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Computational Fluid Dynamic Analysis of a Laminar Flow Using Axisymmetric
Technique using ANSYS R2 Student Edition
Author: Cyrus Hagigat, Ph.D., PE
I: Introduction

ANSYS is a multi-functioning Finite Element based software that can be used for modeling
physical systems. ANSYS can be used for traditional and original uses of the Finite Element
Analysis (FEA) such as stress and vibration analysis. ANSYS can also be used for analyzing fluid
and gas flow using the Computational Fluid Dynamics (CFD) technique.

In this article, ANSYS is used for analyzing the laminar flow of fluid in a pipe and graphically
displaying the fluid distribution in the pipe. The simulation was used in a Fluid Mechanics
classroom in the author’s institution and the results compared against experiments performed
in a fluids lab.

This article presents in great detail every step of using the latest version of the software as of
the date of this writing. As new editions of the software are inevitably released, there will be
minor differences in the Graphical User Interface (GUI) of the later versions of the software and
this article. However, the main concepts will remain the same.
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Il: Detail description of the software interface and the implementation of the software to
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Type here to search

All apps
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After clicking on the arrow above, the ANSYS modules appear. Go down the list and choose on
“Mechanical 2022 R2”.

) Type here to search

All apps

Forte Monitor 2022 R2
Forte Simulate 2022 R2
Mechanical 2022 R2

Mechanical APDL 2022 R2

Click on
“Mechanical 2022 R2”

Mechanical APDL Product Launcher 2022 R2
MFL Validation Manual 2022 R2

Nexus Launcher 2022 R2

Polyflow 2022 R2

Product & CAD Configuration 2022 R2
Reaction Workbench 2022 R2

Remote Visualization Client 2022 R2

RSM Cluster Monitoring 2022 R2

RSM Configuration 2022 R2

@ Cyrus Hagigat
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The Mechanical Module contains
numerous portions as shown on the
left. Some of the more familiar ones
ares‘Static Structural” and

Fluid Flow (Fluent)”

By not clicking on the any of the modules, the software automatically (after a while) brings up a
“DM” window that is generic and not related to any specific analysis type such as fluids or static
stress analysis. “DM” stands for “Design Modeler”. “DM” is an icon at the bottom of windows

menu.
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The generic “DM” screen appears as shown below.
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DM stands for Design Model. There is a “DM” icon at the bottom of the screen. By clicking on it,

the DM screen will appear and disappear.
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At this point, in addition to the “DM” screen, there is a “WB” screen at the bottom. “WB”
stands for “Work Bench”. DM screen is defined as M at the bottom of windows screen.

As a result of the automatic addition of the “DM” screen, the following is added to the “WB”
screen.

-

yll * Mechanical Model

2 @ Enginesring Data v
3 @ Geometry 7,
4 @ Model 7,

Mechanical Model

Note that the above indicates a “Mechanical Model” because the Mechanical module of ANSYS
was used to start the process.

Close the “DM” window by clicking on the X on its upper right corner.



Bring up the “WB” window again.

The screen appears as shown below.
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Click on the arrow, and
then delete box A.
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The screen appears empty as shown below.
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Click on “Fluid Flow (Fluent)” on the left.
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Instead of clicking on “Fluid Flow (Fluent)”, the “Fluid Flow (Fluent)” can be dragged, and the
screen appears as shown below.
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% Fluid Flow (Fluent)

2 | @ Geometry
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4 @@ setp T o,
5 @ Solution Y.
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Click on “Fluid Flow\Fluent)”,
and as a result, this bbx
appears.

Alternatively, click on “Fluid Flow (Fluent)” and drag it, and the screen will appear as shown

above.
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Double click here.

It becomes blue highlighted as shown.
Once it is highlighted, a new name can
be type in. In this case the name is
changed to “laminar fluid flow”.

After the name is changed, the box appears as shown below.
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Click on “Geometry” above.

On the right of the “WB” screen, the following appears.

Properties of Schematic A2: Geometry

1

2 B General

3 Component ID

4 Directory Name FFF

5

6 MNotes

7

a8 Last Update Used Licenses

9 Used Licenses
10 Solid Bodies - p—
11 Surface Bodies [+

iz Line Bodies [l

13 Parameters Indepandent =
14 Parameter Key AMS;DS

15 Attributes

16 Named Selections

17 Material Properties

2 Advanced Geometry Options

19 Analysis Type )
20 Uze Assodativity

21 Import Coordinate Systems
22 Import Work Points

23 Reader Mode Saves Updated File
24

25

26

27

Click on this arrow.
Choose “2D” as the option

Import Using Instances
Smart CAD Update
Compare Parts On Update Mo Ed
Endlosure and Symmetry Processing |+]
Decompose Digjoint Geometry [+]
29 Clean Geometry On Import [l
Stitch Surfaces On Import MNone

31 Mixed Import Resolution Mone B
3z Import Facet Quality Source
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% Fluid Flow (Fluent) Doble click on_“Geometry”.
second screen tilted

2@ Geometry 7 | , ,
- A: Laminar Fluid flow - Design Modeler
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) 0 Results ¥,

Laminar Fluid flow
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It cannot be seen. But, this is
A: Laminar Fluid Flow — DesienModeler
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This undoes every
things an QGle oo O malh FIGOEN

W W fe fir A A fr A
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screen to its e e T e TR o S 5
. " e §
original form as T el ga oot S e s e Poses Er

show to the right. ~ iz

This is the “Sketching” option

This is the “Modeling” option

The following is the fluid flow problem statement.
Problem statement:

Itis a 10 mm diameter pipe, its length is 100 mm. The water is entering into it, at a velocity of
0.0005 m/s. You need to find the velocity variation in the pipe.
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In the “DM” window, click on Units on top and change the default units to millimeter.
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The screen with XY plane and Z normal to the plane appears as shown below.

[E : Laminar Fluid flow - DesignModeler
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Click on this ball to put the
coordinate system to the
original default
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Select the “Sketching” tab

Click on “Rectangle”
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After clicking on ‘rectangle”
as called for on the previous
page, the pointer becomes a
pencil. Click on “origin” and

drag and create a rectangle =

Click on

"Dimension”\;u
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After clicking on “Dimension”,

click on this side, and then drag
and let go. The
Dimension appears as shown.

- R e = 8 =
e ——

Ol © poe o et EETMN- K8 SPAAABAGED ses A

LU P o O LY L

e N NN B

The dimension for
“V3=i526:
This can be cha
to 10 mm by clicking
in the box and
changing the
dimension.

Ifata t, the menu on the “DM” screen does not look right, Click on “Modeling” and then
|"5ketching', and the correct menu will pop up



Using a similar procedure
for dimension V3, create — "
dimension “H4” and set Efoe
it to “10Q”
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w 0 i)
[ — —
19 i 50
o leten Wi e ) 0

At this point, the sketch is complete.
The sketch needs to be converted into a 2D geometry.

Go to “WB” SCREEN.

Right click on “Geagmetry”

VV

! %, Fluid Flow (Fluent)

2]

3

4 @ o
5 |@ Solution ? .
6 @ Results ? .

laminar fluid flow
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After right clicking on geometry above, the following appears.

G
. Geometry L

Edit Geometry in DesignModeler...
e | { Edit Geometry in SpaceClaim... |

5 @ Solution | Ouplcate
6 0 Resdlts Transfer Data From New >
Transfer Data To New »

7 Update
Update Upstream Components
Stop

3] Refresh Click woperties"

Reset

laminar fluid

tls]  Rename
Properties
Quick Help
Add Note




Properties of Schematic A2: Geometry

A B
1 Property Value
3 Component ID Geometry
4 Directory Name FFF
5 = No
6 Notes
7 —| ed
8 Last Update Used Licenses
g = Geometry So
10 CAD Plug-In DesignModeler[19360]
b = Advanced Geometry Optio
12 Analysis Type 3D
13 Compare Parts On Update | Mo hd
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Click on this arrow and change
AnalysiS Type to “2D”

The “2D” option was selected earlier. This section provides another example of how to do this if
it was not done earlier. Basically, by using the “Properties” option above, the characteristics of
the Geometry can be changed. Since “2D” was selected earlier, the “2D” option is already

selected.
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Click on “Generate” and then

[

‘Cancept”
B A: 1aminar fiuid flow - Dasé eler

| File Create Concept Tools Units View Help
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Sketching Toolboxes % Graphics

Draw
Modify ‘
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- A: laminar fluid flow - DesignModeler
| File Create | Concept Tools Units View Help
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J XYPlane E ;:;:Zsui:m ERges & </ Generat

| Wedrude | Split Edges _J[ | , .

J @ Point 3 ¥ Surfaces From Edges Click on “Surface From

st {5 T emser——— Skeiches”

]ﬁ r’*‘ 3 & Surfaces From Faces

Fee Outh % Detach
=- ‘/@ A: lar Cross Section 4
£ #- > XYPlane
> ZXPlane
> YZPlane
-/ 0Parts, 0 Bodies

The following appears at the bottom left of screen. (The following appeared as a result of an
error).
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Sketching Modeling

Details View | W
= Details of SurfaceSk1 |

'Surface From Sketches | SurfaceSk1

‘Base Objects 'Not selected |

Operation Add Material

' Orient With Plane Normal? ‘ Yes

‘Thickness (>=0) 0 mm

Note that “Base Objects” are not selected
yet

Or alternatively, the following appears on the left of screen, if no error was made.

Sketching Mudtlinﬂ

Details View 2
= Details of SurfaceSk1
Surface From Sketches Surface5k1
Base Objects Apply Cancel
Operation Add Material
Orient With Plane Normal? | Yes
Thickness (> =0) 0 mm




Page 125

Sketching  Modeling |

Details View S
= Details of SurfaceSk1
' Surface From Sketches | SurfaceSk1 ‘
BaseObjects  Notselected

Operation | Add Material
Orient With Plane Normal? | Yes
_Thickness (>=0) iOmrn

Note that “Bdse Objects” are not selected
yet. Click Here.

After clicking on “Not selected” above, the screen appears as shown below.

sketching  Modeling

Details View - 2
= Details of SurfaceSk1
Surface From Sketches SurfaceSkl
Aol cancel
Operation Add Material
Orient With Plane Normal? | Yes
Thickness (> =0) 0 mm
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File Crame Concept Took Units View Help

OEE e o <3 st *h L MET W - e || SRR EQ O e 2
W~ W~ £~ A~ A A A A
rPane = b | sketnt - & i Generate W v [EParamaters
Witrud: ke T— w || m P - % Chamfer W Siice
* = Conve
Bisdebditor @flimport 060 ] Losd 86D [HlLesd MDF | EEFlowPsth  of Blade o Splitter ) | o SectorCut g Throatfres ¥ CAD Import = | 0 Model Settings.
LA 3] (=T =11 B
Toee Gutline 3 Graphiss
48 A laminer fuid flow
B XMPlane
7 DiPlane
ok VEPlane

Statching _wisseing |
= Details of SurfaceSel
Surace From sketcnes acesia
erstion
e .

Click on “Apply”

For different reasons, things may disappear. The tree on the left is used to make them appear
and to keep track of them. If things disappear, click the different components of the tree on and

off.

The tree diagram is showing AN - il _ =|| & @
that on XYPlane, there is S k;_m;-:-ﬁu'-drm
Bv lame
Sketck1 el , 5 Sketch]
oo ZiPlane
and o YZPlane

SurfaceSk1 e 0 Parts, 0 Bodies
/ This is sh

At this point, there is no parts, no Bodies fluid is Blue

ing that the
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(B 2 tamminar fuid fiow - Desgniodeler

Fle Creste Concept Toch Units View Help

OB @ O G [y b BREHER - W |SERAKMAATE M4 @
W We A o fe e A A

P * | ke * 2 || 3 Geeste @haeTopsiogy [FlPamametens

Metude ghfevche QpSosep fSinich | TR Sutice S Blend = % Chamier W Sike

Badeldaor fiflmpont B0 Jjlosd BSE [ilosd NOF | TR FMpPath o Bade of Spitte  JViaTFispont ' ExportPoints WBtageFiidZone sl Sectorlut g Thioatires ¥ CAD impost = 72 Model Settings
1B F s §=1 - ML L Y

Ll

Detait View
= Dwtaihy of Surtsoeiil
Surtace From Sketches Surfacelikl
Bae Cajet [1sumen
Operation | #a2 Material
Orient Wih Flane Harmai!  Tes
Thickness [+ =0} omm

Click on Generate. he color is changed to that of
The surface is a Solid.

converted to

1 Part, 1 body

[E] A: taminar iuid flow - DesignModeler
File Creste Concept Tooks Units View Help

Q@ & O GF [sdect ' B MRO@ & W= | SCQARBAAAE |+ ®e |2
| M- W~ £~ A~ A A~ S AT

XrPrane v e | Sketemt ~ 23 | j Generste @®Share Topology [ZParameters

WExtrude SloRevolve Qo Sweep § Skin/Loft WA Thin/Surface Q@ Blend ~ 4 Chamfer @ Shice

@ Point ) C

| Bladefditor: @flimport 8BGO dR]Losd BGD [>lload NOF = S$ FlowPsth o Blade o Sphtter - JVistaTFixport - ExportPoints W StageFluidZone gl SectorCut i ThroatAres ¥ CAD Import » | <2 Model Settings
5 (&= - -l @

58 A: taminar fluid flow

1 Body: Area = 1000 mm*

body becolnes highlighted
and this box appears.
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The “Surface Body” becomes visible by clicking on + next to “1 part, 1 Body”, and only then can
be clicked on as defined above. In summary, whatever is clicked on tree on left of screen
becomes highlighted.

At the bottom left of screen, the model information is available under “Modeling” tab as shown
below.

sketching  Modeling

Details View q
Body 'Surface Body |
Thickness Mode Inherited
Thickness (>=0) 0 mm
Surface Area 1000 mm*

Faces -1

Edges 4

Vertices 4

Fudsoid -
Shared Topology Method | Automatic

Geometry Type DesignModeler

As highlighted above, in the lower left corner under modeling, the Fluid/Solid type is defined as
Solid. This needs to be changed to “Fluid”.
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Sketching  Modeling ,

Details View B e
Body Surface Body
Thickness Mode Inherited
Thickness (>=0) Omm
Surface Area 1000 mm?
Faces 1
Edges 4
Vertices 4
Shared Topology Method it
Geometry Type

Modé

wartow, and then
click on Fluid

After changing to “Fluid”, click on “Generate” on top to make sure the body type is changed to
fluid. If this is not done, it may cause problems later in the modeling. At this point, a rectangle
for fluid modeling is generated under the “Geometry” option (on the WB screen).

