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1. Purpose

The Purpose of CFD Lab 1 is to simulate steady laminar and turbulent pipe flow following the
“CFD Process” by an interactive step-by-step approach. Students will have hands-on experiences
using ANSYS to compute axial velocity profile, centerline velocity, centerline pressure, and
friction factor. Students will conduct verification studies for friction factor and axial velocity
profile of laminar pipe flows, including iterative error and grid uncertainties and effect of
refinement ratio on verification. Students will validate turbulent pipe flow simulation using EFD
data, analyze the differences between laminar and turbulent flows, and present results in CFD Lab
report.
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2. Simulation Design

In CFD Lab 1, simulation will be conducted for laminar and turbulent pipe flows. Reynolds
number is 655 for laminar flow and 111,569 for turbulent pipe flow, respectively. The schematic
of the problem and the parameters for the simulation are shown below.

Table 1 - Main Particulars

Parameter Unit Value
Radius of Pipe m 0.02619
Diameter of Pipe m 0.05238
Length of the Pipe m 7.62
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Since the flow is axisymmetric we only need to solve the flow in a single plane from the centerline
to the pipe wall. Boundary conditions need to be specified include inlet, outlet, wall, and axis,
as will be described details later. Uniform flow was specified at inlet, the flow will reach the fully
developed regions after a certain distance downstream. No-slip boundary condition will be used
on the wall and constant pressure for outlet. Symmetric boundary condition will be applied on the
pipe axis. Uniform grids will be used for the laminar flow whereas non-uniform grid will be used
for the turbulent flow.



Table 2 - Grids
Grid/Mesh Grid/Mesh # of Divisions
Type X R
8 453 45
7 319 32
6 226 23
4 Uniform 113 11
3 80 8
2 56
0 28 3
T Non-uniform 564 15

Experimental, analytical results, and simulation results will be compared. Additionally, detailed
verification and validation study will be conducted. All the studies are detailed in the Table 3. In
this manual, detailed instructions are given for the laminar flow simulation and turbulent flow
simulation using uniform grid 8 and non-uniform grid respectively. For the rest of the simulations,
the grid and simulation setups have been provided with workbench uploaded on the class website:

(1) go to “http://user.engineering.uiowa.edu/~me_160/”

(2) go to “CFD Labs” tab

(3) go to “CFD Labl: Pipe Flow” tab

(4) download “CFD Labl Workbench” by clicking “Download”

Please refer to the exercise at the end of the manual to determine the data and figures that need to
be saved before you analyze (postprocess) any result. Even though the manual shows every
possible step for analyzing the data at Section 7 & 8, only certain subsections (e.g. 7.3, 7.4, 7.7)
will be required for each exercise.

Table 3 - Simulation Matrix

Study Grid Model
V&V of friction factor and axial velocity profile 2,34
V&YV of friction factor 6,7,8
V&YV of friction factor 0,2,4 Laminar
V&YV of friction factor 46,8
Axial velocity, centerline velocity 8
Axial velocity, centerline pressure, centerline velocity T Turbulent

All analytical data (AFD) and experimental data (EFD) needed for the comparison with laminar
and turbulent flow CFD results, respectively, can be downloaded from the class website again:

(1) go to “http://user.engineering.uiowa.edu/~me_ 160/

(2) Click RMB on “axialvelocityAFD-laminar-pipe.xy” and select “Save link as...”
(3) Click RMB on “axialvelocityEFD-turbulent-pipe.xy” and select “Save link as...”
(4) Click RMB on “pressure-EFD-turbulent-pipe.xy” and select “Save link as...”
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3. Open ANSYS Workbench Template

3.1. Start > All Programs > ANSYS 2024 R2 > Workbench 2024 R2

All apps

Virtual 3D Photometric Lab 2024 R2

Virtual Human Vision Lab 2024 R2

Virtual Photometric Lab 2024 R2

Virtual Reality Lab 2024 R2

Workbench 2024 R2

Workbench with Speos 2024 R2

Ansys EM Suite 2024 R2

Ansys Optics Launcher 2024 R1

Ansys Optics Launcher 2024 R2

Ansys Zemax OpticStudio 2024 R2.01

AppsAnywhere

ArcGIs

AutoCAD 2025 - English

Milano, Christian

3.2. You can ignore all the pop-ups by clicking “Cancel” if you see any.

3.3. Toolbox > Component Systems. Click and Drag & Drop [Geometry], [Mesh] and [Fluent]

components to Project Schematic as per below.
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3.4. Click on the drop down arrow and select Rename. Change the names as per below to avoid

any confusion during the work.
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3.5. Create connections between component as per below. To make connections, click and drag
the [Geometry ?] box to the [Mesh ?] box, and the [Mesh ?] box to the [Setup ?] box as per

below.
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3.6. File > Save As. Save the workbench file to H drive (i.e. home.iowa.uiowa.edu drive). The H
drive is shared between the computers in engineering labs.
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4. Geometry Creation

4.1. Right click Geometry and select New DesignModelerGeometry.... (Since all the geometries
are linked together, only one geometry creation is required)
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4.2. Make sure that Unit is set to Meter (default value).
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4.3. Select the XYPlane under the Tree Outline and click New Sketch button.
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4.4. Right click Sketchl and select Look at.
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4.5. Enable the auto constraints option to pick the exact point as below. Select Sketching >
Constraints > Auto Constraints > make sure Cursor is selected.
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4.6. Select Sketching > Draw > Rectangle. Create a rectangle geometry as per below. The cursor
will show “P” when it is on the origin point.
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4.7. Select Sketching > Dimensions > General. Click on top edge then click anywhere else.
Repeat the same thing for one of the vertical edges. You should have a similar figure as per

below.
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4.9. Concept > Surfaces From Sketches and select Sketchl from the Tree Outline and hit

Apply on Base Objects under Details view.

File Create

Concept Tools Units View Help

al= =]

“= Lines From Puoints

|- -

£ Lines From Sketches

XY¥Plane

[ Lines From Edges

BladeEditor:

%, 3D Curve
*w Split Edges

Gl
-

g

Sketching Tool

¥ Surfaces From Edges
E| Surfaces From Sketches
& Surfaces From Faces

RN

E|/’{§| A pipe
=8

A= KYPlane

“. Line &% Detach Sketching Madeling |
6 Tangent Li Cross 5ection L4 Details View p

6 Line by 2 Tangents

=) Details of SurfaceSk1

Surface From Sketches Surfaceskl
Apply l Cancel

Operation Add Material
Orient With Plane Mormal? | Yes
Thitkness (= =0} om

4.10. Click Generate. This will create a surface.
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4.8. Click on H2 under Details View and change it to 7.62m. Click on V1 and change it to
0.02619m. Always omit units (“m” for this time) when you put in values.
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4.11. File > Save Project. Save project and close window.

4.12. If you see the lightning sign next to Geometry in the workbench then right click on the
Geometry and click Update as shown below. If you don’t see the check mark after the update,
then you may have made a mistake when you were creating the geometry.
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5. Mesh Generation

5.1. Right click on Mesh and select Edit.
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5.2. Right click on Mesh then select Insert > Face Meshing.
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5.3. Select the pipe geometry by clicking anywhere on the pipe surface, then click the yellow box
that says “No Selection” and click Apply. (From now on, rotate the view to xy-plane by
clicking z-axis of 3D axis located at right bottom of the screen. You can drag and drop with

right mouse button to zoom in. You can press F7 to restore the view.)
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5.4. Click on the Edge Button. This will allow you to select edges of your geometry.
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5.5. Right click on Mesh then select Insert > Sizing.
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Mesh Display Selection Automation
D Scut X Delete g S Named selection (@) Images™ +“—
HC-:p-,-' QFmd i Coordinate System E.Section Plane it
Duplicate Bipaste g Tree~ EERENIE CJcomment ES Annotation Urlits
Qutline Mesh Insert
qa@ee % c-+a
: Name w | Search Outline | ™ _

Project™
= (& Model (B2)
[T Geometry
- 0 Surface Body
J@ Materizls

[ 24 Coordinate Systems
= b
g Insert <%  Method
B update 5@ Sizing
-
% Generate Mesh " Conta Sizing
Preview » A Refina Eﬁ Control size-relate
T » Eate size, number of div]
@ iy sphere or body of i
4 Create Pinch Controls % Mesh
5 Group Al Similar Children @ Match (1) Press F1 for help.
0 Clear Generated Data LD g
Inflation
J. Rename F2 =
{5 Mesh Connection Group
Start Recording
B Manual Mesh Connedtion

5.6. Hold Ctrl and select the top and bottom edge then click Apply in the Details box for
Geometry on the right. Specify details of sizing as per below depending on the case.
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5.7. Repeat step 5.5. Select the left and right edge and click Apply for uniform grid flow and
change sizing parameters as per below. Change the sizing parameters separately for non-
uniform grid as per below. Make sure to select edges individually when changing sizing
parameters for non-uniform grid.
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5.8. Click on Generate Mesh button and click Mesh under Outline to show mesh.
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5.9. Change the edge names by clicking on the edge, clicking RMB and selecting Create Named

Selection. Name left, right, bottom and top edges

as inlet, outlet, axis and wall respectively.

At this stage, your outline should look same as the figure below.
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Parts (@ Press F1 for help.

E| ----- o s Coordinate Systems
- w514 Global Coordinate System
E| ----- &0 Mesh
------- v #8 Face Meshing
8 Edge Sizing

E'.!.? Edge Sizing 2
....... ”, E inlet

....... ”, E outet

....... - ) axis

....... . ) wall

Uniform Grid 8 Non-uniform Grid
Outline » 0 O x (| Outline * 01 Ox
© Name - v o © Name - v oL
Project® ] Project™
. Model (B2) = (8 Model (82)
B Geometry H tﬁ Geometry
5 B8] Surface Body g | .Surface Body
-, % Materis || L0 Materials

I'_'I ----- o =< Coordinate Systems
=2 Global Coordinate System
L__| ..... o L] MESh
- 88 Face Meshing
-3 Edge Sizing
-3 Edge Sizing 2
'ﬁ Edge Sizing 3
9 m
0 inlet
‘/E] outlet
‘/ﬁ axis
o T wall
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5.10. File > Save Project. Save the project and close the window. Update mesh by clicking
RMB on Mesh and clicking Update on Workbench.

