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1. Purpose

The Purpose of CFD Lab 2 is to simulate turbulent airfoil flows following “CFD process” by an
interactive step-by-step approach and to conduct verifications. Students will have “hands-on”
experiences using ANSYS to conduct verification for lift coefficient and pressure coefficient
distributions, and validation for pressure coefficient distribution, including effect of numerical
scheme. Students will manually generate C type mesh and investigate the effect of domain size
and effect of angle of attack on simulation results. Students will analyze the differences between
CFD and EFD, analyze possible sources of errors, and present results in a CFD Lab report.

Geometry Physics Mesh Solution Results
Airfoil (ANSYS General (ANSYS Structured Solution Plots (ANSYS
Design Modeler) Fluent - Setup) (ANSYS Mesh) Methods Fluent- Results)

- Model (ANSYS (ANSYS Fluent -
C-Domain odel (Al \l/ Solution) .
(ANSYS Design Fluent - Setup) Graphics and
Non-uniform Animations
Modeler) Bound .
oundary (ANSYS Mesh) Selution Controls (ANSYS Fluent-
- Conditions (ANSYS Fluent - Results)
Q—[?omam. (ANSYS Fluent - Solution)
(ANSYS Design Setup)
Modeler) .
Monitors
Reference Values (ANSYS Fluent -
(ANSYS Fluent - Solution)
Setup)
Turbulent Solution
Solution Initialization
Tnitialization (ANSYS Fluent -
(ANSYS Fluent - Solution)
Solution)
Run Calculation
(ANSYS Fluent -
Solution)

Flow Chart for “CFD Process” for airfoil flow
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2. Simulation Design

The problem to be solved is that of turbulent flows around a Clark-Y airfoil. Reynolds number is
143,000 based on the inlet velocity and airfoil chord length. The following figures show the
illustrations for C type and O type domains (Note: the figures are not in the exact scale as the true

size of the domain and airfolil).

Table 1 - Main particulars

Outlet

Lo

Symmetry

Parameter Symbol Unit O-type C-Type

Chord Length C m 0.3048 0.3048

Downstream length Lo m - 5

Radius Rc m 5,4,3,2,1 5

Angle of attack o degree 0,6 0
Symmetry

Figure 1 — C and O domain shapes and boundary conditions

In CFD Lab 2, boundary conditions for C type of mesh will be “inlet”, “outlet”, “symmetry” and
“airfoil”, as described later. Boundary conditions for O type of meshes will be “inlet”, “outlet”,
and “airfoil”. Uniform flow was specified at inlet. For outlet, zero gradients are fixed for all
velocities and pressure is constant. No-slip boundary condition will be used on the “airfoil”.
Symmetric boundary condition will be applied on the “symmetry”. The meshes and the simulations

that will be conducted are shown in Tables 2 and 3 respectively.




Table 2 - Mesh
Mesh Name D‘lq%gn Rz[arc:] |]us Angle o[fd,g\;tricélj (AOA)
C-mesh C
fine
medium 5
coarse
Domain-R5 0
Domain-R4 O 4
Domain-R3 3
Domain-R2 2
Domain-R1 1
AOA6 5 6
Table 3 - Simulation Matrix
Study Mesh
Domain size Domain-R1, Domain-R2, Domain-R3, Domain-R4, Domain-R5
Xf%ﬁgglifgﬁg;g fine, medium, coarse
Domain shape C-mesh
Angle of attack AOA6

All EFD data and CFD materials for turbulent airfoil flow in this Lab can be downloaded from
class website (http://www.engineering.uiowa.edu/~me 160/).
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3. ANSYS Workbench

3.1. Start > All Programs > ANSYS 2022 R1> Workbench 2022 R1

3.2. Toolbox > Component Systems. Drag and drop Geometry, Mesh and Fluent components
to Project Schematic and name components as per below (Only C-Domain requires
Geometry; i.e. other cases directly use Mesh skipping Geometry). Create connection as per
below.
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3.3. File > Save As.... Save project on the network drive so that you can access anywhere in
Engineering building (recommended). Name the file “CFD Lab 2”.



4. Geometry

4.1. From the Project Schematic, right click on the C-Domain Geometry and select New
DesignModeler Geometry...
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4.2. Make sure that Unit is set to Meter (default value).
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4.3. Go to the class website and download Airfoil geometry (You can download the file by right
clicking and selecting Save as or Save target as).



4.4. File > Import External Geometry File... Select airfoil.igs downloaded and click Open.
Click Generate. Please remind that view can be moved to xy-plane view by clicking z-axis
on 3-D axis at right bottom of the window. Drag and drop with right mouse button only for
zooming in. Use wheel to zoom in/out. Press F7 to restore the view.
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Close DesignModeler

4.5. Add a new plane by selecting the New Plane (not New Sketch) button. For the Type select
From Point and Normal.
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4.6. For the Base Point, zoom in and select the point at the trailing edge as seen below and click

Apply.
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4.7. For the Normal Defined By, select the XYPIlane on the Tree Outline and click Apply. Then
click Generate. This creates a plane with the origin at the trailing edge point.
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4.8. Make sure the plane you just created is selected under tree outline then click the New Sketch
button.
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4.9. In Sketching Toolboxes>Constraints, Enable the Auto Constraints option to pick the exact
point as below
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4.10. Sketching > Draw > Arc by Center. Draw an arc centered at the trailing edge origin as
per below. Make sure the end points are on the y-axis. The Auto Constraint will show “P” on
the mouse point when it goes near the origin and “C” near the y-axis.
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4.11. Sketching > Draw > Rectangle by 3 Points. Draw a rectangle as per below. Start by
selecting one of the arc’s ends and then select the other arc end, then pull the rectangle out to
the right so it looks like the figure below and left click. Make sure, when selecting the arc
ends, the “P” shows up ensuring you are selecting the point at the end of the arc.
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I .

4,100 0.300

4.12. Dimensions > General. Size the arc and rectangle with a radius of 5m and a width of 5m
respectively as seen below (Do not add unit [m] when you put in the values). To use the tool,
left click on the edge you want and click somewhere outside from the edge.
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4.13. Delete the line that makes the left side of the rectangle by highlighting as yellow by
selecting it and pressing Delete on the keyboard (This works only when “Sketching” tab is
activated).

4.14. Concept > Surfaces from Sketches. Select the sketch you just made under tree outline,
click Apply then click Generate.
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4.15. Create > Boolean. Make sure the Operation is set to Subtract. For the Target Body
select the gray domain and click Apply. For the Tool Bodies select the airfoil by selecting the
first Surface Body under the Tree Outline which corresponds to the airfoil (or simply zoom
in near to the airfoil and select it) and click Apply. Then click Generate. This step will make
the domain hollow as airfoil shape.
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4.16. Concept > Split Edges. Select the arc and click Apply. Make sure the Fraction is set to
0.5. This splits the edge in half. Click Generate.
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4.17. Select the upper half of the arc you just split. Concept > Split Edges. Click Apply and
change the Fraction to 0.25. This splits the top arc into two parts with the small piece towards
the top of the screen. Click Generate.

4.18. Repeat step 4.16 for the bottom piece of the arc you originally split but this time change
the Fraction to 0.75. This will split the arc with the smaller piece towards the bottom of the
screen. Click Generate.

4.19. Split the vertical line from the rectangle in half as well. Make sure that Fraction is set to
0.5. Concept > Split Edges. Select the vertical line and click Apply. Click Generate.

