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1. Purpose

The Purpose of CFD Lab 2 is to conduct parametric studies for turbulent flow around Clark-Y airfoil
following the “CFD process” by an interactive step-by-step approach. Students will have “hands-on”
experiences using ANSYS to investigate the effect of angle of attack and effect of different turbulence
models on the simulations results. These effects will be studied by comparing simulation results with EFD
data. Students will analyze the differences and possible numerical errors, and present results in Lab report.
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Flow chart for “CFD Process” for airfoil flow




2. Simulation Design

In EFD Lab 3, you have conducted experimental study for turbulent airfoil flow around a Clark-Y airfoil
(Re~300,000). The data you have measured were used for CFD PreLab 2. In CFD Lab 2, simulation will be
conducted under the same conditions of EFD Lab 3, except angle of attack and turbulent models that will be
changed in this lab.

The problem to be solved is turbulent flow around the Clark-Y airfoil with angle of attack (o)

Table 1 - Geometry dimensions

Parameters Symbol Unit Value
Chord Length C m 0.3048
Domain radius Rc m 12
Angle of attack o m 16

Figure 1 — Geometry



3. Opening ANSYS Workbench

3.1. Start > All Programs > ANSYS 17.1 > Workbench 17.1
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3.2. From the ANSYS Workbench home screen (Project Schematic), drag and drop a Geometry, Mesh, and
two Fluent component from the Component Systems drop down menu onto the Project Schematic.
Project Schematic should resemble the schematic below. Rename the components as per below.
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3.3. Create a Folder on the H: Drive called CFD Lab 2.
3.4. Save the project file by clicking File > Save As...
3.5. Save the project onto the H: Drive in the folder you just created and name it CFD Lab 2 Turbulent Flow.



4. Geometry

4.1. Right click Geometry then select Import Geometry > Browse... Select airfoil.igs and click OK.
Note: The airfoil geometry is found on the class website http://user.engineering.uiowa.edu/~fluids/
under the heading CFD PreLab2.
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4.2. Right click Geometry and select Edit Geometry in DesignModeler...
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http://user.engineering.uiowa.edu/%7Efluids/

4.3. Click Generate.

4.4. Select Sketching > Constraints > Auto Constraints. Enable the auto constraints option to pick the
exact point as below.
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4.5. Create > Body Transformation > Rotate. Select the airfoil and click Apply. Click the yellow box
labeled Axis Selection then click the XYPlane in the Tree Outline, then click Apply. Change the
Angle to 16° and click Generate.
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4.6. Select XYPlane and click New Sketch button.

Z] o)
¥Y¥Plane - }1-
B Thin/Surface

Mone

Tree Qutline

File Create Concept Tools Units View Help

select |y B+ | @ B E @
=

il

‘.j Generate §f Share Topolog

@ Blend = % Chamfer W1 Slice
BladeEditor: {3 Import BGD  #2]Load BGD [<i:|Load NDF

@ Point 37 Conversio
= FlowPath ¢/ Bla

-

2 Turbulent FLow

= ,["1 A; CFD Pre-la

J‘,ﬁ. #Y¥Plane
7 ZXPlane
....... 7= YZPlane

....... ” @ Impurt'l
- M@ 2 Parts, 2 Bodies

4.7. Select the sketch you created and click sketching button.
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4.8. Sketching Toolbox > Draw > Circle. Click on the xy-plane origin and click behind the airfoil. (Click z-
arrow at right bottom to set the view as perpendicular to xy-plane)
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4.9. Sketching Toolboxes > Dimensions > General. Click on the circle and change the diameter to 12m.
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4.10. Concept > Surface From Sketches. Select Sketchl from the Tree Outline, click Apply, then click
the Generate button.
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4.11. Create > Boolean. Change operation to Subtract then select the circle for Target Bodies and click
Apply then select airfoil (click on the airfoil until only the airfoil’s color turns yellow) for Tool Bodies
and click Apply then click Generate. This will subtract the airfoil surface from the circle.
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4.12. Concept > Split Edges. Select the perimeter of the circle and click Apply. Select Generate. This
should split the circle into two semicircles. You can see the semicircles by selecting the perimeter above
and below the x-axis.

4.13. Repeat the process from 4.12 on the two semicircles. This should yield four circular quadrants.

4.14. Repeat this process for the arc in quadrant IV (lower right). Change the Fraction to 0.822222. This
splits the arc into a 16° and a 74° arc.
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4.15. Concept > Lines From Points. Draw a line from the point on the circle to the point on the airfoil
making sure to hold Ctrl while doing so. (Note: The point on the front part of the airfoil is not exactly on
the origin, you need to make sure to select the point on the airfoil and not the origin. Zoom in and find the
point just below the origin and select that point. The images below show the locations of the points circled.
When selecting points to generate lines with, be sure to select the point on circle and then the point on the
airfoil as to avoid complications when sizing mesh).
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4.16. Once you select both points click Apply, then click Generate.

4.17. Repeat this process creating lines from the edge of the circle to the airfoil starting from the circle and
ending at the airfoil (A to A’, Bto B’ and C to C’). The images below show the locations of the points on
the airfoil and the points on the circle.