- A - C - n]
zleeorretry/ _iz.m.ﬁhf 2 @ setp T, 2 @ setup T
pipe unrformg 3 @ Saution ¥ 4
53 Duplicate laminar {1e-5)
Transfer Data From New »
Transfer Data To New »
- EN/ Update
. = |Update Upstream Components
2| @ wesh Clear Generated Data
nan-unifarm |#] Refresh
Reset

El] Rename
Properties

Quick Help
Add Mote




6. Solve

6.1. Right click Setup and select Edit.

- A - B

L

2 [ ceometry |, —2 @ Mah S se— 2

pipe uniform grid
- E
I Mesh
z Mesh &,

non-uniform grid

-

C

1
‘ﬂ Set o 2 Satu

3| @@ sob

lzminz

?

Register Startup Scheme File...

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

6.2. Under options check Double Precision and click START.

. Fluent Launcher 2024 R2 (Setting Edit Only)

Fluent Launcher

Home Gereral Options Parallel Settings

Dimension
i

a0

Parallel (Local Machine)

Solver Processes

\Wiorking Directory
H:y

Remoate

Scheduler

Solver Options
Double Precision

(J Do nat show this panel again

4

Start | [

Cancel

Help

-

— *

Environment
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6.3. Fold the upper tool box by clicking the button inside the red box to avoid any confusion. For

this section 6, the “tree outline” on the left side bar will be used only.

. C:laminar (1e-6) Parallel F L-COE002-0. du [2d, dp, pbns, sstkw, single-process] [CFD Solver - Level 2 - CFD Solver - Level 1]
® @& @ A
File Physics User-Defined Solution Results View Parallel Design
Mesh ZIones Interfaces Mesh Models
Display... @ é E Scale... €2 Combine . EEIX Delete... B Append = 'Eg Mesh... (ﬂ Dynamic Mesh...
(ORI~ 5 4 Transtorm . | Oy Separate . g Deactivate.. T3 Replace Mesh... | [B] overset.. | = Midng Planes...
fl# units... Checke  Quality - Make Folyhedra | < Adjacency.. g Actvate... O, Replace Zone... N2 Gap Model...
Outfine View < | Task Page < B
Filter Text General ®|
'f —
=) Setup Mesh
General '
+) @ Models [ Scale... H Check HRepol’t Quahtﬂ
# & Materials Display... || nits.. | -
+ [f Cell Zone Conditions L

a

Turby Collapse ribben

Enable
@ Turbo Topology...

Turbo Create...

6.4. Tree > Setup > General > Check. You may ignore the warning messages if pop up. (Note:
If you get an error message you may have made a mistake while creating your mesh)

®ae: T =
Domain User-Defined Solution Results Parallel
Outline View <  Task Page < .
Filter Text General @ ‘
— (=)
=) Setup Mesh
@ General ¥

¥ © Models { Scale... |I Check ”Repun Qual\ty‘

* £ Materials { Display... ” Units.... A

+ [1] cell Zone Conditions . "

+ [0 Boundary Conditions e

—g| g‘lyensal"rrl:":e!\:::s Type Velocity Formulation L
] Reference Values ®) Pressure-Based ©/ Absolute T
®) 17, Reference Frames Density-Based Relative
f Named Expressions
- Solution ¥
Time 2D Space
% Methods ® Stead 5 :Ia
eady fanar
Controls K o N e
= Report Definitions Transient symmetric
+ @ Monitors Axisymmetric Swirl ¥
@ Cell Registers r
T4 Automatic Mesh Adaption =
£ Initialization Gravity ¥

+ % Calculation Activities .

© Run Calculation <
- Results ¥
& surfaces

+ & Graphics

+ L plots [—

+ [ Animations e —

2 ace area statistics:
> P 2 Rtapor‘t;c e minimum face area (m2): 5.820000e-04
= s’ara:nta_ ersR :tsomlza fon maximum face area (m2): 1.682119e-02

imulation Repot EREl S T=EMoc 00t 0c00c0C0000C00C0C00E00E

Done.

0 selected all




6.5. Setup > General > Solver. Choose an option shown below.
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Outline View Task Page 3]
Filter Text General @]
=) Setup Mesh
B General X X X
+ @ Models [ Scale... ” Check HRepor‘c Quality|
+ L¥ Materials [ - H - |
+ [ cell Zone Conditions | e | U |
+ [ eoundary Conditions
2 Dynamic Mesh Solver
‘|_| Reference Values Type Velocity Formulation
* f Refere;ce Framgs ® | Pressure-Based ® Absolute
- Solutioﬁame [EICEEEE Density-Based Relative
% Methods
Cenira . Time 2D Space
% Report Definitions Planar
@ Cell Registers Transient AX_SY —
2% Initialization Isymmetric swir
+) # Calculation Activities
© Run Calculation
- Results s
& surfaces iy
+ & Graphics
+ | Plots
+ [-] Animations
+ [ Reports
+ Parameters & Customization
Axis Boundary Condition
Model Laminar Turbulent
. u v P u v P k e
Variable 2102 213
[m/s] [m/s] [Pa] [m/s] [m/s] [Pa] [m4/5%] [m4/s°]
Magnitude - 0 - - 0 - - -
Zero Gradient Y N Y Y N Y Y Y

(above table explains the adaption of axisymmetric condition for the “axis” boundary condition)
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6.6. Tree > Setup > Models >Viscous (double click). Select parameters as per below and click

OK(Apply).

Laminar flow

|- Filter Text

- Setup
General
= @ Models
Multiphase (Off)
(@) Energy (Off)
| viscous (35T k-omega) |
Radiation (Off)
Heat Exchanger (Off)
£, Species (Off)
Discrete Phase (Off)

-

+
g

Mesh
| Scale... | | Check | |:Report Quiality
| Digplary. .. | | Units... |
& B viscous Model *
1 atior
Model
Trwiscid

@ Laminar

Spalart-allmaras (1 eqn)

1 :
() solidification & Melting (0ff) k-epsilon (2 eqr)
1 Acoustics (Off) k-omega (2 eqn)
<} Structure (Off) Transition k-kl-omega (3 eqn) :
[L:J] Potential/Electrachernistry (Of Transition SST {4 egn) L Sw
+ £ Materials Reynolds Stress (5 eqr)
. Motion Definitions Stale-sdaptive Simulation (SAS)
5 o
L Cell Zone Condl.n.ons Detached Eddy Simulation (DES)
+ @ eoundary Conditions
EF Mesh Interfaces | ——
T Auxiliary Geometry Definitions B | Cancel | | Help |
2l Dynamic Mesh
[7] Reference Values
+ 1, Reference Frames
£+ Named Expressions
= Snhitinn
Turbulent flow
- Setup ‘ Scale... H Check ||Repurt Quahty| $
@ General — o
- ® Models ‘ DEE TR H Ui, | -
2 Muttiphase (off)
& Enirgy (acs);) E"} . Viscous Maodel
= Wiscous (S5T k-omega) ‘ Model Model Constants
:amtaémr;lum (off Irviscid Cmu
eat Exchanger
2 species (OFF) Laminar 0.09
+) - Discrete Phase (Off) Spalart-allmaras (1 eqr) C1-Epsilon

1
&2 solidification & Melting (OFff) ® k-epsilon (2 eqn) 1.44
" Acoustics (O k-omega (2 eqn) C2-Epsilan
< Structure (Off) Transition k-kl-omega (3 egn) 192

[L'ﬂ Potential/Electrochemistry (Of

Transition SST (4 eq)

TKE Prandtl Mumber

+ £ Materials Revnolds Stress (5 eqn) 1

12, Motion Definitions
+ [ Cell Zone Conditions
+ [ poundary Conditions
£¥ Mesh Interfaces

@ Auxiliary Gesmetry Definitions ® Standard

& Dynamic Mesh

= RNG
[Z] Reference values Turbulent Viscosity
o Realizable
*) |2, Reference Frames none =
£+ Named Expressions Near-Wall Treatment Prandtl Numbers
- Snlgtln:q thod ® Standard Wall Functions TKE Prandt] Number
ethods =
Cafials Stalable Wall Functions none -
-Equilibri TDR. Prandtl Murnber
%! Report Definitions Mon-Equilibrium wall Functions
+ @ Monitors Enhanced Wall Treatrnent none -
@ cell Registers Ienter-Lechner

T Automatic Mesh Adaption

=0 Initialization
+ ¥ Calculation Activities
© Run Calculation

Options

Stale-Adaptive Simulation (S45) | oo pegedt Murber
Detached Eddy Simulation {DES) 13

User-Defined Functions

User-Defined Wall Functions

Production Kato-Launder

= Results Production Limiter

& surfaces
+ & Graphics
+ | plots

[71 Dashboard

m ‘Eancel ‘ |Help |
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6.7. Tree > Setup > Materials > Fluid > air (double click). Change the Density and Viscosity as
per below and click Change/Create. Close the dialog box when finished.