Since the geometry portion is now complete, minimize the “DM” window, and bring up the
“WB” window. On the “WB” window, save the project under file using standard windows
techniques. The work can be stopped by closing the “WB” window after saving. Closing the
“WB” window closes all other windows after a time period. The work can then be recovered by
starting ANSYS mechanical again and choosing the project name under file in “WB” window.
The entire project will be loaded again. However, individual windows will not pop up
automatically. For example, if the project after being loaded appears as shown below, it is
indicated that geometry and meshing are done and are a part of the project. However, in order
for the Geometry and Meshing windows to be opened, “Geometry” and “Mesh” have to be
double clicked in the “WB” window as shown below.
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- A
1

ENCITIEI —Geometry and
2 | ceomery . Mesh are done
3 |@ Mesh &"ﬁ/

|
4 @Selup ‘?‘
5 |§5 solution ? .
6 @ Resuts 2,

Laminar fluid flow

Recall that when ANSYS is started, first the WB window appears and then the DM window
appears after a while. If a save job is being brought in, close the DM window, and delete the
project on the WB window. After an empty WB window is available, import the data base for
another job.

The window appears as shown below when an attempt is made to open the project in the “WB”
window through standard windows file operations.

.Dpen
| ¢ v N « Docu.. * ANSYS FLUENT SELF CREATED.. » v C Search ANSYS FLUENT SELF
E Organize * New folder E- [
Th SIS how a prOJeCt & videos Name . Date modified Type Size

indicator ap

> o OneDrive checking how to save_files 10/1/2022 410 PM File folder

~ [l This PC
> il Desktop

n checking how to save 10/1/2022 410 PM Ansys 2022 R2 whb..

v & Doc
ANSYS FLUENT
Custom Office

Double click o

> Downloads

project name and > @ Music
project opens in > B o
“WB” Window- File name: ~|  Waorkbench Files (*wbpj;*wbpz ~

| Open Cancel
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Continue creating the mesh in the next step after saving the project. Save the project at the end
of each step, in order to make recovering from modeling mistakes easier.

Activate the “WB” window.

Click on “Mesh” in “WB”
window.

laminar fluid flow
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The upper right side of the screen changes as shown below showing the Mesh properties.

"2 Properties of

Schematic A3: Mesh

Save Mesh Data In Separate File

A B
1 Property Value
3 Component ID Mesh
4 Directory Mame HEE
1 Motes
7 E Used Licenses
8 Last Update Used Licenses
] = System Information
10 Physics CFD
11 Analysis Any
12 Solver FLUENT




Click on “Mesh” and
then
Right click.
The Edit box appears
Single click or perhaps
double click on “Edit”,
and the meshing
screen appears at the
bottom. This is a new
screen. The
appearance of this
screen takes a while
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A

v

A

=
2 @ seur g Edit...

53  Duplicate
Transfer Data From New 3
Transfer Data To MNew »

#  Update
Update Upstream Components
Clear Generated Data

Refresh
Reset

EE Rename

Properties

Quick Help
Add Note
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The meshing screen appears as shown below.

This says:
A: Iaminarj\ow — Meshing [CFD PrepPost]

B Cortest - & =
BEEE - voce weiy  Seection Astematon Mabion ~ @ o
EI Acut X Delete Mramed seremon  Wimages ~ - T Tags (i) Serecteen infarmation ' fepen Preven f=4 rtanage
I o G | T | e coven mieennrene | W S W o e St svvaresnts | D e o+
CUPBCAE (0 e T Trea= | T | e Wiwmituticrn | Ve Woskahast Jmtrame | o amage views G Print Preview L T —
uttine aesn et Toon [T

A (el % S- Q@8O Sdka RMde- [FTRR MBS DS "™ 5 [Ecipboard- [Empty] &3 Extend- 9 Select By~ M Convert~

This is the surface to be meshed

The left side of screen looks as follows.

Click on all +to
changeitto-

1 Project*

& Model (A3)

..... . Geometry Imports
..... / (57 Geometry

....... 4 Materials

----- » 3% Coordinate Systems
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After all the + signs are changed to — signs, the screen appears as shown below.

~
v

This means the Geometry has been

importetfkam the geometry T ol Conrch Oiitling

This means the geometry is a “Surface
Body” that was generated in the
“Sketching” tab of DM window.
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ANSYS has some default meshing features. The default meshing features will be used first.

«

Name - | S¢ ! t -
B pProject*
= (@ Model (A3)
= @8 Geometry Imports
+ @ Geometry Import (A2)
= Geometry
v B Surface Body
= 2 Coordinate Systems
>4 Global Coordinate Systen

Ly D
Click on “Mesh”, and the
following box appears.
Details of "Mesh" v ) OX
Display Style | Use G...|
| Physics Preference [cFrD |
‘ Solver Preference \'Fluent \
| Element Order \' Linear \
Element Size \. De'au...'f
| Export Format | stand...
'Expoﬂ Preview Surface Mesh ‘ No |
| Sizing 4 :\
‘«'Quamy J
+ Inflation \
4 Batch Connections \



Right Click on “Mesh” and
then

Click on “Generate Me

Details of "Mest 2>

| /9 Geometry Import (A2)
=X /@ Geometry

- LRy Surface Body

- /m Materials
(3% Coordinate Systems

{ o b +i Global Coordinate Systen

il
v

Update

0w

=

Display
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QQ

Insert

Preview
Show
Create Pinch Controls

Group All Similar Children
Clear Generated Data
Rename F2

Start Recording

D—isplay ityle

Iml I
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The following default mesh is generated.

The following is on the lower left corner of the mesh screen.

Details of "Mesh" == - 4 0O
=/ Display
Display Style |Use G...
=1 Defaults
Click here and change the Physics Preference oD
mesh Sizm :olver Preference Fluent
Order Linear
|| Element Size  Defau...
Export Format Stand...
Export Preview Surface Mesh | No
Sizing
+ Quality
[+ Inflation
Batch Connections
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T L
-------- i aq. Global Coordinate System .
YA 4

- Insert »

Update

Right click on “Mesh” and $  Generate Mesh
then click on “Update”. Preview >
Show »

Create Pinch Controls

Group All Similar Children

0w

Clear Generated Data

f "Mesh' 2 Rename F2

/ Start Recording

/ Style rmem.-n——
= 1 :
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The mesh is updated as shown below.

|- Context A laminar fluid flow - Meshing [CFD PrepPost] - 8 X
Home  Mesh  Display  Seletion  Automation  Motion ~RD o
D Hcut X Delete g Bnamed seiection  [Dimages~ . E E R Tags [ setection information 5 Report Preview ﬁ Mumanage~
Bl copy QFind K dinate System £l Section Plane - [3showErors @ Unit Conwerter [Edkey Assignments L] user Defined~
PR e TmTree= | S Dlcomment Bannotation N Worksheel Kotame  Manage Views &' Print Preview G (I Reset Layout
Outline Mesh Insert Took Layout
Outiine *30X QA (@ed % O -+ QAA@QQ Seect KModer TRRR@EM® = P E [[Cipboard~ [Empty] @Extend~  SelectBy~ @ Convert~
Name - v, A
& @ Model (A3) y
5 B Geametry Imports 2022 R2
/%9 Geometry Inport (A2)
B %8 Geometry STUDENT
W Surface Sody
[ Materials

B2k Coordnate Systems
3K Global Coordnate System
D Mesh

L]
Details of "Mesh” *40Ox :

= Display
| Display Style [use Geom... 0 0.015 0.03(m)
[ S— —]
B|Defasts 0.007% 0022
Physics Preference FD
| Solver Preference Fuent
Element Order Linear

Tedt | Association | Timestamo
The mesh transiation to Fiuent was successful. Project> Model>Mesh Frigay, September 30, 2022 7:01:10 M

Element Size 1e0mm | | oo
| Export Format Standard
Export Preview Surface Mesh | No

The correctness of the mesh for the application must be checked.

At the bottom of the table on the lower left corner, the mesh statistics can be checked.

Physics Preference CFD

Solver Preference Fluent
Element Order _I.inear

Export Form;t VStand...

i'_Export Preview Surface Mesh | No
+ Sizing
+ Quality
Double Click on “Statistics  + infiation
+ Batch Connections
Advanced

&
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After clicking on the Statistics, the following appears. It is shown that the number of nodes is
1111, and the number of elements is 1000.

Details of "Mesh" oo - n 0O x
‘Solver Preference Fluent
Element Order Linear
|| Element Size 1.e-003 m
Export Format Standard
'Expnrt Preview Surface Mesh | No |
'+ Sizing
+ Quality 3
+| Inflation
#| Batch Connections
+ Advanced
Nodes 1N
Elements 1000
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Do the following in the “Details of “Mesh” at the bottom left-hand side of the screen.

Details of "Mesh” * 1 OXx
= Display | |
Display Style | Use G.uly Click or Double click
= Defaults T~~~ here
Physics Preference CFD |
Solver Preference IFIuent |
Element Order 'linear |
Element Size | 1.e-Dﬂ...'
Export Format | Stand...'
Export Preview Surface Mesh | No |
+| Sizing |
+ Quality
+ Inflation
+/| Batch Connections

“Use G...” above, stands for “Use Geometry”.
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The following appears.

|- Context A: laminar fiuid flow - Meshing [CFD PrepPost] - 8 %X
“ Home  Mesh  Display  Seletion  Automation  Mation ~D o
D - X g ® @ images* 11 E E R Tags [ setection information & Report Preview i Manage ™
-] Q Find k [P section Plane . b showErrors Bl Unit Converter [Jkey Assignments [Tuser pefinea~
" Rpacte Tymeer | S Cicomment Bannotation | Units Worksheet Xeyirame oy anage Views @ Print Preview sten (JReset Layout
Outline Mesh Insert Took yout
Outline ~10X  QQ[@wd® % C -+ QA A @ Q St kMode- TRRRWE @B Y P S [Cipboord- [Empty] @ Extend= 9 Select By~
Name - .
[ project*

& @ Model (A3)
B @) Geometry Imports
/9 Geometry Import (42)
H- %8 Geometry

B Surface Body
[ Materials
4 Coordinate Systems
3k Global Coordnate System
D Mesh
]
Details of "Mesh” -4Ox X
=~ Display
EECETR—— g oms i
]
B Defaults 0.0075 0022
Prysics Preference cFD
Solver Preference Fluent
Element Order Linear Messages
+ | Text | Association | Timestamo
Blement Siee L) The mesh transiation to Fiuent was successful. Project> Model> Mesh
Export Format Standard

Friday. September 30, 2022 7:01:10 P
Export Preview Surface Mesh |
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The following 2 screen shots are the zoomed in sections of the above.

The meshing is now uniform.

Details of "Mesh" oo - q. Ox

= Display
Physics Preference CFD
Solver Preference Fluent
Element Order Linear
~ Element Size 1.e-00...
Export Format Stand...
Export Preview Surface Mesh | No

+| Sizing

Quality

+ Inflation

Batch Connections

o A e
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In order to check the meshing “Aspect Ratio” do the following.

Details of "Mesh" v 1OX
- Display
Displa : Shell T... w4
S Defaults g;:"GTe,%' Click on arrow, and then
. Physics Preference Element click on
'Solver Preference ped - ”Aspect Ratio”
Element Order Jacobian
- Jacobian
Element Size Jacobian
Export Format Warping
Export Preview Surface Mesh Para]lel C
| Maximun
+ Sizing
+ Quality
+ Inflation

+ Batch Connections
o h S O e ————

These areas don’t have the correct
“Aspect Ratio”
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Details of "Mesh"

Element Order Linear
| Element Size | 1.-003 m
Export Format ' Standard
Export Preview Surface Mesh [No
s——| Siring
Use Adaptive Sizing
Growth Rate

Mesh Defeaturing

Click on the +size here to turn

it into a — sign as show. When it
is negative, The Sizing options
appear. The sizing optio

No
Default (1.2)
Yes

N “ h . I R | Defeature Size l Default [5...._
|nterES'F in t I_S p els Capture Curvature :Yes
"Adaptwe Slzmg” Curvature Min Size | Default 1.
Curvature Normal Angle | Default (1...
_Capturle Prnximitly No =

1ENt vUraer LINEear

lement Size 1.e-003 m

rt Format Standard

wrt Preview Surface Mesh | No

Adaptive Sizing No —

ool Rat'e Wmn “No” next to

h Defeaturing ves \ “Adaptive Sizing” to turn it into
yefeature Size Default (5.... “Yes”

ture Curvature Yes

furvature Min Size | Default [T

urvature Normal Angle | Default (1...

After turning “Adaptive Sizing” on by changing the “No” to “Yes”, do the following.
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VuLtine mesn
QQ
Name v |Search Outline |V o
1 project*
= Mgd(u)
) ) =@ Geometry Imports
Right click on . /%9 Geometry Import (A2)
nMeShn E],/Q Geometry
By Surface Body
And then dou /8 Vaterias
click on -y 3K Coordinate Systems
' >4 Global Coordinate System
“Generate Mesh” @"‘- =
7 Insert
B%] update

Generate Mesh

Preview

Show

$  Create Pinch Controls
) Group Al Similar Children
& Clear Generated Data

Details of "Mesh" I Rename F2
Resolution Start Recording
Mesh Defeaturing Ves |

pep - precc— 1

The following mesh is generated. The mesh is now better, because the minimum and maximum
size is now 1.

