EXTERNAL FLOW AROUND A 3-D RECTANGULAR CYLINDER

Compiled by Ratish Dixit (OpenFOAM CFD club)

There are 4 basic steps followed while analyzing fluid flow around bodies.

.
1.
1.
V.

Construction of geometry
Meshing of the geometry
Simulation
Post-processing

Before starting with our process, let’s know some basics.

(i)

(i)

(a) Create a folder, ‘EXT _FLOW?’ on desktop. We will save all our files in this folder only.

(b) Always copy the files from the main folder to this new folder.

(c) Always dump study in .py format.

(d) icoFoam is used for unsteady state, incompressible and laminar flow.

(e) simpleFoam is used for steady state, incompressible and turbulent flows.

(F) pisoFoam is used for unsteady state, incompressible and few turbulent models.

(9) pimpleFoam is a combination of pisoFoam and simpleFoam and is more robust and efficient.

(h) In case of external flows, a larger box is made which acts as a domain and the smaller box inside
the big box which acts as our body. The smaller box has to be cut from the domain to study flow
around it.

(i) The walls of the smaller box are also included in the walls of the domain since we want the same
conditions on the body as on the walls of the domain.

l. CONSTRUCTION OF GEOMETRY
Opening salome
a. Extracted folder -> blueCFD-Core-2016 -> SALOME-8.3.0-WIN64 -> WORK -
run_salome.bat - Double click

» This PC » Windows (C:) » Program Files » blueCFD-Core-2016 » SALOME-8.3.0-WINGgd » WORK

el MName - Date modified Type Size
[E] compile 31-03-2014 20:47 Windows Batch File 1 KB
icoFoa = compile 09-12-2016 20:02 Pythen File 5KB
M CFC [E] del_build 17 19:4, Windows Batch File I KB
te =] generate_one 12-12-2016 18:45 Windows Batch File IKB
=| installation_path 30-05-2017 20:4 Text Docurnent 1 KB
[&] kill_salome 13-12-2016 171 Windows Batch File 1 KB
[E] open_in_vcl0 12-12-2016 15:53 Windows Batch File 2KB
. [E] prepare 30-05-2017 14:37 Windows Batch File 2 KB
" prepare_modules 13-12-2016 19:14 Python File 3KB
7 prepare_products 2016 21:54 Python File 4KB
s [&] run_salome 20-03-2017 13:38 Windows Batch File TKE
fs =] set_env 15-08-2017 14:41 Windows Batch File 4 KB
[Z] set_one_module_env 15-12-2016 18:52 Windows Batch File 2KB

b. Never cut the terminal that opens with it.

After salome opens
a. In the salome window, choose ‘Geometry’ from the drop down menu.
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b. Opening new geometry, click on ‘New’.

= Activate module ? >

You're activating module Geometry.
Flease, select required action by pressing the corresponding button below.

c. Salome window

" SALOME £.3.0 - [Study1]

File Edit View MewEntity Operations Repair Inspection Tools Window Help S"FJ'JJTEEX’EE
DEEX DS (e (aed T Fw

/0NN UNGIELY: PROOANOL REDLD ER

SR iADO /0 SN FOAEERL0 FASING i EESY INGREO

§ol|§-f

Object 8 X 0OCC scene: 1 - viewer: 1 x

DOPRARMELP PR P4V PP00000DS5¢caaaGLe mhdrle »

ObjectBrowser  NoteBook

Information

Parameter Value

Text
@ Name

Dimensions
Annotations.

