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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...”


http://user.engineering.uiowa.edu/~me_160/
http://user.engineering.uiowa.edu/~me_160/
http://user.engineering.uiowa.edu/~me_160/documents/axialvelocityAFD-laminar-pipe.xy
http://user.engineering.uiowa.edu/~me_160/documents/axialvelocityEFD-turbulent-pipe.xy
http://user.engineering.uiowa.edu/~me_160/documents/pressure-EFD-turbulent-pipe.xy

3. Open ANSYS Workbench Template

3.1. Start > All Programs > ANSYS 19.1 > Workbench 19.1
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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 Sketch1 and select Look at.

- /88 A pipe

E| ¢}4. X¥Plane
Lo

@ Hide Sketch

Always Show Sketch

r4 |Lookat |

&y, Show Dependencies

> Delete
:j’ Generate (F3)
4l Rename (F2)

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.
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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.)

ﬁ Home | Mesh  Display  Selection  Automation
D Ecut X Delete g SMiNamed Selection (@ Images™ . a E W Tags [id)selection Information ;7 Report Preview 2 Manage ™

B copy Q.Find s Coordinate System [@Section Plane = & showEmars  ER Unit Converter ey Assignments [Duser pefinea ™

D“pfme [Bipaste Tateer | S | Hcomment [ Annotation UT“ Worksheet Keyirame o Manage Views & Print Breview Ul (Reset Layout
Outline Mesh Insert Took Layout

O Iy L L

© MName | Search Outline |V

{H project*

B Model (B2)
T Geometry
b, By Surface Body
[ Materials
[}, 3 Coordinate Systems
El- @ Mesh
i Face Meshing

Details of "Face Meshing" - Mapped Face Meshing [ [1 X

Scoping Method Geometry Selection

Geometry

|=I| Definition
Suppressed No
Mapped Mesh Yes
Method Quadrilaterals
|| Internal Number of Divisions | Default
Constrain Boundary No

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 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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graphical interface (bedies, faces, etc.). You can specify a name for the Apply To Corresponding Mesh Nodes

#  Generate Mesh On Seld |——) _0\chion and you can specify criteria based on the selected geometry, ¥ 9
& Clear Generated Data

Parts (@ Press F1 for help.
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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 - B - C hd D
2 [ Geometry o w2 |@ Mesh F 2|8 setn T, 2 @ sep T,
pipe unti:rmu Edit... P 3 @3 soluton F
3 Duplicate laminar {1e-5)
Transfer Data From Mew »
Transfer Data To New »
- _ Update
il W Update Upstream Components .
2 ﬁ Mel Clear Generated Data y
nan-unif [#] Refresh 4
Reset
Els] Rename
Properties
Quick Help
Add Mote




6. Solve

6.1. Right click Setup and select Edit.

- B - E hd D
- e : :
2 MGeometry v — ) @ Mesh /‘—ZW = d
pipe uniform grid 8 3 "urE Soluti Edit... .
laminar { Register Startup Scheme File...
Import Fluent Case And Data 3
Import Fluent Case 3
- E - = 53 Duplicate
1 R, 1 Transfer Data From New »
2§ Mesh & 4 2 a Setup Transfer Data To New 3
non-uniform grid 3 |§F solutiq # Update
turbulent Update Upstream Components
Clear Generated Data
Refresh
Reset

Elf] Rename

Properties
Quick Help
Add Note
6.2. Under options check Double Precision and click OK.
B Fluent Launcher 2019 R2 (Setting Edit Only) — O *
~ ~
ANS\ S Fluent Launcher
Dirnenzion Optiohz
20 Double Precizion
an ) :
Froceszing Options
Digplay Options (®) Gerial
Digplay Mezh After B eading () Parallel
[ Do not shove this panel again
ACT Ophion
[ Load ACT

[#] Show Maore Options

Cancel Help =
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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.

® & @ AT E
Domain Physics User-Defined Solution Results Parallel

%l
1%

Mesh Zones Interfaces Mesh Models Adapt Surface
P pisplay... @ @é ] scale... & Combine . g Delete... [ Append - | BB mesh 27| Dynamic Mesh... | || Refine [ Coarsen... | + Create
(D) mfo y % £ Transform | Dljseparate . g Deactivate... T replace mesh... | [] overser 7} Mixing Flanes... /% Manage...
[# Units... ~ Checkw  Quality + Make Polyhedra | £+ Adjacency.. g Activate.. D Replace Zone... @3 Turbo Topology... | ©9° More .
Outline View Task Page & Mesh
Filter Text General @)
S Setup Mesh
& General
+ @ Models [ scale.. |[ cneck |[Report quait|
t Q} Materials (‘—”—‘
+) [7] Cell Zone Conditions | Display-.. ]| Unifs..
+) [ Boundary Conditions

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)

@ & @R AT E
Domain Physics User-Defined Solution Results View Parallel G
Mesh Zones Interfaces Mesh Models Adapt

Display... @ é,) Scale... &5 Combine EEIX Delete... E Append = E Mesh... El Dynamic Mesh... l_J Refine / Coarsen...