The better mesh would have been 1 by 1. The example model is 1 by 1 and is as shown below.
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uo- Context A Laminar Fluid Flow - Meshing [CFD PrepPost] - 8 X
- Home  Mesh  Display  Selection  Automation  Mation ~8 o
D Acut X Dele g elect ®images~ '_ﬂ E E R Tags [ setection information 5 Report Preview
B copy QFind K t [ Section Plane x [3showErors @ Unit Conwerter [Edkey Assignments
. Braste e | O™ Dicomment Bannotation N Worksheel Kotame  Manage Views &' Print Preview stratn (JReset Layout
Outline Mesh Insert Took you
Outline ~40Ox Qa (e ) QA @@ Q St kModer TR R D@ DWW T & [Cipbosrd- [Empty] @ Extend~ 9 SelectBy~ @ Convert~
Name - v,
(I Project*

& @ Model (A3)
&8 Geometry Imports
+®® Geometry Import (A2)

B/ % Geometry
x Wy Surface Body
(5 Materials
B3k Coordnate Systems
.+ Global Coordnate System
% Mesh
L]
Details of “Mesh” by 3=11 .
= Display
Display Style Aspedt Ratia [ °‘¥ 0.03(m)
. ]
= Defaults . 00075 0022
Physics Preference |cro
Solver Preference Fluent
t Messages
Element Order Linear
Element Size 1e00im
Export Farmat Standard

Export Preview Surtace Mesh | No

Use Adaptive Sizing Yes
Resolution Defautt 2)
Mesh Defeaturing ¥es
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In the Mesh window, the boundary tools are shown below. The boundary tools are used to
select the model boundary.

These are the boundary tools

QOO %0100 QQQ ki FREBRERRY DS Boson () Dot Livett et

In this example, the edge select is used.

Edge selection icon

e

= QA QA Q Sdect % Mode- @@Q@..QD'G'QD Bl Cipboard~ [Empty] @bitend~ 9 SelectBy~ @ Convert~

fdge (CtrieB)

Select o highbght edges on your
model. Use the Ctr button or hold the
mouse button to select multiple edges.

(D Press F1 for help.

Click on “Edge
Selection” option

— - -

lect Mode- FTRE D@ B B W '« & [Clipborrd- [Empty] Dextend~ 2. Select By~ W Convert~ ,

Edge (Ctrl+E)

Select or highlight edges on your
model. Use the Ctrl button or hold the
mouse button to select multiple edges,

(D Press F1 for help.
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After selecting the edge above, the pointer changes. Click on the bottom of the rectangle.

After selecting the edge option above,
click on the lower edge of rectangle.

The lower edge becomes green which
is not quite visible, but is dimly visible
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After selecting the lower edge (after which the lower edge becomes green highlighted), right
click and the following appears.

@ W

2@ @ @ O

f ®®

-
-
Ta

v
.

2 - T

Insert
Generate Mesh On Selected Bodies

Clear Generated Data On Selected Bodies
GoTo »
Hide Body F9
Filter Tree Based On Visible Bodies
Suppress Body

Isometric View

Set

Restore Default

Zoom To Fit

Jd =

Zoom To Selection

O N

Image to Clipboard Ctrl+

Cursor Mode »
View »
Look At

Create Coordinate System /

Create Named Selection... N

Select All Ctri=A
Select Mesh by ID... M

Parts »

Click on “Create Named Selection”
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After clicking on “Create Named Selection”, the following box appears, and the lower edge is
given the name “Axis”.

Selection Name X

Input the name
then click on “OK”

Axis X

O Apply selected geometry
(O Apply geometry items of same:

[] size
D Type
[J Location X
(] Location Y
[J LocationZ

ly To Corresponding Mesh Nodes

oK I Cancel

:. Project®
: @ Model (A3)

/@ Geometry Imports

| - /%P Geometry Import (A2)

E] ‘,Q Geometry

; - W Surface Body

- ,/@ Materials

E] v & Coordinate Systems

. w3k Global Coordinate System
- /&P Mesh

“Named selections” is added
Click on + to turn it into =
The newly named edge “Axis” becomes visible
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The upper left of the meshing screen contains a tree. By clicking on various parts of the tree,
things can be made to appear and disappear in order to be able to see various aspects of the
model. For example, the following makes the mesh to disappear and the lower edge visible.

I:-:I v 3# Coordinate Systems
| g3 Global Coordinate System

Mesh is de-highlighted.
As a result mesh
becomes invisible. To
make the mesh visible
again, click on “Mesh”

Axis is highlightedl, As a
result, Axis is visible.

Similarly, name the top of the rectangle as “pipe wall”, the left edge as “inlet” and the right
edge as “outlet”.
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The tree diagram appears as shown below after the creation of the named edges.

Name o v
Il pProject*
= (@ Model (A3)
2@ Geometry Imports
" ¥ Import (A2)

Since all the signs ar
j Is is the tree in

the meshing window, all

elements used for

57® Geometry .
_ - W Surface Body generating the mesh are
o8 Materials visible in the tree.

B, Coordinate Systems
- 44 Global Coordinate System
D Mesh
== ¥ Named Selections
D) Axis
-5 pipe wall
s [) inlet
e, [ outlet

Check all the named boundaries by making them visible one at a time through the use of the
tree. Make sure there are no duplications in the names. If there are duplications, there will be
trouble later.



Right click on “Mesh”.
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Name - v
B project*
B Model (A3)
B @ Geometry Imports
T8 Geometry Import (AZ2)
=- ‘(@ Geometry
x g Surface Body
[ Materials
B, Coordinate Systems
iz Global Coordinate System

and click on “Update”.

= I:'ﬁm Insert 3

The program will
generate a message
that the translation of
mesh to fluent was
successful

~ £ Update

s
/1 Generate Mesh

JE

Preview »
Show b

Create Pinch Controls

B

D Group All Similar Children
& Clear Generated Data

I

Details of "Mesh" Rename F2
=/| Display Start Recording
Display Style ypet Hanw ]

Always look for the above message to make sure the meshing was successful, and if the
message does not appear or says meshing is unsuccessful, fix the problem or the model will

crash.

Minimized the mesh window. Save the project in “WB” window.

Click on ‘Setup” in “WB” window as shown below in order to bring up a “f” window. “f” stands
for fluid and that is where the characteristics of the fluid model will be defined.
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laminar fluid flow

s@l <o Fluid Flow (Fluent)

2 m Geometry v . Click on
Setup

io Mesh v

4 (@ sewp 4

=, % Solution @ P

6 @ Results ?,

After clicking on “Setup” in the “WB” window, the following appears on the upper right-hand

side of the “WB” window.

Properties of Schematic A4: Setup ~ 0 %
A B
1 Froperty Value
3 Component ID Setup
2 Directory Mame FFF
5 Predsion Single Predsion ;I
& Show Launcher at Startup
7 Displary Mesh After Reading
8 Embed Graphics Windows
g9 Use Workbench Color Scheme
10 Load ACT Start Page
11 Enviranment Path
12 Setup Compilation Environment for LDF
13 Use Job Scheduler
14 Run Parallel Version
15 UDF Compilation Script Path E(FLUEMT _ROOT)\&{ARCH)\udf.bat
15 E MNotes
T
13 B Used Licenses
O T e
20 B Others
bl Generate Output Case File
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Right click on “Setup”, and then right click on “Edit...” and a fluid launcher window appears.

v A

S ruiron g

2 EGeumetry v o,

3 @ Mesh v .,
= |

4 |., Setup

5 Solution
6 @ Results

Laminar fl

B Edit..

Register Startup

Import Fluent Case And Data
Import Fluent Case

Import ROM

Duplicate

Transfer Data From New
Transfer Data To New

Update

Update Upstream Components
Clear Generated Data

Refresh

Reset

Rename

Properties

Quick Help
Add Note

T~

Right click on
“Edit...”

to bring up the fluid
launcher window



The following is the “Fluid Launcher” window.

B Fluent Launcher 2022 R2 (Setting Edit.. — (W] X
Fluent Launcher

Simulate a wide range of steady and transient industrial applications using the
general-purpose setup, solve, and post-processing capabilities of ANSYS Fluent
including advanced physics models for multiphase, combustion, electrochemistry,
and more.

Dimension
2D
3D
Options
D Double Precision
Display Mesh After Reading
() Do not show this panel again

() Load ACT
Parallel (Local Machine)
Solver Processes | 1 :

~ Show More Options  “ Show Learning Resources

| Start || Cancel || Help v|

By selecting "Double
Precision” Solution accuracy
will increase , but the time to

solve will be more than single
precision model.
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- Fluent Launcher 2022 R2 (Setting Edit.. — a X

Fluent Launcher

Simulate a wide range of steady and transient industrial applications using the
general-purpose setup, solve, and post-processing capabilities of ANSYS Fluent
including advanced physics models for multiphase, combustion, electrochemistry,
and more.

Click “Double Precision” and then
click “Start”

Dimension

Options

Double Precision

Display Mesh After Reading
(J) Do not show this panel again
(J Load ACT

Parallel (Local Machine)
Solver Processes 1 :

v Show MoreWgtions v Show Learning Resources

Start | Cancel Help

The following window appears. This is a new window and is defined as "f” at the bottom of
screen.

I Adaminar fluid flow Parallel Fluent@cyrus [2d, dp, pbns, sstkw, single-process] [CFD Solver - Level 2]

v aa = v = @ 8
v

User-Defined Sohution s View Paraliel

Mesh Zones Interfaces Mesh Models
Display... [EL] scale... & Combine w g Delete... [ Append = | BB | pynamic mesh...
a2 =
4 ® L0 Transform | Oy Separate » [ Deactvate... B Replace Mesh...

Turbomachimery Adapt Surface SIGN IN

& ruro workflow w | Fimanual.. T auomatic.. | 4 creas

O« 2 Mixing Planes... res ¢ 24 Controls... /4 Manoge... /A Manage...
1# unis,..  Checkw Quality - i+ Adjacency... g Adivate O, replace Zone... [ overser B¢ Gap Madel...

Outhine View < Task Page

- setup

@ General

) © Models

B materials

+ [T cell Zone Conditions

+ [0 soundary canditions
KT Mesh interfaces
7] Dynamic Mesh
] Reference values

+ 17, Reference Frames
£ Mamed Expressions
ition

% Methods
+%. Controls
] Repont Definitions
+ @ Monitors
@ cell Registers
T Automatic Mesh Adaption
5 mitialization
4 # Calculation Actities
©) Run Calculation

- Results
& surtaces

%) @ Graphics

¥ |/ plots

+ [ animations

+ [ Reponts
* Parameters & Customization
+ Simulation Reports

General

Mesh

| scele...

[ isply...

Solver
Type
o Fressure-Based
Densiy-Based

Time
® Steady
Transient

Gravity

| check  ||Report quaty

[ units.

Velocity Formulation
® Absalute
Relative

20 Space
® Flanar
Axisymmetric
Asisymmetric Swirl

Console

wall, or

x
Ansys
202202

STUDENT

0 selected all

2 QY B @ + 0

o

< -

R .,

Ly v wemme g wnmAne —1 wnre e




The following is the above window zoomed in on the left.

Outhine Wieww

Filter Text

-  Sebtup
General
o models

&_"- Materials

|:| Cell Fone Condrtions
|:| Boundary Conditions
& Mlesh Interfaces

_| Dynamic hMesh

ri—l Reference Values

+ 17, Reference Frames

¥) (+) (4] [+

f rMamed Expressions

Methods
Controls
Report Definitions
QY maonitors
B cel Registers
T- Automatic Mesh Adaption
t=o Initialization
+| ¥ Calculation Activities
O Run Calculation

- Results
O Surfaces
+ ¥ Graphics
s |_ Plots
+ |:| Animations
g |:| Reports

+  Parameters B Customization
+ Simulation Reports

B e e L

<

-

e

Task Page

General

Mesh
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[ Scale... |[

Check

| [Repor‘t Quality]

[ Display... ”

Units... |

Sohrer
Ty pe
® Pressure-Based
Density-Based

Time
®) Steady
Transient

Grawity

O

Velocity Formulation
® sbhsolute
Relative

2D Space
® Planar
Axdsyrmmetric
Axisymmetric Swirl

If check is clicked with above choices, there is a warning on the console. Change the 2D space to
“Axisymmetric” above and then click on check as shown before. Always look for errors and
warnings on the console window. Address all warnings and errors before proceeding.
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Outline View < Task Page <
General [C)l
Filter Text Mesh
- Setup [ Scale... ][ Check ][Report Qualltyl
@ General
+) @ Models [ Display... ][ Units... ]
- ’
: é’ Materials - A
= =) se" Zdone ion:ntlons Type Velocity Formulation
[ soun Ao ngons ® Pressure-Base ® . Absolute
‘_ Mesh Interfaces Density-Based Relative
" \l Dynamic Mesh
D Reference values . = .
+ 17, Reference Frames i 21 Shaoa
f( Named Expressions S i Steady S Honar
-~ Solution Transient Axisymmetric
9. Methods Axisymmetric Swirl
- Controls
=] rReport Definitions
5 Gravity
G- Q. mMonitors
ltiﬂ Cell Registers 2 A% - ST X
Tin Automatic Mesh Adaption Click pn “Axisymmetric” and then click on
J2o Initialization i 2
+ W cCalculation Activities CheCk
@ Run Calculation
- Results

. Surfaces
W Graphics
l_‘ Plots
=] animations
‘ + [7) rReports
Parameters 8 Customization
+ Simulation Reports

LR R

+

—— - = a——— . et e ttm—. —— s mem—E e — —

At the bottom of “f” screen, under console, the result of the checking is displayed as shown
below.

Console
total volume (m3): 3.141593e-05

minimum 2d wvolume
maximum Z2d wvolume
Face area statistics:
minimum face area

(m3) :
(m3) :

(m2) :

1.000000e-06
1.000000e-06

1.000000e-03

maximum face area (m2): 1.000000e-03
Checking mesh. . ...t eetsnnsaaannnnnsnnasas
Done.