4.18. Tools > Projections. Select the four lines you created for Edges and select the circle for Target then
click Generate. This will split your geometry into four sections

A: CFD Lab 2 Turbulent Flow - DesignModeler

ile Create Concept | Tools Units View Help

NEHE & | {6 frea N
« W~ A~ A~ & Unfreeze

Plane + 3 | @ Named Selection -

Thin/Surface @.B| 2 Attribute int

Mid-Surf 1

Jadekditor: £ import :Ja‘im urees 2 i

BES = (@ endosue
Outline Face Split L
/I8 A: CFD Lab 2 T gy symmetry
Syt K¥Plane o Fil

ﬂ.'tZXﬂ;I Sket [ Surface Extension
v °" | [ Surface Patch
5t VZPlane Y Surface ) ©

& Surface Flip

,,@ Import?
.yl Rotatel I Solid Extension (Beta)

[y SurfaceSk| # Merge

-, /Y Boolean1 L3

=™~ EdgeSplit] @ Projection
™~ EdgeSplitd B Conversion

~
g EdgeSplit3 B weld
™ EdgeSpl

" Line? Repair >
*s Lined
” -
A Tools r
o Linelg | %A MM HEN TS
w@ Projection Parameters
B 5Parts St piecirgnics »
? Upgrade Feature Versien... _—
ketching  nModeling
—r s Options...
lils View

12



4.19. Tools > Merge. Change the Merge Type to Edges. Select the 16° arc and the arc in quadrant | and

select Apply. Click Generate. This merges the lines into one line which can be sized for meshing easier.

4.20. File > Save project and exit.

5. Mesh Generation

5.1. From the Project Schematic right click on Mesh and select Edit... from the dropdown menu.
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5.2. Right click Mesh then Insert > Face Meshing. Select the four surfaces while then click Apply.
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5.3. Right click Mesh and Insert > Sizing. Select two edges as per below and change the parameters as per
below. You might need to change the cursor to “Edge selector” at this moment.
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5.4. Right click Mesh and Insert > Sizing. Select two edges as per below and change the parameters as per
below.

Details of "Edge Sizing 2" - Sizing
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5.5. Right click Mesh and Insert > Sizing. Select all for lines leading from the circle to the airfoil surface, and
click Apply. Change parameters as per below. Note: If you did not create the lines starting from the outer
circle and ending on the airfoil surface, you may have issues with biasing. If this is your case, size the
lines individually makmg sure that the sizing is finest at the surface of the airfoil.
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5.6. Right click Mesh and Insert > Sizing. Select the surface at the top of leading edge of the airfoil and

click Apply. Change Parameters as per below.

Details of "Edge Sizing 4" - Sizing
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5.7. Right click Mesh and Insert > Sizing. Select the surface at the bottom of leading edge of the airfoil and

click Apply. Change Parameters as per below.
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5.8. Right click Mesh and Insert > Sizing. Select the surface at the top of trailing edge of the airfoil and

click Apply. Change Parameters as per below.
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5.9. Right click Mesh and Insert > Sizing. Select the surface at the bottom of trailing edge of the airfoil and
click Apply. Change Parameters as per below.
|

Details of "Edge Sizing 7" - Sizing
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5.10. Click on Mesh under the Outline, under the Details of “Mesh’, change the Physics Preference from
Mechanical to CFD. This changes the grid solver to a fluids style solver rather than a FEA style solver.
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5.11. Click Generate Mesh. Click on the Mesh button under the Outline and make sure it resembles the
mesh below.
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5.12. Hold Ctrl and select the two left most semicircle arcs, right click on them and select Create Named

Selection, name the selection inlet. Use the edge select button from the toolbar.
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5.14. Select the four arcs that make the airfoil, right click and Create Named Selection and name it airfoil.
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5.15. Now use the face button to select the four semicircle quadrants and Create Named Selection and
name them fluid.
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5.16. File > Save Project. Exit the window.
5.17. Right click Mesh and select Update from the dropdown menu.
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6. Setup

6.1. From the Project Schematic right click on Setup and select Edit...
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6.2. Select Double Precision and click OK.
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E Fluent Launcher (Setting Edit Only) -

ot
| Double Precizion I

Proceszsing Options

(® Serial
() Parallel

| Show bore Options

Cancel Help -

O >

Fluent Launcher
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6.3. Solution Setup > Models > Viscous —Laminar > Edit... Change the parameters as per below and click
OK. (For the k- case, you will select k-omega (2 eqn)).