Outline View < Task Page N B = pesty
Filter Text Materials @ ‘
S Setup = Materials kN
7 Gerer ——
=) @ Models —
. air Felt
& Multiphase (0ff solid ;‘
@ Energy (Off) aluminum

2 Viscous (Laminar)

. Radiation (0ff)

1= Heat Exchanger (Off)
&, Species (Off)

# Discrete Phase (Off)

)

+

& salidification & Mell B ¢ cate /et Materials X
il Acoustics (Off)
Structure (Off) Name Material Type Order Materials by
]l potentialsLi-ion Batte if fluid ~ | ® name
= £ Materials Chemical Formula Fluent Fluid Materials Chemical Formula
=) & Fluid .
air
‘ Fluent Database... ‘

%) & solid Mixture S ———

+ [ cell Zone Conditions none = |GRANTA MDS Dal;abase..._‘
+) [ Boundary Conditions User-Defined Database...‘

£ Mesh Interfaces

2] Dynamic Mesh

[] Reference Values
+) 12, Reference Frames

Density [ka/m’]| constant * | Edit...

£ Named Expressions 1.17
= Solution
% Methods Viscosity [kg/(m s)] constant ~ | Edit...
Controls 1872605

= Report Definitions
+) @ Monitors
@ cell Registers
T4 automatic Mesh adapti
£, Inftialization
+) # Calculation Activities
© Run calculation

i I“E;I'ssurfa:es 7Delete| @ Hilp‘

NS b

6.8. Tree > Setup > Cell Zone Conditions(Double click) > Zone > surface_body. Change type
to fluid, make sure air is selected and click Apply.

Outline View < Task Page Mesh
| Filter Text Cell Zone Conditions
| - setup N
® General Zone |Filter Text
= @ Maodels
g Multiphase (Off) 1 I
(@ Energy (Off) B Fuid

: Wiscous (Laminar)
" Radiation (Off) Zone Name
- Heat Exchanger (Off) surface_body
2, species (Off) Material Name Edit...|
+ J- Discrete Phase (Off) —
£ solidification & Melting (OFf) EramalMotionil_jSourcejlanms
"l Acoustics (Off) Mesh Motion Fixed Values
i <} structure (Off)
i H Potential/Li-ion Battery (Off)
I + &} Materials Reference Frame Mesh Motion Porous Zone 3D Fan Zone Embedded LES Reaction Source Terms Fixed Values Multiphase

Sl IE Cell Zone Conditions |
S Bt Fuia - Apply QLS ‘ Help ‘
+ [ Boundary Conditions —

£F Mesh Interfaces T ™ ‘FE‘

] Dynamic Mesh Phase Type i} —
[Z] Reference values misture * || fl

+ 17, Reference Frames

2 —
£+ Named Expressions Edit... ‘ Copy... | Profiles... ‘ ‘9‘
- Solution —_— —_— o

Methods Parameters...
Caontrals 7‘ Operating Condihons...‘ 0 selected all
| Report Definitions Display ME‘Sh---_‘ pu——

+) ‘@ Monitors N
. Porous Formulation [
@ Cell Registers Adjusting the following setting:
T Automatic Mesh Adaption Changing Discretization Scheme for Turbulent Kinetid
2, Initialization Physical Velocity Energy: from: First Order Upwind to: Second Ordg
+ # Calculation Activities Ujszrl

Forous Zone

® Superficial Velocity




below and click Apply.

Laminar flow

6.9. Tree > Setup > Boundary Conditions > inlet (double click). Change parameters as per
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Outline View < Task Page < . Mesh
Filter Text Boundary Conditions
- Setup a —
B General Zone |Filter Text bre)
=) @ Models axis
& vutiphase o fose—]
@ Energy (Off) interior-surface_body
Wiscous (Laminar) outlet
" Radiation (0ff) wall I velocity Inlet x
: Heat Exchanger (Off) Zone Name
o, Species (Off) inlet
+) J- Discrete Phase (Off)
& solidification & Melting (Off) Momentum | Thermal Radiation Species DPM Multiphase Potential Structure ups
il Acoustics (Off)
2} Structure (Off) Velocity Specification Meth04 Magnitude, Normal to Boundary - I
ﬁ] Paotential/Li-ion Battery (Off) Reference Framel ‘Absolute - |
+) £ Materials
+ [1] cell Zone Conditions Velocity Magnitude [m/s] ID 2 I e
=) E soundary Conditions Supersonic/Initial Gauge Pressure [Fa] |u I -
+ H Axis
‘n \nlel
* \nternal chgel Helpl
g n: Outlet -
* = wall J—
E¥ Mesh Interfaces Phase HIES ) —
& Dynamic Mesh mixture > ve\umtwn\et 5 |‘<D"
[7] Reference Values —
+ 17, Reference Frames Ed Copy... ‘ Profiles... |
. 0 selected| all
.f Named Expressions
N Parameters... ‘
© 50':‘”" ——————' | Operating Cund\lmns...l Console
< Methods Display Mesh...‘
Outline View < Task Page < m . Mesh
Filter Text Boundary Conditions @)
= Setup - = =
@ General Zone |Filter Text '_Ol —__‘
=) @ Madels
. Multiphase (Off)
@ Energy (Off) interior-surface_body
" Viscous (Standard k-e, Standard Wall Fn) outlet
™ Radiation (Off) wall I velocity Intet X
F
1= Heat Exchanger (Off) Zane Name
2, Species (Off) inlet
+) 4 Discrete Phase (Off)
&4 Solidification & Melting (Off) Momentum Thermal Radiation Species DPM Multiphase Potential Structure ups
“l Acoustics (Off)
21 structure (Off) Velocity Specification Method | Magnitude, Normal to Boundary b
[2] patentialLi-ion Battery (ff) Reference Frame| Absolute -
+ L¥ Materials
+ [ cell Zone Conditions Velocity Magnitude [m/s] 34.08 -
Supersonic/Initial Gauge Pressure [Pa] o bt
Turbulence
+ I Internal Specification Method Intensity and Length Scale &
I Outlet Turbulent Intensity [%][0.01 v
+ = wall -
£F Mesh Interfaces Turbulent Length Scale [m] 0.000294 -
2 Dynamic Mesh
[Z] Reference Values
+) 17, Reference Frames Closel Help|
£+ Named Expressions
. i
= Solution
o pethods Phase Type o
¢ Controls mixture * || vel ‘9|
| Report Definitions I = I [C [P = ‘ o
+ Q Monitors ... i rofiles... 0 select
& Cell Registers Parameters... ‘
T2 Automatic Mesh Adaption ’,—‘7‘ Operating CU"de”S---| Console
= P . Dzl Minol —
Inlet Boundary Condition
Model Laminar Turbulent
Variable ufm/s] | vm/s] | P[Pa] | u[m/s] | v[m/s] | P[Pa] Intensity Length Scale

Magnitude 0.2 0

34.08 0 -

0.01

0.000294

Zero Gradient N

Y

N N Y N

N
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6.10. Tree > Setup > Boundary Conditions > outlet (double click) or click Edit.... Change
parameters as per below and click Apply.

Laminar flow

Outline View < Task Page < B Mesh
Filter Text Boundary Conditions
-
= Setup -
B General Zone [Filter Text e
= @ Models axis .
& Mutiphase (0ff) inlet -
@ Energy (Off) interior-surface_body a
¢ Viscous (Laminar) loutlet | - x
" Radiation (Off) wall
!4 Heat Exchanger (Off) Zone Name
£, Species (Off) outlet

+ J- Discrete Phase (Off)

4 solidification & Metting (O Momentum | Thermal | Radiation | Spedes | DPM | Muliphase | Potential | Structure | UDS

o i
| Acoustics (Off) Backflow Reference Frame| Absolute M
<1 structure (Off)
[0 potential/Li-ion Battery (Off) Gauge Pressure [Pal o >
' . H
= & materials . Pressure Profile Multiplier| 1 -
[ Boundary Conditions " Backflow Direction Specification Method| Normal to Boundary v
+ 1 Axis .
D == inet Backflow Pressure Specification Total Pressure i
+ [ Internal Prevent Reverse Flow
i) Average Pressure Specification
) — wall
EF Mesh Interfaces Target Mass Flow Rate

2 Dynamic Mesh
[] Reference Values
#+) 17, Reference Frames
£+ Named Expressions
- Solution

Phase
% Methods
Controls mixture ¥ <
! Report Definitions L
%) -8: Monitors I Edit... I Copy... HPmﬁles... | o
@ Cell Registers I ‘
T4 Automatic Mesh Adaption — Operating Condition: ‘ Console
Outfine View < Task Page < B Mesh
Filter Text Boundary Conditions [6)
- Setup = B8 Pressure Outlet X
® General Zone |Filter Tex|
5 | Zone Name
@ Models axis
& Multiphase (0ff) inlet outlet
@ (Eveg ) @i Interior sUrface [ yomentm | Thermal | Radiation | Speces | DPM | Muitiphase | Potentil | Stuctre | UDS
7 Viscous (Standard k-e, Standard Wall F)
" Radiation (Off) wall Backflow Reference Frame | Absolute 2
2 Heat Exchanger (Off)
2, species (0ff) Gauge Pressure [Pa)] 400 -
+) 4 Discrete Phase (Off) Pressure Profile Multiplier|1 -
& solidification & Melting (Off)
il Acoustics (Off) Backflow Direction Specification Method Normal to Boundary -
2} structure (Off) Backflow Pressure Specification Total Pressure e
[0 potentialiLi-ion Battery (Off)
+) & Materials Prevent Reverse Flow F
+) [ Cell Zone Conditions Average Fressure Specification
Boundary Conditions
T A Target Mass Flow Rate
+) 2 Inlet Turbulence
+ [ Internal Speification Methed K and Epsilon -
o Guri Backflow Turbulent Kinetic Energy [m?/s?]
* = Wall ackflow Turbulent Kinetic Energy [m?/s?] 1
¥ Mesh interfaces Backflow Turbulent Dissipation Rate [m?/s°] 1 -
] Dynamic Mesh
[] Reference Values
+) 1, Reference Frames
f+ Named Expressions
© solstion Phase
% Methods
Controls (TS ©
] Report Definitions. I = I [C—HP = | ¥
" ... opy... ||Profiles...
HQ Monitors = 0 selected all
@ cell Registers [Pmme(m_" | —
T4 Automatic Mesh Adaption =" [operating Conditions...| Console
Initialization [D\su\ay wesh...| E—
+) # Calculation Adtivities Periodic Conditions... Adjusting the following setting:

Outlet Boundary Condition
Model Laminar Turbulent
Variable ulm/s] | vim/s] | P[Pa] | u[m/s] | v[m/s] | P[Pa] k [m?/s?] e [m?/s%]
Magnitude - - 0 - - 400 1 1
Zero Gradient Y Y N Y Y N Y Y
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6.11. Tree > Setup > Boundary Conditions > wall (double Click) Change parameters as per
below and click Apply. No need to change for laminar cases.