The above shown section is the bottom of “Console” section. The console message is long, and
it can be read by scrolling up and down in the “Console” section.
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| be s, 2 WOMONE TUIYIRUEG | YgT AUJOLENILY.. i AUIVaLE...
Outline View <  Task Page <
General @
Filter Text Mesh
- Setup [ scae.. |[ check |[Report quaity|
@ General
- @ Models [ Display... ][ Units... ]

Multiphase (Off)

Solver
.@ Er.mgy (off Type Velocity Formulation
) . *_.Vlsclou.s (SST k-omega) D Prosratacd o Absolits
Click on the “+ - Radiation (Off) Density-Based Relative
“ ” {3 Heat Exchanger (Off)
Models make the model X3, species (Off) e e
- me ce
- o + Di Phase (
choices visible G e || © sy Planar
£l Acoustics (Off) Mo S Axsmmetric
3 Axisymmetric Swirl
(Y Optics (Off)
<} structure (Off)
Potential/Li-ion Battery Gravity
+ Q? Materials
+ Cell Zone Conditions
* Boundary Conditions
&3 Mesh Interfaces
E[ Dynamic Mesh
[z] Reference Values
+ T,L'. Reference Frames
f- Named Expressions
= Solution
9, Methods
4. Controls
@ Report Definitions
+ @ Monitors .
R
Outline View <  Task Page
General @
Filter Text Mesh
- Setup [ Scale... ][ Check ][Report Quality]
General = =
= @ Models [ Display... ][ UORs... ]
| g Multiphase (Off) Soler
e E?ergy (off) Type Velocity Formulation
=B . ra) (®) Pressure-Based ®) Absolute
Vinanoas aged ) Relative
Model *  |nyiscid
nght cl Laminar 55
. a pace
“Viscous” and then Standard k-epsilon R
Put the mouse Rea'zab:k“'eps"“ o) Axisymmetric
§ Standard k-omega . ; :
“ R : | Axisymmetric Swirl
pomter on (Y: Optics (Off) v SST k-omega o
And then click o < structure (0ff) Sibers

“Laminar”

B%H Potential/Li-ion Battery-l————-mry—
+) £V Materials
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Click on the “-“ next to “Models” on the tree on the left of the “f” window in order to make the
choices associated with “Model” become invisible in order to open up room on the screen.
After closing the “Model” tree, click on the “+” next to “Materials” in order to make the
“Materials” tree visible.

FHLel 1 2AL

Under “Materials” tree - Setu[a? e
“ General

Make “so _ +) ® Models

and choose “alu L Mmaterials

* & Fluid

- £&¥ solid

& aluminum
m Cell Zone Conditions
Eﬂ Boundary Conditions
" Mesh Interfaces

j Dynamic Mesh
Reference Values

+ 1/, Reference Frames

+

+

fx Named Expressions
- Solution

9., Methods

,C Controls
Report Definitions
+ ‘@ Monitors

¥ Cell Registers

FL Automatic Mesh Adaption
5% Initialization



Make the “Fluid” tree visible.
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General W)
Filter Text Mesh
= Setup [ Scale... ][ Check ][Report Quality]
General - . |
¥ ® Models [ Display... ][ Units... ]
‘ E &{ Matenefls Sokser
New... l Velocity Formulation
re-Based ®) Absolute
Eipand A -Based ) Relative
g ? e ell Zone Conditions  Collapse All
Right click on “Fluid” and e B Bowry Condiios
i Mesh Interfaces
Put the pointer on “New” Fe: it 2 3ac
-ZI Dynamic Mesh . Signdy S
Referenze Values ' Transient o) Axisymmetric
) Axisymmetric Swirl
+) 1/, Reference Frames
fx Named Expressions
- Solution :
Grav
% Methods Y
Click once the pointer is on “New” and the following table appears.
I _ Click on
fos  FF ACIVDTE... i) Replace Lone... | =29 | "W’ Gap Model... | Wf§ Feroaic instanang... |
| I ceseest e X “Fluent Database...”
Name Material Type Order Materals by
Bir Fluid T 18] Name

Chemical Formula
E air
Misture

nane

{ e
ol Density [ka/m’] constant

| 1.225
: Viscosity [kg/(m 5] constant
o 1.7854e-05
o

Fluent Fluid Materials

Chemical Formula

[ Fuient Database...
= [ﬁwm MDS Database..|

[User Defined Datahase...]

v || Edit..

L

* || Edit...

Change/ Create | Delete m El




Page 165

“Fluent Database Materials” dialog box as shown blow appears. Scroll down until

“water-liquid (h20<I>)” can be selected.

L

. Fluent Database Materials

X
(=] (= | [= | Material Ty
Fluent Fluid Materials [0/568] [-_ E’ E‘ ﬂa :na e
— ) I ot
vinyl-silylidene (h2cchsih) B order Moteriols b
vinyl-trichlorosilane (sicl3ch2ch) Y
vinylidene-chloride (ch2ccl2) &) Noima
. water-liquid (h20<l>) Chemical Formula
Click on water-vapor (h20) l
”water-vapor (hZO)” | wood-volatiles (wood_vol) :
v

\
Copy Materials from Case... Delete

Properties

New... | Edit.. @ Save |Coll Hilp’

i minimum face area (m2): 1.0000C

Once the selection is made, the “water-vapor (h20)” properties appear as shown below.
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ot e P 1M Overset.. | reva  coooa I T S — |
D}' B Fluent Database Materials X
— |
| Fluent Fluid Materials (1/568] E] 7 M;i"’ L .l
. vinyl-silylidene th2cchsih) [« -
on vinyhtriclorosilane (sict3chach) Order Materials by m
| vinylidene-chloride (ch2ccl?) ) Hame E
b Chemical Formula ba
water-vapor (h2o) =
wood-volatiles (wood_vel) I E
at

Copy Materials from Case... Delete

Properties
Density [ka/m*] constant

998.2
Cp (Spedific Heat) [3/(ka K)]| constant
4182
Thermal Conductivity [W/(m K)] constant
0.6
Viscosity [kg/(m s)]| constant
0.001003

| Malariilar Wainht Tknflmall ~anctant

New... | |Edit.. | | save
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The following window appears where it is shown that the water properties are selected for
fluid.

‘ W Create/Edit Materials X

M
[y1]

Name Material Type Order Materials by
water-liquid fluid v ® Name
Chemical Formula Fluent Fluid Materials Chemical Formula
R h2o<l> water-liquid (h2o0<1=) - \
— [ Fluent Database... |
Mixture -
- < [eranTA MDS Database...]
[User—l}eﬁned I}atabase...|
t: Properties
i Density [kg/m?] constant * || Edit...
908.2
- Viscosity [kg/(m s)]| constant * | Edit...
lal
| 0.001003
il

_ Change/Create | [Delete | _ Help |

I |



| ! Create/Edit Materials X
Name Material Type Order Materials by
water-liquid fluid ¥ | (8 Name

+ Chemical Formula
| h2o<l>

Fluent Fluid Materials Chemical Formula

air
water-liquid (h20<>)
—

GRANTA MDS Database...]
User-Defined Database...|

Properties
Density [kg/m’] constant *  Edit.}
998.2
Viscosity [kg/(m s)] constant * | Edit...
0.001003
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Clicking on

g (k) T ——— arTOW

Makes all fluid
material types
available to the
model visible.
The material
that is to be
included in the
model must be
highlighted
and then
=—="“Close” clicked.

| Change{Create‘ lDe1ete l w




‘ . Create/Edit Materials

Name
water-liquid

+ Chemical Formula
I hao<l>

| Properties
Density [kg/m] | constant

Viscosity [ka/(m )] constant
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X
Material Type Order Materials by
flid v (@) Name
Fluent Fluid Materials ' Chemical Formula

[water-liquwd (h2o<I>)

Clicking on

arrow.

All the available
terials that have

beén copied from

“Fluent Database”

become visible.

In order to delete a

material,

ighlight it, and then

Ghelk-n='Delete” and

"‘
User-Defined Database...

* | Hdit...

— » '
Chang/reate then “Close”
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Note that the properties
shown are for the fluid.

Name Type Order Materials by
water-liquid fhuid - & Name
_| Chemical Formula Fluent Fluid Materials Chemical Formula
h2o<l> ter-hquid 1 -
a woter-bqud (h2o<1>) | Fluent Database... |
Modure
- - |sranta MDS Database..
[User-l:leﬁbed Dal:abas:el
y P "
be
a Density [kg/m”] constant *  Edit... |
998.2 |
¥ - |
Viscosity [kg/(m s)] constant * | Edit...
Y
4 0.001003
b4

(Gt (o) (83 ()
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Click on this arrow, and change
the selection from fluid to

Note that the properties
shown are for the fluid.

Hame erial Type r Materiak by

wiater-Bguid Fusd s ® Namée

Chamacal Formuda Fhoent Flud Materials Chamicel Formaly
R h2o<i> water-bquid (h2o-<1>) -

= Fluent Database...
GRANTA MDS Database. ..

User-Defined Database...

3 Properths

ol Densty [kg/m’] constant - Edit |
998.2 E

- Viscosity [kg/{m 5])] constant ¥ Edit... |

: 0.001003

=

Change [ Create Dt Hadp

The solid material properties and the fluid material properties are all on the same list in the
fluent data base. Choose aluminum for solid. By the selection of aluminum for solid and water
for fluid, the model is going to simulate water flow in an aluminum pipe.
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I Create/Edit Materials

Name
aluminym

Chemical Formuky
]

Properties
Density (kg/m’) constant

mn9
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for selecting the fluid
R oo properties from the
*1, “Fluent Database...”, the solid

Material Type

¥ | (e Name
Fluent Solid Materials Chemical Formula

material properties can be
) ar r'd defined from the
Fluent Database..,
e ' ‘rmmmm_m:\"Fluent Database...”

‘Uwr Defined Database....

v Edit.

|} Change/Create | [Doh(o | ‘ Help ’

—!—
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----- L v Lovrsss | —— | mms wrup s I L AL Rl LU |
. Create/Edit Materials b4
Hams Material Type Order Materials by
alurninum solid * | (@) Hame
Chemical Formula Fluent Solid Materials Chemical Formula
al aduminum (al) il [
Fluent Database... l
Miotura
— | |oranTA MDS Database...|
[l.lsernelhul Datah:se]
Properties
Density [kg/m”] constant * | Edit...
2719
| changeycreate | | pelete | | etp |

Click on “Close”
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At this point, the pipe material and the fluid material are available. The fluid properties will be
assigned to the mesh. The procedure for doing so is described later in this document.

[ i i | =) Setu Scale...
Right click on “Fluid” and - i | Scale
@ Models | Display...

then click on “New...”
Materials
- Solver

S é; Sy - rfe Pressur
+) [ cell zone Conditio  Expand All New pensity-
» E Boundary Conditic  Collapse All
K% Mesh Interfaces
/ﬂ Dynamic Mesh
Reference Values
+) 1/, Reference Frames
fx‘ Named Expressions
- Solution
°;_-- Methods
.. Controls
Report Definitions
+ ‘@ Monitors
ﬂ Cell Registers
',-,43 Automatic Mesh Adaption
,':f, Initialization
+ # Calculation Activities
@ Run Calculation
- Results
. Surfaces
@ Graphics
|;’ Plots
+ Animations
+ Reports

. ﬂﬁ.ﬂ‘wtqw'%mm Ay e —

Time
©® Steady
Transiel

Gravity

X

+
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As shown below, the only available solid is aluminum.
Click on “Close” above, to make the “Create/Edit Materials” window to disappear.

The following shows the material tree on the left of the “f” screen. It can be seen that the fluids

are “air” and “water” and the solid is “aluminum”. | don’t know why “air” is there. | have not
put it there.

- Setup
General
+ @ Models

+ .
- &’ Materials
- B¢ Fluid
+ .
&’ air
+ . .
&’ water-liquid
- B# solid
+ .
&’ aluminum
+ |:| Cell Zone Conditions
+ |:| Boundary Conditions

e hdnch lnbnrFaemne

Close the “Material” tree by making the “-“ into a “+”. The screen appears as shown below. The
next task is to assign the fluid to the meshed body.
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Click on this “+” to turn it Gutfoe View < Task Page

into a “-” in ordéx{o make General
the tree visible.

Filter Text Mesh
- setup | sale.. || check |[Report qualty|
@
OR ;T:erlasl [ oispley.. |[ unis.. |
4 c
& Q’ Materials - ke
- [ cel Zof‘e Conditions Type S
& lIl i @) Pressure-Based (®) Absolute
» B Boundary Conditions ) Density-Based S
ﬂ Mesh Interfaces
a Dynamic Mesh
Reference Values Time 2D Space
+ 1/, Reference Frames ®) Steady ) anar .
£ Named Expressions / Transient @) Axisymmetric
- Solution ) Axisymmetric Swirl
9, Methods
L. Controls =

[@ Report Definitions

+ @ Monitors
ﬂ Cell Registers
R;\ Automatic Mesh Adaption
E:f, Initialization

+ # Calculation Activities
@ Run Calculation

- Results

. Surfaces

+ @ Graphics



Click on “+” to turn it
into “-

In order tom
“Surface_body (fluid)

"

Filter Text

= Setup

@ General
@ Models

&? Materials
[II Cell Zone Conditions

visible

= [ Fuid
1] surface_body (fluid,
D Boundary Conditions
KE Mesh Interfaces
&l Dynamic Mesh
Reference Values
17, Reference Frames
fr- MNamed Expressions

= Solution

2., Methods

. Controls

Report Definitions.

Q; Moniters

@ cell Registers

E'-._m Automatic Mesh Adaption
5 initialization

# Calculation Activities

(5 Run caleulation

Results

+

+

+

.‘ Surfaces
& Graphics

L Plots
Animations
[:Y Reoon
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General 9]
Mesh
[ Scale... ” Check ] [Report Qualiq.r]
[ Display... ” Units... ]
Solver
Type Velocity Formulation
® Pressure-Based ® Absolute
Density-Based Relative
Time 2D Space
® Steady Planar
Transient ® Axisymmetric

Axisymmetric Swirl

Gravity



Right click on

]Oume\new

“Surface body (fluid)”

And then cli

Filter Text

Setup
@ General
(*) @ Models

Materials

(ON =3 Boundary Conditi
£¥ Mesh Interfaces
.&7‘ Dynamic Mesh
Reference Values

) 17, Reference Frames
fxr Named Expressio

Solution
9 Methods
L% Controls
%] Report Definition

(+ @ Monitors
@ cel Registers
.2 Automatic Mesh 4
,ﬂ Initialization

(+) ® Calculation Activitie
@ Run Calculation

Results
. Surfaces

(+) @ Graphics

) l/_’ Plots

(* Animations
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Rale... ][ Check ][Rnpon Quallty}

[ Display... ][ Units... ]

Solver
Type

Copy...
Delete

Edit I
Copy To Clipboard
Import From File...