k-¢ model

lree Task Page Viscous Model x
~ a Setup Models Model Model Constants
Models O Inviscid Cmu K
& Materials Multiphase - Off taminar )
& Cell Zone Conditions mern -
E Boundary Conditions ‘5“5 - Lanar T komegs (2 ean Cz‘ =
Dynamic Mesh adiation - - -Epsilon
@ Reference Volues Hest Exchanger - Of e
v g Solution species - Off O Reynolds Stress (5 d ) TKE Prandtl Humber
@ Solution Methods Discrete Phase - Off s
2 o Solidification & Melting - Off | O Scale-Adaptive Simubtion (SAS) v
&' Selution Controls Acoustics - OFF O Detached Eddy Simulation (DES) =
Menitors Electric Potential - O ; )
Report Definitions k-epsion Model User-Defined Functions
Report Files ® standard Turbulent Viscosity
Report Plots O RNG none b
Solutien Initialization O Realizable Prandt! Humbers
I Calculation Activities Near-Wal Treatment TKE Prandtl Number
. @ Rjemz{l:: Caleulation O standard Wall Functions L1E i
O Scalable Wall Functions TOR Prandtl Humber
B Graphics O Non-Equilbrium Wall Functions none -
g Q;!:Etmm Help ® Enhanced Wall Treatment
& Reports O Menter-Lechner
i Parameters & Customization @ Uzz=efive 12 e
Enhanced Wal Treatment Options
[ pressure Gradient Effects
Options
[ curvature Correction
[ Production Kato-Launder
[ Production Limiter
. Cancel | Help
k- model
Tree Task Page Viscous Model ®
Models Model Model Constants
Models O Inviscid Alpha*_inf &
: . L ]
¢ Materials Multiphase - Off 8 ;?l:rat:,hllrmms (1 eqn) 1
& Cell Zone Conditions (™ Loencion [ aan SLEIRLCT
7+ Boundary Conditions
! Dynamic Mesh adiation - () Transicion omega (3 egn) Eiataihi
@ Reference Values Heat Exchanger - Off O Transition 55T (4 eqn)
~ G Solution Species - Off O Reynolds Stress (5 eqn) Beta_i
@ Sclution Methods Discrete Phase - Off Eynolds stress L3 ean
T Solidification & Melting - Off | O Scale-Adaptive Simulation (SAS) v
I\f?o‘:\i‘tznrs omtrets Acoustics - Off O Detached Eddy Simulation (DES) - -
Electric Potential - Off
Report Definitions k-omega Model User-Defined Functions
Report Files @ standard Turbulent Viscosity
Report Plots O BsL none -
'H] Solution Initialization O s5T Prandt] Numbers
I-‘:i Calculation Activities lcomega Options TKE Prandt! Number
@ R}esjltj: Calculation Edit... [ Low-Re Corrections nong A
@ Graphics Shear Flow Corrections SDR Prandtl Number
EH Animations Help Options fone e
B Plots [ curvature Correction
&> Reports [ production Kato-Launder
in Parameters & Customization [ production Limiter
Cancel | Help
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6.4. Solution Setup > Materials > air > Create/Edit... Change parameters as per experimental data and

click Change/Create.

C:K-e Fluent@L-COI u
s@ec /AT ®

jowa.edu [2d, dp, pbns, ske] [ANSYS Academic Teaching Advanced]

Setting Up Domain | Setting Up Physics | User-Defined | Solving || Postprocessing || viewng | Paralel | Design | @

& Diplay.. ’ ﬁk TETER Combine _  Delete... Append B Dynamic Mesh... Mark/Adapt Cells || = Creaf]
T Smooth/Swap... | Separate  Deactivate.. Replace Mesh... Mixing Planes... 1Bl Manage Registers... || Mana)

@mro | heck Qualty unts... Reorder  _|| Adjacency.. Actiate.. Repiace Zone.. More i
Mesh Zones Mesh Models Adapt Surfal

Tree Task Page = i Wesh
=
v @ setup Materials
2 General
5 ga Materials
> O}

Order Materials by
® Name
O chemical Formula

Fluent Database...
User-Defined Database...

Solid
°a‘| uuuuu m Create/Edit Materials
& Reference Values Name Material Type
~ @ Solution [ar | [ fuid v
2 Solution Methods Chemical Formula Fluent Fluid Materials
&° Solution Controls [ | [ar -
Migture
none -
roperties
Density (ka/m3) constant ~ | EdE...
[1.1885 |
Viscosity (kg/m-s)| constant ~ | |Edit...
[1.8306e-05 |
Create/Edit... |
Help
Change/Createfl | Delete Help

Use the air properties at the room temperature when you conducted EFD Lab3
website to calculate air properties from the temperature:
http://www.mhtl.uwaterloo.ca/old/onlinetools/airprop/airprop.htmi

The values in the figure above are for 24° temperature.

. You can use the following

NOTE: viscosity used in ANSYS is the dynamic viscosity (kg/m-s), NOT kinematic viscosity (mz/s )
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6.5. Solution Setup > Boundary Conditions > inlet > Edit... Change parameters as per experimental data
(blue box) and default values (red boxes) and click OK. The experimental value can be found from the
EFD Lab 3 data reduction sheet.

