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1. Purpose

The Purpose of CFD Lab 2 is to condpatametric studiesfor turbulent flow around Clarky airfoil
followingtheAR CF D pr ocess 0 b3pysatne pi natpeprraocatcihv.e Ssttaetdpe nt s wi
experiences using FlowLab to investigate dffect of angle of attackandeffect of different turbulence

modelson the simulations results. These effects will be studied by comparing simulation resultsvith EF
data. Students will analyze the differences and possible numerical errors, and present results in Lab report.
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2. Simulation Design

In EFD Lab 3, you have conducted experimental study for turbulent airfoilaitound a Claky airfoll
(R€”300,000. The data you have measured wasel for CFD Préab 2 In CFDLab 2, simulation will be
conducted under éhsame conditions of EFD Lab 3, except angldtatk and turbulent models thaill be
changedn this lab

The problem to be solved is the turbul8aw around the Clarky airfoil with angle of attack)(

| Close I

In the figure aboveC is the chord length of the airfoid is the angle of attackandRcis the radius of the
AO0 domai n

3. CFD Process

Step 1: (Geometry)

Geometry

Select Geometry Clarky |

Felect Domain O type |

Chord Length (C) |i0.3048 m _||
Angle of attack  [[15

Mesh Type  Map |

Circle Radius [ m _||

Reset | Create Hext =




Choos eYd Cdiarr fkotypeé 0 a ch ainpdt itba following conditions:
Select Geometry(Clarky)

Select domairfO type)

Chord length(0.3048 m)

Angle of attac16 degree}

Mesh typg(Map)

Circle Radius Rq6m)
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You need to push ficreateodo butt cgestatakeefiecty ou ent er

There aretwo angles of attack available EFD Lab3for all the groupsi.e., 0 and 16 degreesin CFD
PreL&2, you have conducted the simulation O degreein CFD Lab 2, t effect afargle t i ¢
attackd(exercise 1)youwill simulate angle of attack6é degreesand compare with CFD Prelab2 resufis

i nvest idfectoéturbbulerece nmiodels (exercise 2)you will use thesameangleof attack i.e., 16
degree and compare with results from exercise 1.

Step 2: (Physts)
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Since we are not dealing with the thermal aspects of the flow, like heat transfer, etc., switehidla¢
Transfer >> buttonOFF, which is the default setup.

(2). Incompressible
Choose fil ncompgstleseaulbsetgdo, whi ch i

(3). Flow Properties



Density Constant — | IEHﬁBE kog'm3 |

viscosity |} G336e-003 kg/m-s -'|

Reset | 0K

Use the air properties at the operating temperature of your EFD Lab3 and<shék>>. You can use the
following website to calculate air properties if you know the temperature:
http://www.mhtl.uwaterloo.ca/old/onlinetools/airprop/airprop.htmi

The values in the figure above are for & temperature.

NOTE: viscosity used ifFflowLab is thedynamic viscosity(kg/ mC), NOT kinematic viscosity(m?/s)

(4). Viscous Model
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(5). Boundary Conditions
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| variables [ u (mrs) [ v (mes) [P (Pa) | K (mz/s2) | & (mzss3)
| Magnitude EE E IE |0.06 |74 k-e
| Zero Gradiel | = | = | - | _ I _
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http://www.mhtl.uwaterloo.ca/old/onlinetools/airprop/airprop.html

[ variahles [ u gmss) [ v (mss) [P (Pa) | K (mz/s2) [ w (175)
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| Zera Gradien || |- [ - [- [- [~
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At Oufieto , FIl owLab wuses magnitude for pr emsleites. énpua nd

i 0 0 aluge presgure and die<OK>>.
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At Airfoil 0 i f fl ow i s t usslipbourearytcondittohsdowuelachies arsl egressure

gradient. Turbulent quantities k andaee also specified to be zero, except for omega (w), on which zero
pressure gradient aligd. Read all the values and clieikOK>>.
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(6). Initial Conditions

Use the default setup for initial conditions.

| variahles [ P (Pa) [ u tmis) [ v (mis) | K (mzss2) | & tmziz3) 3
-e
| Magnitude E RE E |i0.0a |74
Reset OK
| variables [P (Pa) [ u (mes) [ v (mvs) | K (mzss2) [ w (175) W
| Magnitude E BE E |i0.0a IE
Reset Ok

After specifying all the above parameters, clickCompute>> button and FlowLab will automatically
calculate the Reynolds nurer based on the inlet velocitgirfoil chordlength and flow propertiesClick
<<Next>>,itt akes you t dleshohe next step, A

Step 3: (Mesh)
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For CFD Lab 2 u Aueomafico me s h i WMgdiunadon dmeBdtdr clicking <<Create>>, mesh
informationwill be displayed. NA and NC are the numbers of grid points on the airfoil surface and radial

direction, respectively.
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Step 4: (Solve)
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Specify the iteration number and convergence limit to20@0 and 10°, respectively.C h o o Beeiblefi
Precisiond , 2" drderd f or numer i chelwd sccahlecmiidk a4l tesataxt, FllvLab will
fire the XY plot for residuals that is dynamically updated during d@eulation Whenever you see the
wi n d &Gaowtion fonvergedd , lick &<OK>>,
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To import the EFD data on top of the above CFD resuiss$,glick <<ile>> button and use the browse

button to locate the file you want and clicklmyport >>. Details have been described in previous CFD
Pre_ab 1 forlaminarpipe flow.