Export To File...

Type 4
Display

Display in ’
Add to ’

Adjacent Boundaries...
Deactivate
Info

Expand All
Collapse All

(@) Pressure-Based

ly-Based

nt

) Genas -

Velocity Formulation
(@) Absolute
() Relative

2D Space
| Planar
(@) Axisymmetric
| Axisymmetric Swirl



The following dialog box appears.
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il L Lol Jole |
B Fluid X
Zone Name
surface_body
Material Name| air -
Frame Motion Source Terms
Mesh Motion Fixed Values
Porous Zone
Reference Frame Mesh Motion Porous Zone 3D Fan Zone Embedded LES Reaction Source Terms Fixed Values Multiphase
ol "
B fuic X
Lone lame
surface_body
Ml e | ..
Ld J
wiater-quid
Frame
shMotion | Fived Values
' Porous Zone
Click on arrow,
. “ . Refurence Frome | MeshNotin | PorousZone | 3DFenZone  EmbeddedLES | Reacon | SowceTerms | Fired Velues | Muliphase
Click on “water-lig

Click on “Apply” N - |

Click on “Close” after selecting “water-liquid”.




Outline View

Filter Text

= Setup
@ General
(*) @ Models

Make the & ﬂ? Materials
Boundary Conditions ¢ Cell Zone Conditions
ici === (=) [ Boundary Conditions
tree visible. + [ ads
L) ': Inlet
x Eﬂ Internal
+ 3% Outlet
+ =t wall
£¥ Mesh interfaces
ZI Dynamic Mesh
Reference Values
+ 17, Reference Frames

fn Named Expressions
= Solution
9., Methods
. Controls
@ Report Definitions
+ @ Monitors
ﬂ Cell Registers
?c,\ Automatic Mesh Adaption
& Initialization
(+) # Calculation Activities
@ Run Calculation
- Results
. Surfaces
(*) @ Graphics
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< Task Page

General (@)

[ Scale... ][ Check ][ReponQuallty]

[ Display... ][ Units... ]

Solver
Type Velocity Formulation
@ Pressure-Based @ Absolute
Density-Based Relative
Time 2D Space
® Steady (' Planar
Transient @ Axisymmetric
Axisymmetric Swirl
Gravity



Outline View

Filter Text

= Setup
@ General
+ @ Models

“ ”
Make the “Inlet” tree Sy
* m Cell Zone Conditions

Visible. :
= 5 e Boundary Conditions
right Click on > B s

“inlet (Velocity-inlet, - iy okt

+ [ internal

+ 57 Outlet

+ = wall

£3¥ Mesh interfaces

2] Dynamic Mesh

Reference Values
+ 17, Reference Frames

f~ Named Expressions

= Solution

°‘.; Methods

/%, Controls

@ Report Definitions
+ @ Monitors

@ cen Registers

'.'-.;,\ Automatic Mesh Adaption

,'?, Initialization

+ # Calculation Activities
@ Run Calculation

- Results

. Surfaces

+ @& Graphics

+ |L plots

& Animations

— :: inlet (velocity-inlet,

Page 181

Task Page
General @]

[ scale.. || check ||Report Qualty|

[ Display... ][ Units... ]

Solver
Type Velocity Formulation
® Pressure-Based @ Absolute
Density-Based Relative
Time 2D Space
® Steady Planar
Transient ® Axdsymmetric
Axdsymmetric Swirl
Gravity
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Filter Text Mesh
- Setup [ scale.. |[ check |[Report qualty|
@ General
* @ Models | oisplay... || unes... |
*+ A’ Materials
. 2 .o Solver
=
Click on “Edit” Cell Zone Conditions Type Velocity Formulation
- m Boundary Conditions
@ Pressure-Based @ Absolute
- Axis
= Density-Based Relatve
+ [ mternal Sl I : 20 WH
~ :.: Outlet Copy.. Edit anar
> ® Axsymmetric
* = wall Copy To Clipboard ] metric Swird
k¥ Mesh interfaces  import From File..
] Dynamic Mesh Export To File...
@ Reference Values , by
(+) 17, Reference Frames Type
fxv Named Expressio  Display
= Solution Display in ’
9, Methods
; Add to 4
. Controls
[%] Report Definitions  Info
O Q Monitors Expand All
9 Cell Regi.stevs Collapse All
»&l Automatic Mesh Avep fan}
The following dialog box appears.
. Velocity Inlet X
Zone Mame
inlet
Momentum Thermal Radiation Species OPM Multiphase Potential Structure ups
p p
Velocity Specification Method Magnitude, Normal to Boundary v
Reference Frame| Absolute -
Velocity Magnitude [m/s] g -
Supersonic/Initial Gauge Pressure [Pa] -




Page 183

B Velocity Intet X |
Zone Name g
inlet
Momentum Thermal Radiation Species DPM Multiphase Potential Structure uDs
Velocity Specification Method Magnitude, Normal to Boundary v
Reference Frame Absolute e

Velocity Magnitude [m/s]| g go5

Supersonic/Initial Gauge Pressure [Pa]

(e )

Changg the velocity
to 0.005

= | P
0
.'.'rltf-‘. el

Zone Name

inlet '
Momentum | Thermal | Radiation | Species | DPM = Multiphase = Potential | Structure = UDS

Velocity Specification Method Magnitude, Normal to Boundary M
Reference Frame Absolute b
Velocity Magnitude [m/s] g oo5
Supersonic/Intial Gauge Pressure [Pa] g v By having the inlet gage
—pressere-as— 07, the inlet
pressure is atmospheric.
is.pressure can be

changed here
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Click on “Apply” and then “Close” after the velocity and pressure selections are completed.

Fliter Text

= Setup

Make the outlet tree visible

by changing the “+” to

@ n

+

+*

+

@ General

@ Models

&? Materials

lI] Cell Zone Conditions
m Boundary Conditions
+ [ axis

g
+ 35 Inlet

\ + Internal
=) 2% Outlet

o+ outlet (pressure-o
+ =% wall
£3 Mesh Interfaces
&l Dynamic Mesh
D Reference Values

+ 1/, Reference Frames

f» Named Expressions

Solution

9., Methods
¥, Controls
H‘éﬂ Report Definitions

+ @ Monitors

ﬂ Cell Registers
F,;g] Automatic Mesh Adaption
,?, Initialization

+ # Calculation Activities

@ Run Calculation

Results

. Surfaces

+ @& Graohics

9

General
Mesh
[ scale.. |[ check |(Report quaity|

[ Display... ][ Units... ]

Solver
Type Velocity Formulation
© Pressure-Based ® Absolute
Density-Based Relative
Time 2D Space
® Steady Planar
Transient ' Axisymmetric
Axisymmetric Swirl
Gravity
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General

Filter Text Mesh
< Setng : [ Scale... ][ Check ][Report Quality]
General
. . ) @ Models [ Display... l[ Units... ]
Right click on © [ viseras =

“outlet (pressure-out)” + [ cell zone conditions Type Velocity Formulation
- O Boundary Conditions

5 ° °
And then click on > [ asis sz M bl
= Density-Based ' Relative
”Edit” 2 S Inlet
+ [ internal
N Outlet iy
v = ® Steady P@M’ A
: ==:‘ i eSSy Edit.. rt o Axfsymmetrfc _
o Axisymmetric Swirl
£3 Mesh Interfaces COPYn Edit
Dynamic Mesh Copy To Clipboard "_"
Reference Values Import From File...
+ 17, Reference Frames Export To File
fx Named Expressions
- Solution Type 4
% Methods Displa
< Controls fSP y_ ,
[ rReport Definitions Oesploy in
»
+ @ Monitors Adito
@ cell Registers Info
':g, Automatic Mesh Adapt
PPN Expand All
=0 Initialization
+ ® Calculation Activities Colapsa Al

@ Run Calculation
- Results I
. Surfaces
#) & Graphics

& I_ Plots
*) Animations -



B Pressure Outlet

Zone Name
outlet

Momentum Thermal Radiation Species DPM Multiphase Patential Structure

Backflow Reference Frame Absolute
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ups

By keeping the gage pressure at

Gauge Pressure [Pa] o #=

Pressure Profile Multiplier 1
b —

. 0
And the multiplier at

Backflow Direction Specification Method Normal to Boundary
Backflow Pressure Specification Totzl Pressure
Prevent Reverse Flow
Average Pressure Specification

Target Mass Flow Rate

—
The outlet pressure is
atmospheric

After making the above selections, click on “Apply” and then “Close”.
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Outline View < Task Page

General @|
Filter Toxt Maosh )
- Setup [ scole.. |[ cneck |[Report Quotny|
@ General —
+ D Models [ _Dispioy.: |[—Umu. I
o L¥ materials =
: : + [ cell Zone Conditions Type Valockty Formuletion
Becguse the pipe is > s coons ey 1
stationary, the default D 2 Ounsay-Based Relatie
“Wall” B - o
ey — 4wl ® Steady Planar
Conditions should be as e Tonsen o Ausymmtic
::" Dynamic Mesh Adsymmetric Swirl
they are E] Reference Values
+ 17, Reference Frames Gravity

f- Named Expressions
= Solution
9% Methods
,*. Controls
r’@ Report Defintions
+ @ Monitors
@ coll Registers
T3 Automatic Mesh Adaption
&% witialization
+ @ Calculation Activities
© Run Calculation
= Results
. Surfaces
*) @ Graphics

o | plots

+ [] animations
~s



Outiine View

Filter Text

- semp

@ General

+ @ Models

& A’ Materials

+ [ cell Zone Conditions

ONE:| Boundary Conditions
£F Mesh Interfaces
/ﬂ Dynamic Mesh
Reference Values

* I/_', Reference Frames

Make the “Monitors” tree £ Named Expressions
Visible by changing the 9%, Methods ‘

o on

Report Definitions
m—p - @ Monitors

Iﬂ,’ Residual

B Report Files

nght CIle on I_ Report Plots

*% Convergence Conditions
”ReSiduals" @ cell Registers

TQI Automatic Mesh Adaption
,E.{, Initialization

+ # Calculation Activities
@ Run Calculation

~ Results

. Surfaces

+ @ Graphics

* I; Plots
~

Task Page

General

Mesh
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[ scale.. |[ check |[Report qualty|

[ Display... ][ Units...

]

Solver
Type
® ' Pressure-Based
Density-Based

Time

© Steady
Transient

Gravity

Velocity Formulation
® Absolute
Relative

2D Space
Planar
' Axisymmetric
Axisymmetric Swirl
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I U. VIS s W OITWIANG P viIThiew v l ‘.'.*‘ "\Uml'\"'o w PNV S e

Outline View < Task Page

Filter Text
- Setup Scale... Check  ||Report Quality
@ General
(+ @ Models Display... Units...

® A’ Materials

+ [T] cell zone conditions Soleer
> = Type Velocity Formulation
+) [ soundary Conditions (o) Prasiire-gased @) Absolute
£F Mesh Interfaces () Density-Based ) Relative
2| Dynamic Mesh ' -
Reference Values
(+ 17, Reference Frames m 2 Spaoe
£ Named Expressions '." ::::zm '.:' :::;:\met A
- Solution W/ -
%) Methods ) Axisymmetric Swirl
. Controls
Report Definitions
(= @ Monitors oo,

lﬂﬂd — —— .
Q Report Files m‘\ Cth on
L/ Report plots v Print “Edit”

2% Convergence ¢ v Plot
@ cell Registers Embed in * I
.’@ Automatic Mesh Adaption
.ﬂ Initialization
(+) ® Calculation Activities ‘
@ Run Calculation
. Surfaces
(+) @ Graphics
@ | plots

® %] animatinne




Options
| Print to Console
¥ Flot

| Curves... ” Axes... l

Terations to Plot

-

1000 -

Terations to Store
1000 -

Equations

Residual Monitor Check Convergence Absolute Criteria
continuity v v le-6
w-velacity v v 1e-6
y-velacity v v 1e-6

Convergence Conditions...

Show Advanced Options

m [E| Cancel | |m

T

Press “OK” once the numbers are changed.
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Change these values
as
shown

The iteration process will continue until all equations reach the 1e-6 value. The intent is to
increase the solution accuracy.
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utfine View

Filter Text

@ General
@ Models
Q’ Materials

* 4 (4

Right click on
“Initialization”. C

- Solution
pointer over m

selections until
Standard

Is visible.

Then click on
“Standard’—

% Controls

+ @ Monitors
ﬂ Cell Registers

+) ® Calculation Acth
@ Run Calculatio
- Results

e t—

E] Cell Zone Conditions
B Boundary Conditions
a Mesh Interfaces

{2 Dynamic Mesh
Reference Values
17, Reference Frames
fx Named Expressions

w mons rupscwio |
<  Task Page

General
Mesh

T4T MWJULTILY...
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By muvesce..

@

ot )

[ scdle.. || chek
[ pisplay.. | unis...

]

Solver

Type
® Pressure-Based °
") Density-Based

Time
o Steady
Transient °

@ Report Definitions

Gravity

S Automatic Mesh Adaption

Initialize |
Initialization Method * o wybrid
More Settings... Standard

+ & Graphics

+ | plots

Patch

“=———Standard |

Reset DPM Sources

Velocity Formulation

Absolute

| Relative

2D Space
" Planar

Axisymmetric
Axisymmetric Swirl

<



Filter Text

- Setup

@ General

+) @ Models
® 8¢ Mmaterials
&

*

B Cell Zone Conditions
Boundary Conditions

ﬂ Mesh Interfaces
/ZI Dynamic Mesh
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W o wrgprrm— PR Sty RN [ = Dt A

< Task Page <

General @]

[ Scale... ]

[ Check ][Repon Quality]
[ Display... ][ Units... ]

Solver

Type Velocity Formulation
@ Pressure-Based ® Absolute
' Density-Based ' Relative

[ﬂ Reference Values
+) 1/, Reference Frames >

fxf Named Express

- Solution

*

*

?.; Methods
,*. Controls

(@ Steady ' Planar
Transient @ Axisymmetric
Axisymmetric Swirl

ions

Report Defiokions A “check mark” will appear

' @ Monitors
& cel Registers

SO e standard is selected.

