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1. Purpose

The Purpose of CFD PreLab 2 is to simulate turbulent f | ow ar ound Clarky airfoi
by an interactive step-by-st ep approach. St-am&nexspeviileéendayeudihmag

compute pressure, lift and drag coefficients using both viscous and inviscidnodels. Students will validate
simulation results with EFD data measured at EFD Lab 3, analyze the differences and possible numerical

errors, and present results in Lab report.
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Flow chart for ISTUE teaching module for airfoil flow (red color illustrates the
options you will use in this CFD PreLab 2)

2. Simulation Design

In EFD Lab 3, you have conducted experimental study for turbulent flow around a ClarkY airfoil
(Re=300,000) for two angles of attack 0 and 16 degrees. The pressure on the foil surface you have measured



will be used for CFD PreLab 2. In CFD PreLab 2, simulation will be conducted under the same conditions of

EFD Lab 3 (geometry, Reynolds number, fluid properties) at angle of attack O degree using both viscous and
inviscid models. Simulation results will be validated by your own EFD data.

The problem to be solved is turbulent flow around the ClarkY airfoil with angle of attack (a)

| Close I

In the figure above, C is the chord length of the airfoil, a is the angle of attack, and Rc is the radius of the
AO0 domain

3. CFD Process

Stepl: (Geometry)

select Geometry Clarky |
Select Domain O type |
Chord Length (C) |in.3045 Mo — |

Angle of attack |0

Mesh Type Map |

Circle Radius I?I m _||

Reset |  create | HNext> |

Choose o Cdiarrfkope domamndinpui te chord length of the foil and angle of attack O degree.
1. Select Geometry (Clarky)

2. Select domain (O type)
3. Chord length (0.3048 m)




4. Angle of attack (0)
5. Mesh type (Map)
6. Circle Radius Rc (6m)

Click <<Create>>A <<Next>>.

Step 2: (Physics)

| Heat Transfer

Incompressible - |

Flow F'ru:upertiesl

WViscous Mndelsl

Boundary Condition

Initial Cunditiunl
Re # | 2934963 Cnmputel

<Back | Reset | Hext:

(). With or without Heat Transfer?

Since we are not dealing with the thermal aspects of the flow, like heat transfer, etc., switch the <<Heat
Transfer >> button OFF, which is the default setup.

(2). Incompressible
Use Al ncompressibleo. ACompressibledo option is r

(3). Flow Properties

Density Constant - | |E1.1EEE kgfmd |

viscosity |11 6396e-005 kgfm-s _||

Reset | 0K

Use the air properties at the room temperature when you conducted EFD Lab3 and click <<OK>>. You
can use the following website to calcate air properties from the temperature:
http://www.mhtl.uwaterloo.ca/old/onlinetools/airprop/airprop.html

The values in the figure above are for £ temperature.

NOTE: viscosity used in FlowLab is the dynamic viscosity(kg/ mC), NOT kinematic viscosity(m’/s)



http://www.mhtl.uwaterloo.ca/old/onlinetools/airprop/airprop.html

(4). Viscous Model

Viscous Models
Turhulent — |

Two Equation kModel — |

Viscous Models

k-8 Inviscid  — I
Reset | 0K Reset | 0K |

For turbulent flow simulations, choose turbulent model (k-€). For Inviscid flows, choose ii nvi sci d o
click <<OK>>,

(5). Boundary Conditions

Ati | n | we useconstant pressure and constant velocity. Inlet velocity should be computed from the EFD

data reduction sheet and could be different from 15 m/s. Use default values for turbulent quantitiesi k 6 a n d
neo.
1|
Yariahles U (mds Yo (mis P (Pa k (mzis2 e (mz
| Ju i) v (o) HE | ( :I K Turbulent
| Magnitude BE E E 0.0d |§?.4
| Zero Gradiel | = | = | = | = | =
Reset 0K |
| variables [ u (mes) [ v (mvs) | P (Pa)
| Magnitude RE IE E Inviscid
| Zero Gradiel | - | - | -
Reset | 0K
At Oufieto , FIl owLab uses magnitude for pressure and
AR0o6 for the Gaug®OK>pressure and click