® Info ' L Transform D‘g Separate . [ Deactivate... E‘Eﬁ Replace Mesh... @ Overset... >4 Mixing Planes...

[l# Units... Check~ Quality ~ Make Polyhedr: {:- Adjacency... EE|+ Activate... O Replace Zone... (’3’ Turbo Topology... | 222 More =
Outline View Task Page = B Mesh

Filter Text General ®|
=) Setup = | Mesh

& General

+) @ Models [ Scale... ‘I Check I[Report Qua\ity|
= &} Materials ﬁ‘T|
+ [ cell Zone Conditions _Displey-. J|_ Units.. |
+ [ Boundary Conditions
2l Dynamic Mesh Savar
[5 Reference Values Type Velocity Formulation
D 1
_F Referel:ce Fram.es ® Pressure-Based ®) Absolute
MNamed Expressions
- Solution Density-Based Relative
% Methods
+* Controls Time 2D Space Sl Ql|E Bl S - = 4 &3
= Report Definitions ® Planar
® Steady
+ & Monitors A Trren
Axisymmetric
@ cel Registers Transient R A-CUULULLGLE: Wil () — U.UUUUUUETUY, WaA (W) — [.04uuuusTuY
#, Initialization Axisymmetric Swirl y-coordinate: min (m} = 0.000000e+00, max (m) = 2.619000e-02

Volume statistics:
+ % Calculation Activities T el (ERE
© Run Calculation i

maximum volume (m3):
- Results

Gravity total volume (m3):
& surfaces Face area statistics:
+ @ Graphics minimum face area (m2): 5.820000e-04
+ | Pplots maximum face area (m2): 19e-02
+ [-] Animations Checking mesh.............

Done.
+) [ Renart:




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 212 213
[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 (Laminar) (double click). Select parameters as per below

and click OK.

Laminar flow

Outline View
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Task Page

Models

Models

| = viscous (Laminar)
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Turbulent flow
Outline View a
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. Multiphase (Off) L3
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D‘Zﬂ Electric Potential (Off)
+ £P Materials
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+! [ Boundary Conditions
2l Dynamic Mesh
[Z] Reference Values
+) 17, Reference Frames
£ Named Expressions
- Solution
%, Methods
Controls
=/ Report Definitions
* @ Monitors
@ Cell Registers
2t Initialization
+) # Calculation Activities
© Run Calculation
- Results
& surfaces

] L

Transition SST (4 eqn)
Reynolds Stress (5 eqn)
Scale-Adaptive Simulation (SAS)
Detached Eddy Simulation (DES)

k-epsilon Model

RNG
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Scalable Wall Functions
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Production Limiter

TKE Prandtl Number
1

TDR Prandtl Mumber
1.3

User-Defined Functions
Turbulent Viscosity
none
Prandtl Numbers
TKE Prandtl Number
none
TDR Prandtl Number
none

B (concet] (1)




23

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

Filter Text

- Setup
2 General
=) @ Models
. Multiphase (Off)
® Energy (Off)
Z Viscous (Laminar)
™ Radiation (Off)
Il Heat Exchanger (Off)
o4 Species (Off)
+) J- Discrete Phase (Off)
L solidification & Melting (Off)
il Acoustics (Off)
< structure (0ff)
ctric Potential (Off)

+ & solid
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& Dynamic Mesh
[5 Reference Values
+ |2, Reference Frames
S Named Expressions
- Solution
% Methods
Controls
*: Report Definitions
Q Monitors
& cel Registers
2 Initialization
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+

+

Task Page

Materials

Materials

Fluid
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= B
@

B create/Edit Materials
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Chemical Formula

Material Type
fluid
Fluent Fluid Materials
air
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Properties

Order Materials by

- ® Name
Chemical Formula

Fuent Database... ‘
- | |User-Defined Databas ‘
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117
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1.872e-05

~ || Edit...

~ || Edit...

(o] () )

6.8. Tree > Setup > Cell Zone Conditions(Double click) > Zone > surface_body. Change type
to fluid, make sure air is selected and click OK.
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[] Reference values
+) 17, Reference Frames
) Somfth:amed Expressions Phase I . o _ 5 B
- < ||| QR Q| Q| = P
o Methods mixture 2
+%. Controls [—
Console
X o ion e [ o] e
® @ Monitors ﬁarameters... Face area statistics:
@ cell Registers | Operating Cwnd\t\uns...l minimum face area (m2): 5.8200002-04
N - maximum face area (m2): 1.632115e-02
£ Inttialization Display MESh---l CRECKng MESh. - o s o e oo
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6.9. Tree > Setup > Boundary Conditions > inlet (double click). Change parameters as per
below and click OK.
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Inlet Boundary Condition
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6.10. Tree > Setup > Boundary Conditions > outlet (double click) or click Edit.... Change
parameters as per below and click OK.

Laminar flow
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6.11. Tree > Setup > Boundary Conditions > wall (double Click) Change parameters as per
below and click OK. No need to change for laminar cases.