Laminar flow

Outline View < Task Page < = Mesh
Filter Text Boundary Conditions @‘
~
-/ Setup - ——
General Zone Filter | [ wall %
=/ RETES axis Zone Name
[ Multiphase (Off) inlet
wall
® Energy (0ff) mtenorsuriAd =
L. Viscous (Laminar) outlet Jacent Cell Zone
" Radiation (0ff J ‘urfeceTbody
1+ Heat Exchanger (Off) Momentum  Thermal Radiaton = Spedes | DPM Muitiphase uDs Potential | Structure Ablation
2, Species (Off) . .
+) 4 Discrete Phase (Off) Mot e hase
&3 Solidification & Melting (Off) ®) Stationary Wall | [V| Relative to Adjacent Cell Zone
il Acoustics (Off) Moving Wall
<} structure (Off) pe———
[l potentialjLi-ion Battery (OFf) A L
% & Motericls
Specified Shear
Specularity Coefficient
+ 0 ads Marangoni Stress
+) o Inlet
+ B internal Wall Roughness
+ 5! Outlet Roughness Height [m][g
g Wall
Roughness Constant g5
¥ Mesh Interfaces
] Dynamic Mesh
[] Reference Values
+) 17, Reference Frames (:Insel Help‘
£ Named Expressions
= Solution
Ph;
% Methods o=t
Controls mixture ¥ <
[/ Report Definitions I T I [—H T | ¥
+) Q Monitors Edit... Copy... | |Profiles... o selected( 2l
&) coll Renister I
Outline View < Task Page < B Mesh
Filter Text Boundary Conditions @‘ 1
- Setup B %
® General Zone [Filter T¢
2 @ Modals e | Zone Name
B multiphase (off inlet wall
@ energy (0ff) interior-surfa Adjacent Cell Zone
2 wviscous (Standard k-e, Standard wall Fn) outlet surface_body
v o
" Radiation (Gff) Momentum | Thermal | Radiaton | Spedes DPM Multiphase ups Potential | Structre | Ablation
Heat Exchanger (Off)
13, Species (Off) Wall Motion Motion
+) # Discrete Phase (Off) ® Stationary Wall | Relative to Adjacent Cell Zone
4 Solidification & Melting (Off) Moving wall
il Acoustics (Off)
<1 Structure (Off) Shear Condition
[ potential/Li-ion Battery (Off)
+) & materials N Specified Shear
+ (3 cell zone Conditions Specularity Coefficient
- Marangoni Stress
L Auis
+ %7 Inlet wall Roughness
+ O Internal Roughness Models Sand-Grain Roughness
+) 2! Outlet
D ‘Wwal © Standard Roughness Height [m] 2.5e-5 -
High Roughness (Icing)
£* Mesh Interfaces Roughness Constant 0.5 v
2] Dynamic Mesh
[] Reference values
+) 17, Reference Frames
f Named Expressions
= Solution
% Methods.
Controls. ¥
] Report Definitions Phase
+) @ Monitors mixture ¥ <
@ Cell Registers -
T Automatic Mesh Adaption | edt. | [copy. HPrnﬁ\esm |
& Initialization [ = N | 0 selected| all
+ ® calculation Activities eremee® | [overating conditons..| p—

Wall Boundary Condition

Laminar

Turbulent

Variable

u %
[m/s] [m/s]

u \'

[Pa]

[m/s]

[m/s]

P k
[Pa] [m?/s?]

[m?/s7]

Roughness

Magnitude

0 0

0

0

2.50E-05

Zero Gradient

N N

N

N

Y N
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6.12. Tree > Setup > Boundary Conditions > Operating Condition.... Change parameters as

per below and click OK.

= Iﬁ Boundary Conditions

+) E Axis

+ 2 Inlet

+) [ internal

+) 5% Qutlet

+ = wall

£¥ Mesh Interfaces

& Dynamic Mesh

[Z] Reference Values
+) 17, Reference Frames

fo Named Expressions

- Solution
% Methods
Controls
=] Report Definitions

. O hdnmitee

Outline View < Task Page
Filter Text Boundary Conditions ®|
- Setup a . ==
® General Zone |Filter Text -_.;3| —_,|
= ® Models axis
£ Multiphase (Off) inlet
@ Energy (Off) interior-surface_body
. Viscous (Laminar) I -
®  Radiation (Off) . Operating Conditions * I
1+ Heat Exchanger (Off) Pressure Gravity
ot ZlpsdiEs (off) Operating Pressure [Pa] Gravity
+! 4~ Discrete Phase (Off) Ig?},25 9 ] -
L Solidification & Melting (Off) :
il Acoustics (OFf) Reference Pressure Location
=} Structure (Off) K Imlao -
i pOFEr‘ItIEL"LI'IOﬂ Battery (Off) ¥[ml g -
+ L% materials
+ [ cell Zone Conditions Z[m]jo

[oxf{ cancet] [etp]

Phase Type D
mixture ¥ | | wall || 8
Edit... [Cow | [Proﬂes

Parameters.. |
Dperatmg Conditions...
Display Mesh..

Periodic Conditions...

Perforated Walls... |




6.13. Tree > Setup > Reference Values. Change parameters as per below.

Laminar flow

. Multiphase (Off)
® Energy (Off)
: Viscous (Laminar)
" Radiation (Off)
I+ Heat Exchanger (Off)
0, Species (Off)
+ I Discrete Phase (Off)
& Solidification & Melting (O
til Acoustics (Off)
2} structure (Off)
[ﬁ] Potential/Li-ion Battery (O
+ £ materials
+ [ cell Zone Conditions
+ [ Boundary Conditions
i’,ﬁ Mesh Interfaces
Z Dynamic Mesh
|l Reference Values |
+ 7, Reference Frames
£ Named Expressions

Outline View <
Filter Text
- Setup a
@ General
= @ Models

Task Page

Reference Values

Compute from

Reference Values
Area (m2) 0.002154869
Density (kg/m3) 1.17
Enthalpy (j/kg) 0
Length (m) '0.05238
Pressure (pascal) 0
Temperature (k) 288.16
Velocity (m/s) 0.2
Viscosity (kg/m-s) 1.872e-05
Ratio of Specific Heats 1.4
Yplus for Heat Tran. Coef. 300

Reference Zone

Turbulent flow

Outline View <
Filter Text
- Setup =
@ General
= @ Models

. Multiphase (Off)
® Energy (Off)
: Viscous (Standard k-e, Stal
" Radiation (Off)
- Heat Exchanger (Off)
2, Species (Off)
+) Z Discrete Phase (Off)
& Solidification & Melting (O
il Acoustics (Off)
£} Structure (Off)
[ﬁ’aﬁ Potential/Li-ion Battery (Of
+ £F Materials
+ [f] cell Zone Conditions
+ [ Boundary Conditions
iﬁ Mesh Interfaces

I "] Reference Values I

+ |7, Reference Frames

£ Named Expressions

Task Page

Reference Values

Compute from

Reference Values
Area (m2) 0.002154869
Density (kg/m3) 1.17
Enthalpy (j/kg) 0
Length (m) 0.05238
Pressure (pascal) 0
Temperature (k) 288.16
Velocity (m/s) 34.08
Viscosity (kg/m-s) 1.872e-05
Ratio of Specific Heats 1.4
Yplus for Heat Tran. Coef. 300

Reference Zone
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6.14. Tree > Solution > Methods. Change parameters as per below.

Laminar flow

Outline View < Task Page <
Filter Text Solution Methods ®|
= Setup & | pressure-Velocity Coupling
I
General e
+ @ Models SIMPLE -
+ £ materials
+ [ cell Zone Conditions Flux Type
+ [ Boundary Conditions Rhie-Chow: distance based v Auto Select

£F Mesh Interfaces

¥ . Spatial Discretization
Z Dynamic Mesh =

[2] Reference Values e
+) 17, Reference Frames Green-Gauss Cell Based v
fo Named Expressions Pressure
= Soll:-'o" Second Order -
[ [Methods | Momentum
Controls
[=] Report Definitions Second Order Upwind v
- & Monitors _ _
b Residual Transient Formulation
Y Report Files h

" Report Plots
% Convergence Conditions

Non-Tterative Time Advancement

@ cell P Frozen Flux Formulation
'.-.-:;; Automatic Mesh Adaption Warped-Face Gradient Correction
£ Initialization Limh Frerioe T Dal oot
Turbulent flow
Outline View < Task Page
Filter Text Solatinm Mcthods @]
= M%P Pressure-Velocity Coupling
General Scheme
+ @ Models I -
+ £ naterials
+) [ cell Zone Conditions Flux Type
+ [ Boundary Conditions Rhie-Chow: distance based  ~ Auto Select

£¥ Mesh Interfaces

= 3 Spatial Discretization
& Dynamic Mesh 2

[C] Reference Values Gradient

+) 17, Reference Frames Green-Gauss Cell Based -
fo Named Expressions Pressure

= SCP‘ Second Order -

% [Methods I Momentum
B ;:;::tlzeﬁnitions Second Order Upwind i

+ @ Monitors Turbulent Kinetic Energy
& Cell Registers Second Order Upwind -

T Automatic Mesh Adaption
.':L Initialization
+ # Calculation Activities

Turbulent Dissipation Rate

Second Order Upwind -
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6.15. Tree > Solution > Monitors > Residual (double click). Change convergence criterion to