4.20. Concept > Lines From Points draw lines from the domain perimeter to the perimeter of
the airfoil always starting from the domain and ending at the airfoil. Only for the line going
from the trailing edge of the airfoil to the domain, start from the airfoil. Make sure the arrows
have the same direction as shown in the below figure. Do this by selecting the point on the
domain, hold Ctrl and select the point on the airfoil. Click Apply and then Generate. Repeat
this process to create all the lines shown below. NOTE: If you do not create your lines starting
from domain and ending in airfoil you will need to use a different bias type in the Mesh
Generation section.
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4.21. Tools > Projection. For the Edges select all the lines you just created by holding Ctrl

13

while selecting them and then click Apply. For the Target select the surface of the domain
and click Apply. Click Generate. This splits the domain into six sections as seen below.
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4.22. File > Save Project. Close window.



5. Mesh
In this section C-Mesh will be manually generated and the O-type Meshes will be imported.

5.1. From the Project Schematic right click on C-Mesh and select Edit.
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5.2. Right click on Mesh > Insert > Face Meshing. Select all six surfaces while holding Ctrl
and click Apply in the yellow Geometry selection box.
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5.3. Select the edge button.
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5.4. Right click on Mesh > Insert > Sizing. Select five lines below and click Apply. Change
parameters as per below. NOTE: The divisions must be finer toward the airfoil. If they are not
fine toward the airfoil you may need to change the bias direction by changing bias type for

the edges having issue.
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5.5. Right click on Mesh > Insert > Sizing. Select the line below and click Apply. Change
parameters as per below. Divisons must be finer toward the airfoil.

Details of "Edge Sizing 5" -
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5.6. Right click on Mesh > Insert > Sizing. Select the line below and click Apply. Change
parameters as per below. Divisons must be finer toward the airfoil.

Details of "Edge Sizing 3" - Sizing
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5.7. Right click on Mesh > Insert > Sizing. Select two lines below and click Apply. Change
parameters as per below. Divisons must be finer toward the airfoil.
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5.8. Right click on Mesh > Insert > Sizing. Select the line below and click Apply. Change
parameters as per below. Divisons must be finer toward the airfoil.

tails of "Edge Sizing 6" - Sizing
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5.9. Right click on Mesh > Insert > Sizing. Select two lines below and click Apply. Change
parameters as per below.
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5.10. Right click on Mesh > Insert > Sizing. Select two lines below and click Apply. Change
parameters as per below.

9" - Sizing
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5.11. Right click on Mesh > Insert > Sizing. Select two lines below and click Apply. Change
parameters as per below.
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5.12. Right click on Mesh > Insert > Sizing. Selct the line below and click Apply. Change
parameters as per below. Divisons must be finer toward the airfoil’s leading edge.

ge Sizing 11" - Sizing
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5.13. Right click on Mesh > Insert > Sizing. Selct the line below and click Apply. Change
parameters as per below. Divisons must be finer toward the airfoil’s leading edge.

Scoping Method Geometry Selection
Geometry 1 Edge
[=| Definition
Suppressed Mo
Type Mumber of Divisions
|| Number of Divisions | 30
=] Advanced
Behavior Hard
Capture Curvature Mo
Capture Proximity Ma
Eias Type o
Bias Option Bias Factor
|| Bias Factor 15.0
Reverse Bias MNa Selection




21

5.14. Click on Mesh under the Outline and under the Details of “Mesh” change the Physics
Preference from Mechanical to CFD.
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5.15. Click Generate Mesh. Your mesh should like the figures below.
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5.16. Select all the edge parts that make up the arc by holding down Ctrl and selecting them
individually. Right click the selection and select Create Named Selection. Change the name

to inlet and click OK.
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Generate Mesh On Selected Bodies
Clear Generated Data On Selected Bodies

GoTo 3

Hide Body Fo

Loly o]

Hide All Other Bodies Ctrl+F9
Hide 4
Filter Tree Based On Visible Bodies

Suppress Body

Suppress All Other Bodies

Isometric View

PO g @

Set

Restore Default H
Zoom To Fit F7
Zoom To Selection z
Image to Clipboard Ctrl+C
Cursor Mode ]
View ]

¥ LookAt

Create Coordinate System

Create Named Selection... N

Select All

Create Named Selection... (N)

Select Mesh by

& & |z

Farts

% Create a Named Selection for the sq
" graphical interface (bodies, faces, g

[ selection and you can specify criter,

(i) Press F1 for help.

5.000 (rn)

1.250 3,750

Selection Mame >

Jinlet | x

®) Apply selected geometry
() Apply geometry items of same:

Size

Type
Location X
Location ¥

Location Z

O/ oOoooag

Apply To Corresponding Mesh Modes

Cancel |




5.17. Select the vertical lines on the right side of the domain and right click it, then select
Create Named Selection. Name this outlet.

L
i
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; i

5.18. Select the two horizontal lines below, right click and Create Named Selections. Name
them symmetry.

i
{7 Al
by gﬂmrrmrf i
. i

7

4

LT
#ﬂfmﬂrﬂm

23



24

5.19. Select the four edges that make the airfoil, right click and Create Named Selections.
Name them airfoil.
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5.20. Select the six faces of the domain and right click them, select Create Named Selections
(Make sure to select the face selecting pointer from the toolbox as shown at below to select

“faces”, not the “edges”). Name them fluid.

Select "™ Mode~ = . il [ Clipboard~ [ Empty ]

Face (Ctrl+F)

Select or highlight faces on your

. model. Use the Ctrl button or hold the
mouse button to select multiple faces,

(D Press F1 for help.

0.000 5.000 10.000 {rn)
I 20O a0

2.500 7500
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5.21. File > Save Project. Close Meshing window.

5.22. Right click on Mesh and click Update.

- E - F
Bl Geometry o Se— 2 88 cahin D
C-Domain C-Mesh ol it
23 Duplicate
Transfer Data From Mew 3
Transfer Data To New 3
I] #  Update [I

|Update Upstream Components

Clear Generated Data

5.23. Go to class website (http://www.engineering.uiowa.edu/~me 160/) and download the
mesh files. You will need to extract the files from their compressed format, simply right click
on the .rar file and select Extract Here.

5.24. Right click on Meshes for O-Domains and select Import Mesh File > Browse. Select the
Mesh file corresponding to mesh name and click Open. You need to change the import file
type from CFX Mesh Files(*.gtm;*.cfx) to Fluent Files(*.cas;*.msh;*.cas.gz;*msh.gz).

L' Ml Froject Schematic

Analysis Systzms
El Compaonent Systems
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I <t o) N CECE. 3 o
B AcP(Pre) 2 @ Gemary P, 2@ Gamary P, 1 i Gemmery T 2 [ Gomery
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BladeG i
% CFaXe en ool B Edit.. O-Domain-A045

Import Mesh File... 3 Bi

@ Engineering Data | Iﬁj o
@ Ensight (Forte) 52  Duplicate
External Data - Transfer Data From MNew 3 - 1

Ectemal Model [ ¢l A ]
ﬁ ermnal Mode e m Transfer Data To New 3 ! .
B Fluent 1| @ Geon 2@ = T,
n Fluent {with Fluent Meshing) 3@ e 7/  Update 3| {F Souon T,
Forte -Dem Update Upstream Components 0-S=tup

G t
Q eometry Clear Generated Data
4 ICEM CFD

J Refresh

@ Material Designer - Reset
O Mechanical APDL L m B[] Rename
@ Mechanical Model 2| @ Geon Properties
@ Mesh 3@ Mes
[2¢ Microsoft Office Excel O-Dom Quick Help
@ Performance Map Add Note
m Palyflow
m Palyflow - Blow Malding

B Polyflow-Extrusion - L
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Date modified
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7/24/201312:57 PM

Type

MSH File
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MSH File
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MSH File
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Size
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HW3 D Domain-R3.msh
= sungtpark (\\home. % fine.msh
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[ This PC
|_j MNetwork
File name:
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| Open |v| Cancel

5.25. After completion of the previous step you will have a schematic as per below.
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6. Setup

In this section you will create solver setups for C-mesh and O-Domain-R5. For the rest of the
simulation, you will duplicate the setup from O-Domain-R5 case.