Laminar flow
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per below and click OK.
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total volume (m3)
Face area statistics:
minimam face area (i
maximum face area (1
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6.12. Tree > Setup > Boundary Conditions > Operating Condition.... Change parameters as



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

Laminar flow

File Domain Physics User-Defined Solution Results|
Mesh Zones
Display... E‘ Scale... &L Combine . EET Delete... DI
Omfo . WE Ly Transform . | Uy Separate . g Deactivate... B
f# units... Check~ Quality ~ Make Polyhedra 033- Adjacency... EE|+ Activate... o
Outline View Task Page [E5]
Filter Text Reference Values @ |
= Setup Compute from
& General -
+ @ Maodels
+ £ Materials Reference Values
+ [ cell Zone conditions Area (m2) 0.002154869
- H Bcnum:.lar:.r C.on.dltlons Density (kg/m3) |1.17
[ axis (axis, id=7)
o inlet (velocity-inlet, id=5) Enthalpy (j/kg) 0
[ interior-surface_bady (inter... Length (m) 0.05238
> outlet (pressure-outlet, id=6) Pressure (pascal) |0
- = wall. el Temperature (k) 288.16
2] Dynamic Mesh
|| Reference Values Velocity (m/s) |0
+ 17, Reference Frames Viscosity (kg/m-s) |1.872e-05
£ Named Expressions Ratio of Specific Heats | 1.4
- Solution
2. mMethods Reference Zone
Controls v
[= Report Definitions
Turbulent flow
File Domain Physics User-Defined Solution Results)
Iones
e . ® iy
Display... Scale... &g Combine . g Delete... |—_|
@Info - SR L Transform D‘g Separate ., g Deactivate... EEIE
fl# units... Check~ Quality - Make Polyhedra 0;;0-0 Adjacency... EE|+ Activate... o
Outline View Task Page [E5]
Filter Text Reference Values @ |
= Setup Compute from
& General -
+ D Models
+ LB Materials Reference Values
+ [ cell Zone Conditions Area (m2) 0.002154869
O) =i Bound.arg.r C.on.dmons Density (kg/m3) 1.17
] axis (axis, id=7)
= inlet (velocity-inlet, id=5) Enthalpy (i/kg) |0
B interior-surface_body (inter... Length (m) 0.05238
= outlet (pressure-outlet, id=6) Pressure (pascal) 0
- = wall. el = Temperature (k) 288.16
Z Dynamic Mesh
Reference Values Velocity (m/s) |34.08
+ 17, Reference Frames Viscosity (kg/m-s) |1.872e-05
f+ Named Expressions Ratio of Specific Heats | 1.4
- Solution
% Methods Reference Zone
Controls

1= Report Definitions
+ G pnnitor




Filter Text

- Setup

@ General

+ @ Models

+) L¥ Materials

+ [1] cell zone Conditions

+ B3 Boundary Conditions
= Dynamic Mesh
[5) Reference Values

+) 17, Reference Frames
£+ Named Expressions

Controls
[&] Report Definitions
+ @ Monitors
@ cell Registers
2% Initialization
+ # Calculation Activities
© Run Calculation
- Results
& surfaces
+ & Graphics
+ | plots
+) [-] Animations
+) [3) Reports
+ Parameters & Customization

Laminar flow

Solution Methods @

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

Domain Physics User-Defined Solution Results Vie
Mesh Zones
& Display... é é) E‘ Scale... &L Combine . EEi( Delete... D‘I Append -
@ mo . = L Transform DJ Separate . [ Deactivate... EE@ Replace Mesh...
[l# Units... Check~ Quality ~ Make Polyhedra °;n-' Adjacency... EEI+ Activate... O Replace Zore...
Qutline View Task Page = B

Pressure-Velocity Coupling
Scheme
SIMFLE i

Spatial Discretization

Gradient

Green-Gauss Cell Based =
Pressure

Second Order ¥
Momentum

Second Order Upwind -

Transient Formulation

Non-Terative Time Advancement
Frozen Flux Formulation

Warped-Face Gradient Correction

High Order Term Relaxation Dptmns...|
Default ‘

Turbulent flow

Phy:
Mesh
Display... . )
D ma . ('/5 é .
fl# units... Checkw  Quality ~

Outline View

Filter Text

Solution Methods @‘

User-Defined Solution Results Vie
Zones
Scale... &z Combine EElx Delete... B Append =
L Transform DJ Separate . EEI- Deactivate... EE@ Replace Mesh...
Make Polyhedra D;E' Adjacency... EE|+ Activate... O Replace Zone...
Task Page = B

- Setup
General
+ @ Models
+ LF Materials
+) [1] cell Zone Conditions
+ [ Boundary Conditions
21 Dynamic Mesh
[£] Reference Values
+) |7, Reference Frames
fo Named Expressions
- Solution
Controls
| Report Definitions
& Monitors
& Cell Registers
2% Initialization
# Calculation Activities
© Run caleulation

*

*

Pressure-Velocity Coupling
Scheme
SIMPLE e

Spatial Discretization

Gradient -
Green-Gauss Cell Based ~
Pressure

Second Order =
Momentum

Second Order Upwind v

Turbulent Kinetic Energy

Second Order Upwind -
Turbulent Dissipation Rate

Second Order Upwind -

- Results
& surfaces
+ & Graphics
+ | Plots
+ [-] animations
Of &} Reports
+ Parameters & Customization