k-£¢ model
Tree Task Page X~ Me
~
e e Setup Boundary Conditions
E General
» HS Models F"ter
> E Materials @
s & Cell Zon Zone
. Velocity Inlet %
= Dynamic Mesh Zone Name
@ Reference Values interior-fluid |in|et |
v Selution outlet
2 Solution Methods surface_body Momentum | Thermal  Radiation  Species = DPM  Multphase  Potential = UDS
# Solution Controls Lﬁ
L N o .
Velocity Specification Metho x
> Monitors ty Sp
Report Definitions Reference FramelAbsqute - |
Report Files Supersonic/Initial Gauge Pressure (pascal)|0 |cons|3nt - |
Report Plots
¥Meloci s constant v
't.=|:| Solution Initialization y (m/ | |
> Fl Calculation Activities Y-Velocity (my's) |0 || constant -
*} Run Calculation Turbulence
v @ cR;;su'ts Specification Meth0d|K and Epsilon -
> 8 Graphics
.p . Phase Type Turbulent Kinetic Energy (rr12f52)|0.08 ||conslant hd
» T Animations mixture ~ | | velocity-il
> 12, Plots —_— Turbulent Dissipation Rate (rr12f53}|?.4| ||cons|3nt -
> g Reports @
> & Parameters & Customization Parameters...
| o
Display Mesh...
k-® model
Tree Task Page X~ Mes|
-
e a Setup Boundary Conditions
B General
> BS Models Fitter
> &
3 i Zone
N Eoundare Conditions Velocity Inlet x
! Dynamic Mesh Zone Name
@ Reference Values interior-fluid |in|et
v Selution outlet
@ Solution Methods surface_body Momentum | Thermal  Radiation  Species = DPM  Multiphase = Potential = UDS
< Solution Contrels
[ N 5 .
Velocity Specification Method{ Components hd
> Meoniters Tty Sp l—L |
Report Definitions Reference Frame|Absqute - |
Report Files Supersonic/Initial Gauge Pressure (pascal)|0 |consl3nt - |
Report Plot:
i spomRE XVelocity (mys)LL3 | constant v|
t-0 Solution Initialization
> 1l Calculation Activities Y-Velocity (m/s)|0 || constant -]
=} Run Calculation Turbulence
v @ gsmts Specification Meth0d| K and Omega - |
> 58 Graphics
.p R Phase Type Turbulent Kinetic Energy [m2js2)|0.08 ||cons|3nt - |
> I Animations A o §
mixture velocity-ir o
> & Plots pr—— Specific Dissipation Rate (1!5)|9 ||consl3nt - |
| Fdit, |
> g Reports -— IE
> &% Parameters & Customization Parameters...
Op| OK| | Cance
ooy M| L2
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6.6. Solution Setup > Boundary Conditions > Outlet > Edit... Change the parameters as per below and
click OK. (Use outlet B.C. for both k-g and k-m models)

Tree Task Page X~ Mes|
)
h ﬁ 3etup Boundary Conditions
E General
> B Models Fiter |l +
> & Materials @
s @ Ce - Zone @
> 0 airfoil
) =
& Dynamic Mesh inlet B pressure Outlet bt
@ Reference Values . el Zone Mame
hd Selution |0utlet
@ Solution Methods surface_body
#° Solution Controls Momentum  Thermal = Radiation Species  DPM Multiphase Potential  UDS
> Monitars
Report Definitions Backflow Reference Frame | Absolute A
Report Files Gauge Pressure (pasml)|[] constant =
' Report Plots Backflow Direction Specification Method | Normal to Boundary -
. Solution Initialization
10 P
Average Pressure Specification
> B Calculation Activities D g P
=} Run Calculation [ Target Mass Flow Rate
hd 9 Results Jurbulance
> € Graphics Phase Type | Specification Method | Intensity and Viscosity Ratio -
’ E ‘s‘l”“'”at"’”‘ micture | pressu Backflow Turbulent Intensity (%)[3.25 IE
> =, Plots i
> &> Reports Edit... [ Backflow Turbulent Viscosity RatiolU.UUBSI | [
> B Parameters & Customization Parameters... |:
Display Mesh... ] @ cancel | | Help

6.7. Solution Setup > Reference Values. Change parameters as per below. The Velocity, Temperature,
Density, and Viscosity should be entered from EFD data.

Tree Task Page X
v @ Setup Reference Values
B General Compute from
> HS Models =
> & Materials
> & Cell Zone Conditions Reference Values
Area (m2)|0.3048 |
Density (ka/m3)|1.1885 |
Reference Values
hd Solution B tm}|1 |
% Solution Methods Enthalpy (i/ka)|0 |
2" Solution Controls Length Em}|1 |
> Monitors
Report Definitions Pressure (DESGMU |
Report Files Temperature (k)[297.15 |
Report Plots Velocity [m,"s}|15 |
't=|:| Solution Initialization ) )
> [El Calculation Activities LR [kgfm5}|1.33gﬁe-[]5 |
=} Run Calculation Ratio of Specific Heat5|1.4| |
v @ Results ] Reference Zone
» € Graphics -
m Il H b




6.8. Solution > Solution Methods. Change parameters as per below for both k-¢ and k-® models.

Tree Task Page X

@ setup Solution Methods

W
Pressure-Velocity Couplin
Solution Methods = ty oo
& Solution Controls cheme
Monitors S f
Report Definitions patial Discretization
Report Files Gradient
Report Plots Green-Gauss Cell Based -
't=|] Selutien Initialization Pressure
ﬂ' Calculatlonﬁ.lctn.ﬂtles Standard -
=/ Run Calculation
Momentum
@ Results ;
Second Order Upwind hd

i Parameters & Customization
Turbulent Kinetic Energy

Second Order Upwind hd
Turbulent Dissipation Rate
Second Order Upwind -

Transient Formulation

Mon-Iterative Time Advancement
Frozen Flux Formulation
Pseudo Transient

] warped-face Gradient Correction

[ High Order Term Relexation | Options...