?@ Aq@omitic Mesh Adapﬁﬁn_

* Calculation‘Ac
@ Run Calculati

Results

T+ 0+

(*

. Surfaces
. @ Graphics

li Plots

) @ Animations

Initialize |

Initialization Method * d
More Settings... v Standard

Patch...

Reset DPM Sources Standard I

Reset Statistics

Reports

[ PESUUROREORT WESSEEy i SRSER GECEER JESRD T SRR



Outhine View

Filter Text

® General

+ @ Models

L) é’ Materials

+ [ cell Zane conditions

Ol =3 | Boundary Conditions
ﬂ Mesh Interfaces
-,’_.ﬂ Dynamic Mesh
Reference Values

+ 17, Reference Frames
fr- Mamed Expressions

Right Click on

“Initialization.
And then click o
“Initialize”

~% Controls

Repart Definitions
* Q Monitors

@ cell Registers

Ini
+ ® Calculation Activities
@ Run Calculation

... automatic Mesh Adaption

Initialize

General @]

Mesh

[ Scale... H Check ][RepnﬂQual'rtyl
[ Display... ][ units... ]

Solver
Type Velocity Formulation
® Pressure-Based ® Absolute
Density-Basad Relative
Tirme 2D Space
& Steady Planar
Transient ®) Axisymmetric
Axigymmeetric Swirl
Gravity

Initialization Method *

- Results
. surfaces More Settings...
+) & Graphics Patch...
* I,_ Plots Reset DPM Sources
X Animations Reset Statistics
) | Reports

+ Parameters & Customization
+ Simulation Reports
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Outline View

Fllter Text

- MP
@ General
(+) @ Models
) A’ Materials
O Cell Zone Conditions
® Boundary Conditions
£3 Mesh Interfaces
-{/TI Dynamic Mesh
"] Reference Values
(+) 17, Reference Frames
fx- Named Expressions
- Solution
’. Methods
<. Controls
@ Report Definitions
+) @ Monitors
B cel Registers
?@; Automatic Mesh Adaption
& nitialization
(+) ® Calculation Activities
® Run Calculation
- Results
. Surfaces
| @ Graphics
+ | plots
:. Scene
*) Animations
® [ Reports
+ Parameters & Customization

4 Ol bine Dannube

Click on
“Run Calculation”

+

+
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Task Page ®
Run Calculation
Check Case... ] Update Dynamic Mes
Pseudo Time Settings
Fluid Time Scale
Time Step Method Time Scale Factor
Automatic 2o 1
Length Scale Method Verbosity
Conservative 2ok 0
Parameters
Number of Iterations Reporting Interval
0 = i§
Profile Update Interval
1 e
Solution Processing
Statistics
Data Sampling for Steady Statistics
[ Data File Quantities...
Solution Advancement
[ Calculate
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The following dialog box appears as a result of clicking on “Run Calculation”.

Task Page <

Run Calculation

Check Case... Update Dynamic Mes
Pseudo Time Settings
Fluid Time Scale
Time Step Method Time Scale Factor
Automatic - 1
Length Scale Method Verbosity )
Conservative - 0 _
Parameters
Number of Tterations Reporting Interval
0 v |1 (

Profile Update Interval
1

L

Solution Processing
Statistics
Data Sampling for Steady Statistics

[ Data File Quantities...

Solution Advancement

[ Calculate
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Change the number
of iterations to

Outline View Task Page <
Run Calculation
Filter Text
[ Check Case... Update Dynamic Mes
- Setup
General Pseudo Time Settings
(#) © Models Fluid Time Scale
M .
+ & Materials Time Step Method Time Scale Factor
+) Cell Zone Conditions Automatic vl |q
+ Boundary Conditions
Length Scale Method
£¥ Mesh interfaces ot iy
- : Conservative v|lo
_J] Dynamic Mesh
Reference Values Parameters
& ‘Tff. Reference Frames Number of Iterations Reporting Interval
x Named Expressions 1000 C—— ]
= Solution
9 Mathods Profile Update Interval =
% Controls - =
@ Report Definitions Solution Processing
+ @ Monitors Statistics

ﬂ Cell Registers
'.';,;] Automatic Mesh Adaption
& Initialization

(+) #® Calculation Activities
@ Run Calculation

= Results

. Surfaces

+) @ Graphics

> l_ Plots
2N scene

+) EEI Animations

O Reports

+ Parameters & Customization
+ Simulation Reports

Data Sampling for Steady Statistics

[ Data File Quantities...

=

Solution Advancement

[ Calculate

The program runs quickly, and the following message appears.

- Information X

Calculation complete.

ok
—

Click on “OK” above, and the dialog box disappears.

- 1000
And click on
“Calculate”
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Outiine View < Task Page <
Run Cakubation
Check Case... | | Update Dynamic Mes
@ General Pseudo Time Settings
¥ @ Models Fluid Time Scale
L g:‘:'z"*c Time Step Method Time Scale Factor
* ‘one Conditions Automatic v
+ [E] soundary Conditions Vaiph ocale -
£3 Mesh interfaces Moy
‘_—,' ot Conservative vile
" ~ ” y
Make the “Graphics ) Reterence vaes Pacamaters
+ 1/, Reference Frames Number of Rerations Reporting Interval
menu appear by f- ramed Expressions 1000 Sl
- w.,n”n aoon Profile Update Interval
changing “+” to “ b S : .
+ @ Monitors Statistics
@ Celi Registers Data Sampling for Steady Statistics
T.2 Automatic Mesh Adaption ;
'.’2 ol Danrdeouumes.
+ @ Calculation Activities Sokst Ad t
@ Run Calculation ;
- Results | Calcutate
Double Click on > H—
a“ ” £ Mesh
Contours Pl s
& Vectors
& pathiines
3| Particle Tracks
® L plots
2\ scene



The following dialog box appears.

! Contours

Contour Mame
contour-1
Options
/| Filled
| Node Values
| Boundary Values
Contour Lines
| Global Range
/| Auto Range
Clip to Range
Draw Profiles
Draw Mesh

Coloring
() Banded
(®) Smooth

Colormap Option 5] None

Contours of

Pressure...

Static Pressure

Min Mazx
0 0

Surfaces | Filter Text

axis

inlet
interior-surface_body
outlet

pipe_wall

Display State

B EEE

- [I.Ise Act'we] [I'-Iew Surface ']

[commte) [ome] (v

I

-
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- Contours

Contour Name
contour-1
Options
Filled
Node Values
Boundary Values
Contour Lines
Global Range
Auto Range
Clip to Range
Draw Profiles
Draw Mesh

L8 S

LS

Coloring
) Banded
®) Smooth

Contours of

[ Pressure...

Pressure...

Density...
Velocity...
Properties...
Wall Fluxes...
Cell Info...
Mesh...
Residuals...
Derivatives..

interior-surface_body
outlet
pipe_wall

Display State

Colormap Options...| | Mone

- [Use Active] lﬂew Surface v]

(o) (Goee) )

T~

LY
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Click on

Arrow.

The additional
options appear



- Contours

Contour Name
|| contour-1
Options
' Filled
v Node Values
| Boundary values
Contour Lines
v Global Range
+ Auto Range
Clip to Range
Draw Profiles
Draw Mesh

Coloring
() Banded
(® Smooth

Colormap ﬂptions...] None

Contours of

| Pressure...

Static Prassure

Min Max
0 a

Surfaces | Filter Text
axis
inlet
interior-surface_body

outlet
pipe_wall

Display State

R EEE

- [Use Acti\re] [Hew Surface -]

Click on

[Compute] [Clnse] [Help]

‘Save/Display”

W
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The following is the pressure contour.

contour-1
Static Pressure

652602
’ 587602
520602
’ 456602
391e02 ]
| E -
261e02
’ 196602
130002

’ 65203
0.00e+00
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- - l——— | B
& Contours X
Contour Name
contour-1
Options Contours of
v Filled Pressure... -
V| Node Values i
Static Pressure v
V| Boundary Values —— v
Contour Lines in [Pa] ax [Pa]
0 0.06520482
v Global Range
v Auto Range Surfaces | Filter Text ['=O| [5,} [5/} [-=x
Clip to Range -
Draw Profiles inlet
Draw Mesh interior-surface_body
outlet
pipe_wall
Coloring surface_body
) Banded [0/6] I
O Display State
Save/ Display [Compute ] Close ] [ Help ]

Click on “Close” to
make box invisible

At this point save the project through the WB window. By doing so, all open windows in
addition to the WB window close.

The contour plots can be saved and deleted. The details are shown below.
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After the project is recalled, the screen appears as shown below. Since the project was carried
through the solution step, the “Geometry”, “Mesh”, “Setup” and “Solution” steps have a
checkmark next to them. However, until and unless each element is double clicked, the screen

associated with that choice is not available at the bottom of the windows screen.

hd A

i
el (= v
3 v
4 v
3 Solution w u
6 @ Results I

Laminar fluid flow
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Double click on “Solution” on WB screen to bring up the “f” screen (if it is not already available).

On the tree on the left of the “f” screen, “Contours” will be used.

U2 T R o U L Number of iterations Reporting Interval
fA Named Expressions 1000 <l |1
- Solution
Q. Methods Profile Update Interval R
/% Controls - b4
E] Report Definitions Solution Processing
+ ‘& Monitors Statistics
@ cell Registers Data Sampling for Steady Statistics
?w Automatic Mesh Adaption
(i_'; iniiglization [ Data File Quantities...

+ # Calculation Activities
@ Run Calculation
- Results [ Calculate
. Surfaces
-/ @& Graphics
) Mesh

,:__& Contours

Solution Advancement

Contour == <& Vedors
ﬁ Pathlines
"  Particle Tracks
* L Plots

2y scene

* Animations

Double click on “Contour”.



The following appears as a result of double clicking on “Contour”.

B Contours X
Contour Name
contour-2
Options Contours of /
v Filled Pressure... -
v Node Values .
Static Pressure N
v Boundary Values
. Min Max
Contour Lines 0 o
v Global Range
V' Auto Range Surfaces | Filter Text @ .=¢| @
Clip to Range axis
Draw Profiles inlet
Draw Mesh interior-surface_body
outlet
pipe_wall
Coloring surface_body
Banded
¢ Smooth Display State

Colormap Dptiuns‘..| None

hd [Use Activel rlll!w&lrfime v.

(comne) (e (o)

1 - Contours

" contour Name
’- contour-2

! options

i =

v
v
v

Filled

Node Values
Boundary Values
Contour Lines
Global Range
Auto Range

Clip to Range
Draw Profiles
Draw Mesh

Coloring

Banded
Smooth

i [Colormap ﬂptions...] None
£

Contours of

[ Pressure...
Pressure...

Dens‘ﬁ...

Properties...
Wall Fluxes...
Cell Info...
Mesh...
Residuals...
Derivatives...

interior-surface_body
outlet

pipe_wall
surface_body

Display State

- [Use Active] [Hew Surface v]

&~

(compt) () (o)

—_
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By clicking on this
arrow

different parameters
that can be displayed
become visible.

- ]Q\C“Ck on
Arrow.

Click on
“Velocity...”
Click on
“Saye/Display”
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The following velocity profile is displayed and saved. Note that the velocity profile is for half the
pipe and not the entire pipe.

contour-2

Velocity Mag nitude
9.736-03 Pipe wall
8.75¢-03
7.78e-03
L Inlet )utlet
5.846-03 \
3:89-03
2.92¢-03 /
1.95e-03 Axis
9.73-04
000400
[ms]

The model appears as shown above because the “Axisymmetric” option was chosen earlier.
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- Contours X
Contour Name
contour-1
Options Contours of
v Filled Velocity... -
v Node Values i :
Velocity Magnitude v
V| Boundary Values . J
Contour Lines Min [m/s] Max [m/s]
0 0.009727621
v | Global Range
V| Auto Range Surfaces | Filter Text "=O| | —-=,| l%l | = |
Clip to Range axis
Draw Profiles inlet
Draw Mesh interior-surface_body
outlet
pipe_wall
Coloring surface_body
I .| Banded I
| I Sl Display State =
| colormap options...| | None v | [use Active| [new surface . |
Save/Display [Compute] [Close} [Help]

Click on “Close”
to make this box
disappear
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The tree on the left shows that the contour is saved.

Filter Text Pseudo Time Explicit Relaxation Factors
- Setup Pressure
@ General 0.2
+ @ Models Momentum
+ £&¢ materials 0.5
+ [ cell Zone conditions Density
+ Boundary Conditions 1
£F mMesh Interfaces Body Forces
7-1] Dynamic Mesh 1

Reference Values
+) 1/, Reference Frames

fxr Named Expressions
=  Solution
9., Methods
+7. Controls
%] rReport Definitions
+ @ Monitors
P cell Registers
':,-,n Automatic Mesh Adaption
2% Initialization Default
+ # Calculation Activities
(& Run calculation [ Equations... ] [ Limits... ] [ Advanced... ]
- Results
‘ Surfaces
“Contour 1” =X Sesohics
¢ ) Mesh
is the \ﬁit:o'mours

&7 contour-1

velocit ~d¢ vectors
: y £8 pathlines
pr0f||e Just "I Particle Tracks

* |_’ Plots
saved.
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+) 1/, Reference Frames

fx Named Expressions
- Solution
9., Methods
+. Controls Edit...
[=:] Report Definiti Copy...
+ @ Monitors

Delete
8P cell Registers - } \
ﬁ;g; Automatic Me: COPY To C poard

,ff, Initialization Import From
+) # Calculation Actin  Export To File...
@ Run Calculatio

- Results D!splay f
. Surfaces Display in
= i A > 3
G =bhics == and this box appears, and the
~) Mesh Add to Scene s
= o cbedin ntour can be deleted by clicking
4
& contour-1 here
:tk‘ Vectors

ﬁ Pathlines

; Particle Tracks

+ L Plots
3 scene —|
- - Aoimations l"
Make the plot tree available on the left of “f” window.
- Results
. Surfaces
+ @& Graphics
Click on this —=) |/ Plots
when it is “+” to [=) Data Sources
make the plots B XY Plot

choices visible as

shown here 11 Histogram

? Profile Data

1 Interpolated Data

Ww FFT

I___ Cumulative Plot
2N Scene

+ Animations
e g e s e ey S
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- Results
. Surfaces
+ @ Graphics

= |; Plots

-:ﬂ Data Sources
Double click on ""IE, XY Plot
“XY Plot”— il1 Histogram

E’ Profile Data
14 Interpolated Data
W FFT
|__ Cumulative Plot
2N Scene
+ |:»| Animations

e =




After choosing XY “Plot” the following appears.
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outlet
pipe_wall
surface_body

i L1 (R
[ Solution XY Plot X
XY Plot Name
| ay-plot-1
Options Plot Direction Y Axis Function
Node Values X[ 1 || Pressure... - |
Position on X Axis Y 0 | :
| Static Pressure v |
[ ] Position on Y Axis Z|0 |
" | Write to File X Axis Function
|| order Points | Direction Vector
File Data [0/0] = sufeces [Fiter et () (5] (S E]
ile Data =
oad File... axis
inlet
| Free Data | interior-surface_body

| Save/Plot | [Axes] [Cunres‘-...]