Transient Formulation

Non-Tterative Time Advancement
Frazen Flux Formulation

‘Warped-Face Gradient Correction

High Order Term Relaxation Optinﬂs....‘
Default |
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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

Outline View

Filter Text

- Setup
@ General
+ @ Models
+ £ materials
+) [1] cell Zone Conditions
+! [ eoundary Conditions
&l Dynamic Mesh
[Z] Reference values
+! |7, Reference Frames
f Named Expressions
- Solution
% Methods
Controls
[ Report Definitions
- Q itors

I Report Files
" Report Plots
* Convergence Conditions
@ Cell Registers
2% Initialization
#® Calculation Activities
© Run Calculation

*

Task Page = O

Monitors

Report Definition quantities can be monitored
during solution when they are included in Report
Files or Report Plots.

Specifying Convergence Conditions allows you
to define stop conditions for the solver based
on Report Definition convergence.

n Residual Menitors

Options Equations
Residual

¥ Print to Console esidua
V| Plot continuity
Window x-velocity

il : ( Curves... ].AXES... ‘

Trerations to Plot

y-velocity

1000 - Residual Values
Normalize
Iterations to Store
1000 - ¥/ Scale

X
Maonitor Check Convergence Absolute Criteria
v v 1e-06
v v 1e-06
v v (1e-06
Convergence Criterion
Tterations absolute h

5 -

Convergence Conditions...

Compute Local Scale

+ [} Cell Zone Conditions
+! [ Boundary Conditions
2l Dynamic Mesh
[Z] Reference Values
+! 17, Reference Frames
f Named Expressions
Solution
% Methods
Controls
|2 Report Definitions
-’ itars

=] Report Files
" Report Plots
% Convergence Conditions
@ Cell Registers
2 Initialization
+ # Calculation Activities
©) Run Caleulation
Results
& surfaces
& Graphics
L~ plots
[1 animations
Reports

s S

) () (#) (%

to define stop conditions for the solver based
on Report Definition convergence.

- Results
’ SurFaFes PIDt| Rennrmalize| Canl:el| Help|
+ & Graphics L
+ |/ Dlnte
Outfine View Task Page = B
Filter Text Monitors
Report Definition quantities can be monitored
- Setup during solution when they are included in Report
@ General Files or Report Plots.
+ @ Models
Specifying Convergence Conditions allows you
+ £ waterials pecifying 2 y

n Residual Menitors

options Equations
V! Print to Console Residual
V1 Plot continuity
window x-velocity
L - Curves... | Axes... | y-velocity
Iterations to Plot k
1000 . epsilon

Tterations to Store
-

1000 b Normalize

| Scale

Residual Values

Monitor ~ Check Convergence Absolute Criteria =

o v 1e-06
b v 1e-06
i v 1e-06
¥ v 1e-06
v b
=
Convergence Criterion
Tterations absolute -

5 -

Convergence Conditions...

Compute Local Scale

@.‘ Renormalize.‘ Cancel] HLIp|




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

Laminar flow

Outline View

Task Page

Filter Text Solution Initialization @|
2 Setup Initialization Methods
B General
+) ® Models Hybrid Initialization
+ £ materials
+) [ cell Zone Conditions Compute from
+ [0 Boundary Conditions -

& Dynamic Mesh
[Z] Reference Values
+ 17, Reference Frames

Reference Frame

®/ Relative to Cell Zone

f< Named Expressions Absolute
- Solution
% Methods Initial Values
- Controls Gauge Pressure (pascal)
% Report Definitions 0
- @ Mmonitors

[ Residual Axial Velodity (m/s)
EY Report Files (02
L" Report Plots Radial Velocity (m/s)
# Convergence Conditions 0

Cell Reqiste_rs

+=c Initialization

+ ® Calculation Activities
© Run Calculation
- Results
& surfaces
+ @& Graphics
+ |- Plots
L Animations
OJ B! Reports
+ Par s & Ci ion

Reset| Patch...

Reset DPM Sources | Reset Statistics

Turbulent flow

Outline View Task Page il
Filter Text Solution Initialization @)
= Setup Initialization Methods
@ General
¥ @ Models Hybrid Initialization
+ L8 Materials
+ [ Cell Zone Conditions Compute from
Of | Boundary Conditions
2 Dynamic Mesh
[Z] Reference values Reference Frame
+ 17, Reference Frames ® Relative to Cell Zone
£ Named Expressions Absolute
- Solution
% Methods Initial Values
b Controls Gauge Pressure (pascal)
= Report Definitions 200
=) & Monitors
i Residual Axial Velocity (m/s)
B Report Files 34.08
L Report Plats Radial Velocity (m/s)
#* Convergence Conditions 0
Turbulent Kinetic Energy (m2/s2)
+ ® Calculation Activities L
() Run Calculation Turbulent Dissipation Rate (m2/s3)
- Results 16
& surfaces
+! & Graphics
+ | Pplats § §
28 scene @| Patch...|
* Animations ' o )
* [ Reports L Reset DPM Sources  Reset Statistics
+ Par ters & Custi ion




6.17. Tree > Solution > Run calculation. Change

Calculate.