File 170
 Import Data | Browse ...

" Export Data

r

Import Cancel

In this Lab:

1. Since you already created your own EFD Lab 3 data in CFDaBrelit is suggested that you use the
same computer as you used in CFD PrelLatigss if you have saved your work in your network drive
which isrecommended.

2. For exercise 1, you witompare the pressure coefficient distribution witlDEEr an angle ohttack
that may balifferent from your own data iBFD Lab 3. Benchmark data of the pressure coefficients
fordi fferent angles of attack can be dmemawmleadaded
attack can be told from the name of the file, sackPre8surecoefattack06 x y 06 i s t he EFD
pressure coefficient for angle of attack equals 6 degrees.

3. Benchmark datafor lift and drag coefficients alsocan befoundfrom the same placer:
http://www.engineering.uiowa.edu/~fluids/L-@mcuments/ CFD/CFD%20Lab2/Lift.xIs

Step 6: (Postprocessing)

Use the fAcontouro, fAvectoro buttons to show pr es
plot those figures have been explained in detailpravious lab instructionslhe following shows some
sample results only,our simulations in this lab will all be angle of attack 16.
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http://www.engineering.uiowa.edu/~fluids/Lab-documents/CFD/CFD%20Lab2/Lift.xls
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4. EXxercises

Parametric Studies of Turbulent Flow around an Airfoll

1 You must complete all the following assignments ares@nt results in your CFD Lalr@ports

following the CFD Lab Report Instructions.

T Use @ CFtDelnapbl2at e. doc 0 t o ®oraeuch exerdise befow.gur es and

1 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
1.1.Use the same flow conditions as those in your EFD Lab 3, inclggomgetry (chord length
andphysics(Flow properties, Bynolds number, inlet velocityfEXCEPT useangle of attack 16
Degreesregardless of AOA in you EFD Lab 3Useii OO0  nwéttsdomain size6 meters k-e
model, automatic mediummesh 2" order upwind scheme, double precision withiteration
number (2000)andconvergent limit (10°).
1 Figures need to be savedL. Time history of residuals (residual vs. iteration number); 2.
Pressure coefficient distribution (CFD and EFD), 3. Contour of pressurdodityeectors, and 5.
Streamlines
91 Data need to be savedift and drag coefficients

2. Effect of turbulence models
2.1.Use the same conditions as thosexercise 1IEXCEPT usingtheiiwo f or fAvi scou:
Setup the boundary conditions follang instructions paytset the iteration number to #900), and
convergent limit tdoe 10°. Performthe simulation and conape solutions with the simulation results
usi ngo nrkodel (you have finished in CFD PrelLab
1 Figures need to be savedL. Time history of residuals (residual vs. iteration number); 2.
Pressureoefficient distributio(CFD and EFI), 3. Contour of pressure ¥elocity vectors,and
5. Streamlines
1 Data need to be savedift and drag coefficients

3. Questions need to be answerdad CFD Lab2 report:

Using the figures obtained in exercises 1 andtRBigiLab and those figures yoreatedn CFD
PreLab2 tanswer the following questions and presgnir answer#n your CFD Lalk? report

Note: These questionsasdsoa v ai | abl e i-he m levafeydnill tyypd dehswers.
3.1. For Exercise 1 é¢ffect of angleof attack):

(1). Which angle of attack simulation requires more iterations to converge?

(2). Which angle of attack produgkigher lift/drag coefitients? Why?

(3). What is theeffect of angle of attack on lift and drag coefficiénts

(4). Describe the differences streamline distributionsear thdrailing edge oirfoil surfacefor

these two different angles of atta€lo you doserve separations for both?

11



3.2. For Exercise 2 (different turbulence models):
(2). 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 turbuleeamodels predict the same results? If not, wmdldel predicts
more accuratg by comparing with EFD dafa
3.3.For the following contour plot, qualitatively compare the values of pressure and velocity
magnitude apoint 1 and 2, if the flow is from left to right. Which location has higher pressure
and which location has higher velocity magnitude? Why?

rrrr

[ # ] |
P

\:i—lz’

3.4. Questions inCFD PreLab?2.
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