Default

6.9. Solution > Solution Controls. Change Parameters as per below. (If you have problems with the
solution converging, you can decrease the Under —Relaxation Factors.)

Tree Task Page X
g ze'i“f_ Solution Controls
= ,: HHen Under-Relaxation Factors
¥ E I T
Ll
& Solutien Controls Body Forces
Maonitars |1 |
Report Definitions Momentum
Report Files 0.5 | Make sure you
Report Plots Turbulent Kinetic Energy scrolled down
'tzu Selution Initialization |IJ 3 |
B Calculation Activities —
& . Turbulent Dissipation Rate
-4 Run Calculation | |
@ Results 0.8
i- Parameters & Customization Turbulent Viscosity
1 IE
Defaul
Equations... | | Limits... | | Advanced...
Help
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6.10. Solution > Monitors > Residuals —Print, Plot > Edit.... Change the convergence limit to 1e-05
for all five equations.

Mesh

Tree Task Page =i
A
Semp_ Monitors ‘
v Solution ) . ut
> Solution Methods Residuals, Statistic and Fo Residual Monitors
> - m
olution Contro ) )
| . Monitors Statistic - Off Options ions
Report Definitions Print to Console I%I
Report Plots Window
y-velocity
L Solution Initialzation Create | Ed | B [ B ave e TR
@ Calculation A.CtIVItIES Surface Monitors . _
=} Run Calculation Iterations to Plot epsilon

@ Results

i Parameters & Customization

Iterations to Store
1000 S

Create... | | Edit... | Del

1le-05
e-05
e-05
e-05
1e-09|

KA A A E
KA A A E

i

Residual Values
[ Normalize

Scale

Convergence Criterion
Iterations absolute -

5

Ak

[ compute Local Scale

Volume Monitors

Plot | | Renormalize | | Cancel | Help

6.11.

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

k-¢ model k- model
Tree Task Page X || Tree Task Page
@ setup Solution Initialization @ setup Solution Initialization

v Solution
Q) Solution Methods
" Solution Controls
Monitors
Report Definitions
Report Files

il Calculation Activities
i}’ Run Calculation

@ Results

i Parameters & Customization

tion Methods

Initiali

@ Standard Initialization

Compute from

Reference Frame

@ Rehtive to Cell Zone
O Absolute

Al
Gauge Pressure (pascal)
[o
X Velocity (m/s)
[15
¥ Velocity (m/s)
[o
Turbulent Kinetic Energy (m2/s2)
[0.08
Turbulent Dissipation Rate (m2/s3)
[7.4

Reset | Patch...

In

Reset DPM Sources | | Reset Statistics

Help

v Solution
QD Selution Methods
" Solution Controls
Monitors
Report Definitions
Report Files

Eil Calculation Activities
:j’ Run Calculatien

9 Results

i Parameters & Customization

Initialization Methods
(L b o

® Standard Intialization

Compute from

Reference Frame
@ Rehtive to Cell Zone
O Absolute

.

Gauge Pressure (pascal)

[o

X Velocity (m/s)

[15

¥ Velocity (m/s)

[0

Turbulent Kinetic Energy (m2/s2)

[0.08

Turbulent Dissipation Rate (m2/s3)

o

n Reset | Patch...

Reset DPM Sources | | Reset Statistics

Help
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6.12. Solution > Run Calculation. Change the Number of Iterations to 10000 and click Calculate.

6.13.

 Task Page

Tree x
)‘Setup Run Calculation
hd ﬁ Soluticn -
@ Solution Methods Check Case... | Update Dynamic Mesh... |
%( Solution Controls
= )
. Meniters o Mumber of Iterations  Reporting Interval
Report Definitions 1o00dl |1 E'
Report Files =
Report Plots Profile Update Interval
P, Solution Initialization 1 =]
> (A Calculation Activities | Data File Quantities... | | Acoustic Signals...
Run Calculation
> @ Results =
5 Bk Parameters & Customization 2 ‘

Iteration history should look similar to the one below.

1e-05

1e-06

1e-07

T T T T T T T i
740 1000 1280 1500 1750 2000 2250 2600

[terations

ANSYS

R17.1
Academic

File > Save Project.
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7. Results

7.1. Plotting and Saving Residual History

Solution > Monitors > Residuals —Print, Plot > Edit... > Plot > Ok.

Settng Up Doman | Setting Up Physcs | UssrDafined | Sobing | Postprocessng | Viewng | Panlel | Desgn | @

Domw.. ¥ S 5] Toroborn: ERSSERNRRERY | | combba’, Dok, Apeand: . NS B omanicMesh... | sarigadaptcols || o create |
T SmoothSwap... || Sepate | Deactwate. Reglace Mesh.. Ming Panes... || MO Manage Regters... || E) Manage..
@i | O Quaty [2 Unes.. Reoder  _| Adacency.. Acoate..  Rephce Zone... atie ook Mare al

Tree Task Page x Scated Resduk

~ @ Seup
2 Geersl Monitors -
+ B Mol Resduaks, Statstic and Force Monkors d
» & Materists Y, G
@ Cell Tone Conditions .

