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1. Purpose

The Purpose of CFD Lab 1 is to teach students how to use ANSY'S, practice more options in each step
of CFD Process, and relate simulation results to EFD and AFD concepts. Students will simulate
turbulent pipe flow following the “CFD process” by an interactive step-by-step approach. The flow
conditions will be the same as they used in EFD Lab2. Students will have “hands-on” experiences
using ANSY'S to compute axial velocity profile, centerline velocity, centerline pressure, and wall shear
stress. Students will compare simulation results with their own EFD data, analyze the differences and
possible numerical/experimental errors, and present results in a CFD Lab report.
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2. Simulation Design

In EFD Lab 2, you have conducted experimental study for turbulent pipe flow. The data you have
measured include centerline pressure distribution and fully developed axial velocity profile. These data
will be used in this Lab for comparisons with CFD predictions.

The problem to be solved is that of turbulent flows through a circular pipe. Reynolds number based
on pipe diameter and inlet velocity should be computed from your own EFD data and is much
higher than the Reynolds number used in CFD Prelabl.

Table 1 - Main particulars

Parameter Unit | Value
Radius of Pipe m 0.02619
Diameter of Pipe m 0.05238
Length of the Pipe m 6.096

Inlet ' Symmetry Axis Outlet I

Pipe Wall

The problem formulation is similar to that in CFD PreLabl and will not be repeated here. The
Reynolds number is much higher and students need specify turbulence model, and thus more variables
need to be specified in boundary conditions, as will be discussed in details later.

NaV|gat|on Tips
To zoom in and out use the magnifying glass with a plus sign in it and drag, from top left to
bottom right over the are you wish to zoom.

e To look at a view plane, simply click on the arrow in the coordinate system identifier in the
bottom right of the screen. i.e if you wish to look at the XYplane, click on the Z Arrow.



3. Open ANSYS Workbench

3.1. Start > All Programs > ANSYS 14.5 > Workbench 14.5
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3.2. From the ANSY'S Workbench home screen (Project Schematic), drag and drop the Fluid
Flow (Fluent) component from the Toolbox on the left side of the screen into the Project
Schematic. Name each component as per below.
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3.3. Create connection as per below by dragging and dropping each component to the
corresponding component.



Project Schematic
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3.4. Create a Folder on the H: Drive called CFD Lab 1.
3.5. Save the project file by clicking File > Save As...

3.6. Save the project onto the H: Drive in the folder you just created and name it CFD Lab 1
Turbulent Flow.

4. Geometry
4.1 Right click on Geometry and from the drop down menu select New Geometry ...
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4.2. Select Meter for unit ad click OK.
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4.3. Select the XYPlane under the Tree Outline and click New Sketch button.
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4.5. Select Sketching > Rectangle. Create a rectangle geometry as per below.
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4.6. Select Dimensions > General. Click on top edge then click anywhere. Repeat the same thing
for one of the vertical edges. You should have a similar figure as per below.

4.7. Click on Hlunder Details View and change it to 6.096m. Click on V2 and change it to
0.02619m.
NOTE: The actual length of the pipe is 30 feet (9.144m), However, in CFD simulation, we need to
specify “outlet pressure”, and we don’t have a pressure transducer at the pipe outlet. So we choose
the outlet of the pipe we will simulate to be the location of the last pressure transducer, which is
6.096 meters from the pipe inlet.
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4.8. Concept > Surface From Sketches and select the sketch and hit Apply.

File Create | Concept Tools View Help

" Lines From Points
2 Lines From Sketches
i) Lines From Edges
W, 30 Curve

"w Split Edges

4 Surfaces From Edges
Fce romsiccns

& Surfaces From Faces

Cross Section 4

4.9. Click Generate. This will create a surface.
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4.10. File >Save Project. Save project and close window.