1e-6 for all three and five equations as per below for laminar and turbulent cases respectively

and click OK. (Note: for iterative error study you will need to use le-5)

Laminar flow

[ Residual
1) Report Files
L Report Plots

# Convergence Conditions
@ cell Registers

Outline View < Task Page < .
Monitors k
Filter Text
Report Definition quantities can be monitored -
- Heat Exchanger (Off) & during solution when they are included in Report
3, Species (Off) Files or Report Plots. ‘i'
" 3
# DISFrFFe Prhase @iy B . Residual Menitors X
4 Solidification & Melting (Off)
M Acoustics (Off) Options Equations
ﬁ Structure (Off) | Print to Console Residual Manitor Chack Convergence Absolute Criteria
Potential/Li-ion Battery (Off)
) & Materials V! Plot continuity v v 1e-06
+ [ cell Zone Conditions Curves... | Axes... ‘ x-velocity v v le-06
+) [ Boundary Conditions
£F Mesh Interfaces Iterations to Plot y-velocity v v le-06
2l Dynamic Mesh 1000 -
[2] Reference values
+ 1, Reference Frames
f Named Expressions Tterations to Store
- Solution 1000 -
% Methods
+ Controls Convergence Conditions...
=/ Report Definitions
-} @ Monitors | Show Advanced Options
l:_ . i
i RES'dI‘aI_ Residual Values Convergence Criterion
() Report Files
L Report Plots Normalize Tterations absolute 7
=
% Convergence Conditions. | Scale 5 -
@ Cell Registers
T Automatic Mesh Adaption Compute Lc.|ca\ ==l
£ Initialization Renurmaﬁze‘
+ % Calculation Activities
© Run Calculation
- Results )
& surfaces Plnt| Canl:el| Help|
+ & Graphics -
Outline View < Task Page < .
Filter Text Menitors
Report Definition quantities can be monitored )
- Setup & | during solution when they are included in Report
@ General Files or Report Plots. [kl
=/ @ Models . B Residual Monitars x
g Multiphase (Off)
@ Energy (0ff) Options Equations
. Viscous (Standard k-e, Standard Wall Fn)} | Print to Console Residual Monitor Check Convergence Absolute Criteria
3 o
] DR | Flat continuity v v 1e-06
I Heat Exchanger (Off) .
2, species (Off) _Curves...| Axes... | x-velogity v v 1e8-06
+) 4~ Discrete Phase (Off) ]
& solidification & Melting (Off) Tterations to Plot y-velocity v v le-06
“il Acoustics (Off) 1000 = Kk L v 1e-06
<} structure (Off)
[0 potentialLi-ion Battery (off) epsilon v v 1e-06
®) L6 Materials Trerations to Store
+) [T cell Zone Conditions 1000 :
+ [ Boundary Conditions
£F Mesh Interfaces Convergence Conditions...
&l Dynamic Mesh
3| e e s V| Show Advanced Options
£ ‘T-f—'- Reference Frames Residual Values Convergence Criterion
Named Expressions i Iterations absolute it
2 Solution Normalize .
% Methods V| Scale = =
i Controls e Compute Local Scale
= Report Definitions -
- @ Monitors Renormaﬁze|

@| Cancel] @|




6.16. Tree > Solution > Initialization. Change parameters as per below and click Initialize.

[ Boundary Conditions
ﬂ Mesh Interfaces
2 Dynamic Mesh
[Z] Reference Values
+ 17, Reference Frames
£+ Named Expressions
- Solution
% Methods
. Controls
[%! Report Definitions
+ @ Monitors

+) # Calculation Activities
© Run Calculation
- Results

v

Reference Frame

@ Relative to Cell Zone

Absolute

Initial Values

Gauge Pressure (pascal)
0

Axial Velocity (m/s)

0.2

Radial Velocity (m/s)

0

Laminar flow

Outline View <  Task Page

Filter Text Solution Initialization [€)
& Sep Initialization Methods

2 General
brid Initialization

23D Models . :Z dard Initializati

o Q? Materials andart itialization

+ [ cell Zone Conditions Compute from

+

& surfaces
+ @ Graphics
+ | plots
+ [5] Animations
+ [ Reports
+ & O izati
Reset‘ Patch...
Reset DPM Sources Reset LWF  Reset Statistics
VOF Check
Turbulent flow
Outline View <  Task Page
Filter Text Solution Initialization @]
S Set%n Initialization Methods
General = e
® fiaa . H bn: {:lt|§|lea.tlor.1
L% Materials __Stan ard Initialization

X cell Zone Conditions
[ Boundary Conditions
i?ﬂ Mesh Interfaces
2 Dynamic Mesh
[£] Reference Values
+ I/, Reference Frames
£+ Named Expressions
- Solution
% Methods
. Controls
[%/ Report Definitions
+ @ Monitors
@ Cell Registers
+ # Calculation Activities
© Run Calculation

*
+
+
*

Compute from

v

Reference Frame

@ Relative to Cell Zone

Absolute

Initial Values

Gauge Pressure (pascal)

400

Axial Velocity (m/s)

34.08

Radial Velocity (m/s)

0

Turbulent Kinetic Energy (m2/s2)

- Results 0.09
¢ Surfafes Turbulent Dissipation Rate (m2/s3)
+ @ Graphics Tt
+ | plots
+ [5] Animations
+ [ Reports
+ s & Ci ization

Reset| |Patch...

Reset DPM Sources' Reset LWF  Reset Statistics

VOF Check

31
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6.17. Tree > Solution > Run calculation. Change number of iterations to 1000 and click

Calculate.

Outline View

Filter Text

- Setup

@ General

D Models

£F Materials

(5] cell zone conditions

[ Boundary Conditions

ﬂ Mesh Interfaces

] Dynamic Mesh

[Z] Reference Values

+) 17, Reference Frames
f+ Named Expressions

o
+
+
+

- Solution

% Methods
Controls
=) Report Definitions
+ @ Monitors
& cell Registers
2% Initialization
+) # Calculation Activities

() Run Calculation

= Resul

& surfaces
+ @ Graphics
+ | plots

2 Scene
+ [-] Animations
+ ) Reports

+ Parameters & Customization

<

Task Page

Run Calculation @|

Check Case... ’ Update Dynamic Mesh...

Parameters

Number of Iterations Reporting Interval

| 1000 = & =
Profile Update Interval
1 =

Solution Processing
Statistics
Data Sampling for Steady Statistics

[ Data File Quantities... ]

Solution Advancement

l Calculate

6.18. File > save project. Make sure to save the project for later use.
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7. Results

This section shows how to analyze your results in Fluent. You do not need to do all of the analysis for
every case. Please refer to exercises at the end of this manual to determine what analysis you need to
do for each simulation.

7.1. Saving Picture

File > Save Picture. Your current display can be saved as a picture file by adjusting
formats or resolutions like below and by clicking Save. Use this function whenever you
need to save pictures for the report.

File Domain Physics User-Defined Solution Re]
Refresh Input Data Zones
Recorded Mesh Operations... [&] scale... &2 Combine - EEIX Delete...
Save Projec 7 4 Transform . | Oy separate . [ Deactivate...
Reload ity " e
Sync Workbench & Make Polyhedra | °7» Adjacency... pg Activate...

< I <
Read X ask Page
i »
Wit Run Calculation [@
Import 4
Export 4 Check Case... Update Dynamic Mesh...
Table File Manager... Parameters
Solution Files... Number of Iterations Reporting Interval
Interpolate... 1000 <l v
EM Mapping > Profile Update Interval
FSI Mapping L ¥ ==
l Save Picture... I Solution Processing
Data File Quantities... Statistics
Idle Timeout... Data Sampling for Steady Statistics
Preferences...
( Data File Quantities... \
Start Page... J
Close Without Save Solution Advancement
Close Fluent l Calculate }
W Calculation ACtivities
© Run Calculation
- Results
@ surfaces
+ @ Graphics
Format Coloring File Type Resolution
EPS ! Color @' Raster Use Window Resolution
® JPEG Gray Scale Vector
Scale
PPM Monochrome
- 100% -
PostScript ?
TIFF Select Resolution
PNG custom hd
HSF width 960 o
VRML _ -
Window Dump RenitiE =
Options
) ) Window Dump Command
+| Landscape Orientation dp
. import -window %w
+| White Background P 2
[Apph,' | [Prev'lew | [Close | Help |




7.2. Displaying Mesh
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Setting Up Domain > Display. Select all the surface you want to display. Lines and points
you create can be displayed here as well.

Physics

User-Defined Solution Results

Check»

[l# units... Quality ~

Outline View

Filter Text

= Setup
B General
+ © Models
+ L¥ Materials
+ [0 cell Zone Conditions
+ [0 Boundary Conditions
£¥ Mesh Interfaces
2 Dynamic Mesh
[5) Reference values
+) 17, Reference Frames
fe Named Expressions
- Solution
% Methods
" Controls
1%/ Report Definitions
=) @ Monitors
[ Residual
Y Report Files
L Report Plots
# Convergence Conditions
@ cell Registers
':i Automatic Mesh Adaption
% Initialization
+ ® Calculation Activities
© Run Calculation
= Results
& surfaces
+ & Graphics
+ L plots
3N scene
+ [] Animations
+ [ Reports
+ Parameters & Customization
+ Simulation Reports

*Tips

Zones

E Scale...

& Transform .

£ Combine . g Delete...
O separate . g Deactivate...

& Make Polyhedra °;,f' Adjacency... EEI+ Activate...

|—_+| Append

EE@ Replace Mesh...

O, Replace Zone...

Interfaces

- | BB
i Mesh...