6.1. Right click Setup and select Edit.

- D

1 e g il

2 |[E] Geometry + ,we—2 @ Mesh e 2 | Sety -
Edit...

C-Domain C-Mesh 3 | @ solu =
Register Startup Scheme File. ..
C-Sef
Import Fluent Case And Data 3
Import Fluent Case 13
Import ROM »
53 Duplicate

6.2. Select Double Precision and click Start. After entering the Fluent, if you see any pop-up,
you can ignore it by clicking cancel.

B= Fluent Launcher 2022 R1 (Setting Edit Only) - O d
Fluent Launcher Ansys

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

Dimension

Options

Double Precision

Display Mesh After Reading

(_) Do not showy this panel again

() Load ACT

Parallel (Local Machine)
Solver Processes 1

LILIRE B J

Solver GPGPUs per Machine g

~ Show More Options * Show Learning Resources

Start || Cancel || Help _:
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6.3. Tree > Setup > General > Check. Click Check and check the output (red box shown below)
to see if there is any error for Mesh.

C-Mesh

oOutline View

Filter Text
S p
General
@ Models
£7 Materials
[ cell Zone Condition:

Task Page

General

Mesh

¢ gt
¢ \‘}\{{\\\%

o
5 S

il il
i

[ Scale... I[ Check IReportQuallty]
l

[ Display... [ Units... ]
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E Boundary Conditions
| Dynamic Mesh
Reference Values
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£ Named Expressions
- Solution
% Methods
. Controls
15! Report Definitions
+ @ Monitors
@ Cell Registers
=5 Initialization
+ % Calculation Activities
© Run Calculation
- Results
@ surfaces
+) & Graphics
+) L Plots
+) [2] Animations.
+) [ Reports
+ Parameters & Customization

Solver

Type
‘®) Pressure-Basad
Density-Based

Time
(®) Steady
Transient

Gravity

Sl
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S
R \\““\\\\\\\m
RS

W
R

Velocity Formulation
(e Absolute
) Relative

2D Space
© Planar
) Axisymmetric
Aoisymmetric Swirl

®-coordinate: min (m)
y-coordinate: min (m)
Volume statistics:
minimum volume (m3): 1.884453e-07
maximum volume (m3): 6.286124e-02
total volume (m3): 8.925418e+01
Face area stacistics:
minimum face area (m2): 3.167363e-04
maximum face area (m2): 3.372978e-01
Checking mesh..

=4.695201e+00, max (m)
-4.999849e+00, max (m)

5.3047992+00
5.000151e+00

O-Domain-R5 Mesh

Outline View Task Page ® B
Filter Text General E
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+ @ Models

+ & Materials

+ [ cell Zone Conditions

+ [ Boundary Conditions
] pynamic Mesh

+) 17, Reference Frames
£ Named Expressions
- Solution
% Methods
. controls.
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+ @ Monitors
@ Cell Registers
=4 Initialization
+ # Calculation Activities
© Run Calculation
= Results
& surfaces
+) @ Graphics
* L. Plots
+ [ animations
+ [ Reports.
+ Parameters & Customization

Scale.. |[__check | Report quaiy|

Solver

Type
Pressure-Based
_ Density-Based

Steady
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Gravity

Velocity Formulation
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S8
% NSRS
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Y

- N
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TR

%-coordinate: min (M) = -5.000000c+00, Max (m) = 5.000000=+00
y-coordinate: min (m) = -5.000000s+00, max (m) = 5.000000e+00
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minimum volume (m3): 1.886282e—08
maximum volumes (m3): 1.201741e-01
total volume (m3): 7.848863e+01
Face area statistics:
minimum face area (m2): 2.6508042-04
maximum face area (m2): ¢.821894e-01
Checking mesh

Done.
—_—

R




6.4. Tree > Setup > Models > Viscous > Edit... Choose the options below and click Ok

1+ Heat Exchanger (Off)
2, species (Off)
+) J- Discrete Phase (Off]
& solidification & Melting (Off)
M Acoustics (Off)
<} structure (Off)
[2] potential/Li-ion Battery (Off)
+ £ Materials
+! [ cell Zone Conditions
+ [ Boundary Conditions
£F Mesh Interfaces
& Dynamic Mesh
] Reference Values
+) 17, Reference Frames
fo Named Expressions
= Solution
% Methods
Controls
%] Report Definitions
+ @ Monitors
@ Cell Registers
'.-:;: Automatic Mesh Adaption
£ Initialization
+) @ Calculation Activities
& Run Calculation
= Results
@ surfaces
+ & Graphics

Discrete Phase -
Solidification & #
Acoustics - Off
Structure - Off
Patential/Li-ion B

]

Outline View < Task Page ‘ B viscous Model
Filter Text Models Model
Inviscid
= SEtp = Models Laminar
sneon;;asl Multiphase - off Spalart-Allmaras (1 eqn)
- Energy - Off I-k_ il 2 |
53 Multiphase (Off) 2 0 k-ep5| on [[2 eqn]]
omega (2 eqn
@ Energy (0ff) Radiation - OFf s
| * viscous (Standard k-e, Enhanced Wall Fn Heat Exchanger Transition k-k-omega (3 eqn)
" Radiation (Off) Species - Off Transition S5T (4 eqn)

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

k-epsilon Model

Standard

RNG
Realizable

Near-Wall Treatment

Standard Wall Functions

Scalable Wall Functions

MNon-Equilibrium Wall Functions
| ® Enhanced Wall Treatmentl

Menter-Lechner

User-Defined Wall Functions

Enhanced Wall Treatment Options
Iv' Pressure Gradient EFFectsI

Options
Curvature Correction
Production Kato-Launder
Production Limiter

Model Constants

Cmu

0.09

C1-Epsilon

1.44

C2-Epsilon

1.92

TKE Prandtl Number
1

TDR Prandtl Number
1.3

User-Defined Functions
Turbulent Viscosity
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Prandtl Numbers

TKE Prandtl Number

none
TDR Prandtl Number

none

Cancel | @|

6.5. Tree > Setup > Materials > Fluid > air > Create/Edit. Change Density and Viscosity to

experimental values and click Change/Create then click Close.
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Outline View Task Page
Filter Text Materials
= Setup
B General Materials
+ @ Models Fuid
1¢
= L Materials)
=) &7 Fluid Tohd
aluminum

+ £F solid
+) [ cell Zone Conditions
+ 0 Boundary Conditions
& Dynamic Mesh
[Z] Reference Values
+) 17, Reference Frames
f Named Expressions
- Solution
% Methods
Controls
1! Report Definitions
Q Monitors
@ cell Registers
2% Initialization
# Calculation Activities
© Run Calculation

+

)