5. Mesh

5.1. From the Project Schematic right click on Mesh on the Fluid Flow (Fluent) component and
select Edit...

File  View Tools Units Extensions Help
S new ESopen... [H save Bl savess... |ﬁ]1mport | o Reconnect (@ Refresh Project o Update Project |@Project @D Compact Mode

it i |
|E Component Systems | :
@ Autodyn
CFX
g Engineering Data Mesh =
1 External Connection 2 .2 m— = etup T
| External Data 1 ! @ Edit... uton B,
@ Finite ElementModeler C3 Duplicate pulent
Fluent Transfer Data To New 3
Fluent {with TGrid meshing) |
@ Geometry T “#  Update
’ ICEM CFD Clear Generated Data
I\ Mechanical aPDL N pefesh
. Mechanical Model
e Mesh Reset
ﬁ Microsoft Office Excel ﬁE Rename
£ Polyflow Properties
= Polyflow-Blow Molding
-2 Prluflrw -Fvtrisinn i Quick Help
| T View All / Customize... Add Note

@ Right-click to update component.

5.2. Right click on Mesh then select Insert > Mapped Face Meshing.
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5.3. Select your geometry by clicking on the yellow box which reads No Selection, then select the

surface and click Apply on the left side of the window.
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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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5.6. Hold Ctrl button and select the top and bottom edge then click Apply. Specify Details of
“Edge Sizing” - Sizing as per below.



Details of "Edge Sizing" - Sizing o
[=]| Scope
Scoping Method Geometry Selection
Geometry 2 Edges
[=]| Definition
Suppressed Mo
Type Mumber of Divisions
Mumber of Divisions | 564
Behaviar Hard
Bias Type Mo Bias
5.7. Repeat step 5.5.
5.8. Select the left edge then click Apply and change the parameters as per below.
Details of "Edge Sizing 2" - Sizing o
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5.9. Repeat Step 5.5.
5.10. Select the right edge then click Apply and change the parameters as per below.
Details of "Edge Sizing 3" - Sizing n
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5.11. Click on Generate Mesh button and then select Mesh under Outline. The mesh should

look like the mesh below.
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(&) B : uniform grid 8 - Meshing [ANSYS Academic Teaching Advanced]
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Change the edge names by selecting the edge, then right clicking on the edge and

e

selecting Create Named Selection from the drop down menu. Name left, right, bottom and
top edges as inlet, outlet, axis and wall respectively then click OK. Your outline should look

same as the figure below.
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Dutline

5.13.
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File > Save Project. Save the project and close the window. Update mesh on Project

Schematic by right clicking on Mesh and selecting Update.

6. Physics

6.1. Right click Setup and select Edit...
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6.2. Check Double Precision.

-
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6.3. Solution Setup > General > Check. (Note: If you get and error message you may have made

a mistake while creating you mesh)
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6.4. Solution Setup > General > Solver. Choose options shown below.(Note: using axisymmetric

sets the derivative du/dy at the axis to zero. This is considered a boundary condition on the

axis.)

6.5. Solution Setup > Models > Viscous—-Laminar > Edit... Select k-epsilon (2 eqn) and click

OK.
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6.6. Solution Setup > Materials > air > Create/Edit. Change the Density and Viscosity as per
your experimental data. Click Change/Create then close the window. Use the flow property
values in your EFD Lab2. If you only know the room temperature when you conducted EFD
Lab 2, you can use the following website to easily get the corresponding density and dynamic
viscosity for air: http://www.mhtl.uwaterloo.ca/old/onlinetools/airprop/airprop.html

E A:CFD Lab 1 Turbulent Flow Fluent [axi, dp, pbns, ske] [ANSYS Academic Teaching Advanced]
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If the room temperature is 24°, the density and viscosity are the values shown in the above
panel. NOTE: viscosity used in ANSYS is the dynamic viscosity (kg/m-s), NOT kinematic

viscosity (m?/s)

6.7. Solution Setup > Cell Zone Conditions > Zone > surface_body. Change type to fluid and
click OK. Select Material Name as air and click OK.
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6.8. Solution Setup > Boundary Conditions > inlet > Edit... Change parameters as per your
experimental data and click OK. You must calculate the inlet velocity u, which is uniform,

based on the flow rate Q (m3/s) you computed in EFD Lab2, and cross section area of the pipe

7D?/4 ie. u=4Q/zD’
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6.9. Solution Setup > Boundary Conditions > outlet > Edit... Change parameters as per
experimental data and click OK. You need to transform the four pressure tap pressure values
from “feet water” to “Pascal” and input pressure tap #4 value as the “outlet pressure”. For
example, if the pressure tap #4 has value of 0.2502 feet water, you need input 747 Pascal.