(ilf)  Geometry
a. Specify the units in meter and click ‘Ok’.
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b. Creating a box, dimensions and fitting it to the window. Then click ‘Apply and close’.
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c. Now make another box. Then click ‘Apply and close’.
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d. Translation of Box_2 (body) to its location in the domain (Box_1).
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e. Inthe dialogue box that opens, do as below and click ‘Apply and close’.
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f. Now, Box_2 has to be cut-off from the domain (Box_1).
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g. In the dialogue box that opens, do as below and click ‘Apply and close’.
e Main object — From which the body has to be cut
e Tool object — The object that has to be cut
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Creating groups. Select ‘Cut_1’ from the object browser window on the left side of the screen.
Right click and select ‘Create Group’. Then do as follows.
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Repeat the procedure for outlet and select the face opposite to the inlet face.
For creating walls, do as follows.
Click ‘Select all’. All the faces will be highlighted.
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Now, when you click on ‘inlet’ and ‘outlet’ faces in the geometry and click ‘Remove’.
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Now, after removing inlet and outlet faces, you will be left with 10 faces. Click ‘Apply and
close’.
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(iv)

(i)

Dump study

File > Dump Study - Rename -> Save in .py format in the ‘EXT _FLOW?’ folder.

1. MESHING

Start meshing. Click on ‘Geometry’ and select ‘Mesh’ from the drop-down menu.
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(i)

(iii)

Go to ‘mesh’ in the tool bar, and click ‘create mesh’.
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In the  dialogue box  that  opens, select  the  following parameters.
For 3D, algorithm - NETGEN 3D, hypothesis > NETGEN 3D Parameters. Again a dialogue
box will open. Do as done in the second image. Click ‘Ok’.
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Similarly for 2D, algorithm = NETGEN 2D, hypothesis > NETGEN 2D Parameters. Select the
same parameters in the second dialogue box as did for 3D.
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For 1D mesh, choose ‘wire discretisation’ and ‘automatic length’. Give fineness ratio of 0.1
(coarse mesh) - 0.9 (fine mesh). And click ‘Ok’ = “Apply and close’.

=~ Create mesh 0O s
Mame Mesh_1 |
Geometry w Cut_1 |
Mesh type Any hd

k1) 0 D 0D

Algorithm Wire Discretisation -

A

Hypothesis <None > - _d. 3

=N
Add, Hypothess <Nofe > . d

Number of Segments
< Local Length

* Hypothesis .. O X

Arithmetic Progression

_ﬂ Automatic Lemgth

e p e Geometric Progression

Start and End Length Argumenis
Apply and Close Apply Close
E' : Mame |Automatic Length_1
Freed Points
Deflection E Fneness (0.9 &
Adaptive
Autormatic Length
Max Size Ok Cancel Help

rk/documentation/till_geometry.py™)

(iv)  Computing mesh
Right click ‘Mesh_1". Click ‘Compute’ to compute mesh.
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After computation, a dialogue box will open showing the numbers of different elements in the

¥ Mesh computation succeed
Compute mesh
OF |
HName:
Mesh_1
Mesh Infos
Total
Nodes = 062
0D Elements : o
Balls : o
Edges : 516
Faces : 548
Triangles : 2543
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a ®
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Note: Pyramids should always be zero then only your geometry and meshing is correct.
Creating groups in the mesh
Right click ‘Mesh 1’ = ‘Create Groups from Geometry’
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In the dialogue box that opens, select ‘inlet’, ‘outlet’ and ‘wall’ from the geometry. Your
selections will automatically be shown in the Geometry window. Click ‘Apply and close’.




(vi)

(vii)
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Dump study

File > Dump study = Rename - Save in .py format in the ‘EXT FLOW? folder.

¢ SALOME 8.3.0 - [Study1]

File Edit View Mesh

] Mew

& Open..

Save
Save As...

x Close

onnect

Disconnect

Dump Study...
Load Script...

Properties...