+ Parameters & Customization

n Create/Edit Materials

Name

air fluid

Chemical Formula Fluent Flu
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Properties
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Material Type

id Materials

Order Materials by
- ®/ Name

Chemical Formula

Fluent Database... |
- | |User-Defined Database...l

¥ | Edit...

| 1.2080
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~ | Edit...

|1.815e-05
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6.6. Tree > Setup > Boundary Conditions > inlet > Edit... Change velocity to experimental

Outline View Task Page B velocity Inlet ®
Zone Mame
Filter Text Boundary Conditions inlet
= Setuy|
@pGeneraI Zone |Filter Text Momentum | Thermal Radiation Species DPM Multiphase | Potential ups
@
MUdEI_E airfoil Velocity Specification Mathodl Components i |
=) &F Materials —
- £% Fluid interior-fluid Reference Framsl Absolute L7 I
& ar outlet Supersonic/Initial Gauge Pressure (pascal) o -
+) 8¢ solid surface_body
+ [ cell Zone Conditions symmetry X-Velocity (m/s)§ 7.04 -
o B Bgun.da Conditions Y-veloity (m/s) o -
airfoil (wall, id=9)
inlet (velocity-inlet, ig Turbulence
BT rieror -
5 = T v an Specification Method |K and Epsilon - |
o outlet (pressure-outle
(=2] surface_body (interio Turbulent Kinetic Energy (m2/s2))0.08 -
=B symmetry (symmetry, Turbulent Dissipation Rate (m2/s3)|7.4 o)
2 Dynamic Mesh
[Z] Reference values
+ 17, Reference Frames
Cancel | | Hel
f Named Expressions . —| —P‘
- Solution Phase Type
o 8 . y-coordinate: min (m) = -4.99984%e+00, max (m) = 5
o P:et{mll‘is mixure ¥ | velocity-inlet ¥ 6 Volume statistics:
’ ontrals 5 5 minimum volume (m3): L. 532-07
*| Report Definitions l Edit... I Copy... HProﬁ\es... ‘ maximum volume (m3): 6. 242-02
+ @ Monitors [ | ) ) ) total volume (m3): 8.925418e+01
@ Cell Registers | T | " i Face area statistics:
4 \mt\al\zagtmn Operating C°”d't'°"5"'_‘ minimum face area (m2): 3.167363e—04
;“ i Display MeSh---| maximum face area (m2): 3.372978e-01
X Calculation Activities Periodic Conditions... CHRECKING MESN. ¢t it e e ae e e aeeeaneaanenannn
(5) Bun ralolation o

Inlet Boundary Condition

Variable

u(m/s) | v(m/s) | P(Pa)

k (m"2/5"2)

e(m”"2/s"3)

Magnitude

7.04 0 0

0.08

7.4

Zero Gradient

6.7. Tree > Setup > Boundary Conditions > outlet > Edit... Change Turbulence parameters

to values shown below and click OK(Apply).
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Outline View Task Page B Pressure Outlet *®
Zone Name
Filter Text Boundary Conditions =7
= Setu
@pGeneral Zone |Filter Text Momentum | Thermal | Radiaion | Speces DPM Multiphase | Potential uDs
D
ol airfoil Backflow Reference Frame| Absolute =
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+ 17, Reference Frames Backflow Turbulent Length Scale (m){0.0035 -
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6.8. Tree > Setup > Boundary Conditions > interior-fluid

/surface body (you will have surface

body in addition to default-interior for C-mesh). Make sure those Types are interior.

Filter Text

= Setup

Outline View

General

+ @ Models
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+ £ solid

+ D Cell Zone Conditions
- H Boundary Conditions

— airfoil (wall, id=9)
- inlet (velocity-inlet, id

= -

IE interior-fluid ginterio;l
=% outlet (pressure-outle
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-

%
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D&

[ Edit.

.| [copy... |[Profiles... |

Parameter: |

6.9. Tree > Setup > Boundary Conditions > airfoil. Make sure wall is selected under Type.



Outiine View Task Page B wall *
Zone Name
Filter Text Boundary Conditi
undary 1l ons airfoll
- Setup Adjacent Cell Zone
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nitialization (Y Ty J minimum face area (m2): 3.1673632-04
:: Display Mes“---‘ maximum face area (m2): 3.372578e-01
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Airfoil Boundary Condition

Variable u(m/s) | v(m/s) | P(Pa) | k (m"2/s"2)
Magnitude 0 0

Zero Gradient

e (m"2/s3)

- 0 0

- Y - -

6.10. Tree > Setup> Boundary Condltlons > Symmetry. Make sure symmetry is selected
under Type. (If you are setting up O-Domain-R5, skip this step)

Outline View

Task Page

)
Filter Text Boundary Conditions @ |
- Setup _
@ General Zone |Filter Text '_D| _—'|
+ @ Models —
- airfail
-1 &% Materials .
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outlet
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“| Dynamic Mesh
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Symmetry Boundary Condition
Variable u(m/s) | v(m/s) | P(Pa) | k(m"2/s"2) e (m”"2/s"3)
Magnitude - 0 0 - -
Zero Gradient Y N - Y Y

Outline View

Filter Text

= Setup
@ General
@ Models
L7 Materials
[ Cell Zone Conditions
@ Boundary Conditions
£F Mesh Interfaces
& Dynamic Mesh
Reference Values
+ [, Reference Frames
fe Named Expressions
- Solution
% Methods
Controls
[l Report Definitions
+ @ Monitors
@ Cell Registers

*
*
*
*

E. Initialization
+ # Calculation Activities
© Run Calculation

" 1 Automatic Mesh Adaption

<

Task Page

Reference Values

Compute from

Reference Values
——

@

Area [m?] 0.3048
Density [kg/m?] 1.2089
Depth [m] 1
Enthalpy [)/kg] 0
Length [m] 1
Pressure [Fa] 0
Temperature [K] 288.16
Velocity [m/s] 7.04
Viscosity [kg/(m s)] 1.818e-05
Ratio of Specific Heats 1.4
Yplus for Heat Tran. Coef. 300

Reference Zone

In case of “Yplus for Heat Tran. Coef’ leave it as a default value (300)

6.12. Tree > Solution > Methods. Select the option as per below.

Outline View
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- Setup
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+ LF Materials
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Green-Gauss Cell Based
Pressure

Standard
Momentum

Second Order Upwind
Turbulent Kinetic Energy

Second Order Upwind
Turbulent Dissipation Rate

Auto Select

[ Second Order Upwind

Transient Formulation

v
Non-Iterative Time Advancement
Frozen Flux Formulation

Warped-Face Gradient Correction
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6.11. Tree > Setup > Reference Values. Change Reference Values of Density, Temperature,
Velocity, and Viscosity to experimental values and change remaining values as per below.



34

6.13. Tree > Solution > Controls. Change the Under-Relaxation Factors for, Momentum,
Turbulent Kinetic Energy, and Turbulent Dissipation Rate to the values below. If your
solution diverges try reducing under-relaxation factors.

Outline View Task Page 3]
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- Results I
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+ & Graphics
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[Equat\ons...] [Limits...] [Advanced...:
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6.14. Tree > Solution > Monitors > Residual... Change convergence criterions for all 5

equations and click OK(Apply).