Pressure Outlet
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Backflow Turbulent Dissipation Rate (m2/s3) | 1
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[ Ok ] [Cancel] [Help ]
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6.10.

Solution Setup > Boundary Conditions > wall > Edit... Change parameters as per

experimental data and click OK. Input the pipe roughness of the pipe you used in EFD Lab2.

For example, user inputs 0.000025 m for smooth pipe.
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6.11.

as per below and click OK.
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Solution Setup > Boundary Conditions > Operating Condition. Change parameters
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6.12. Solution Setup > Reference Values. Change parameters as per experimental data.
Parameters in blue are constant and should be entered as seen below. Parameters in red are
from experimental data.

"

El
A:CFD Lab 1 Turbulent Flow Fluent [ax, dp, pbns, ske] [ANSYS Academic Teac

1

File Mesh Define Solve Adapt Surface Display Report Parallel Vie

B E-d-me| sFaqa e nE-0-|

Meshing
Mesh Generation
Solution Setup

General
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Phases
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Boundary Conditions

Mesh Interfaces
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Solution
Solution Methods
Solution Controls
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|
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7. Solution
7.1. Solution > Solution Methods. Change parameters as per below.

Meshing Solution Methods
Mesh Generation Pressure-Velodty Coupling
Solution Setup Scheme
General [SI.I\'PLE v]
Models
Materials Spatial Discretization
Fhases ] ~
Cell Zone Conditions Gradient T
Boundary Conditions [Green—Gauss Cell Based v]
Mesh Interfaces Pressure
Dynamic Mesh [Semnd Order ,]
Reference Values Momentum
Solutio [S Grder Upwind v] S
c-uc-n E' I Turbulent Kinetic Energy
olution Controls :
Monitors [Seoond Order Upwind v]
Solution Initislization Turbulent Dissipation Rate
Calculation Activities [Seoond Order Upwind v] I
Run Calculation - -
Transient Formulation
Results . |
Elratzhics and Animations |:| MNon-Iterative Time Advancement
o [ |Frozen Flux Formulation
Reports [ |Pseudo Transient
High Order Term Relaxation
Default

7.2. Solution > Monitors > Residuals —Print, Plot > Edit... Change convergence criterion to le-
06 for all five equations as per below and click OK.

R T - a— e

¥ - -
A:CFD Lab 1 Turbulent Flow Fluent [axi, dp, pbns, ske] [ANSYS Academic Teaching Advanced] - !
[ . - e & e . - - s
File Mesh Define Solve Adapt Surface Display Report Parallel View Help
. . - — 3 D G
B E-Hd-@O SEHRR s SO
I Meshing Monitors
Mesh Generation
Solution Setup
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Models Residual
Materials onti Eauat
Phases ptions quations
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Boundary Conditions Edit... | Delete 7| Flat | (-
Mesh Interfaces ; ° w-velocity 1e-06
Dynamic Mesh Surface Monitors Window _ _—
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Solution Methods 1000 =) — —
igpControls = epsilon IFdl [Edl 1e-06 -
- itislizati — —— Residual Values Convergence Criterion
Solution Initialization Edit... | [Delete ) —
Calculation Activities } Iterations to Store Mormalize Iterations [ te ']
Run Calculation Volume Moritors 1000 = | 5 =
Results = .
esu
=
Graphics and Animations Ecde
Plots Compute Local Scale
Reports
I oK I[ Plot | [Renormalize| [ cancel | [ Hep |
Create... | |Edit... | [Delete |
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7.3. Solution > Solution Initialization. Change parameters as per experimental data and click
Initialize. Parameters in blue are constant and should be entered as seen below. Parameters in
red are from experimental data.