» I Boundary Conddtions
B Dynamic Mesh

erations

» e Parareters & Custemneration

File > Save Picture... > Save... Make sure the parameters are as per below and click Save... Name the file
“CFD Lab 2 Residual History” change the file directory to the CFD Lab 2 file you created on the H: drive and

click OK.

Save Picture

Format Coloring File Type Resolution

O EPs (® Color @ Raster  width[os0 [
(® IPEG () Gray Scale Vector

Height|720
() PPM () Monochrome -
PostScript

g —- . Options Window Dump Command
() PNG [v] Landscape Orientation  import -window Yew
() HSF [v] White Background

O VRML

Window Durmp

bt

[Save] (Aol | [ Preview | | close | Heb|
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7.2. Plotting Pressure Coefficient Distribution with CFD and EFD Data

Results > Plots > XY Plot > Set Up... > Load File... Select “Pressure-coef-attack16.xy”. Change the
parameters as per below and click Plot. Save the picture the same way as you did for Residual History but in
this case, name it “CFD Lab 2 Pressure Coefficient Distribution”.

D:K-w Fluent@L-COEDS Lenginuiowa.edu [2d, dp, pbns, skw] [ANSYS Academic Teaching Advanced] — O *

@ RER ITNTE

Setting Up Domain | Setting Up Physics || User-Defined || Solving || Postprocessing || Viewing || Parallel || Design |° o (5 B | ANSYS |
Make Polyhedra Combine Delete... Append Mesh... B Dynamic Mesh...
() Display... ’ ﬁ' Transform . T T
Smooth,/Swap... Separate _ Deactivate... Replace Mash... Overset... Mixing Planes... Adapt  Surfa
] (8] s ap urface
@ mnfo Check  Quality T Reorder  _ || Adiacency.. Actvate.. Replace Zone...
Mesh Zones Interfaces - -
Tree Task Page X Pressure Coefficient
v @ setup o Blmental
Plots
E General AN§1Y__51
> BS Models Plots s
i — Academic
> & Materials XY Plot @
> 3 Cell Zone Conditions Histogram @
> PE Boundary Conditions File
Bl Dynamic Mesh Proﬂl.es: ] Vd
& Reference Values Profile Data - Unavailable
. Interpolated Data
hd % Solution 3 1
@ Solution Methods FFT @)‘ F'I’ESS_UI’E 0H0e+0 ] Ct T e 20
- . Coefficient ] o
& Solution Controls @l ] . .« "
> Monitors s -1.00e+00 - -t
Report Definitions ] .
Report Files 5 2.00e+00 | .t ’
-2.00+00
Report Plots - [
't=E| Solution Initialization Solution XY Plot X
> # Caleulstion Activities | pprions Plot Direction Y. Axis Function B . . .. - om o9 o
@ */ Run Calculstion Node Values X1 Pressure... - Posion (m)
v Results . ; asition (m
@ ) Position on X Axis Y0 Pressure Coefficient -
7 %2 Graphics Position on Y Axis zlo ) 3
» B Animations [ write to File X Axis Function
> Plots Order Points Direction Vector -
> & Reports Surfaces [1/5] = E B
> e Parameters & Customizatiof File Data [1/1] El El El
| airfail E 5 X
inlet
interior-fluid 7 5.3435e-07 1.0049e-05 4.5768e-06 0:09:28 8028 A
7 5.3371e-07 1.0013e-05 4.5603e-0& 0:07:32 8027
outlet
surface_bady 7 5.3308e-07 9.9762e-06 4.551le-06 0:06:02 8026
s\ lab2\1lab2_files‘\dpO\FLU-1\Fluent\5¥5.ip ...
|Axes| |Curves...| |Close|
o=y

=
Done.

Calculation complete.

The application is busy.
Flease wait a moment.
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7.3. Plotting Contour of Pressure

Results > Graphics > Contours > Set Up... Change the parameters as per below and click Display. Save the
picture the same way as you did for Residual History but in this case, name it “CFD Lab2 Contour of