-[Soiston |

% Methods
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Residual Values
Normalizz

v scale s

Compute Local Scale

Renormalize|

B3] o) (cnce) (o)

Tterations

Convergence Criterion
absolute v

6.15. Tree > Solution > Monitors > Report files > New... Then, inside the New Report File,
New > Force Report > Lift... Set parameters as per below, make sure to select airfoil and
click OK. This will show the time history of lift coefficient. (This section is only for C mesh)

Outfine View Task Page

® O

Filter Text

+ Setup
- Solution
% Methods
+*. Controls
! Report Definitions
=) @ Mmonitors
% Residual
(s
eport Plots
3 Convergence Condlti
@ Cell Registers
£& Initialization
+ ® Calculation Activities
© Run Caleulation
- Results
& surfaces
© Graphics
L_ plots
[ Animations
3 Reports
+ Parameters & Customization

Report Files [0/0]

0
0

Edit... | Delete | Act]

I

Bl New Report File

Name report-file-0

Available Report Definitions [0/0]

File Name
report-file-0.out

Browse...|

Full File Name  report-file-0.0ut

Get Dota Every 1 3| | teration

v Active

EIE]

Print to Console

(o) (conct] ()

Selected Report Definitions [0/0]

EIE

Add>>

<<Remove

.

Surface Report ¥

Volume Report »

orag
P keport >

DPM Report Mom Lift |

Force..

User Defined...

I Lift Report Definition

Average Over(Tterations)
1

Force Vector

Name
lift
Options Report Output Type
o Lift Coefficient
Lift Force
Per Zone Wall Zones |Filter Text

BEEDE

Ia\rfu\\

X A
0 1

z

Report Files [0/0]

Report Plots [0/0]

Create

F&

FEIEE

=

Report File
| Report Plot
Frequency 1

| Print to Console

Create Output Farameter

_mmpm\ cancel] [veip)
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6.16. (6.15 continued) In New Report File dialog, specify the file location of the lift coefficient
time-history file by clicking Browse... Check Print to Console and click OK(Apply). Close
Report File Definitions dialog as well.

| Active

G2

Name report-file-0

Available Report Definitions [0/1] Selected Report Definitions [0/0] = | 5 |
lift
Add>>

<<Remove

File Name
H:/9. TA/CFDLab2/axialve  [Browse...|

Full File Name

[new | [Edit..

<! | iteration -

[ (conce) ()

Get Data Every 1

6.17. Tree > Solution > Initialization. Change the X Velocity to the experimental value and
the rest of the parameters as per below and click Initialize.

Outline View

@ Cell Registers
+ # Calculation Activities
© Run Calculation

Task Page

Filter Text Solution Initialization
2 Setup Initialization Methods
% Methods Hybrid Initialization
Controls | ‘e’ standard Initialization |
+ [=] Report Definitions T
+ @ Monitors

Reference Frame

@ Relative to Cell Zone

@

Absolute
- Results
& surfaces Initial Values
+) @ i
Graphics Gauge Pressure (pascal)
+ | Plots 0
+) [-] Animations
DB Reports X Velocity (m/s)
+ Parameters & Customization | 7.04
¥ Velocity (m/s)
0

Turbulent Kinetic Energy (m2/s2)

0.08

Turbulent Dissipation Rate (m2/s3)

(7.4 |

Reset| Patch...

Reset DPM Sources  Reset Statistics

o
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6.18. Tree > Solution > Run Calculation. Change Number of Iterations to 10,000 and click
Calculate. You will see the residual and lift coefficient figures for the C type mesh in windows
1 and 2, respectively. Save the lift coefficient figure for C mesh before continuing.

6.19.

Outline View

Filter Text

+ _Setup

% Methods

Controls
+ 2] Report Definitions
+ & wmonitors
@ cell Registers
2% Initialization
+ # Calculation Activities

- Results
& surfaces
+ & Graphics
+) | Plots
2Y scene
h Animations
+ [ Reports

(=) Run Calculation

Task Page

Run Calculation

Check Case...|

Options

Data Sampling for Steady Statistics
Sampling Interval

1

Tterations Sampled |0

Number of Iterations

3]

@)

Update Dynamic Mesh...

- Sampling Options...

Reporting Interval

| 10000

~
= IE =

Profile Update Interval

1

- S
AR S ETHHT T Data File Quantities...| Acoustic Signals...

| Calculate|

-
-

before continuing).

File > Save Project. Close fluent. (Please complete setup for O-Domain-R5 and C-mesh

6.20. Once you completed the setups for Domain-R5 and C-mesh your schematic should look
like the figure below. Next, we will copy O-setup and modify it where necessary for other

Cases.

hd A v B -
2| @ mmportedMesh 2| @ ImportedMesh v 2

0-Domain-F RS 0-Domain-Fine

- G hd H
1 gl 1

2 @ InportedMesh

2 @ ImportedMesh v

0-Domain-Medium

0-Domain-F R4

2

2 @ ImportedMesh v @ ImportedMesh v

0-Domain-F R3 0-Domain-Coarse

L

=
|
2§ mmportedMesh

0-Domain-F R2

A M
B
2| @ mmportedMesh

0-Domain-F R1

C
7 Mesh
@ ImportedMesh

0-Domain- 085

- D - E - F

2 A ceometry ~ %2 @ Mesh v 2 @ seww v,
C-Damain C-Mesh 3§ Sobton v,

C-Setup
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6.21. Right click on O-setup and click Duplicate as per below. This will create a new setup.

- A - B - C - s}

d © Geonery

Bl Geometry "

2 ﬁ Imported Mesh  «" 2 ﬁ Imported Mesh  «" 2 ﬁ Imported Mesh  «"
0-Domain-R5 0-Domain-Fine O-Domain-A0AG C-Domain

- I
2 o 1
2 @@ ImportedMesh a 2 @ Imported Mesh a 2 ‘ Setup v
3 5

0O-Domain-R4 0-Domain-Medium Edit...
o Register Startup Scheme File...
Import Fluent Case And Data 3
Import Fluent Case 3
Import ROM ]
|]]|='Ig Duplicate

2 | @ ImportedMesh M 2 @ mmported Mesh 4 Transfer Data From New 4
N-MAmain-R3 A-NAmain-CAams Transfer Data To New 3

6.22. Select the connection between O-Domain-R5 and copy of O-setup then hit delete button
on your keyboard.

b8 * Geometry
2 @ Imported Mesh 2 @ Imported Mesh " 4 2 @ Imported Mesh " 2 m Geometry " 4

O-Domain-R5 0-Domain-Fine 0-Domain-AQAG C-Domain

- I - ]

2 | @ ImportedMesh 4 2| @ ImportedMesh 4 \‘“—02 ﬁ Setup v 4 z Q Setup v 4
0-Domain-R4 0-Domain-Medium 3 Solution v 3 Solution &
0-Setup Copy of 0-Setup

6.23. Drag and move the copy of O-setup next to Domain —R4 as per below: click on the name
of the box (Shaded with Blue) when dragging components (e.g. click and drag Fluent).

= s - H - G - H

1 1 £ =

HRRE: @ Imported Mesh [ :

I 0-Domain-R4 H 1 n 2 @ mmported Mesh a 2 ﬁ setup i 4
[ !

(- pr@ s &, 0-Domain-R4 3 Solution i@

3 Solution i ,

Copy of 0-Setup Copy of 0-Setup
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6.24. Create a new connection between copy of O-setup and Domain-R4 as per below. You have
copied the setup from Domain-R5 to Domain-R4. Since they have the same setup, all you
have to do is initializing and running inside the Setup.

L

2@ Imported Mesh  +"

--------- -

0-Domain-R4

6.25.

- H

B
2 @ setp &,

g )
3 | §E solution &

Copy of 0-Setup

Repeat the process for copying setup and get the project schematic as per below.