File Mesh Define

Solve

Adapt  Surface

e
A:CFD Lab 1 Turbulent Flow Fluent [axi, dE EhE slnel EEE; Academic TE

Display Report  Parallel
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| »

m

7.4. Solution > Run calculation. Change Number of Iterations to 1000 and click Calculate.

Meshing
Mesh Generation
Solution Setup
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Mesh Interfaces
Dynamic Mesh
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Solution
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Solution Controls
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7.5. Once the solution converges, click OK. (The residuals should be comparable to the ones

Addept
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7.6. File > Save Project. Save the project.

8. Results

8.1. Displaying Mesh
Display > Mesh. Select all Surfaces you wish to be visible and select Display then click

Close.

Mesh...

=Dwsp\ay|Repor’t Parallel Wiew Help Mesh D_Isplay h

Graphics and Anirations...
Plats...

Residuals...

() Outline
Optins.. || Partitons
Scene..

Shrink Factor ~ Feature Angle
Miews.., T
-
Lights...

Colorrap.., Surface Name Pattern
Anroste.

Surface Types EE i
Zane Mation.., " - n
Qutline | | Interior axis -
DTRM Graphics... dip-surf o
| exhaust-fan
Import Particle Data... fan =
PDF Tables/Curves... fl

Reacting Channel/Curves..

Mouse Buttans...

[Dsplay | (cdors...] [ close | [ Hep ]




Zoom in to the inlet by using the magnifying glass with a plus sign in the middle of it. The

mesh should look like the one below.

8.2. Saving Pictures

To save a picture of the screen, select File > Save Picture... Make sure all the parameters

are set similar to the ones below and click Save...

Boeree T ==
oloring

Format C File Type Resolubion
#® s (@) Color i@ Raster Width e — @
@ IPEG (7) Gray Scale Vector =0 @ ||
© rPPM () Monochrome it &
() PostScript Height [ 720 =
© TIFF |
i) VRML Landscape Orientation Window Dump Command
Window Dump White Background || import -window %w
| save... | | Apply | [Preview| | Close | | Help |
— ﬁ

Name the File as CFD Lab 1 Mesh, navigate to the CFD Lab 1 file you created and save it in that
file. Close the Save Picture window.
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8.3. Displaying and Saving Residuals
To display the residuals click Solution > Monitors > Residuals — Print, Plot > Edit...
Plot then click Cancel.

File Mesh Define Solve Adspt Surface Display Report Parallel View Help

B E-d-me S[Fa® s @ nE-0-

Meshing Monitors

Mesh Generation Residuals, Statistic and Force Monitors
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Results a2
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Options Equations
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Window - ’W 1e-06 =
1
B (e (m] [ -
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= k le-06 il
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1000 = =
:
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ok J|[ P | ie| [ Caneel | [ reb ]
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You can save this picture the same way you saved the mesh. Name it CFD Lab 1 Residuals
and save it to the folder you created on the H: Drive.

8.4. Plotting and Saving Results

To plot results, click Results > Plots > XY Plot > Set Up...
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ACFD Lab 1 Turbulent Flow Fluent [axi, dp, pbns, ske] [ANSYS Academic Teaching Advanced] | e

File Mesh Define Solve Adapt Surface Display Report Parallel View Help
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[veloaty...

[ ial velocity
X Axis Function

Load File...

[Dvechon Vector

Surfaces

axis
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interior-surface_body
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wall

Free Data

New Surface »

Plot

| [axes.. | [cuves...] [ dlose ] [ reb |

To plot the Centerline Pressure Distribution, copy the parameters as per below. Next click
Load File..., select the file named pressure-EFD-turbulent-pipe.xy and click OK. Then

click Plot. This .xy file can be downloaded from the class website. The plot should look
similar to the one below.

http://www.engineering.uiowa.edu/~fluids/

= . " ol
Solution XY Plot =]
Options Flot Direction Y Axis Function
[¥] Node Values X1 Pressure. .. v]
Position on X Axis -
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Write to File X Axis Function "
[]order Points Z[o [pirection vector -
File Data B3

Load File...
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5.00e+02

E.00e+02
o 1 2 3 4 3 g 7

Fosition (m)

You can save this picture the same way you saved the mesh. Name it CFD Lab 1 Center
Line Pressure with EFD and save it to the folder you created on the H: Drive.