Import
Export

Preferences...
Mast Recently Used

Eat

Controls  Mod

Ctrl+N
Ctrl+0

Ctrl+5
Ctrl+ Shift+ S
Ctrl+W

trl+

Ctrl+U

Ctrl+D
Ctrl+T

Ctrl+P

Ctrl+R

Ctrl+Q)

¢ Dump study ? X
Look €\ Jsers Ratsh Dixit\Desktop \DpenF0AM CFD Wiork\dorumentaton O@EE
a Ratich Diit Mame Sze Type  Date Modified
Programs till_geametry.py 4KE pyFile 12-12-..23:43
SAMPLES
Flename: | mesh| l Save
Files of type:  Python Fles (*.py) v Cancel
Quick path:  C:\Program Fles\plueCFD-Core-20 16\SALOME-8. 3.0-WINGHISAMPLES ¥ | Addpath
Fublsh in study [ Mt fle dump [] save GUI state

Exporting the mesh to .unv format
Select ‘Mesh 1" 2 Go to ‘File” >Export > UNV file > Rename - Save




(viii)

(i)
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Go to the location where you have extracted the

For example: C:\Program Files\blueCFD-Core-2016\OpenFOAM-4.x

coFoa
CFC

143

() Mame

Jgit
applications
bin
doc
etc
platforms
src
tuterials
wmake
|| .build
|| .gitignore
| | Allwmake
| | COPYING

.

Date modified

10-10-2018 21:45
10-10-2018 21:46
10-10-2018 21:43
10-10-2018 21:48

10-10-2018 21:43

10-10-2018 21:44

18-06-2017 18:46

> ThisPC » Windows (C:) > Program Files > blueCFD-Core-2016 » OpenFOAM-4x

Type

File folder
File folder
File folder
File folder
File folder
File folder
File folder
File folder
File folder
BUILD File
GITIGNOR
File

File

Click on ‘tutorials’ = ‘incompressible’ = ‘simpleFoam’ = ‘wind around building’.

software.

coFoa
P CFC

ts

~  Name

0

constant

system
|| Allclean
|| Allrun

-

Date modified

10-10-2018 21:44

Type

File folder
File folder
File folder
File
File

Size

1 KB
1 KB

» ThisPC » Windows (C:) » Program Files » blueCFD-Core-2016 » OpenFOAM-4x @ tutorials » incompressible » simpleFoam @ windAroundBuildings

Copy the 0, constant and system folders to the ‘EXT FLOW? folder. Always COPY never CUT.
Editing the files in 0, constant and system folders for our problem in the ‘EXT _FLOW’ folder.
a. In 0 folder, only keep the following files and delete rest.

(i)




b. Open ‘epsilon’ file. Do the following changes and save.

C.

d. Open the ‘nut’ file. Do the following changes and save.

| epsilon
Lk

| nut
p
U

12-12-201819:34  File
12-12-201819:34  File
12-12-20181%:34  File
12-12-20181%35  File
12-12-218 2214 File

2KB
2KB
2KB
2KB
218

boundaryrField
{
inlet
{
type
value
1
outlet
{
type
inletvalue
value
1
wall
i
type
value
1
1

fixedvalue;
uniform $epsilonInlet;

inletoutlet;
uniform $epsilonInlet;
uniform $epsilonInlet;

epsilonwalTFunction;
uniform $epsiloninlet;

Open the ‘k’ file. Do the following changes and save.

boundaryField

i
inlet
{
type
value
1
outlet
i
type
inletvalue
value
}
wa1ﬂ
i
type
value
1
}

fixedvalue;
uniform $kInlet;

inletoutlet;
uniform $kiInlet;
uniform $kInlet;

kqrwallFunction;
uniform $kInlet;




boundaryField
{
inlet
{
type calculated;
value uniform 0;
1
outlet
{
type calculated;
value uniform 0;
1
wall|
{
type nutkwallFunction;
value uniform 0;
h
y
e. Open the ‘p’ file. Do the following changes and save.
boundaryField
{
inlet
{
Type zeroGradient;
1
outlet
{
Type totalPressure;
pO uniform 0;
gamma 1.4;
value urniform 0;
}
wa1ﬂ
{
Type zeroGradient;
1
L

f. Open the ‘U’ file. Do the following changes and save.