Outline View

Filter Text

Setup
@ General
+) @ Models
+) £¢ Materials
+) [ cell Zone Conditions
+) [ Boundary Conditions
| Dynamic Mesh
[7] Reference values
+) 17, Reference Frames
f Named Expressions
- Solution
% Methods
Controls
[ Report Definitions
+ @ Monitors
@ Cell Registers
2% Initialization
+ # Calculation Activities
L&) Run calculation |
- Results
& surfaces
+) & Graphics
+ | Plots
2} scene
+) [-] Animations
+ [ Reports

+ Parameters & Customization

Task Page

Run Calculation

Check Case...|

Options

Data Sampling for Steady Statistics
Sampling Interval

1 -

Sampling Options...

Iterations Sampled |0

Number of Iterations Reporting Interval

| 1000 :l 1 -
Profile Update Interval
1 =

Data File Quantities...l Acoustic Signals...

Calculate

Update Dynamic Mesh...

@

®

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

32

number of iterations to 1000 and click
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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.

Domain Physics User-Defined Solution
Refresh Input Data Zones
Recorded Mesh Operations... | E‘ Scale... & Combine . EEIx Delete...
Save Project L Transform DJ Separate . pg Deactivate.,
Belcad ity ~ Make Polyhedra °;°* Adjacency... EEI+ Activate...

Sync Workbench

Task Page

Read 4
Write b Run Calculation
Import 4 Check Case...| Update Dynamic Mesh...
Export »
Solution Files... Options
Interpolate... Data Sampling for Steady Statistics
EM Mapping » Sampling Interval

1 “| Sampling Options...
FSI Mapping » >

Tterations Sampled |0

Save Picture...

Data File Quantities...
L2 R Number of Tterations Reporting Interval

Preferences... ~ =
1000 w1 -
Start Page...
Profile Update Interval
Close Without Save 1 -
Close Fluent
Data File Quantit\es...| Acoustic Signals...
© Run Calculation
- Results
& surfaces
) © Granhics Ca\cu\ate|
B save Picture *
Format Coloring File Type Resolution
EPS @/ Color ! Raster Use Window Resolution
® IPEG Gray Scale Vector
PPM Maonochrome Width | 960 -
PastScript Height 720 5
TIFF
PG ptions
Window Dump Command
HSF | Landscape Orientation | - . P
. import -window %w
VRML | White Background
Window Dump

[Apply | [Preview | [Clc-se | @|
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7.2. Displaying Mesh

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

+ [ cell Zone Conditions
+H Boundary Conditions
2l Dynamic Mesh
[7] Reference Values
+) 7, Reference Frames
f+ Named Expressions
- Solution
% Methods
Controls
= Report Definitions
+ @ Monitors
@ cell Registers
2% Initialization
+ # Calculation Activities
© Run Calculation

Options Edge Type
Nodes ® Al
V| Edges Feature
Faces Outline
Fartitions
Overset

Shrink Factor Feature Angle
0 20

[Dutﬁne] [Interior]

Adjal:enc:y...l

Surfaces |Filter Text

REEE

File Physics User-Defined Solution Results View Parallel
Mesh Zones Interfaces N
Display... @ @ ﬁ Scale... &0 Combine . EET Delete... |—_+| Append - E Mesh... z:—,J|
@ Info - L Transform D‘ﬂ Separate . EEI_ Deactivate... EEEﬁ Replace Mesh... @ Overset... TR
# Units... Check~ Quality ~ Make Polyhedra oFe Adjacency... 1 Activate... B Replace Zone... e
Y L 1} & == p (&)
Outline View Task Page [E5] n
Filter Text Run Calculation @| Residuals
- Setup _ continuity
el Check Case...| Update Dynamic Mesh... x-velocity
+ @ Models -
+ ¥ Materials I Mesh isplay

| axis

inlet
interior-surface_body
outlet

| wall

New Surface ,l

| (cotre-.| (cose] (i)

- Results
X : Surf?;es carcurete]
*Tips

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



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

Residuals
continuity
x-velocity
y-velocity

1e+00

1e-01

1e-02

1e-03

1e-04

1e-05

1e-06

1e-07

1e-08

1e-09

vl ol ‘“J, PRNT] STI Y S ) NI EY BT |

ol

100

200

300
Iterations

400

500

600




7.4. Creating Points
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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.