7
Pressure™.
D:K-w Fluent@L-COEDS6-02.engin.uiowa.edu [2d, dp, pbns, skw] [ANSYS Academic Teaching Advanced] — O x
e@aer JATE®E
Setting Up Domain \Setti-lgUpPhysics || User-Defined || Solving || Postprocessing || Viewing || Parallel || Design |° o B < [ ANSYS |
5 Display J 2 Transform Make Polyhedra Combine _  Delete... Append Mesh... B Dynamic Mesh... Mark/Adapt Cels
¥ Smooth/Swap... || Separate _ Deactivate... Replace Mesh... || Overset Mixing Planes... 0 Manage Registers... | ¢ o
. [mrn] P
@ nfo v Check  Qualty Units... Reorder Adjacency...  Activate...  Replace Zone... Turbo Topology... Maore B
Mesh Interfaces Mesh Models Adapt -
Tree Task Page x £ Contours of Static Pressure (pascal) £
v ﬂ Setup A o __m
Graphics and Animations
E General _ ..:., AN%IY_ISL
> B Models Graphics Lt
Ladem
5 & Materials Mesh @
» 3 Cell Zone Conditions Contours
> PE Boundary Conditions Vectors
B Dynamic Mesh Path.lms 7
& Reference Values Particle Tracks |
v ﬁ Solution ©\
% Solution Methods Set U
‘%ﬁ Solution Controls @)\
> Monitors
Report Definitions Contours
sepo: ;Ii Options of
=
7 Se:ﬁ_ Io'rt' it ] Filed Pressure...
1.0 Solution Initialization = Node Values =
> A Calculation Activities & Global Range Static Pressure
2} Run Calculation = Min (pascal) Max (pascal)
hd 9 Results Auto Range -282.6581 375.3145
- Clip to Range = -
- T [ braw Profiles Surfaces [0/5] E |§|
> E Animations T Draw Mesh
> |& Plots airfoil
> g> Reports !"IEt_ .
5 Bk Parameters & Customizai Levels  Setup interier-fluid
20 1 outlet
Lo EL E] S o
Surface Mame Pattern New Surface ~
[ [ surwcetes 31 HEE
axis A g X
clip-surf .0401e-07 6.0389e-07 5.3435e-07 1.004%e-05 4.5768e-06 0:09:26 5028 A
exhaust-fan .0330e-07 6£.0304e-07 5.3371e-07 1.0013e-05 4.5603e-06 0:07:32 8027
fan Y| fution is converged
. 028%e-07 6.0220e-07 5.3308e-07 9.9762e-06 4.551le-06 0:06:02 2026
| Display | | Compute gta to H:\Intro Fluids\lab2\lsb?_ files\dp0\FLU-1%\Fluent\5¥5.ip ... v
ez pee 2
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7.4. Plotting Contour of Velocity Magnitude

Results > Graphics and Animations > Contours > Set Up... Change the parameters as per below and click
Display. Save the picture the same way as you did for Residual History but in this case, name it “CFD Lab 2
Contour of Velocity Magnitude. Zoom in where you can see the airfoil clearly and the change in contour
levels around the airfoil.

D:K-w Fluent@L-COENS6-02.engin.uiowa.edu [2d, dp, pbns, skw] [ANSYS Academic Teaching Advanced] — [} s
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(0 Display... ’ i\: Transform | Make Polyhedra Combine _  Delete... Append Mesh... B Dynarric Mesh... Mark/Adapt Cells
T Smooth/Swap... Separate _ Deactivate... Replace Mesh... Overset... Mixing Planes... [l Manage Registers... Firinr
- [mrn]
@m0 _ Check  Quality Unts... Reorder  _|| Adjacency.. Actvate.. Replace Zone... Turbo Topology... More i
Mesh Zones Interfaces Mesh Models Adapt -
Tree Task Page X & Contours of Velocty Magnitude (m/s) B
v ﬂ Setup _ o
Graphics and Animations
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> B Models ST At:%:!‘fjcl
> & Materials Mesh @
> 3 Cell Zone Conditions Contours
» % Boundary Conditions VE‘IO_VS
Bl Dynamic Mesh Patl'!llnes Vd
& Reference Values Particle Tracks
v ﬁ Solution @
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#° Solution Controls @)\
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> &l Caleulation Activities Velocity Magnitude
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Draw Profiles Surfaces 0,
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L Se—
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exhaust-fan .0330e-07 6.0304e-07 5.3371e-07 1.0013e-05 4.5603e-06 0:07:32 8027
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7.5. Plotting Velocity Vectors at Trailing Edge

Results > Graphics and Animations > Vectors > Set Up... Change parameters as per below and click
Display. Save the picture the same way as you did for Residual History but in this case, name it “CFD Lab 2
Vectors of Velocity at Trailing Edge”. Zoom in on the trailing edge.

> B Models

> 5 Materials
>
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> Bk Parameters & Custo | Custom Vectors... outlet 2 1el
surface_body 2 08e+10
Surface Name Pattern 1.04e+00
[ ] 1.19e-02 0 1oy
——
Surface Types [0/31] E| E| E|
axis ~ [ F X
clip-surf 2 2.0401e-07 6.0389e-07 5.343%e-07 1.0049e-05 4.5763e-06 0:09:26 8028 "
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7.6. Plotting Streamlines Close to Airfoil Surface

Results > Graphics and Animations > Contours > Set Up... Change parameters as per below and click
Display. Save the picture the same way as you did for Residual History but in this case, name it “CFD Lab 2
Streamlines Close to Surface”. Adjust Min and Max values until streamlines cover the airfoil.