Overset... o

| BB e Doy
Dptions Edge Type Surfaces  Filter Text
Nodes oAl
v Edges Feature
Faces Outline
Partitions
Overset

Shrink Factor Feature Angle

0 20
Outﬁnel Interior|
Adjacency... |

[New Surface -‘

BIEIE2

Colors..._‘ Cbi‘ @|

Solution Advancement

[ Calculate

(e §(a) &[5

g

nsole
Calculation complet

Writing to engr-asp
Writing mesh ...
20385 cells,
41268 faces,
20884 nodes,
Done.

Trma

Zoom in: Click mouse wheel and create a rectangular that starts from upper left to lower right.
Zoom out: Click mouse wheel and create a rectangular that starts from lower right to upper left.
Move: Move the mouse with holding both LMB and RMB
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7.3. Plotting Residuals

Refer 6.15. Click Plot next to Ok. Residual plot for laminar case is at below as an example.

Residuals
——continuity I\nSYS
—x-velocity 1e+00 5 2022 R1
——y-velocity 1

0 100 200 300 400 500 600 700
Iterations
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7.4. Creating Points

Setting Up Domain > Surface > Create > Point. Change x and y values as per below
click Create. Repeat this for other lines shown in the table below.

FEile m Physics User-Defined Solution Results View Parallel Design S
Mesh Zones Interfaces Mesh Models Adapt
lfa Display... @ @ Scale... @ Combine EEIx Delete... D“ Append - E Mesh... a Dynamic Mesh... \_J Refine [ Coarsen...
@ mo . o L Transform Dﬂ Separate . [ Deactivate... EE@ Replace Mesh... Overset... | > Mixing Planes... Zone...
[# units... Checky  Qualty ~ Make Polyhedra | *F= Adjacency... EE|+ Activate... O Replace Zone... @& Turbo Topology... | ce° More - Partition...
Imprint...
Outline View Task Page (E) n P ssiduals
Filter Text Run Calculation @l T Line/ point
- Setup G Ty Plane...
® General Check Case...‘ Update Dynamic Mesh... x-velocity 1e+00
+ @ Models tocit Quadric.
-velocl
* £8 Materials Options y Y 1e-01 Iso-Surface...
+ [ cell Zone Conditions
% M Boundary Conditions Data Sampling for Steady Statistics Isa-Clip...
~] Dynamic Mesh Sampling Interval 1e-02 Transform...
[5] Reference values 1 % | | sampling Options...
'
B Point Surface x
Name

Reference Frame

global b
Coordinates

x(m) 7.62

y(m) 0 .l:enter_‘
z (m) (-0

Create _Clo5e ‘ @|

Point
Name X0 yo

point-1 7.62 0.000
point-2 7.62 0.005
point-3 7.62 0.010
point-4 7.62 0.015
point-5 7.62 0.020
point-6 7.62 0.021
point-7 7.62 0.022
point-8 7.62 0.023
point-9 7.62 0.024
point-10 7.62 0.025




7.5. Creating Lines

Setting Up Domain > Surface > Create > Line/Rake. Change x and y values as per
below click Create. Repeat this for other lines shown in the table below.

B Line/Rake Surface x

Mew Surface Name
Ix:lDd |

Options Mumber of Points

i

Line T‘jpe 10 -

[ | Line hd
Reset|

End Points

%0 (m) 0.5238 %1 (m) 0.5238
y0 (m) 0 vyl (m) 0.02619

z0 (m) |0 z1 (m) |0

[Select Points with Mouse|

(e ()

Surface
Name
x=10d 0.5238
x=20d 1.0476
x=40d 2.0952
x=60d 3.1428
x=100d 5.2380

x0 y0 x1 yl

0.5238 | 0.02619
1.0476 | 0.02619
2.0952 | 0.02619
3.1428 | 0.02619
5.2380 | 0.02619

o000 |O
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7.6. Plotting Velocity Profile

Tree > Results > Plots > XY Plot (double click). Select inlet, outlet, and the lines you
created and change setting as per below then click Plot.

XY Plot Name

xy-plot-1
Options Plot Direction| Y Axis Function
v Node Values X0 Velocity... hd
V| Positi X Axi Y1
osition on s aoxial Velocity -
Position on Y Axis Zjo i i
Write to File pulfodsiRunclion
Order Points Direction Vector il
— (= Surfaces |Filter Text
FleDat [0 =EE
Load File...| |* Axis

Free Data
+! Internal

+ Point-surface
+ Wall

[Same!l’ht] [Axes...] {Cuwes...]

Tree > Results > Plots > XY Plot (double click) > Curves. For Curve # 0 select the Line
Style Pattern, Line Style Color as per below and click Apply. Repeat this for all the
curves 1 through 7.



XY Plot Name
xy-plot-2
Options Plot Direction Y Axis Function
¥ Node Values X0 Velocity... b
V| Positi X Axi Y1
osition on s Aodial Velocity .
Position on Y Axis Z|o i i
Write to File plfvsiunciion
Order Points LDirection Meclog M
. Curves - Solution XY Plot
File Data [0/0] Curve # Marker Style
- Pattern Symbol
Sample — d &)
- Color Color
orange v [ orange
Weight Size
1 0.3
+ Point-surface
4 WAI=ll .
LYY G | Axes... I Curves... I Close

Download the experimental data for the simulation from the class website:
[Right mouse button-> Save link as..]

(http://user.engineering.uiowa.edu/~me _160/CFD%20L abs/Lab1/axialvelocity AFD-laminar-pipe.xy)
(http://user.engineering.uiowa.edu/~me_160/CFD%20L abs/Labl/axialvelocityEFD-turbulent-pipe.xy)
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Tree > Results > Plots > XY Plot (double click) > Load File. Select “axialvelocity AFD-

laminar-pipe.xy” (if laminar) or “axialvelocityEFD-turbulent-pipe.xy” (if turbulent)
downloaded and click Plot.

Il solution XV Plot
XY Plot Name
xy-plot-3
Options Plot Direction Y Axis Function
V! Node Values X0 Velodty... -
Select File
| Position on X Axis Yl Axial Velocity |
Position on Y Axis Zlo =
X Axis Function . A -
S : Look in: H\0. TA COooREE
Direction Vector
Order Points L] My Computer I‘ nI axialvelucﬂyAFDflaminarpipe.xyl
Surfaces |Filter Text 2 sungtpark
File Data [1/1] @ @
]
Velocity Magnitude inlet
interior-surface_body
outlet
point-1
wall XY File axialvelocityAFD-laminar-pipe.xy
x=100d
x=10d Files of type: XY Files (*.xy ) -
x=20d
x=40d Filter String
x=60d
Remove
H:/9. TA/axialvelocityAFD-laminar-pipe xy
I 453 2D wall faces, zone 8, binary.
20884 nodes, binary. Z

20884 node flags, binary.
Done.

Writing "| gzip -2cf > 5YS-1-00559.dat.gz"...
meios

...... ESe m\TTeo oo\ STISTD IV Are e o \Toso VT ey

dcca




Result for laminar flow is presented as an example below.

——inlet
—*—outlet
-+ x=100d 4.50e-01
——x=10d ]
x=20d 4.00e-01 poveoe,
e x=40d B,
x=60d 3.50e-01 |
AFD |
3.00e-01 +
2.50e-01 +
Axial \
VeIOCIty 2.00e-01 po0s090000000000000000000000000072)
[m/s] 1
1.50e-01 +
1.00e-01
5.00e-02 -
0.00e+00 o

0

0005 001 0015 002
Position [m]

7.7. Plotting Static Pressure Profile at Centerline

MAnsys

2022 R1

0.025 0.03

40

Tree > Results > Plots > XY Plot (double click). Change Y function to Pressure... and
select axis then click Plot.

XY Plot Name
wy-plot-4
Options
+| Node Values
+| Position on X Axis
Position on Y Axis
Write to File
Order Points

File Data [1/1]

For turbulent

S

Plot Direction Y Axis Function

X1 Pressure...

Y 0

-6 Static Pressure
X Axis Function

Direction Vector

— — =9 turbulenturaces Fiter Tox
&S @-[—
_l—l

Inlet

Internal
Line-surface
Outlet
Point-surface
Wall

Free Data |

+)(#) (%) (#) (e (%

New Surface ,|

BIEI2IS

-l [Axes... | [Curues... | [cloge ‘ [HL—IM
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For the turbulent case, download the experimental data for the simulation from the class
website: http://user.engineering.uiowa.edu/~me_160/CFD%20Labs/Labl/pressure-EFD-turbulent-pipe.xy

(Turbulent case continued) Tree > Results > Plots > XY Plot (double click) > Load
File. Select “pressure-EFD-turbulent-pipe.xy” downloaded and click Plot.

Result for laminar flow is presented as an example.

i ek Ansys
4.00e-01 2022 R1
3.50e-01
3.00e-01 +
2.50e-01

Static 2.00e-01
Pressure
[Pa] 1.50e-01

1.00e-01

5.00e-02 |

0.00e+00 | + v v v v
0 1 2 3 4 5 6 7 8

Position [m]

7.8. Plotting Velocity at Centerline

Tree > Results > Plots > XY Plot (double click). Change Y function to Velocity... and
Axial Velocity. Select axis then click Plot. Change Plot Direction as below if necessary.



Write to File
Order Points

File Data [0/0]

B solution X Plot x
XY Plot Name
|3y-plot-5 )
Options Plot Direction Y Axis Function
v| Node Values X1 Velocity... .
| Position on X Axis Y0 Axial Velocity -
Position on Y Axis Z[0 % Axis Function

Direction Vector

Surfaces |Filter Text

RIEEE
| a

x
— " [Load File...|

Free Data |

I axis

inlet
interior-surface_body
outlet

point-1

wall

x=100d

New Surface _|

[Axes... | [Cuwes... | [l:lose | [Help |

Example for the laminar case is presented.

