 1.05683e-09, global = -1.04614e-11, cumulative = -5.1846e-07
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Fig. 5. The final part of the count protocol
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Fig. 6. The contents of the rect_cooler project directory
after the computation is completed
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6.4. Make sure that 35 subdirectories are cre-
ated in the rect_cooler project directory, the names
of which correspond to the given time intervals of
the flow in 2-second increments, containing the
required values of the velocity U and the pressure
p at the nodes of the meshed model of the flow
volume of the cooler (see Fig. 6).

7. Analysing the results of solving the problem
in ParaView

7.1. Download the results of the solution of
the problem, i.e. the contents of the rect_cooler /2
.. rect_cooler /70 subdirectories to the ParaView
parallel computing visualizer. To do this, run the
paraFoam command in the OpenFOAM terminal
window. As a result of the command, the main
window of the ParaView will open on the desktop
of the CAELinux operating system, and an empty
file named rect_cooler/rect_cooler.OpenFOAM
will be created in the project's directory, through
which the visualizer will access the data of sub-
directories of the rect_cooler project directory.
7.2. Display the image of the geometric model
of the cooler on the desktop of the visualizer and
visualize the pressure distribution p in it (Fig. 7).
The pressure values obtained as a result of the
solving the problem are the specific values related
to the density of the cooling liquid and have the
dimension m2/s2. At a temperature of 20°C, the

Fig. 7. Pressure distribution p in the flow volume
of the cooler

a)

-

.,

e

Fig. 8. Model of a microprocessor with a symmetrical half of the cooler with hose connections (@) and the flow volume
of the cooler (b)

1 — inlet hose connection; 2 — outlet hose connection

density of water is 998.2 kg /m3. Thus, in order to
ensure a given velocity at the inlet to the cooler, the
water pressure drop must be Ap =998.2 - 0.000105=
= 0.1 Pa.

Example 2
Cooler design with hose connections

In the design of the cooler, two cylindrical
hose connections are added to connect the chiller
with a diameter of 9 mm and a length of 13 mm
(Fig. 8, a).

The water flow rate through the cooler is as-
sumed to be the same as in Example 1, in order
to be able to compare the results, so that its inlet
velocity is set to U = 0.141 m /s. The solution
of the problem was carried out according to the
method described in the previous example, with
the following features:

— the flow volume of the cooler has a complex
shape, its geometric model (Fig. 8, b) is created
in SALOME using the Fuse logical operation of
combining of the Box graphic primitive and two
Cylinder graphic primitives;

— the model has 10 boundary surfaces: inlet,
outlet, symmetry plane and seven solid imperme-
able walls (see Fig. 8, b);

— Tetrahedron finite elements in the form of
tetrahedrons (pyramids) were used for meshing,
with the value of the edge partitioning quality of
the model 0.6 (Fig. 9), the number of finite ele-
ments was 63715.

The result of the solution of the problem, which
is a visualization of the pressure distribution in the
flow volume of the cooler, is shown in Fig. 10. Tt
can be seen that in order to ensure a predetermined
water flow rate through the cooler, the pressure drop
should be equal to Ap =998.2 - 0.0129 = 12.9 Pa.
Comparing this value with the result obtained in
Example 1, one can see that as the flow velocity
at the inlet to the cooler increases by an order of
magnitude, the pressure drop increases by two
orders of magnitude, which corresponds to the

inlet
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Fig. 9. The result of meshing the geometric model of
the flow volume of the cooler with hose connections

o
0.012901
-0.012

0.008
0.004

0]
-0.00284

Fig. 10. Pressure distribution p in the flow volume of
the cooler

quadratic character of the hydrodynamic charac-
teristic described by equation (1). This result is
one of the reasons for trusting the software used
and the method proposed.

Conclusions

Considered on simple examples, the CAD /CAE
method for solving the hydrodynamic problem
using free software SALOME, OpenFOAM and
ParaView on a platform of the CAELinux operat-
ing system was successfully used by authors when
designing more complex coolers — not only sym-
metrical but also containing dozens and hundreds
of planar and curvilinear boundary surfaces, with
a sudden change in the direction of flow and ve-
locity of cooling liquid, when the value of CPU
time for obtaining a solution for only one variant
of the initial data were tens of hours.

Due to the limited size of the journal article,
many important issues were not considered here,
such as the adequacy of the geometric model to the
real design, the choice of algorithms and meshing
hypotheses, their effect on the solution result, the
use of a simpleFoam solver that takes into account
the turbulence of the coolant flow, ensuring con-
vergence of solution, parallelization of the task
to reduce the time of computing, presentation of
the solution results not only with visualization
pictures, the adequacy of the solution to the ex-
perimental data. The authors plan to devote their
future publications to these issues.
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CAD /CAE-METO/I BUPIIIEHHA TT/IPOJIMHAMIUHOI 3A/[AUI
ITp11 PO3POBLI IIOTYKHUX EJIEKTPOHHUX ITPUJIA/IIB