- A hd B
' ' B
2 @ ImportedMesh + ®2 @ setp v
0-Domain-R5 3 (E Solution  +" 4

0-Setup

- F = o

 DEE——

Vo2 @ setp &,
3 Solution @
Copy of O-Setup

2 @ Imported Mesh
0-Domain-R4

- K - L

:

v o——2 @ sep &,
3 | {3 soluton & P

2 @ Imported Mesh

0-Domain-R3

Copy of 0-Setup

- P - Q

: .

2 @ ImportedMesh « ,———#2 @ sep &
& Solution i@

0-Domain-R2
Copy of 0-Setup
- T - u
2 @ ImportedMesh + - 2 @ sep &,

3 (E Solution & 4

0-Domain-R1

Effect of Domain Size cerefose

- C - D hd E

2 | @ ImportedMesh /= o2 @ sep &, =2 @ osep &,
\-._ 3 @ Solution i@ I."f 3 @ Solution &

Copy of 0-Setup Copy of 0-Setup

0-Domain-Fine

- H hd I ~ <

e A e

2 |@ mmportedMesh 2 @ oserp &, o2 @ sep &,
0-Domain-Medium \"-. 3 Solution /& 3 Solution i
.I".I Copy og O-5Setup Copy of 0-Setup
'-.\ ,

- 4]

.
02 @ sep @

3 @3 solution & d

- N

.
22 | @ sep &,

3 {3 solution & 4

2 @ Imported Mesh  +"

0-Domain-Coarse

Copy of 0-Setup Copy of 0-Setup

Effect of Numerical Sehemeand—Vét V

- R hd 5

:

2 @ ImportedMesh v 92 @ sep &,
0-Domain-A0AG 3 |G soluton & ,

Effect of Angle of Attack™> ="

- v - W - X

2 [ Geometry v 22 @ Mesh v ®2 @ setp Vv
3 (E Solution v

C-Domain C-Mesh

Effect of Domain Shape

C-Setup
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6.26. Setups for rest of the simulations are the same except for 3 simulations labeled with “First
Order” in the figure above at V&V section. We need to change the scheme from second order
to first order. Simply open fluent of cases with first order schemes. You will get message
below, just click yes. Tree > Solution > Methods. Modify solution methods as per below and
close Fluent.

AMSYS Workbench ot

The upstream mesh of this cell has changed. Do you want to load the
new mesh?

es Mo Cancel
Outline View Task Page [
Filter Text Solution Methods ®|
= Setup Pressure-Velocity Coupling
@ General
+ @ Models Scheme
+) L materials SIMPLE -
* Cell Zone Conditions
] . Spatial Discretization
+ [ Boundary Conditions Cradient z
& Dynamic Mesh radien
[7] Reference Values Green-Gauss Cell Based -
+) 17, Reference Frames Pressure
£ Named Expressions Standard -
= lution
9!_ Methods | Momentum
Controls IFirst Order Upwind "I
* % Report Definitions Turbulent Kinetic Energy
+ & Monitors IFirst Order Upwind b I

@ Cell Registers

TR Turbulent Dissipation Rate

+ # Calculation Activities I First Order Upwind i I

(Z) Run Calculation -
- Results Transient Formulation

& surfaces -

+ & Graphics

+) | plots Non-Tterative Time Advancement

* solzllls Frozen Flux Formulation

+) [ Renarts

6.27. Now you can run all the cases and save the ANSYS file. For this Lab2 only, find one
partner in the class to form a group. One student will run V&V using first order upwind
scheme, the other will use 2" order upwind scheme. You will need to run rest of the cases by
yourself.
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7. Results

This section shows how to analyze your results. You do not need to do all the analysis for every
case. Please read the exercises before continuing.

7.1. Saving Picture

File > Save Picture. Choose options and click Save.

File Domain

Refresh Input Data
Recorded Mesh Operations...

Save Project

Reload

Sync Warkbench

Read 4
Write 4
Import 4
Export 4
Solution Files...

Interpolate...

EM Mapping 4
FSI Mapping 4

I Save Picture...

Data File Quantiti Save Picture
Preferences...

Start Page...

Close without Save

Close Fluent
Format Coloring File Type Resolution
EFS *) Color 2/ Raster Use Window Resolution
JPEG Gray Scale Vector
PPM Monochrome Width = 960 -
PostScript Height 720 =
TIFF
. e s Window Dump C d
HSF V| Landscape Orientation P “Omman
) import -window %ew
VRML ¥ White Background
Window Dump
[Apphj| [Preview| [Close| [Help|




7.2. Displaying Residuals

Tree > Solution > Monitors > Residuals > Plot. Save Picture with 7.1.

250 500

750

Options Equations
7] Print to Console Residual Monitar Check Convergence Absolute Criteria
v Plot continuity v v le-05
Window x-velocity v v le-05
- > mﬂ|‘“"i| y-velocity v v 1e-05
Tterations to Plot k v v 1e-05
1000 v epsilon v v 1e-05
Iterations to Store
1000 - Residual Values Convergence Criterion
Normalize Tterations absolute e
5 -
| Scale [Convergence Conditic—ns....
Compute Local Scale
m |H| [Renormalize | [Canl:el | [Help |
Residuals
continuity
x-velocity 1e+00
- y-velocity i
— 1e-01 =
=200 1e-02 =
1e-03 ‘;
1e-04 —
1e-05 7
1e-06 —
1e-07 —
1e-08—; = —_
1e-09 ] " : : : : : : ] w‘ )

1000 1250 1500 1750 2000 2250 2500

Iterations
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7.3. Displaying Mesh

Setting Up Domain > Display. Save Picture with 7.1.

2 Dynamic Mesh
B Reference Values
(+) 17, Reference Frames
fo Named Expressions
'~ Solution
'ﬁ} Methods
. Controls

@ & Report Definitions.
m B mnnitars

@@

Physics

] scale...

Solution

Zones

¢J Combine . g Delete...

View

Intel

Shrink Factor Feature Angle
0 ||20 |

|outline|

finterior]

(i) Info Ly Transform . | Uy Separate . g Deactivate... 5 Replace Mesh... | [ of
fl# Units Check~ Quality - 4 Make Polyhedra a% Adjacency... EE|+ Activate... D, Replace Zone
LT n Mesh Display x
Filter Text Options Ed_ge Type Surfaces |Filter Text
["] Nodes ® Al
- pGeneraI Edges () Feature ?'Ir::'l
P in|
*) @ Models L) Faces - outine Y interior-fluid
£¢ Materials || Partitions outlet
+) [ cell Zone Conditions [[] overset surface_body
(+) B Boundary Canditions symmetry

[cotors...| [close | [1eip)
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7.4. Printing Forces

Tree > Results > Reports > Forces. You can write the result as well by clicking Write... and save
the data as a file at your working directory.

Drag (Direction Vector=[1, 0])

Cpimes LIER TR Wall Zones | Filter Text %| E| E| E|
]

®' Forces X1
Moments Y0

|airfoil

Center of Pressure dl

[Save Output Parameter...

[ Write... | [ Close | [ Help |

Lift (Direction Vector=[0, 1])

Options Direction Vector Wall Zones |Filter Text '=O | = s | = |
® Forces X0 — e : :
Moments Y1 |a|rf0|l I

Center of Pressure 7 (0

[Save Output Parameter...