® axis

Ansys

4.00e-01

Axial
Velocity
[m/s]

3.80e-01 ~

3.60e-01

3.40e-01

3.20e-01

3.00e-01
2.80e-01
2.60e-01 ~
2.40e-01 A

2.20e-01

2.00e-01

3 4 5
Position [m]

2022 R1

42
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7.9. Exporting Wall Shear Stress Values

Tree > Results > Plots > XY Plot (double click). Change Y function to Wall Fluxes...
and Wall Shear Stress. Select wall then click Write to File to enable Write. Click Write

to export the shear stress along the wall of the pipe. You will need this data to compute the
shear stress coefficient at the developed region.

XY Plot Name
[xy-plot-4]
Options Plot Direction Y Axis Function
| Node Values X1 Wall Fluxes... b
S L YR Yo Wall Shear Stress b
Position on Y Axis Z|0
M X Axis Function

Order Points Direction Vector

=== Surfaces |Filter Text -=O| E| E/| '=>(|
File Data [0/0] == |5 | =1 2]
— — — |loadFike...| * Axis

+ Inlet

Free Dal:al +) Internal

+ Line-surface
+ Qutlet

h

New Surface ,_|
[Axes... | [Curves... | [Close | [Hilp|
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7.10. Plotting Velocity Vectors

Tree > Results > Graphics > Vectors (double click). Change the vector parameters as per
below and click Display.

n Vectors
Vector Name
vector-1
Options Vectors of
| Global Range Velocity
| Auto Range Color by
Clip to Range Velocity...
V| Auto Scale i .
Axial Velocity
Draw Mesh
Min (m/s) Max (m/s)
Style 0.00887987 0.3994213
3d arrow i F F —
scle  skp | Suraces FiterTex 2 EIF &
0.2 0 S| axis
- 1 inlet
| Vector l}ptIOI'IS..-J interior-surface_body
. outlet
Custom Vectors...| point-1
. surface_body
Colormap Dptions...| wall
' ~ x=100d
x=10d
x=20d
x=40d
x=60d
New Surface ,|
Save/Display [Compute | [Close | [Help |




Result of laminar flow is presented as an example.

vector-1
Axial Velocity

3.99e-01
3.60e-01

[ITTIHRES
MM

3.21e-01
2.82e-01
2.43e-01
2.04e-01
1.65e-01
1.26e-01
8.70e-02
4.79e-02

= 8.88e-03
[mis]

i
|

M

iitt

I

7.11.

Tree > Results > Graphics > Contours (double

below and click Display.

Plotting Velocity Contours

n Contours

Contour Name
contour-1

Options

| Filled

V| MNode Values

+| Boundary Values
Contour Lines

+| Global Range

| Auto Range
Clip to Range
Draw Profiles
Draws Mesh

Coloring
®) Banded
Smaooth

Colormap Options... |

click). Change the parameters as
*
Contours of
Velocity... o
Axial Velocity -
Min Max
0 0

Surfaces |Filter Text

axis

inlet
interior-surface_body
outlet
surface_body
wall

x=100d
x=10d
x=20d
x=40d
x=60d

New Surface _|

[ Compute | [clnse | [ Help |

Result of laminar flow is presented as an example.

45
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contour-1
Axial Velocity

3.99e-01

2.00e-01

1.60e-01

If the plot does not show up well, remove the plot window, and use a ‘Display’ button

as below.

Physics User-Defined Solution

Results

Parallel

Design
Zones Mesh Models Turbo Model Adapt Surface
& Display... ] scale... &J Combine ., [ Delete... [ Append - 7] pynamic Mesh... Enable L | Refine / Coarsen... | + Create .
Omho ) L Transform . | Ojseparate . g3 Deactivate... B Replace Mesh... 3 Mixing Planes... | (3 Turbo Topology... R Manage...
¢ units...  CheckwQually v 0y poiyhedra | ofe Adjacency... g Activate.. O Replace Zone... 11 Turbo Create... 200 More .
Outline View < | Task Page < v o Velocity Vectors Colored By Axial Velocity (m/s) ‘
]
Filter Text Solution Initiaization ANSYS
) = 2020 R2
e ¥ 1itiakization Methods TENBENTE
' Hybrid Initialization
.*. Controls ® Standard Tnitializati
5! Report Definitions el eTzaton
-) @ Monitors Compute from s
A ol Vel
1% Residual - S0
E) Report Files Reference Frame 405201
L Report Plots S e ein
# Convergence Conditions elatve\tn Cel zone 2hzvo
@ Cell Registers bl 2602401
& Initialization ol Vo 3370401
+ ® Calculation Activities
Gauge Pressure (pascal) 3 180401
© Run Calculation
- Results 400 2920401
=) @ surfaces Axial Velocity (m/s) B cor = a - a = L] = B = 2 = = B = = - - - == =
i 2470401
Copy... elocty/(wis) 2250401
Delete 2030401
/ x=60d -~ ptKinetic Energy (m2/s2) Leix)
S @ Graphics Copy To Clipboard
- S M Import From Fie... bt piesipation Rate (m2/s3)
J esh Export To File...
=) & Contours
& contour-2 Display
GG to graphics
=) & Vedtors == ] =Y
AddtoScene ¥ Patch... (@) B ® e St ccladied
& vedtor2
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8. V&V Instructions

CFD Lab1: Pipe flow

CFD Lab1 Concepis

8.1. V&YV Instructions for Velocity Profile

CFD Lab1 Manual (PDE, DOC)

CFD Lab1 Workbench
CFD Lab 1 V&V Excel sheet

Download CFD Lab 1 Workbench file from class website  ||zeuneas
(http://user.engineering.uiowa.edu/~me 160/)

Click update project button. This will run all the simulation on the workbench file and it
may take few minutes.

File  View Tools Units Extensions Jobs  Help
=211 = 3L Project
] Import... | + _Reu:c-nne-:t Refresh Projectl - Update Project I==#.CT Start Page

| B Analysis Systems | ~
®@ nNesinn Arsezsment

Read medified inputs and generate cutputs

Right click Solution > Select Edit...

- A - B
©
2 | @ ImportedMesh ' 2 @ setp v,
Grd7 3 | @3 soluton «

Laminar(1e-£)

- C - D
:
2 | @ ImportedMesh ' 2 @ setp v,
Grid 6 3 @ soluton v 4

Laminar (1e-6)

- E - F - G
e
2| @ ImportedMesh ' g2 @ Setip 2 @ setwp

Grid 4 3 |d@ smr_i v .

Laming
B contnue Calaulation

Import Final Data... 3

Show Selution Monitoring

- H T 5 Duplicate
53  Duplicaf
Transfer Data From New »
2 | @ ImportedMesh + 2 @8 set
Transfer Data To New »
Grid 3 3 @@ s
Update
Laming 7 WP

Update Upstream Components
Clear Generated Data
[4] Refresh

hd = hd Reset

i Rename

2 |§@ ImportedMesh + 2 @ set
Grid2 3 3 sl

Laming

Properties

Quick Help
Add Note

L - M
+
Imported Mesh 2 @ setp v,

Grid 0 3§ soluton « 4

Laminar (1e-6)

w e



Create reference points by following 7.4.
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Tree > Results > Plots > XY Plot (double click). Change parameters as per below and

click Write... Make sure to select points 1 through 10.

| Write to File

Order Points

File Data [0/0] @

Load File...

Free Data

XY Plot Name
xy-plot-2
Options Plot Direction Y Axis Function
V| Node Values X0 Velocity... v
| Positi X Axi Y1
esttion on s Axial Velocity b
Position on Y Axis Z|0
X Axis Function

Direction Vector

Surfaces |Filter Text
Axis
Inlet

Internal
Qutlet

*
*
+*
+*

+ Wall

(o] (Gurves...) (close) [vete]

Name file according to which grid solution you are using.

B select File

Look in:

? *

~ My Computer u axialvelocityAFD-laminar-pipexy

& sungtpark u pressure-EFD-turbulent-pipe.xy

H\Q. TA 000 RARMEBE

xvrile  [|veloity Profile Grid 4 |

Files of type: | XY Files (*.xy)

Filter String

Filter

il




Download V&YV excel sheet for CFD Lab 1 from class website
(http://user.engineering.uiowa.edu/~me 160/)

Open file using Textpad/Wordpad/Notepad, copy points to input into V&V Excel file.

et crid 4 -Notepod S (e iEHmtl) )

File Edit Format View Help

(title "axial ".-'E'Iamty )]
(labels "pPosition” "axial velocity" )

CFD Lab1: Pipe flow

CFD Lab1 Concepts

CFD Lab1 Manual (EDF, DOC)

CFD Lab 1 V&V Excel sheet

Download)

CFD Lab1 Werkbench {Download)

m

[ Picty
™ vide

Comp

((xy/key/Tabel "point-1")
o™ e

) Undo

((xy/key/label Cut

0.025 ~0.0352:

) Copy

((xy/key/Tabel Paste

0.005 ~ 0.3835¢ o

b elete

((xyfkeyf1abe1 Select All

0. 0. 3399¢

4

Open IME

Reconversion

Right to left Reading order
Show Unicode control characters

Insert Unicode control character
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Paste value into V&V Excel file according to its y position and its grid number. Use the
Keep Text Only paste function by right clicking in the cell and selecting it from the paste

options.

1.4142136

Grid 4

| I

Sg1 (FINE) Sg2 (MEDIUM) Sg3 (COURSE) A E £21 £32 Rg
0 0.400000 | 1.000000 | 0.000000 | 0.000000 | #DIV/0!
0.005 0.385000 | 0.962500 | 0.000000 | 0.000000 | #DIV/0!
0.01 0.342000 | 0.855000 | 0.000000 | 0.000000 | #DIV/0!
0.015 0.269000 | 0.672500 | 0.000000 | 0.000000 | #DIV/0!
0.02 0.167000 | 0.417500 | 0.000000 | 0.000000 | #DIV/0!
0.021 0.143000 | 0.357500 | 0.000000 | 0.000000 | #DIV/0!
0.022 0.118000 | 0.295000 | 0.000000 | 0.000000 | #DIV/0!
0.023 0.092000 | 0.230000 | 0.000000 | 0.000000 | #DIV/0!
0.024 0.064000 | 0.160000 | 0.000000 | 0.000000 | #DIV/0!
0.025 0.036000 | 0.090000 | 0.000000 | 0.000000 | #DIV/0!