File m Physics User-Defined Solution Results View Parallel Design =
Mesh Zones Interfaces Mesh Meodels Adapt
@ Display... @ @b Scale... w Combine . EEIk Delete... D“ Append > @ Mesh... a Dynamic Mesh... \_J Refine [ Coarsen...
@ Info . ; _ Transform . Dﬂ Separate . EEI_ Deactivate... EH@ Replace Mesh... Overset... =/, Mixing Planes... Zone...
[# units... Checkv  Qualty - Make Folyhedra | =f Adjacency... EEI+ Activate... 0. Replace Zone... @ Turbo Topology... | cec More Partition...
I it...
Outline View Task Page = B mprn esiduals
Filter Text Run Calculation @l RN Line/ point
e continuity -
@ General Check Case...‘ Update Dynamic Mesh... x-velocit 1e+00
. b Quadric...
+ @ Models Jocit
* £ Materials Options PRI 1e-01 Iso-Surface...
+ ] cell Zone Conditions
+ 0 Boundary Conditions Data Sampling for Steady Statistics 1s0-Clip...
| Dynamic Mesh Sampling Interval 1e-02 Transform...
[£] Reference values 1 % | | sampling Options...
1e
n Point Surface
Mew Surface Name
point-1
Reference Frame
| global
Options Coordinates
Point Tool | %0 (m) 7.62
Reset| y0 (m) 0
z0 (m) [0

[Select Point with Mc—use|

| Create | [ Close | [Hilp|

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 LinefRake Surface X

Mew Surface Name
Ix:wd |

Options Mumber of Points

.

Line Type 10 -

) L -
Reset| ine

End Points

x0 (m) |0.5238 x1 (m) |0.5238

y0 (m) 0 ¥yl (m) 0.02619

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

[Sele-::t Points with Mnuse|

[con- ]S

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




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

B solution Xv Plot

XY Plot Name
xy-plot-3
Options
v MNode Values
+ Position on X Axis
Position on Y Axis
Write to File
Order Points

File Data [0/0]

Plot Direction Y Axis Function
X0 Velocity... v
11 Axial Velocity v
Z|0

X Axis Function

FEE (Load Fie...|

Free Data

Direction Vector

Surfaces Filter Text

RIEFE

axis
inlet
interior-surface_body
outlet

point-1

wall

x=100d
x=10d

x=20d

x=40d

x=60d

New Surface |

|| Save,"Plot] [Axes... | [Curves...] [Close | @|

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-3
Options Plot Direction Y Axis Function
v| Node Values X0 Velocity... M
| Position on X Axis Y1 Aodal Velocity -
Position on o
Virit to Fil n Curves - Solution XY Plot -
Order Foinf Curve #  Line Style Marker Style
o< Pattern Symbol =O‘ = | E/| = |
File Data [0/0] | sample | [ —
- Color Color
orange v orange
Weight Size
1
|Apply | | Close | | Help |
x=60d
New Surface |
Save/ Plot [Axes... | I Curves... || [ Close | Help |
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Download the experimental data for the simulation from the class website:
(http://user.engineering.uiowa.edu/~me_160/CFD%20Labs/Lab1/axialvelocity AFD-laminar-pipe.xy)

(http://user.engineering.uiowa.edu/~me _160/CFD%20L abs/Labl/axialvelocityEFD-turbulent-pipe.xy)

Tree > Results > Plots > XY Plot (double click) > Load File. Select “axialvelocityAFD-
laminar-pipe.xy” (if laminar) or “axialvelocityEFD-turbulent-pipe.xy” (if turbulent)
downloaded and click Plot.

o
XY Plat Name
W'P‘“t'z N N D....................;“ Lam o S Sn o o o o o o ]
Options Plot Direction Y Axis Function =y 1
¥ Node Values Velooty... =] |
V| Fosition on X Axis il Aol veloty I select File : %
. v Z [0
;‘D’:ED;T:‘:‘E( = X Axis Function Laok in: H:\9. TA 00 O0RAMBME
Direction Vector
Order Points L] My Computer | axwa\vaIoclgAFD-\ammar-ElEeﬂI
Surfaces |Filter Text
N (== z sungtpark
File Data [1/1] BI2IE
= d File... axis
interior-surface_body
Free Data | p—
point-1
wall XY Fil IvelocityAFD-I -pipe. oK
e e ile axialvelocity: aminar-pipe.xy )
FW: Files of type: XY Files (*.xy ) - Cancel‘
%=20
x=40d Filter String Filter ‘
x=60d S—
Remuve‘
New Surface ‘ -
— - H/9. TA/axialvelocityAFD-laminar-pipe xy
_Axes...l Eurves..._‘ _Clnsel Hilp‘
T 453 2D wall faces, zone 8, binary.
20884 nodes, binary.
20884 node flags, binary.
Done.
Writing "| gzip -2cf > 5YS-1-00559.dat.gz"...
Result for laminar flow is presented as an example below.
*—inlet
—*—outlet
x=100d 0.4500 —
—e—x=10d 1
x=20d 0.4000
——x=40d
x=60d 0.3500
*— AFD
0.3000
0.2500
Axial
Velocit 0.2000
(m/s
0.1500
0.1000
0.0500
0.0000 T T T T T |
0.0000 0.0050 0.0100 0.0150 0.0200 0.0250 0.0300
Position (m)
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7.7. Plotting Static Pressure Profile at Centerline

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

B solution XY Plot X
¥ Plot Name
xy-plot-5
Options Plot Direction Y Axis Function
V| Node Values x|[1 Pressure... -
| Position on X Axis Y0 Static Pressure d
Position on Y Axis Z[0
X Axis Function
Write to File

Direction Vector

Order Points - . - . |

. . . Surfaces |Filter Text [-?| [—;| [-?| [.?|

File Data [1/1] [_;| [?| [=_| : o) 2o ) 2%
—  |LoadFile... [axs |=

|Pressure Profile (H:/9. TA/pressure-EFD-tur | ' inlet
[ Free Data | interior-surface_bady

outlet
point-1
wall
¥=100d

« I > New Surface .|

[Axes... | [Curves... | [Close | @|

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.