(iii)
(iv)

a. Inthe ‘system’ folder only keep the 3 files below and delete all other files.

uinlet
dimensions
internalField
boundaryField
{
inlet
{
type
value
ky
outlet
{
type
value
by
walll
{
type
¥
iy

(0 20 0);
[01-10000];

uniform (0 0 0);

fixedvalue;
uniform $uinlet;

pressureInletoutletvelocity;
uniform (0 20 0);

noslip;

Nothing to be changed in ‘constant’ folder for now.

In the ‘system’ folder

12-12-2018 21:40 File

| | controlDict
| | fwSchemes
| | fwSolution

21-11-2016 20:27

21-11-2016 20:27

2 KB
2 KB
2 KB

b. Open ‘controlDict’ file. Do the following changes and save. Nothing to be changed in other two

(v)
(vi)

folders.

application simpleFoam;
sTartFrom latestTime;
startTime Q;

sTOpAT endTime;
endTime

deltat
writecontral timestep;

writeInterval

purgewrite 0;
writeFormat ascii
writePrrecision 6;

writeCompression off;

timePrecision 6;

TimeFormat general;

runTimemodifiable true;

// adjustTimestep vyes;

Right click the ‘EXT FLOW?’ folder. Click ‘Open in blueCFD core terminal’.

In the terminal




a. Type ‘Is’ to view the files in that folder. ‘Is’ is a foam run command.

Ea%ci‘-sh Dix1t@LAPTOP-BEOHKB20 MINGW64 OpenFOAM-4.x
5

0 constant mesh.py mesh.unv system till_geometry.py

b. Type ‘ideasUnvToFoam.exe’ give a space and type the mesh file name ‘mesh.unv’ and click enter.

REH_:"ISH Dix1t@LAPTOP-BEOHK820 MINGW64 OpenFOAM-
$ ideasUnvToFoam.exe mesh.unv|

After the command runs, it will end with a message as below.

Sorting boundary faces according to group (patch)
0: inlet is patch

1: outlet is patch

2: wall 1is patch

Constructing mesh with non-default patches of size:

inlet 166
outlet 170
wall 2212

End

c. Now, go to the ‘constant’ folder. Open ‘polymesh’ folder. Click and open ‘boundary’ file in the
notepad.

Change the wall type to ‘wall” which will be written as patch.

(3() This number tells the number of groups
in
IHQ&&qeomenv
{
type patch;
nFaces 166;
startFace 14992;
¥
outlet
i
Type patch;
NFaces 170,
startFace 15158;
y
wall patch --= wall
i
Type ?@Il’
nFaces 221.72;
startFace 15328;
1
)

d. Go to command window again. Type ‘checkMesh.exe’ and click enter.

Ratish D1x1t@LAPTOP-BEOHKS82(
% checkMesh.exe

After the command runs, it will show a message as below.

Mesh OK.

End

e. Now, type the solver you have used. As here we will use ‘simpleFoam.exe’.




Ratish Dixit@LAPTOP-H
$ simpleFoam.exe |

It then starts performing the iterations. After it successfully runs, it will show a message as below.
Time = 20

smoothSolver: Solving for Ux, Initial residual 0.00647815, Final residual 0.000215193, No Iterations 2
smoothSolver: Solving for Uy, Initial residual 0.00188096, Final residual 5.64591e-005, No Iterations 2
smoothSolver: Solving for Uz, Initial residual = 0.00617601, Final residual = 0.000186012, No Iterations 2
IGAMG: Solwving for p, Initial residual = 0.00862202, Final residual = 0.000772304, No Iterations 1

time step continuity errors : sum local = 0.000154501, global = -9.55895e-006, cumulative = -0.00210669
smoothSolver: Solving for epsilon, Initial residual = 0.00621438, Final residual = 0.000562419, No Iterations 1
bounding epsilon, min: -15.7909 max: 1786.49 average: 44.1148

smoothSolver: Solving for k, Initial residual = 0.00932598, Final residual = 0.000173984, No Iterations 2
ExecutionTime = 17.016 s ClockTime = 17 s

End

Type ‘paraFoam’ and click enter. This command will open the ‘ParaView’ software.