Repeat this process for the remaining y location points and then the two remaining grid
solutions. All yellow cells should be filled.
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8.2. V&YV Instructions for the Friction Coefficient

Right click Solution > Select Edit...

- B

|

2 i@ ImportedMesh + ,wes 2 () Setp

Grid 7 3 ﬁ Soluti
Laminar(1 T
. Continue Calculation
Import Final Data. .. 3
| show Solution Monitoring
- c - D
1 53  Duplicate
2 @ ImportedMesh Y 3 a Setup Transfer Data From MNew 4
Grid6 3 Solutio Transfer Data To New 4
Laminar (1 # Update
Update Upstream Components
Clear Generated Data
= c = . [4] Refresh h
Reset
e 1 Fluent
2 |§@ ImportedMesh 2 @8 setup Rename_ "
Grid4 3 | Solutio Properties a
Laminar (1 Quick Help
Add Note
- H - I
; :
2 @ ImportedMesh 2 @ sewp v,
Grid 3 3 ﬁ Solution v 4

Laminar {1e-6)

- ] - K
: + I
2 @ ImportedMesh + 2@ sep v,
Grid2 8 @ Solution  +"
Laminar (1e-6)

Tree > Results > Plots > XY Plot (double click). Change parameters as per below and
click Write...

XY Plot Name
xy-plot-2
Options Plot Direction Y Axis Function
v HNode Values X1 wall Fluxes... v
e L Wall Shear Stress v
Position on Y Axis Z0

| Write to File X Axis Function

Order Points Direction Vector

= = Surfaces |Filter Text @ [EJ @ [i—xj

File Data [0/0] B e
Load File...| */ Axis
+ Inlet
Free Data + Internal

+ Outlet

[ e

| |[Axes...‘ [Cuwes...‘ [Close‘ [HL—IpJ




Name the file according to grid number and save to project folder.

B select File

Look in: H:\9. TA

s My Computer _-| axialvelocityAFD-laminar-pipe.xy

a sungtpark J pressure-EFD-turbulent-pipexy

XY File |Grid? ‘Wall Shear Stress |

Files of type: | XY Files (*.xy)

Filter String

-

Q

? X

2 0 @[ E

- [Canl:el]

[ Filter |
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Open file with a text editor such as Textpad/Wordpad/Notepad and copy wall shear stress

at the x location of approximately 7m.

6.55899 0.000560387
6.65544 0.0005603589
6.7519 0.000560584
6.84835 0.000560395

00056A0 4 me
.0005&03
.0005&05
.0005&03
.0005e17?
. 0005599
. 0005559

Clipbeard

Properties

Cut

Copy
Paste

Cut Other
Copy Other
Insert
Delete

1 P




Paste the value into corresponding cell in the V&V template.

Pgest
1414213562

Convergence

e 2
Sg1 (FINE) Sg2 (MEDIUM) Sg3 (COURSE) A Convergence
Grids 4,6,8 Sgl (FINE) 5g2 (MEDIUM] Sgi (COURSE) A £21 £32 Cunvergem:e +Ug Ug

0.000E+00 _|9.775E-02| 1.000E+02 | 0.000E+00 | 0.000E+00 »Dlvlol #DIV/0! HDIV/O‘ #DIV/O‘ »Dlvlol #DIv/o! [ #DIv/0!

wall
Grid Shear c [
Stress

[0 N S N £
olele|ele|a]e

c=8=T/(r"UA2).

Make sure when pasting you select Keep Text Only and you select the proper cell
corresponding to the grid number.

Wall
Grid Shear c
Stress

CO = | | |l | pa |
olojlolo|oljo|lo

[

Repeat this process for the remaining six grids. Each yellow cell should be filled.
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9. Data Analysis and Discussion

You need complete the following assignments and present results in your lab reports following the
lab report instructions.

*90.1.-9.4. and 9.6. are for laminar flows, 9.5. is for turbulent flows

9.1. Iterative error studies (+6)

Use grid 4 and 8 with laminar flow conditions. Use two different convergent limits 10~ and 10
and fill in the following table for the values on friction factors (grid 4 is given on workbench file
which can be found on the class website). Find the relative error between AFD friction factor
(0.097747231) and friction factor computed by CFD, which is computed by:

Factor., — Factor,.,
Factor,,

x100%

To get the value of Factorcpp , you need to export wall shear stress data. Then use the wall shear
stress at the developed region to calculate the friction factor. The equation for the friction factor is
C=8*1/(r*U"2), where C is the friction factor, t is wall shear stress, r is density and U is the inlet
velocity. Discuss the effect of convergent limit on results for these two meshes

Mesh No. Friction Factor Relative Error Friction Factor Relative Error
with Convergence | with Convergence | with Convergence | with Convergence
Limit 1e-5 Limit 1e-5 Limit 1e-6 Limit 1e-6
4
8

e Figure need to be reported: residuals history for mesh 8 for two convergent limits.
e Data need to be reported: the above table with values for friction factor and relative error.




54

9.2.  Verification study for friction factor of laminar pipe with refinement ratio V2 (+7)

Use the simulations with the meshes for grid 2, 3, 4, 6, 7, and 8 with convergence limit 10 (Except
for mesh 8 other meshes and their setup is provided on the workbench file in the class website).
Export friction factor and insert the values into V&V excel sheet (Refer to V&V instructions for
friction factor). For each parameter, refer to ‘Nomenclature’ sheet in V&V excel sheet.

Which set of meshes is closer to the asymptotic range and why (refer to CFD Lecture 1 on class
website)? Which set has a lower grid uncertainty (Ug)? Which set is closer to the theoretical value
of order of accuracy (2nd order)? For the fine mesh 8, also compare its relative error of the friction
factor (the one using convergent limit 10 in the table in exercise 8.1) with the grid uncertainty for
6,7,8, which is higher and what does that mean for mesh 8?

e Figure need to be reported: Table from V&V spread sheet.

9.3.  Verification study for friction factor of laminar pipe with refinement ratio 2 (+5)

Use the simulation for the meshes 0, 2, 4, 6 and 8 with convergence limit 1e-6. Results should
already be included in V&YV spread sheet from previous exercise (Refer to V&V instructions for
friction factor). Compared to results in 9.2, which set of meshes is sensitive to grid refinement
ratio? Why?

e Figures need to be reported: Table from V&V spread sheet.

9.4. Verification study of axial velocity profile (+7)

Use mesh 4 as the “fine mesh”, use grid refinement ratio 1.414 and convergence limit 10, Follow
the V&V for axial velocity profile in the results section. Save the figures and discuss if the
simulation has been verified. Discuss which mesh solution is closest to the AFD data, give an
explanation of why this is the case?

e Figures need to be reported: Figures and tables in the V&V excel sheet.
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9.5.  Simulation of turbulent pipe flow using Grid T (+9)

Use simulation with convergence limit 10 and compare with EFD data on axial velocity profile

and pressure distribution along the pipe. Export the axial velocity profile data at x=100D, use

EXCEL to open the file you exported and normalize the profile using the centerline velocity

magnitude at x=100D (Non-dimensionalize the profile by dividing with the reference value (For

this exercise, reference value is the centerline velocity (=max. velocity)). Plot the normalized
velocity profile in EXCEL and paste the figure into WORD.

e Figures need to be reported: Axial velocity profile with EFD data, normalized axial velocity
profile at x=100D with EFD data, centerline pressure distribution with EFD data, centerline
velocity distribution, contour of axial velocity, velocity vectors showing the developing region
and developed regions.

e Data need to be reported: Developing length and compare it with that using formula in
textbook.

9.6. Comparison between laminar and turbulent pipe flow (+9)

Compare the results of laminar pipe flow using mesh 8 in exercise 9.1 (convergent limit 10°) with
results of turbulent pipe flow in exercise 9.5. Analyze the difference in normalized axial velocity
profile and developing length for laminar and turbulent pipe flows.

e Figures need to be reported: Axial velocity profile with AFD data, normalized axial velocity
profile at x=100D with AFD data, normalized axial velocity profile at x=100D comparing
laminar and turbulent CFD results, centerline velocity distribution for laminar flow.

e Data need to be reported: Developing length for laminar pipe flow and compared it with that
using formula in textbook.

9.7.  Questions need to be answered in CFD Lab report

9.7.1. Answer all the questions in exercises 9.1 t0 9.6
9.7.2. Analyze the difference between CFD/AFD and CFD/EFD and possible error sources (+2)



10. Grading scheme for CFD Lab Report

(Applied to all CFD Lab reports)

Section

1 Title Page
1.1 Course Name
1.2 Title of report
1.3 Submitted to “Instructor’s name”
1.4 Your name (with email address)
1.5 Your affiliation (group, section, department)
1.6 Date and time lab conducted

2 Test and Simulation Design
Purpose of CFD simulation

3 CFD Process

Describe in your own words how you implemented CFD process
(Hint: CFD process block diagram)
4 Data Analysis and Discussion & Section 9 (Page# 51) for CED Lab 1
Answer questions given in Exercises of the CFD lab handouts
5 Conclusions
Conclusions regarding achieving purpose of simulation
Describe what you learned from CFD
Describe the “hands-on” part
Describe future work and any improvements

Additional Instructions:

1. Each student is required to hand in individual lab report.
2. Conventions for graphical presentation (CFD):
* Color print of figures recommended but not required
3. Reports will not be graded unless section 1 is included and complete

Total

Points

10

20

45

20

100

56