Recall that

e pipe was laid in XY

plane, in X direction in a 2D fluid
model. Consequently, the desired
velocity profile is in X direction.
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Recall that the following names were assigned to the sides of the pipe.

Since the model is
axisemmetric, the Axis is
the pipe center, and the
shown geometry is the
upper part of the pipe
cross section

Pipe wall

Inlet Outlet
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. Solution XY Plot X
XY Plot Name SEIECt
xyplat-1 _\lelocity
Options Plot Direction Y Axis Function SEIEC t
v Node Values X1 Velocity... > v .
v Position on X Axis Yo . : aXIS
. , Velocity Magnitude v
Position on Y Axis Z|0 Cl k
. . ICK ON
Write to File X s Function
Order Points Direction Vector b aVE/ plOt
= | (= Surfaces Filter @
Fle Data [0/0] FE &

Load File...

Frea Data interior-surface_body
outlet
T pipe_wall
surface

inlet

[Axes... 1 [Cumes...] [Close] [Help]

Click on “Close” to close the above box.
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The following plot is generated.

) Vebcity Magnitude X
100e-02 Ansys
22R2
STUDENT
9.00e-03
¥
E 8.00e-031
Q
v
2
§ 7.00e-031
z
>
3 600e-031
$
5.00e-03
4,00e-03 ’ . .
0 0.05 01 015
Position [m)
axis

Plot is for axis

The plot is showing that the velocity at X position “0” (Inlet) is 0.005 m/s and at X position 0.1 m
(100 mm which is pipe length) is 0.01 m/s. The plot is for Axis, which is shown below. Axis is the
pipe center since the model is axisymmetric.
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Since the model is
axisemmetric, the Axis is

the pipe center, and the
shown geometry is the
upper part of the pipe
cross section

Pipe wall

The pressure along the pipe length can be plotted by the following choices. Specifically, notice
the choice of pressure.

I Solution XY Plot X
XY Plot Mame
*y-plot-1
Options Plot Direction Y Axis Function
Mode Values X1 Pressure... =
Position on X Axis Y| 0 :
- Static Pressure -

[ Position on Y Axis Zl o |

| Write to File X Auis Function

D Order Foints Direction Vector

-
— Surfaces | Filter Text @ @
File Data [0/0] @ Vs @

londric.| SR

inlet
| Free Data | interior-surface_body N
_— outlet
pipe_wall
surface_body

[Axes ] [Curves... ] [Cb&e] [Help] (

\'ﬁ




The following is showing the pressure plot along the pipe length.
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. Static Pressure X
6.00e-02; Ansys
2022 R2
STUDENT
E 4.00e-02:
g
=
0
0
<
a
L
e}
b !
% 2.00e-02
0.00e+00 T T )
0 0.05 041 0.5
Position [m]
~ axis
Since the model is
axisemmetric, the Axis is
. the pipe center, and the
Pipe wall shown geometry is the

upper part of the pipe
cross section
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The following shows the velocity and pressure along the pipe length.

-] Velocity Magnitude X
1.00e-02; Ansys
2022R2
STUDENT
9.00e-031
i
£ 8.00e-03+
3
2
5 7.00e-03
@©
=
2
& 6.00e-03
2L
5.00e-031
4.00e-03 . : ;
0 0.05 041 015
Position [m]
~ axis
- Static Pressure X
6.00e-02; Ansys
2022 R2
STUDENT
E 4.00e-021
2
=
1]
0
o
[
L
=
&
% 2.00e-021
0.00e+00 T - !
0 0.05 01 015
Position [m]

~ axis

Pipe wall

Inlet—————=

Position in both XY plots is along the axis from left to right. The simulation is showing that as
the pressure decreases along the length of the pipe, the velocity increases.
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I solution XY Plot X
XY Plot Name
xy-plot-1
Options Plot Direction Y Axis Function
V| Node Values X1 Pressure... v
V| Position on X Axis Yo ,
Static Pressure v
Position on Y Axis VAR
Write to File X Axds Function

| Order Points Direction Vector

= Surfaces | Filter Text - @ E @
File Data [0/0] E] = @ urfaces | Filter Te a

TR

inlet
Free Data interior-surface_body N
outlet
pipe_wall
surface_body

BRI (e (comves ) [coe) (vt f(

The plgt appearance can be
changed by clicking on
“Curves...”, and changing the
options
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The plots generated are available on the tree on the left side of the “f” screen as shown below.

Filter Text

+ [ soundary Conditions
ﬂ Mesh Interfaces
/71| Dynamic Mesh
Reference Values
+ 1/, Reference Frames
fx. Named Expressions
Solution
9, Methods
.. Controls
Report Definitions
+ @ Monitors
ﬂ Cell Registers
n:;t[; Automatic Mesh Adaption
5 Initialization
+ # Calculation Activities
@ Run Calculation

XY_plots for velocity and L]

press e available @ surfaces
+ @ Graphics

under XY SIE the

[;_'] Data Sources
= xveiot
I:'l xy-plot-2
LE xy-plot-1
Histogram
Prafile Data

Al
2

Run Calculation

[ Check Case... ]

Pseudo Time Settings
Fluid Time Scale
Time Step Method Time Scale Factor
Automatic it 1
Length Scale Method Verbosity
Conservative *|lo

Parameters
Number of Iterations
1000

Reporting Interval
1

4

Profile Update Interval
l v
Solution Processing
Statistics
Data Sampling for Steady Statistics

Update Dynamic Mes

[ Data File Quantities...

Solution Advancement

[ Calculate




Page 220

= | Plots :
i ; Solutiol
Right click on a plot B Data Sourees
NAME; e - |2, xvPlot l_
And the box appears that 3= xy-plot->
gives choices including [2 xy-plo Edit..
the i1l Histogram  Copy..
= —prebetrmtd [clct
“Delete” 3 Ll
option. I=] Interpolate Copy To Clipboard
i FFT .
4 Import From File...
L Cumulative :
=< Export To File...
-.\ Scene
+ Animations Plot
* Reports Plot in »

Add to
Embed in

At this point, save the project though the “WB” screen.

A
Fluid Flow (Fluent)
v
v
4 @ Setup v
5 % Solution v

t

6@ Results\
Laminar fluid flow

h [ %

A

Double click on
“Results”



Page 221

The following screen identified as “PST” which stands for “CFD-Post” appears.

‘)\ Click on
0 002 (m) ; - “Z” to change the view to
E— XY plane.

3D Viewer  Table Viewer  Chart Viewer ~ Comment Viewer  Report Viewer
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The XY view appears as shown below.

0 0.015 0.03 (m)
0.0075 0.0225

Click on

“Contour® - | A
symbol on topo of PST _
screen. /

This box appears. L

Click on “OK"

oK
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After clicking on “OK” above, the following “Contour” box appears on the lower left part of the
PST window.

aewh @ 90 Doatin vy S EEZ0 “LEe O X IEEK

Cutline Variables Expressions Calculators Turbo
v Cases

v [&& Laminar fluid flow
v @ surface_body
[P axis
[ 19% inlet
[ 19% outlet
[ 9% periodic1
[ 19% periodic 1 shadow
[ 9% pipe_wall
v User Locations and Plots
&Y Default Transform
[} pefault Legend View 1
B @ wireframe
v (@] Report
-

ikl o

Details of Contour 1

Geometry Labels Render Viewr
Domains All Domains -
Locations axis -
Variable Pressure -
Range Global -
Min unknown
Max unknown
# of Contours 11 -

Advanced Properties
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Details of Contour 1
Geometry  Labels  Render  View

Domains All Domains ¥im
Locations axis 4
Variable ~ Velocity "w" Click on this
Density
Range Mass i ‘\ arrow
M resse And choose
Max Velocity u 1
Velodtyv VE|0C|W
£ of Contours | Veloatyw
' Wall Heat Flux ] B
Advanced Prop Wall Radiative Heat Flux
Wall Shear

The choices for the “Contour 1” should be as shown below. Be careful with the choices. If the
choices are not exactly as shown below, the contour will be blank.
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 HREG D@ 9 ¢ Blain v RESEF S HEITHO xBRERK

Outline Variables Expressions Calculators Turbo
O9F axis
[CJ7% inlet
[C17£ outlet
(17« periodic 1
[P« periodic 1 shadow
(17« pipe_wall
w User Locations and Plots
BB contour 1
&Y Default Transform
B[} pefault Legend View 1
B @ wireframe
~ Report
& 3 Title Page
> B g File Report
|

5

I Y ke

Details of Contour 1
Geometry Labels Render View

Domains All Domains ..
Locations periodic 1 shadow ..
Variable Velocity -[..

Range Global -
Min 0 [m s™~1]
Ma 0.00972969 [m s™-1]

# of Contours 11 E|
Advanced Properties

Click on “Apply” at the bottom left side of screen. The velocity profile appears as shown below.




This number is
indicated as “11”, but
there are only 10
colors shown j

LJIE inlet
[ 10% outlet
[J0 periadic 1
(I periodic 1 shadow
[19% pipe_vall
v 8 User Locations and Plots
B8 contour 1
& Default Trangform
B} oefout Legend vew 1
B wireframe
v [l Report
B T page
» B FleReport
[ T ——

Details of Contour 1
Geometry  Labels  Render  View

Dormains All Domaing

Locetions  periodic 1 shadow

Variable Velocity
Range Glo v
0[ms*1]
et 0,00972969 [m 51
#of Contours 11 o
Advanced Properties
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The number of colors can be changed by changing the 11 to 5, and clicking on “Apply” at the
screen bottom. If the number of bands is changed to for example, to 5, the contour plot

appears as shown below. As before, the number of colors is defined as “5”, but only “4” colors
are shown.

Recall that the model is axisymmetric which means the whole physical geometry is obtained by
rotating the geometry around its axis by 360°.
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To get the flow for the complete cross section, do the following steps.

Click on
“View”

|

I~ —— i
Details of Contour 1 L

Geometry Labels Render View I

[ ) Apply Rotation 5]

Method Principal Axis ¥

Axis Zz *

Angle 0.0 [degree]

(] Apply Translation B
Translation 0 0 0

() Apply Reflection/Mirroring B l
Method XY Plane b

i 0.0 [m]

(] Apply Scale =

Scale 1 1 1

B Apply Instancing Transform =

Transform Default Transform A



Under “View” tab, the EXACT choices shown below must be made.

After the EXACT selections
shown in the box are made,
click on

Apply

Details of Contour 1

Geometry Labels  Render
B Apply Rotation

Method

From

Rotation Axis

0

View
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To

0

Angle

0.0 [degree]

(] Apply Translation

Translation

0

Apply Reflection/Mirroring

Method

Y

ZX Plane

0.0 [m]

("] Apply Scale

Scale

1

Apply Instancing Transform

Transform

Apply

Default Transform

Reset

Defaults
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As a result of the
previous operation,
the blank mirror
image showrfis added
to the scre




Right click on
“Contour 1”
And then click
On

“Duplicate”
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Outline  Variables  Expressions  Calculators  Turbo

~ @ Cases
v @] Laminar fluid flow
w @ surface_body
I axis
(1P inet
1Pt outlet
1Pt periodic 1
[P periodic 1 shadow
195 pipe_wall

4 User Locations and Plots

&Y Default Transform Insert i
B[ pefault Legend View 1 -
B & wireframe
PR P
Show
Details of Contour 1 -
= Hide
metry  Labels  Render  View
Hide All

B #pply

rreies B Editin Command Editor
Frarm

Ta 0 0 X Delete

Angle 0.0 [degree]

(] Apply Translation

Translation 0 0 0
B ~pply Reflection/Mirroring

Method IX Flane

¥ 0.0 [m]

(] Apply Scale

Scale 1

B ~pply Instancing Transform

Transform Default Transform

The following box appears. Click on “OK” in the following box.

- B Dupli...
Name

x

1

Cancel
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B 46 : Laminar fluid flow - CFD-Post - a X
File Edit Monitor Session Insert Tools Help

FEE LD 90 Buoany SESESF w0 xEmMERe OM# 7 Addls B

Outine  varables  Bgressions  Cakulastors  Turbo M SeQAR® B O

v lsi cases View 1 ~

& Default Transform
B efautt Legend View 1

Detalls of Contour 1
Geomelry  Labels  Render  View

B Agpply Rotaton E
Method Rotation Axis -
From 0 o 0
To 0 L) o
angle 9.0 [degree]
() Apply Transiation e
Transiaton 0 o o
18 Apply Reflaction/Mirroring a
Method X Plane -
¥ 0.0 [m]
() Agply Scale e
Scale 1 1 1
8 ~pply Instancing Transform 8
Transform  Defeult Transform - ¥
[
X
a o0os 003 (m)
00075 00225
Apply (== =3 30Viewer  TableViewer | ChoriViewer  CommentViewer  Report Viewer

v [$ cases
v (@ Laminar fluid flow
v (@ surface_body
it ais
9% inlet
)9 outlet

. ]9t periodic 1
Notice that there are 2 (B periodic 1 shadow

(9 pipe_wall
contours now. <X @ ser ocations and plots

s I
B @ contour 2

i Default Transform

B[}} pefault Legend View 1

==

Details of Contour 1
Geometry Labels Render View

& Apply Rotation B

Uncheck the Method Rotation Axis M

o . . . ” From 0 0 0

‘Apply Reflection/Mirroring - . . .

and click on “Apply” at the e 0.0 [degree]

bottom left of scree () Apply Translation B
Translation 0 0 0
@ Apply Reflection/Mirroring =]
Method ZX Plane A
Y 0.0 [m]
() Apply Scale B
Scale 1 1 1
@ Apply Instancing Transform 5]

Transform Default Transform -
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The complete velocity contour for the whole pipe cross section will appear as shown below.