Heobxionicmy eupiwenns 2i0po0unamiunoi 3adaui GUHUKAE 6 MOMY 6undoxKy, KOAu OAs 3dbe3neueHHs me-
NII06020 PEKUMY eNeKMPOHH0Z0 NPUAAOY HEOOXIOHUM € 3ACMOCYBAHHS NPUMYCOB020 PIOUHHOZO OXON00KEHH,
peanizoeanozo y euzisdi 0x0100:xy6auie mici yu inwoi koncmpyxuii. Pesyavmamon il piwenns € éubip nacoca,
30ammozo nodoaamu 2i0poOuHamiunutl Onip 0X0N00XKY6aud npu 3A0AHUX 3HAYEHHAX sumpamu pidunu. Bubpamu
Hacoc He 8axKo, KOU 8i0oMa 2I0POOUHAMIUNA XAPAKMEPUCTIUKA OXO0N00KYEAUA — 3AJEHKHICMb HAOIUULKOBOZO
mucky pidunu na 6xo00i 6i0 weuoxocmi piounu, axa npomikae uepe3 0x0100xysay. Tendenyis 0o ycxaaonenus
KOHCMPYKUIL 0X0J00KY6a4168 3 HeMPAOUYIIHUMU MEUTAMU BUKIIOUAE GUKOPUCNANHS 6100MUX AHAITIMUYHUX 3d-
JeKHOCET § 6UMAZAE 3ACTROCYEANHS THIUX MemODi6, HANPUKAA) mamemamuunozo modesosanns. Hozo ocnoeni
emanu: po3pobka 3D zeomempuunoi modeni 0X0100KY6aUd; BUIHAUEHHS 6 Ti MEKAX WEUOKOCI T MUCKY PLouHU
waAAxXoM supiwenms cucmemu ougepenuianrvnux pieusmnsv nepospusrocmi i Hag'e — Cmoxca; npedcmasnenns
pe3yavmamis piwenus 6 8uzaioi, 3PYUHOMY 0151 AHANIZY.

s pearizauii maxozo nidxody nompibue cneyiarizosamne npoepamue 3abesneunns (113) muny CAD,/CAE.
Hoposxneua nponpicmapnux CAD /CAE-cucmem pasom 3 6umozor 6UKOPUCMAHHS NPU NPOEKMYEAHHT GUKLIOY-
HO nezanviozo 113 euxauxaiu neobxionicms eupiuents 3d3navenoi 3a0aui 3a 00NOMO2010 GLAGHUX NPOZPAMHUX
nPoOYKMie, HANPUKIAO cucmemu zeomempuunozo modenosanus SALOME, cucmemu mamemamuunozo mModeio-
sanns OpenFOAM i eisyanizamopa naparenviux obuucienv ParaView.

Ceped ocrosnux nepewxod 3acmocysanns 3azuavenozo I13 — tiozo crabra doxymenmosanicmo. Mema danoi po-
6omu — noKazamu HA NPAKMUHUX NPUKIAOAX, 3ACHOBANUX HA 00CETI0T NPOEKMYEaAHHSA PIOUHHUX 0X0L00KYEAUIE
ons mixponpoyecopie, nedoxymenmosani ocobaueocmi suxopucmanns SALOME, OpenFOAM i ParaView na
naamegpopmi onepayiinoi cucmemu CAELinux. ¥ po6omi na 060x npuxiadax 00KIAOHO PO3ZASIHYMO MeMOOUKY
piwenns 3adaui, wo 003601SE YCRIWHO 3ACMOCOBYEAMU OAHUL NIOXI0 NPU NPOCKMYBANHT CKIAOHUX PEASbHUX
KOHCMPYKUTU 0X0100)KY8AUI6 eLeKMPOHHUX NPUIADIS.

Kniouosi crosa: piounme oxonodxenns enexmponnux npunadis, CAD /CAE-modemosanns, CAELinux, SALOME,
OpenFOAM, ParaView.
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CAD /CAE-METO/I PEIIEHUSA TUAPOJUHAMUNYECKOM 3A/IAUYU
IMPN PASPABOTKE MOIIHbIX 9JIEKTPOHHbBIX ITPUBOPOB

ITpusedenvr npumepvl pewenus: eudpOOUHAMULECKOU 3a0AUU, KOMOPAs 603HUKAET NPU PA3PAOOMKE MOUHBLX
INEKMPOHHLIX  NPUOOPOS, Mpedyowux KUOKOCMmHozo oxadax)oenus, memodom CAD /CAE-moderuposanus.
Paccmompenvr ne doxymenmuposdanivie i C1abo 0OKYMEHMUPOSaHvle 0COOCHHOCNU €€ PeweHus Ha 0CHOGe
UCNOABL306AHUSL 800001020 npozpammuozo obecnevenus SALOME, OpenFOAM u ParaView na niamgpopme
onepavuonnoti cucmemvr CAELinux.

Knioueswvie cosa: xudxocmmuoe oxaaxoenue snexmponnvix npubopos, CAD /CAE-moderuposanue, CAE Linux,
SALOME, OpenFOAM, ParaView.
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