[Write... | [Close | [Help |




Example of Printed Drag (C-Mesh)

Forces

Forces (n)
Zone Preasure Viscous Total Pressure
airfoil (0.0851761E87 3.2684099 0) (0.14415489 0.0059822478 0) (0.20933108 3.2743821 0) (0.0071378644 0.35794464 0)
Het (0.06851761E87 3.2684099 0) {0.14415489 0.0053822478 0) (0.20933108 3.2743921 0) (0.0071378644 0.35734484 0)
Forces - Direction Vector (1 0 0)

Forces (n) Co icients
Zone Preasure Viscous Total Preasure Viscous Total
airfoil 0.065176187 0.14415489 0.20933108 0.00713728644 0.015787332 0.022925196
Het 0.065176187 0.144154E3 0.20933108 0.0071372644 0.015787332 0.022925136

Example of Printed Lift (C-Mesh)

Forces

Forces (n) Col icients
Zone Pressure Viscous Total Pressure
airfoil {0.0651761&7 3.2684099 0) {0.14415489 0.0059822478 0) {0.20933108 3.2743921 0) (0.0071378644 0.35794464 0)
Het {0.065176187 3.2684099% 0) (0.14415489 0.0059822478 0) {0.20933108 3.2743%21 0) (0.0071378644 0.35794464 0)
Forces - Direction Vector (0 1 0)

Forces (n) Col icients
Zone Pressure Viscous Tot Preasure Viscous Total
airfoil 3.2684099 0.0059822478 3.274392 0.35794464 0.00065515452 0.35859979
Net 3.2684099 0.0059822478 3.2743921 0.35794464 0.00065515452 0.35859979
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7.5. Plotting Pressure Coefficient on Airfoil Surface

Tree > Results > Plots > XY Plot. Select parameter as per below and click Plot.

¥ Plot Name
xy-plot-1
Options
| Node Values
| Position on X Axis
Position on Y Axis
Write to File
Order Points

File Data [0/0]

Plot Direction Y Axis Function
X1 Pressure... v
. Pressure Coefficient v
Z0
X Axis Function
Direction Vector v
S — | Surfaces |Filter Text .-=O.| —=v| f,| _'=><_|
== T i — — = = e
— — — [1oadFie...| [eed }
_ inlet
Free Data |nt§r|fr—ﬂmd
outle
surface_body
symmetry

New Surface ,|

Axes... | [Cur‘ues... | [Close | [Help |

To plot experimental data on top of CFD result, click Load File... and load the experimental pressure
coefficient file, then click Plot.

XY Plot Name
xy-plot-1
Options
| Node Values
| Position on X Axis
Position on Y Axis
Write to File
Order Points

File Data [1/1]

Plot Direction

X1
¥ 0

Z\|0

Y Axis Function

Pressure...

Pressure Coefficient

X Axis Function
Direction Vector

Surfaces |Filter Text

| Pressure coefficient

%| RI |
) LY -—ll[Load file...

[ Free Data |

| airfail

RIEEE
]

inlet
interior-fluid
outlet
surface_body
symmetry

New Surface ,|

[Axes... | [Eur\!es... | [Elose | [Help |




Example of Plot for Pressure Coefficient on Airfoil Surface

airfoil

experimentsl

1.2500

1.0000
0.7500
0.5000
0.2500
Pressure 0.0000
Coefficient
-0.2500
-0.5000
-0.7500

-1.0000

-1.2500 — T T T T T 1
0.0000 0.0500 0.1000 0.1500 0.2000 0.2500 0.3000 0.3500

Position (m)
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7.6. Plotting Pressure Contour

Tree > Results > Graphics > Contours. Check Filled, select Static Pressure and click Display.

Contour Name

contour-1
Options Contours of
V| Fillad Pressure... -
V| Node Values Static Pressure -
Contougliines Min (pascal) Max (pascal)
¥ Global Range 21.14123 30.24535

v| Auto Range

Clip to Range Surfaces |Filter Text '=D| _='| E/|

Draw Profiles

:
Bl

airfoil
Draw Mesh fluid
inlet
interior-fluid
Coloring outlet
® Banded surface_body
Smooth oL

Colormap Options... |

New Surface ,|

(Campne) (Gn) ()

Among Surfaces, the surface fluid can be added in the list by allocating zone name for the existing
fluid zone (fluid isn’t on the list by default). Setting Up Domain > Surface > Create > Zone.

Physics User-Defined Solution Results Parallel
Mesh Zones Interfaces Mesh Models Adapt Surface
@ Display... Sy El Scale... &g Combine EEIx Delete... B Append - E Mesh... (_ﬂ Dynamic Mesh... |_J Refine / Coarsen...
@ Info > -‘.(.7,5: (J*) o Transform > Dﬂ Separate . EEI_ Deactivate... Eﬁﬂi Replace Mesh... @ Overset... /4 Mixing Planes...
H# units... Check-  Quality - Make Folyhedra | «f» Adjacency... EE|+ Activate... O Replace Zone... @& Turbo Topology... | ©co More Partition.. Zone
Outfine View Task Page = B Contoul mprint.. (P
— Point...

You can add fluid by highlighting fluid from the zone list and clicking Create. You can now go back
to contour part and finish plotting.

Zone |Filter Text '=D| = | -=X|Surfaces Filter Text %| _='|
rs

airfoil airfoil

|fluid | fluid

inlet inlet

interior-fluid interior-fluid

outlet outlet

surface_body surface_body

symmetry symmetry .

MNew Surface Name
fluid

(e =z | Manage... | _Cbse | @|




Example of Pressure Contour
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7.7. Plotting Velocity Vectors

Tree > Results > Graphics > Vectors > Set Up. Click Display.

Vector Name
vector-1
Options Vectors of
V| Global Range [ velocity | -
v Auto Range Color by
Clip to Range Velocity... =
V| Auto Scale
Draw Mesh I Velocity Magnitude I -
Style Min [m/s] Max [m/s]
0.5301474 9.021389
3d arrow
Scale Skip Surfaces |Filter Text
0.1 0 -

Display State

None - [Use Act'we] [Hew Surface _

[compute) (Close] (el

Example of Velocity Vector

T
> _» —
— — >

> ,””///////ﬁ///"’y””
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7.8. Plotting Streamline

Tree > Results > Graphics > Contours > Set Up... Select parameters as per below and click
Display. You can adjust the Min and Max to get a better figure.

Contour Name

contour-2
Options Contours of
Filled Velocity... -
| Node Values
+| Contour Lines

Stream Function hil

Min [kg/s] Max [kg/s]
41 44

Global Range
Auto Range

Clip to Range Surfaces |Filter Text
Draw Profiles

Draw Mesh

Coloring
(®) Banded

) Smoath

Display State
Colormap Options...]

Mone - [Use Act'rve] [New Surface _]

(ot (oe) i)

Example of Streamline

contour-2
Stream Function

A0 A4
— 4. 40e+07

4.31e+01

4.28e+01
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8. Verification and Validation (For V&V Simulations Only)

8.1. From the Project Schematic, right click on the Fluent Solution and select Edit... from the

dropdown menu

Please make 29 Points manually using below Points.