(9% axis
[)P% inlet
()75 outlet
[)P% periodic 1
[CJP#% periodic 1 shadow
[)P% pipe_wall
v %r Locations and Plots
Contour 1
I . 17 (s} Contour 2
Uncheck the “Wireframe .9 o o

Default d View 1
to erase the box arou =E§ S

half the graphic output. B =§ Wieframe

Details of Vector 1
Geometry Color Symbol Render  View
() Apply Rotation 8
Method Principal Axis

Axis z il
Angle 0.0 [degree]

(] Apply Translation 8
Translation 0 0 0

() Apply Reflection/Mirroring &
() Apply Scale =
Scale 1 1 1

B ~pply Instancing Transform ]
Transform Default Transform -
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The following is the velocity contour without the box and without the ledger showing the values
associated with each color.

To make the ledger
appear and dis s
click here to have the
checkmark appear and
disappear.

v Laminar fluid flow
~ @ surface_body
(9% axs
[ IP% inlet
)9t outlet
[)9% periodic 1
[J#% periodic 1 shadow
[(CIP% pipe_wall
v User Locations and Plots
~ @ Contour 1
B @ contour 2
i Default Transform
[}} pefault Legend View 1

Da Streamline 1
—= Y L A

Details of Streamline 1
Geometry Color Symbol Limits Render View

(] Apply Rotation E}
Method Principal Axis -

Axis Z -
Angle 0.0 [degree]

E] Apply Translation =]
Translation 0 0 0

(") Apply Reflection/Mirroring
("] Apply Scale B
Scale o il il

@ ~pply Instancing Transform =]

Transform Default Transform -



Outline Variables Expressions Calculators Turbo
v @ Cases
~ @ Laminar fluid flow

~ & surface_body
[P axis
[P inlet
(19t outlet
(P& periodic 1

[P« periodic 1 shadow

Uncheck these 2 boxes 3¢ pipe_wial
. ~ [ User Locations and Plots
and the velocity profile 8@ Cortor 1
- 'a Contour 2
becomes invisible. % Defoult Transform

[} pefault Legend View 1
-

= TP S
Details of Contour 1

Geometry Labels Render View
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B Apply Rotation 2]
Method Rotation Axis hd
From 0 1]

To o 0

Angle 0.0 [degree]

(] Apply Translation =
Translation 0 0

[ Apply Reflection/Mirroring B
] Apply Scale =]
Scale 1 1

Apply Instancing Transform =

Transform Default Transform
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Below shows the screen after the velocity profiles have become invisible.

B 46 : Laminar fluid flow - CFD-Post - a x
File Edit Monitor Session Insert Tools Help

MER® OMO# 746

S+RAR # O~

HEELDw 90 Buee v SASETT 4 HEFO
Vargbles  Bressions  Calculstors  Turbo %

[ Contour 1
i Default Transform

Detalls of Contour 1

Geomelry  Lobels  Render  View

B Apply Rotation 8
Method Rotation Axis -
From 0 o ]

To 0 L) o

Angle 9.0 [degree]

() Apply Transiation ]
Transiation 0 o [

(2] Apply Reflection/Mirroring ®
) Apply Scale. Ll
Scole 1 1 1

8 ~pply Instancing Transform

Transform Default Transform

] 0015 0.03 (m)
I 2
0.0075 0.0225
v oo

30 Viewer  TableViewsr  ChrtViewsr  CommentViewsr  Report Viewsr
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With the choices shown (exactly),

click on “Velocity” tool.

BB 46 : Laminar fluid flow - CFD-Post

File Edt Monitor Session Insert Tools Help

EEE%AE 90 Quomv JBRSO ¢HHIP0 *EEENE OD£ /A0S

Outfine

Variables  Beressions  Calculators  Turbo

(g as
(9% intet
[ outlet
(¢ periodic 1
[t periodic 1 shadow
(9= pipe_wial
v 8| User Locations and Plots
()8 contour 1
[JB contour 2
&Y Default Transform
BB vefault Lagend view 1
B 2 wireframe
v | Report

B & itk Page
M o i

= s=

After clicking on “Velocity” above, the following pops up. Click on “OK”.

Ip

- T .-“il {
= Insert.. 7 X F—

tors

Name s

[ oK ] Cancel

TTE—

RIG+QQQ & O~ %




The following appears on the left side of screen.

L .1 e o -+
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Details of Vector 1

Geometry Color Symbol Render View
Domains All Domains -

Definition

Locations hd

Sampling Vertex -

Reduction Reduction Factor -

Factor 1.0

Variable Velocity -

Boundary Data Hybrid Conservative

Projection Mone =

[ P,
Details of Vector 1
. Geometry Color Symbol Render View
Make the choices shown and d
. i ” Domains All Domains A
C||Ck on Apply Definition
Locations periodic 1 -
Sampling Vertex v
Reduction Reduction Factor -
Factor 1.0
Variable Velocity A
Boundary Data Hybrid Conservative
Projection None -
Apply Reset Defaults
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After clicking on “Apply”, a velocity vector is generated for half the pipe (because of

axisymmetric modeling technique used). The following shows the model with the velocity
vector.

By the same technique used for generating the velocity contour for the complete pipe cross

section, the complete vector for the velocity can be generated. Make sure the name “Vector 1”
and “Vector 2” which are the names of velocity vectors in the model are used in the procedure.
The result showing the complete velocity profile for a cross section of the pipe is shown below.

B A6 : Laminar fluid flow - CFD-Post
File Edt Montor Session Insert Tools Halp
TRIFUE® 90 Buatn v ERSF *AHIPO »EELENS OD#/OdEeE

T SHQQ@ @ 0O~ w

(] Apply Rotation a

Mathod napal Axs

s z

angie 0.0 [degree]

[ Apply Transiaton Cl

Trandation 0 0 0

() Apply Reflection/Mirroring ®

[ Apply scale e

Scale ' 1 i ns e
{8 Apply nstancing Transform ]

Transform  Default Transform

[] 0015 003 (m)
T — )
00075 00225
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By unchecking the “Wireframe” on the left side of screen (it cannot be clearly seen above), the
box around the upper portion of the box will disappear.

Various tabs can be used
to changeé the appearance
of the velocity vector. After
eacb:-’f: hange ,-"\"Q|ick on
“Apply/ at the screen
b}f‘atto;ﬁ'l t in'i"ple"hj\\ent the

-, .—‘change SN
Details of Vector 1 | l \"'x._.
[ ] L4 L | |

Geometry Color Symbol Render View

Domains All Domains -
Definition
Locations periodic 1 -
Sampling Vertex -
Reduction Reduction Factor -
Factor 1.0
Variable Velocity -
Boundary Data Hybrid Conservative
Projection None -

The velocity profiles can be made to appear and disappear by using the tree on the left side of
the PST screen.
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This is the “Streamline”
symbol

B8 A6 : Laminar fluid flow - CFD-Post
File Edit Monitor Session Insert Tools Help

HHE LD 90 Puan vy SESZTF ¢S HIPO xPEENE OMDE S

Outline  variables  Expressions  Calculators  Tu Streamline | P My | |G &
v (&) Cases View1 ¥
~ & Laminar fluid flow
~v @ surface_body
(CIE axis
(9% inlet
(19 outlet
[CI9% periodic 1
()P periodic 1 shadow
()% pipe_wall
v 8| User Locations and Plots
[J@ Contour 1
(I contour 2

& Default Transform
! pefault Legend View 1

Details of Vector 1
Geometry Color Symbol Render View

Symbol Line Arrow

Symbol Size 1
[ Mormalize Symbaols

4

Click on the “streamline” symbol. The following appears after clicking on “Streamline”.

o m Fl

== . % |
m Insert ... ? X B

Name SiEEnlliEm

| oK | Cancel
A J

Click on “OK” above.

)

—
=
=
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The following box appears where properties of the “Streamline” can be defined/modified.

[0 "

Details of Streamline 1

Geometry Color Symbol Limits Render View

Type 3D Streamline -
Definition
Domains All Domains -
Start From =
Sampling Equally Spaced -
# of Points 25 2

¥ Preview Seed Paints

Variable Velocity -
Boundary Data Hybrid Conservative
Direction Forward -

Cross Periodics

Make the velocity vectors to disappear by unchecking them on the tree on the left of PST
screen.
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[C)9% periodic 1
[CIP% periodic 1 shadow
9t pipe_wall
v & User Locations and Plots

D Contour 1

(@ contour 2

&Y Default Transform

B[} pefault Legend View 1

B = streamline 1

[:]*: Vector 1
W

Make the choices shown, and B _vecor:
click on SO e

Apply Details of Streamlfine 1

Geometry Color Symbol Limits Render View

Type 3D Streamline -
Definition
Domains All Domains hd
Start From inlet -
Sampling Equally Spaced -
# of Points 25 =

% Preview Seed Points

Variable Velocity -
Boundary Data Hybrid Conservative
Direction Forward -

B cross Periodics

Reset Defaults
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The streamline appears on the tree on the left of screen, and it will graphically display. The
following shows the screen after “Apply” above is clicked on and the steam-line is generated.

B 46 : Laminar fluid flow - CFD-Post - a X
File Edit Monitor Session Insert Tools Help

HFREE LR 90 Boatny SEAESEF v 4HIFSO xEMENG OD# Al H
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&3 Default Transform
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2 Vector 1
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B> Tile Page
Detalls of Streamiine 1
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D)@ contour 2 |

Type 3D Streamiine
Definition
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# of Foints. 5 - 0. O 00
4 Preview Seed Points [m s™=T]

Variable Velocity
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18 cross Periodics.
¥
L.
X
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00075 00225
Apply Reset Defaults

30 Viewsr  TableViewer  ChartViewer  CommentViewer  Report Viewer
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The following is the zoomed in tree showing the streamline has been added to the tree on the
left of screen.

D't periodic 1
()Pt periodic 1 shadow

[IPe pipe_wall
v @l User Locations and Plots
Streamline has been added gcmwt
Contour 2
HChECI( mar 1S ¥ Default Transform

B[} pefault Legend View 1

H = eamline
consequently, the streamline ¥ e v
is visible. If “check mark” is BE vosrane
. v @l Report
unchecked, the streamline B Tie Page
L s B G rUe Pieaaas
will no be visible. Details of Streamline 1
Geometry Color Symbol Limits Render View
Type 3D Streamline -
Definition
Domains All Domains -
Start From inlet -
Sampling Equally Spaced -
# of Points 25 s

4+ Preview Seed Points

Variable Velocity -
Boundary Data Hybrid Conservative
Direction Forward -

B Cross Periodics
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The streamline is for half the pipe cross section because the axisymmetric modeling technique
is used. The complete pipe cross section can be generated by the technique used for getting the

previous cross sections. The streamline for the complete cross section of the pipe is shown
below.

0 0.015 0.03 (m)
B E—
0.0075 0.0225
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Click on the
“Animation”
Tool.

BB A6 : Laminar fluid flow - CFD-Post
File Edit Monitor Session Insert Tools Help

BFHEUDW 9 ¢ Buanm v JBESSF FHHIPO xEBEES OD2/A00&E

Outine  Variables  Expressions  Calculators  Turbo PNy Animation B @) 50 Ov| Tw
v @ Laminar fluid flow s
w @ surface_body

)i ais
[C19% inlet
[(]3% outlet
9% periodic 1
(C]9% periodic 1 shadow
[19% pipe_wall

+ @] User Locations and Plots

i Contour 2

&Y Default Transform

[

The following box appears.

T Er DUl UGS Ludy
Tima

B Animation ? x

Type Sweep Animation =

Select one or more objects to animate:

Streamline 1
Streamline 2

_HE]E]FM...'.....S"‘W_

Close
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=T "

Choose both stream by B8 Animation 7 X
using the shi
then click on
Arrow. The animation
will start:

Also, only one of the
streams can be chosen
for animation

Type Sweep Animation *

Select one or more objects to animate:

Streamline 1
Streamline2

> (2)(m]) st L slow |

Close

Angle 0.0 [degree]

If animation does not work properly, make sure every other variable (for example velocity) is
made invisible on the PST tree, and make sure “streamline 1” and “streamline 2” are visible by
check marking them on tree, and then click the arrow above. If it still doesn’t work (the above
animation won’t work), make the following selections.
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1 Vet
- Animation ? X
Type Sweep Animation =

—  Select one or more objects to animate:
Streamline 1
mb Streamline 2

Click here to start the ]
animation. :
Click here to stop the
animation

The following is a screen shot of the animation.
LB
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Y
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X
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_ S—
0.0075 00225

Apply Reset Defauts

30 Viewer  TableViewer  ChartViewer  CommentViewer  Report Viewer
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At this point, save the project in the “WB” screen.
Ill: Summary and conclusion

Flow of water in a pipe was simulated using the CFD capabilities of ANSYS Work Bench. Step by
step instructions have been provided in order to help a student with little or no experience in
the use of CFD software. The results match the experimental results obtained in a fluids lab.
While the technique is not technically complicated, it is beneficial to students that are new to
fluid mechanics and CFD.

IV: References

1. Applied Fluid Mechanics; sixth edition by Robert L. Mott
2. ANSYS Work Bench manual
3. Ansys Fluent manual

V: Bibliography

Dr. Hagigat is a registered professional engineer with significant industrial experience is
Aerospace, Commercial Nuclear Power and Petrochemical industry. He is currently a professor
of Engineering Technology in a Midwestern United States University.