100 3] outet

surface bodv

Surface Name Pattern
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Bl Dynamic Mesh Pathlines V4
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v % Solution @
@ Solution Methods Set Up...
" Solution Controls @l
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Report Definitions Contours
Report Files Qotinns Contours of
g ReportPlots I e [Velocty...
G0 Solution Initialization Node Values
> Al Calculation Activities Global Range |Stream Function
:; Run Calculation O Min (ka/s) Max (kg/s)
v @ Results e [101 |[108
O | P e
S [ braw Profiles Surfaces [0/5] 1=l &
> B Animations [ Draw Mesh
>[5 Plots airfoil
> g Reports inlet
> s Parameters & Customizal Levels  Setup interior-fluid

[ Mot suace e {0731 B
axis ~ E [
clip-surf .0401e-07 €.0389e-07 5.3435e-07 1.004%e-05 4.5768e-06 0:09:26 8028
exhaust-fan .0330e-07 €.0304e-07 5.3371e-07 1.0013e-05 4.5603e-06 0:07:32 8027
fan ¥ | Qlution is converged
.0289e-07 €.0220e-07 5.3308e-07 9.9762e-06 4.5511e-06 0:06:02 8026
Bta to H:\Intro Fluids\lab2\lab2_files\dp0\FLU-1\Fluent\S¥5.ip ... v
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7.7. Printing Lift and Drag Coefficients

Results > Reports > Forces > Set Up... Change parameters as per below and click Print. This prints out the
drag force. If you change the X parameter to zero and the Y parameter to 1, this prints out the lift force. Save
the coefficients by clicking Write. This creates a text file of what was printed on the screen. Name the file
“Drag Coefficient” or “Lift Coefficient™.

T ¢ Up Do | Settig Up Physes || UserDefied | Sobig | Posseocssing | Viewng | Puabel | Desgn | @ : ) o h. I
ooy o * Em«-{m' Haasiiinsy || Combine _  Debte.. Aopend || b B Lrmamic Hesh... Hirk/adat Cels  _ || o Create
Smooth/Swao... || Separate | Deactwite... Replce Mesh... || 0o Meting Planes.. 0 Mamage Regsten... || @ Manape...
@ O quky [Fues. Racedar Afcency..  Achate...  Repice Zons, i Topeng Wora i
Mesh Zones Interfaces  Madh Modele Adapt L surfaes

Conours of Stream Functon (kals)

Vincome
(0. 51638505 ~0.019043493 0}

[0.5163080% ~0.039043453 D) 10.25351553 1. 1444333 00

Zone FresmaTe Viscous Toral Pressare Viscous oral
£ge 0. 351 0.51838809 10248077 02435154 0.012670988 -degLeds2
et 10.331688 0.51638909 10.242077 D.35381883 0,012670985 paesttess
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8. Exercises

Parametric Studies of Turbulent Flow around an Airfoil

e You must complete all the following assignments and present results in your CFD Lab 2 reports

following the CFD Lab Report Instructions.

e Use “CFD Lab2 Report Template.doc” to save the figures and data for each exercise below.

e Use the benchmark EFD data from the class website if your EFD Lab 3 data are with a different
angle of attack than 16 degrees.

1. Effect of angle of attack.
Use the same flow conditions as those in your EFD Lab 3, including geometry (chord length) and
setup (Flow properties, Reynolds number, inlet velocity), EXCEPT use angle of attack 16
Degrees regardless of AOA in you EFD Lab 3. Use k-g model, 2" order upwind scheme, double
precision with iteration number (2000) and convergent limit (10®).
e Figures need to be saved: 1. Time history of residuals (residual vs. iteration number); 2.
Pressure coefficient distribution (CFD and EFD), 3. Contour of pressure, 4.Velocity vectors, and 5.
Streamlines
e Data need to be saved: lift and drag coefficients

2. Effect of turbulence models

2.1. Use the same conditions as those in exercise 1, EXCEPT using the “k-o” for “viscous models”.

Set up the boundary conditions following instructions part, set the iteration number to be (2000), and

convergent limit to be 10°°. Perform the simulation and compare solutions with the simulation results

using “k-&” model (you have finished in CFD PrelLab?2)

e Figures need to be saved: 1. Time history of residuals (residual vs. iteration number); 2.
Pressure coefficient distribution (CFD and EFD), 3. Contour of pressure 4. Velocity vectors, and
5. Streamlines

e Data need to be saved: lift and drag coefficients

3. Questions need to be answered in CFD Lab2 report:
Using the figures obtained in exercises 1 and 2 in this Lab and those figures you created in CFD
PreLab2 to answer the following questions and present your answers in your CFD Lab 2 report.
Note: These questions are also available in the “CFD Lab2 Report Template” where you will type
answers.
3.1. For Exercise 1 (effect of angle of attack):
(1). Which angle of attack simulation requires more iterations to converge?
(2). Which angle of attack produces higher lift/drag coefficients? Why?
(3). What is the effect of angle of attack on lift and drag coefficients?
(4). Describe the differences of streamline distributions near the trailing edge of airfoil surface for
these two different angles of attack. Do you observe separations for both? If so, does the
separation occur at the same location?
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3.2. For Exercise 2 (different turbulence models):
(1). Do the two different turbulence models have the same convergence path? If not, which one
requires more iterations to converge.
(2). Do the two different turbulence models predict the same results? If not, which model predicts
more accurately by comparing with EFD data?
3.3. For the following contour plot, qualitatively compare the values of pressure and velocity
magnitude at point 1 and 2, if the flow is from left to right. Which location has higher pressure
and which location has higher velocity magnitude? Why?

3.4. Questions in CFD PreLab?2.
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