A B Point Surface X
Mesh Zones Interfaces | Mesh odels Adape Haime
& Display.. ] scate... & combine . g Delete.. [ Append - | R veen ] oynamic Mesh... | -] Refine / . ‘ point-3
Omo - i Transform - | Oy Separate g Deactivate... B Replace Mesh... | [ Overset.. | > Mixing Plones.. Zone.. Reference Frame
# Ui, Chedke QY < poyheda | o Adiceney. g Advate. O Replace Zone.. @ Turso Topology. More o partton.. global M
outine view Task page O "t boduas [ | coordinates
Run Calculation @) Residuals x(m) 0.007620 -
S — B R ==
options y-velocity 100t o S
e r— - = o
X Y
Point 1 0.000000 0.000000
Point 2 0.003810 0.006121
Point 3 0.007620 0.009357
Point 4 0.015200 0.013944
Point 5 0.022860 0.017059
Point 6 0.030500 0.019640
Point 7 0.045720 0.023500
Point 8 0.061000 0.026059
Point 9 0.091440 0.028093
Point 10 0.122000 0.028242
Point 11 0.152400 0.026656
Point 12 0.183000 0.023618
Point 13 0.213360 0.019255
Point 14 0.244000 0.013626
Point 15 0.274320 0.007302
Point 16 0.274320 -0.001214
Point 17 0.244000 -0.002221
Point 18 0.213360 -0.003142
Point 19 0.183000 -0.004193
Point 20 0.152400 -0.005436
Point 21 0.122000 -0.006680
Point 22 0.091440 -0.007523
Point 23 0.061000 -0.008457
Point 24 0.045720 -0.008685
Point 25 0.030500 -0.008307
Point 26 0.022860 -0.007929
Point 27 0.015200 -0.007243
Point 28 0.007620 -0.005942
Point 29 0.003810 -0.004674
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8.2. Tree > Results > Plots > XY Plot > Setup... Select parameters as per below, make sure to select
points 1 through 29, and click Write. Name the file for future reference. (This only needs to be done
for coarse, medium, and fine manual meshes, which are used for V&V calculations. It is not needed
for other mesh.)

XY Plot Name

xy-plot-1

Options Plot Direction Y Axis Function

| Node Values (1 Pressure...

V| Position on X Axis Y0 Pressure Coefficient -

Position on Y Axis Z|0
| Write to File

X Axis Function
Direction Vector
Order Points

[_| [_l Surfaces |Filter Text '=CJ| F:'l E/| =
File Data [0/0] =55 . D I L B U B )
— = — |LoadFik...| =) Inlet

inlet

= Internal
default-interior

= OQutlet
outlet

- {Point-surface
point-1
point-10
point-11
point-12
point-13
point-14
point-15
point-16
point-17
point-18
point-19
point-2
point-20
point-21
point-22
point-23
point-24
point-25
point-26
point-27
point-28
point-29
point-3
point-4
point-5
point-6
point-7
point-8
point-9

= Wall
airfoil

New Surface ,|

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

Free Data
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8.3. Open the V&V Excel.

8.4. Copy and paste the pressure coefficients into the proper sheet corresponding to the mesh size. To do
this open the saved pressure coefficient data in TextPad, use the “Ctrl + A” function to select all, then
right click and select Copy.

LT ——————Ter e

Edit Search View Tools Macros Configure Window Help

NSH ASRE B2 D > T | D% SR Tt A eue p o|iFindincrementaly I [J Matchcase .

EIEH 1edium Grid Press Coeff (20 pts) %

Document Selector

Medium Grid Press Coeff (29 pts)

,

( (xy/key/label "point-1")
o

0.952393
Properties

cut
Copy.

Paste

Cut Gther
Copy Other

Insert

Delete

Change Case
Transpose ,
Align ,
Reformat

Block Select Mode

Fill Block...

Spelling.. o

Clip L... Toggle Bookmark

Search Results

B Search Results [ESRE

Copy the selection to the Clipboard

Output
| 119] 1| Read| Our| Block | Sync| Rec|

8.5. Paste this data into cell Al of the corresponding pressure coefficient tab. Right click on cell Al and
select Keep Text Only. The cells to the right should auto populate extracting the correct data from the
pasted data. If all the x coordinate cells are not green, there was an error in the pasting of the copied

data.

—
Home | Inset  Pageloyout  Formulas  Data  Review  View  Custom Commands 2@ o ks
* . A .= . ﬂ ﬁ Y Fem ? ’j % Autosum - ﬂ
o Calibri 11 A A % B (SR Wrap Text General B g & ] e ﬁ
g|2ru-iEaAs Hiveacom s S 0 W) Qo fm Gn s oot o e e
Clipboard & Font Alignment Number Styles Cells Editing
- fe
A B c D 3 F G | J K L M N
1 |(title "Pressure Coefficient”) [
2 |{labels "Position” "Pressure Coefficient”) | V&V Data (Copy and paste y value into V&V template)
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8.6. Repeat these steps for the remaining mesh sizes.

8.7. Once all the data is pasted into the three Press Coeff tabs, the V&YV Velocity tab auto populates and
calculates V&V values.

8.8. Open the Verification Lift Coef tab and input values from y force report into the cells corresponding
to the mesh size. The V&V values auto calculate.
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9. Data Analysis and Discussion

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

9.1. Effect of domain size (+9)

Run 5 simulations using five different domain sizes using mesh O-Domain-R5, O-Domain-R4, O-
Domain-R3, O-Domain-R2 and O-Domain-R1. Fill the table below with lift coefficient with their
relative difference between two successive meshes. If the relative change between two successive
domain sizes should be less than 1%, then which domain sizes will be enough large to make the
CFD simulation results to be independent of the domain size?

Circle radius (m) 1 2 3 4 5
Lift Coefficient
Relative change N/A ( )% | ( )% | ( )% | ( )%

e Figures need to be reported: None.
e Data need to be reported: the above table with values.

9.2.  Effect of numerical scheme on Verification study for lift coefficient and validation of
pressure coefficient (+17)

Use fine, medium and course meshes to conduct your V&YV analysis. For this exercise only, find
one partner in the class to form a group, one student will run V&YV using first order upwind scheme,
the other will use 2" order upwind scheme. Then, you must borrow the figures/data from the other
student and present in your lab report.

Based on verification results for lift coefficient, which numerical scheme is closer to the
asymptotic range? Which numerical scheme has a lower mesh uncertainty? Discuss the
verification and validation for pressure coefficient. For which locations of 29 points the pressure
coefficient has been validated? For which locations the pressure coefficient has not been validated?
e Figures need to be reported: Figures in V&V excel sheet for 1%t and 2" order numerical schemes.
e Data need to be reported: Tables in V&YV excel sheet for 1% and 2" order numerical schemes.
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9.3. C mesh generation (+5)

Follow the instructions in the manual and create the geometry and mesh manually. Does the lift
coefficient for C mesh differ from O mesh? For iterative history of lift coefficient, what is the
minimum iteration number for you to determine the lift coefficient has converged to a “constant”
value?

e Figures need to be reported: C mesh generated by yourself, time history of lift coefficient.

e Data need to be reported: converged lift coefficient.

9.4. Effect of angle of attack on airfoil flow (+12)

Compare results from AOAG6 (6 degree angle of attack) and O-Domain-R5 (0 degree angle of
attack) meshes. O-Domain-R5 and AOA has the same mesh with the different angle of attack.
Analyze the difference of the flow field. Which case has a higher lift coefficient, which has a
higher drag coefficient?

e Figures need to be reported (for both attack angles): pressure contours, comparisons with EFD
on pressure coefficient distribution, velocity vectors near airfoil surface, streamlines near the
airfoil surface.

e Data need to be reported (for both attack angles): lift and drag coefficients.

9.5.  Questions need to be answered when writing CFD report

9.5.1. Answer all the questions in exercises 1 to 4
9.5.2. Analyze the difference between 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# 55) for CED Lab 2
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

5

10

20

45

20

100
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