0.4000
0.3500 —_
0.3000 —
0.2500 —

Static 0.2000 |
Pressure :
(pascal) 0.1500 —|

0.1000 —

0.0500 —

0.0000 |
0.0000 1.0000 2.0000 3.0000 4.0000 5.0000 6.0000 7.0000 8.0000

Position (m)




7.8. Plotting Velocity at Centerline
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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.

B solution Xv Plot *
XY Plot Name
[xy-plot-5 |
Options Plot Direction ' Axis Function
+| Node Values ¥ Velocity... -
| Position on X Axis ¥ .0 Axial Velocity -
Positi Y A Z|0
osHon on s X Axis Function
Write to File - -
Direction Vector b
Order Points
) ) ) Surfaces Filter Text '=D| —=,| f/| '=x|
File Data [0/0] =5 |5 _ . - — —
— — — |Load File...| Laxis | -
— inlet
Free Data | interior-surface_body
R outlet
point-1
wall
¥=100d o
New Surface ,|
Save/Plot [Axes...| [Curves...| [l:lose| [Help|
Example for the laminar case is presented.
0.4000 —
0.3800 —
0.3600 —|
0.3400 —
0.3200 —
Axial 0.3000 —
Velocit 1
(m/s 0.2800 —
0.2600 —
0.2400 —|
0.2200
0.2000 : - - : - ‘ - .
0.0000  1.0000 20000  3.0000  4.0000 5.0000  6.0000  7.0000  8.0000

Position (m)
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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.

B solution XY Plot *
XY Plot Name

[xy-plot-6 ]
Options Plot Direction Y Axis Function

+ Node Values X|1 Wall Fluxes... -
o Yo Wall Shear Stress -

Position on Y Axis Z|0

X Axis Function
| Write to File -

Direction Vector
Order Points
. . . Surfaces |Filter Text = _=_| =, '=x|
File Data [0/0] _=| =J| .=x| _ _ ol == 1) 12
— — — |LoadFile...| inlet -

interior-surface_body

Free Data | Outlit‘l I
_ point-
fwall |
x=100d

x=10d

New Surface -|

[Axes...] [Cuwes...] [Cbse | [Help |




7.10. Plotting Velocity Vectors
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Tree > Results > Graphics > Vectors (double click). Change the vector parameters as per

below and click Display.

n Vectors

Vector Name
vector-1

Options
| Global Range
| Auto Range
Clip to Range
V| Auto Scale

Draw Mesh

Style

3d arrow v
Scale Skip

0.2 0 -

Vector Options... |
Custom Vectors... |
Colormap Opftions... |

¥

Vectors of

Velocity v
Color by

Velocity... v

Axial Velocity v
Min (m/s) Madx (m/s)

0.00887987 0.3994213

Surfaces |Filter Text

REEE

axis

inlet
interior-surface_body
outlet

point-1
surface_baody
wall

x=100d
x=10d

x=20d

x=40d
x=60d

New Surface ,|

[Compute | [Close | [Help |

Result of laminar flow is presented as an example.

vector-1
Axial Velocity

3.99e-01
3.60e-01

[T
(TGS

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]

M

—

I
[
I

1

|
1y

—

il
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7.11. Plotting Velocity Contours

Tree > Results > Graphics > Contours (double click). Change the parameters as per

below and click Display.

n Contours %

Contour Name

contour-1

Options Contours of
v Filled Velocity... .
v MNode Values Axial Velocity -

Contour Lines Min (m/s) Max (m/s)

| Global Range 0 0.3994114

+| Auto Range

Clip to Range Surfaces Filter Text @

Draw Profiles

axis
Draw Mesh inlet
interior-surface_body
outlet
Coloring point-1
(® Banded surface_body
wall
¥=100d
x=10d
Colormap Options...| x=20d
x=40d
%=60d

[Compute] [Close] [Help]

) Smoath

Result of laminar flow is presented as an example.

contour-1
Axaal Velocity

3.99e-01

2.00e-01
1.60e-01
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8. V&V Instructions

|[CFD Lab1: Pipe flow
CFD Lab1 Concepts

8.1. V&YV Instructions for Velocity Profile

CFD Lab1 Manual (PDE, DOC)

CFD Lab1 Workbench
CFD Lab 1 V&V Excel sheet
(Download)

Download CFD Lab 1 Workbench file from class website
(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.

Flle  View Tools Units Extensions Jobs Help
Q)& | |&) /[H project
ﬁ]Import... | -T-Reconnect Refresh Projectl # Update Project I== ACT Start Page

| E Analysis Systems
Wil nesinn Ascessment

Read modified inputs and generate cutputs

Right click Solution > Select Edit...