To plot Centerline Velocity Distribution, copy the parameters as per below, select Pressure
Profile from the File Data menu, make sure that it is NOT highlighted, and click Plot.

%
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Position (m)
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[] Position on X Axis. : ANSYS Fluent 14.5 (ax, dp, pbns, ske)
[Irosition on ¥ Axis | | Y ,70

[Clwrite to File X Axis Function R
[lorder Points Z"n | Direction Vector

File Data BB
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Save the picture as you did for the mesh and call it CFD Lab 1 Centerline Velocity
Distribution and save it in the folder you created.

To plot the Wall Shear Stress Distribution, copy the parameters as per below and click Plot.

= =] =

File Mesh Define Solve Adapt Sufface Display Report Parallel View Help

Bis-d-mefsFaas|falm-o-

1: Wall Shear Stress -
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Boundary Conditions
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Reference Values
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Solution Methods SUESS 5405400
Solution Controls (pascal)
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Graphics and Animations a 1 2 3 4 5 & 7
m [Hep ]
Reports Paosition (m)
Solution XY Plat |
Options lot Direction | ¥ Axis Function
[ Node Values x ,17 Wall Fluxes.... v] Oct18,2013
Position on X Axis ANSYS Fluent 14.5 (a, dp, pbns, ske)
Position on ¥ Axis | | ¥ [g [wd Shear Stress ']
Write to File X Aoxis Function - =
[] Order Points Z[o Direction Vector =
Flebas E6 = Eé
s
inlet
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Load File... | =i
Free Data New Surface >
‘pdy S
I Plot I Axes.. | [Curves... Close Help
Done.
< " ol

Save the picture as you did for the mesh and call it CFD Lab 1 Wall Shear Stress
Distribution and save it in the folder you created.

To plot Profiles of Axial Velocity at All Axial Locations with EFD Data, click Surface >
Line/Rake...

E=RR=N
b 8 . o .
File Mesh Define Solve Adapt|| Surface || Display Report Paraliel View Help
P = T
B S -Hd-E@SE  Zone. -0~
Partition... 1: Wal Shear Stress

Meshing Plots

Mesh Generation Fis Eaint
Solution Setup Line/Rake...

General wF-i‘ Plane...

le

Medels Profies: Quadric...

Materials Profile Da

Phases Interpolat Lo Surface...

Cel Zane Conditions Gas !

Boundary Conditions To-Clip...

Mesh Interfaces

Dynamic Mesh Transform...

Reference Values
Solution Manage... Shear 360e+00

Salution Methads SUESS 3 40es0n

Solution Controls (pascal)

Menitors 3208400

Solution Initialization

Change x and y values as per below, name the surface, and click Create. Repeat this for all
the lines shown in the table below.
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r Line/Rake Surface ‘ g‘
Options Type
[ Line Tool LLine v] | 10 :
End Points
x0 (m) [0.5238 x1 (m) [0:5238

¥ {m) ||] y1{m) ||],|]251g

E E

[ Select Points with Mouse

Mew Surface Name

| x=10d|

Create Manage... Close

Surface X0 YO X1 Y1
Name

x=10d 0.5238 0.5238 | 0.02619
x=20d 1.0476 1.0476 | 0.02619
x=40d 2.0952 2.0952 | 0.02619
x=60d 3.1428 3.1428 | 0.02619
x=100d 5.238 0 5.238 | 0.02619
When all lines are created, click Close. Next you should open the file axialvelocityEFD-
turbulent-pipe.xy with a text editor and replace the velocity values with the values you
recorded experimentally. Save the file.

Click Load File... and select axialvelocityEFD-turbulent-pipe.xy, which is the file you
just modified, and click OK. Change Parameters as per below. Make sure to select inlet as
well.

[ellelielile]
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Click Curves... > Change the Pattern to the pattern seen below and click Apply. Do this for curves
0 through 7 then click Close.

Click Plot.
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Save the picture as you did for the mesh and call it CFD Lab 1 Axial Velocity at All Axial
Locations with EFD Data and save it in the folder you created.