Ratish Dix1t@LAPTOP-BEOHKB820 MINGW64 OpenFOAM-
§ paraFoam
Created temporary 'DOCUME~1.foam'

NOTE: When in command window, type a few alphabets of the command and press tab key. It will show
all the possible commands you can choose from and then complete the command.

(i)

(i)

(iii)

(iv)

IV. POST-PROCESSING OF RESULTS
Click ‘close’ in the dialogue box that opens when the software opens. Then click ‘Apply’.

Properties Information

Properties

= Apply Reset 3¢ Delg

Search ... (use Esc to dear text)

=2 Properties (DOCUME~1 || [ | [

Refresh

Click ‘Play’ button then.
K>S

To change the vector quantity i.e. pressure and velocity and see their affects, toggle as below.
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To change the color scheme of the results or to enhance the readability in terms of colors do as
following.




(v)

(vi)

First click, button 1 as in figure then click button 2. Se

lect the color scheme you want, click apply

and close. And close the ‘color map window’ that opened.
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Controls of the ParaView software
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Applying ‘Slice’

Click on the ‘slice’ button

Click ‘Apply’.

hO 00T

in step(iii)

First, select the box on the left side of the window which has to be sliced

Select the direction in which you want to see the plane
To change the position of the plane to be viewed, click and drag the red boundary of the plane.

Default it will show pressure variation. To see the velocity profile, change ‘p’ to ‘U’ as shown
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(vii)  Applying ‘stream tracer’

a.

Select the box from ‘pipeline browser’ window and decrease the opacity of the box as shown
below.
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Click ‘Stream tracer’ button
Set the sphere around the object for which you want to see streamlines around. Change the

radius of the sphere to completely surround the smaller box. Also change the number of points
to see more streamlines




Jpelne Browser B X DOLayouts1x +

2 bt PR W
a  cocLME~ Lfoam
@ — ) sice1

N streamTracer]

Properties  Information
Troperties

[T ] Wit | wosen |

Seeds

Seed Type Paoint Source

Sphere Parameters

F41 shew Sphere

Canter |5 [2s 5
Tt | 10

Wote: a 'Center' on mesh or ‘Ctri+ P to
snap to the closest mesh paint

| = Display |0 [

| = View (Render View) 0N Q-
[ AxesGrid | Edit

d. Click ‘Apply’

b
|® @oocue~tfosm
(@ |- @t
|+ e
:onoernes Informabon - 124.86
ropertes 8 x |8 - :

Acly  JResst | % Ovete ? Z -:-23574
| (5o i B o ot | : E
= | , L SE
| SeedType Pont Source v
-3.204e:0;
Qoo i ui s
— Hide/unhide ‘ agnitude

2670e+0]
| Racus 10 the sphere

| Note: Use 'P' to a ‘Cemeer um wwesti or Luner’ to
snap to the dlosest mesh point l 19.688

:jwofhnuj.m

= Diplay (GeometyRepn | N o d : _ ; 13.126
A B . 2 Wakes formed

%6.5628
Coloring

op v

452701

(viii) Applying ‘Glyphs’

a.

Select the box from ‘pipeline browser’ window and decrease the opacity of the box as shown
below

Click the ‘glyph’ button

Set it to ‘Arrow’ type. Click ‘Apply’.
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d. It will arrows in the direction from inlet to outlet

(ixX)  To save animation

Click File > Save Animation - in the dialogue box that opens set desired frame rate-> Save
animation in .avi format.
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File Edit View Securces Filters Tools Catalyst
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Look in: C:/Users Ratish Dixit/Deskiop/OpenFOAM CFD Work/documentation/ - O O O
Examples * | | Filename
My Documents 0
Desktop 10
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(x) To save screenshot
Click File > Save Screenshot = choose resolution and white background - Rename image =
Save image
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