- A - B
2| @ ImportedMesh o 2 @ setup
Grid 7 3 ﬁ Solution "

Laminar{1le-6)

- T - D
'

2| @ ImportedMesh 2 @ setp
Grid & 3 Solution "

Laminar {1e-6)

- F - G
§ o BN

2 | @ ImportedMesh 4 — 7 a Setup v 4 2 a setup ¥,

Grid 4 3 ﬁ Solution  « ‘I 3 Solution v
Lammar(E Edit...
o

Continue Calculation

Import Final Data... 3
- T - 1 Show Solution Monitoring
1 1 53 Duplicate
2 ﬁ Imported Mesh " 2 a Setup) Transfer Data From New 3
Grid 3 3 @ solut Transfer Data To New »

Laminar {| & Update
Update Upstream Components
Clear Generated Data

= F = [%] Refresh
1 1 Reset
2| @ ImportedMesh 4 2 Q Setup Gd Rename
Grid2 3 .I—E Soluti Properties
Laminar {| Quick Help
Add Note
- L - M
2| @ ImportedMesh « 2 @ setip v,
Grid 0 3 @3 solution v

Laminar {1e-6)



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.

n Solutien
XY Plat Name
xy-plot-7
Options
| Mode Values
+| Position on ¥ Axis
Position on Y Axis

| Write to File

Order Points

File Data [0/0]

Plot Direction

X0
Yl

Z|0

Sl

Free Data

Y Axis Function
Velocity...

Axial Velocity

X Axis Function
Direction Vector

Surfaces |Filter Text

Inlet

Internal
CQutlet
Point-surface

V() (%) +

R(EEE

point-1
point-10
point-2
point-3
point-4
point-3
point-6
point-7
point-8
point-9

+ wall

New Surface ,|

| Write... | [Axes| [Curues... | [Close | @|

Name file according to which grid solution you are using.

B select File

Look in:

& sungtpark

H:\9. TA

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

|_-| pressure-EFD-turbulent-pipe.xy

QO oBEE

XY File

I [velocity Prafile Grid 4 |

Files of type:

Filter String

XY Files (*.xy)

| Cancel |
Filter |
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CFD Lab1: Pipe flow
CFD Lab1 Concepts

CFD Lab1 Manual (EDF, DOC)

Download V&YV excel sheet for CFD Lab 1 from class website
CFD Lab1 Werkbench {Download)

(http://user.engineering.uiowa.edu/~me 160/) CFD Lab 1 V8V Excel sheet

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 [ Picty
(title "axial velocity") B vide
(labels "pPosition” "axial velocity" )
[r é(xyfkeyf'l abel "point-1") - Comp
) Undo
({xy/key/abel Cut
0.025 0.0352;3
) Copy
((xy/key/Tabel Paste
¢
SJ.DDS 0. 38354 Delete
((Hy;’keyﬂ abel Select All
0. 0. 33994
Right to left Reading order
‘ Show Unicode control characters
Insert Unicode control character b

Open IME

Reconversion

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.

I T
1.4142136
Grid 4
sgl (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/O!
0.015 0.269000 | 0.672500 | 0.000000 | 0.000000 | #DIV/O!
0.02 0.167000 | 0.417500 | 0.000000 | 0.000000 | #DIV/O!
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/O!
0.024 0.064000 | 0.160000 | 0.000000 | 0.000000 | #DIV/0!
0.025 0.036000 | 0.090000 | 0.000000 | 0.000000 | #DIV/O!

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 @ Imported Mesh " e—— 2 a Setup

A
Grid 7 3 @ Solu[: 'l
Edit...

LaminalEl

Mesh

n Continue Calculation
Import Final Data. .. 3
Show Solution Monitoring
- c -
2 Duplicate
e
Transfer Data From New 3
2 | @ mportedMesh 2 @ sen]
Transfer Data To New 3
Grid & 3 Solu
Lamina 7 Update
Update Upstream Components
Clear Generated Data
'_fl Refresh
- E -
Reset
& e 1 [ h
= Rename
2 Imported Mesh 2 Set
mpor < “ @ s Properties 4
Grid 4 3§ sold .
Quick Help
Lamina
Add Note
- H - I
:
2 @ ImportedMesh 2 @ osewp
Grid 3 3 {5 soluton 4
Laminar (1e-6)
- ] - K
2 @ ImportedMesh v 2 @ sewp
Grid 2 3 solution v

Laminar (1e-6)

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

B solution X¥ Plat X
X Plot Name
[xy-plot-8 ]
Options Plot Direction ¥ Axis Function
v Mode Values (1 Wall Fluxes... -
e Ul Wall Shear Stress -
Position on Y Axis Z|0

X Axis Function
v Write to File -

Direction Vector
Order Points

Surfaces |Filter Text

File Data [0/0] [':| [€| E|
_ [—

Load File...| axis
—_— inlet
roOEE interior-surface_body
outlet

New Surface ,_‘
[Axes...] [Curves...| [Close] [HL—IM




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

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

0.000E+00 _|9.775E-02| 1.000E+02 | 0.000E+00 | 0.000E+00 »Dlvlol #DIV/0! HDIV/O‘ #DIV/O‘ »Dlvlol #DIv/o0! #DIV/O‘

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

Use the simulations with the meshes for grid 0, 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&YV 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
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