8.5. Plotting and Saving Graphics
Click Results > Graphics and Animations > Vectors > Set Up...

To plot the velocity vectors at the region flow begin to become fully developed, copy the
parameters as per below and click Display.
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Save the picture as you did for the mesh and call it CFD Lab 1 Velocity Vectors at The
Region Flow Begin to Become Fully Developed and save it in the folder you created.

Click Results > Graphics and Animations > Contours > Set Up...

To plot the Contours of Axial Velocity, copy the parameters as per below and click
Display.

== =]
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Save the picture as you did for the mesh and call it CFD Lab 1 Contours of Axial Velocity
and save it in the folder you created.

8.6. Exporting Results
To export Results, click Results > Plots > XY Plot > Set Up...

To export the Developed Axial Velocity Profile at x=100d, copy the parameters as per
below and click Write...
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Name the file CFD Lab 1 Developed Axial Velocity Profile and leave the Files of Type: as

XY Files.
To export the centerline pressure distribution, copy the parameters as per below and click
Write...
| B solution XY Plot [ = |
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Name the fi]e CFD Lab 1 Centerline Pressure Distribution and leave the Files of Type: as
XY Files.

File > Save Project. Save the project and close the window.

8.7. Normalizing Velocity Profile
e Open the Excel sheet you created in CFD Pre-Lab 1 from your folder on the H:
drive.



e Open the CFD Lab 1 Developed Axial Velocity Profile.xy file you just created in a
text editor program.

e Copy the velocity and position data from the text program and paste it into the Excel
sheet, make sure to label it accordingly.

e Normalize the velocity profile by dividing every velocity by the Centerline Velocity
(Max Velocity).

e Edit the plot to include only AFD Velocity Profile (Laminar) and CFD Velocity
Profile (Turbulent).

e File > Save As, name the file CFD Lab 1 Developed Axial Velocity Profile.xIsx and
save it into your CFD Lab 1 folder on the H: drive.

9. Exercises

You need to complete the following assignments and present results in your lab reports

following the lab report instructions

Simulation and Validation of Turbulent Pipe Flow

1. Validation of CFD using EFD data

Follow instructions and setup the simulation case using the same flow conditions as in your EFD
Lab2, use the values in instruction part for other parameters, iterate the simulation until it
converges. Find the relative error between EFD friction factor and friction factor computed by
CFD, which is computed by:

Factor., — Factor,
Factor..,

x100%

Use ANSYS Fluent to show the comparison between CFD and EFD on: fully developed axial
velocity profile and pressure distribution along the pipe.

Figures need to be saved: 1. residual history, 2. centerline pressure with EFD, 3. profiles of
axial velocity at all axial locations (x/d=10, 20, 40, 60, 100) with EFD data, 4. centerline
velocity distribution, 5. wall shear stress distribution, 6. contour of axial velocity, and 7.
velocity vectors (pick up the region where flow begins to become fully developed).

Data need to be saved: 1. wall friction factor in the developed region, 2. developing Length

Normalized developed axial velocity profile

2.1. Export the axial velocity profile data at x=100d only.

2.2. Use EXCEL to open the file you exported and normalize the profile using the
centerline velocity magnitude, which is the maximum value of the profile. Plot the
normalized turbulent and laminar flow

Questions need to be answered in CFD Lab 1 report

3.1. Where is the mesh clustered? Near the wall or near the axis? Why?

3.2 In the developed region, is the pressure constant? Where are the minimum and
maximum pressure locations? What does the axial velocity profile look like? Where
does it reach maximum and minimum?
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3.3 Where is the developing region? How can you determine the length of the developing
region? (hint: centerline velocity). What is the difference for axial velocity profile
between “developing” region and “developed” region?

3.4. Compare the normalized axial velocity profiles for laminar and turbulent pipe flows
at x=100d, discuss the difference of axial velocity gradient (du/dy) on the wall, which

is larger?

3.5. What are the correct boundary conditions (velocities u, v and pressure) on the pipe
wall and on the pipe centerline?

3.6. Summarize your findings and use the knowledge you learned from classroom
lectures, textbooks and ANSYSS figures to answer questions.
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