| variables | u (mss) [ v (mss) [P (Pay | K (m2/s2) [ e (mess3) |

I Magnitude | - | _ ID I — I — Turbulent

| zero Gradier || | v [ v [ - [ v [ v

| Reset [ OK
[ Variables [ u (mss) [ v (mes) [P (Fa)
| Magnitude [ - [- [0 Inviscid
| Zero Gradiel | ks | by | -
| Reset [ 0K |
On fAirfoil 0 , I f  f 1 ow 1 & usesnosslip holindany tonditioRsl fop welbcries and zero-pressure

gradient. Turbulent quantities k and e are also specified to be zero. If flow is inviscid, then zero gradient is
used for pressure and certain boundary conditions (not discussed in this lab due to its complexity) are used
for velocities. Read all the values and click <<OK>>

| variables [ u gmss) [ v fmss) | P (Pa) [ k (m2rs2) | & (mzrz3)
e E B E E Turbulent
[Zoro aramer ||[° B E B B |
Reset I 0K [

| variables [ u tmis) [ v (mis) | P (Pa)

| Magnitude | - | - | - Inviscid

| Zero Gradiel | = | = | b

Reset 0K |

(6). Initial Conditions

Use the default setup for initial conditions.



| variahles [ P (Pa) [ u tmis) [ v (mis) | K (mzss2) | & (mazisg: |
Turbulent
| Magnitude E RE E |i0.0a |74 Hroen
i
Reset oK |
| variables | P (Fa) [ u (mes) [ v (mes)
- - - Inviscid
| Magnitude E |75 E
Reset | 0K

After specifying all the above parameters, click <<Compute>> button and FlowLab will automatically
calculate the Reynolds number based on the inlet velocity and airfoil chord you entered.

Click<<Next>>. Thi s takes Mesld.t o the next step, i
Step 3: (Mesh)
| wesh
Mesh option
4 Structured
W Ll
Mesh option
& sutomatic
~ hdanual
Mesh Density  Medium |
HA | 112
HC | 153
<Back I Reset || Create I Hext= I
For CFD PreLab 2, uAsueomafico me s hi Mgdiuneon dme@litk .<<Create>>, The mesh

generated will be displayed in the graphic window. NA and NC are the numbers of grid points on the airfoil
surface and radial direction, respectively.
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Step 4: (Solve)

solve

Solver

4 Steady

~r Unsteady

lterations | z000

Convergence Limit |[1e-005

Precision

- aingle

“# Douhle

Humerical schemes &nd order 4 |
A ey

« Back | Reset | Harnis | Hext = |

Specify the iteration number and convergence limit to be 2000 and 10°, respectively.C h o o Beeiblefi
Precisiond , 2" éirderd0 f or numer i chelw sccahlecmelsa titeemend:, FliwLab wilk < <
fire the XY plot for residuals that is dynamically updated during the calculation. Whenever you see the

wi n d &owtion Bonverged , ¢ IOKe2k <<



Solution Converged.

ok |

Step 5: (Reports)

fiReportsd f i r sd¢y opur otvhied ei nf or mati on on dAwal | shear st
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sidual s
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To import the EFD data on top of the above CFD results, just click <<File>> button and use the browse
button to locate the data file you need and click <<Import >>. Details have been described in previous CFD

PreLab 1 for laminar pipe flow.



In this Lab:

File /O

' Import Data | .
" Export Data
-
Import Cancel

1. EFD data for pressure coefficientdistribution should be created in your folder under

H: \myflowlab\SESSION-NAME\* .

The following figure is an example:

Xy 0o ( Exmgfloyldb\prelab2kpressure-EFD.xy)

Step 6: (Postprocessing)

Use t he

sample results.

Acontour o,
plot those figures have been explained in details in CFD Lab 1 and the workshop. The following shows some

fvectoro

b ut tctors All the detailsdnbowtop r e s
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To plot fistreamlineso, f i r st <<Deactivate>> Acontoumbi neofaerdrc
<<Activate>>. Click <<Modify>> butt on and t he ¢ onftuwnucrt ivoarrad .a bUseu
default stream-function values range from the minimum to maximum values through the whole domain. To

illustrate the streamlines close to the airfoil surface, we need re-specify the range of stream-function values.

Click <<Edit>>, using <<lines>> instead of <<Bands>>. Speci fy appropriate con
Amini mumd and @A maxi mu nienysutcan zanmn the negior close  airfoN sarface e s ,

to show the streamlines, as you see in the figure below.
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Color Map:
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[ Contour: stream-function Edit | Minimum |5t§ Restore|

Time: 0 sec. Maximum Restorel

. 4 Time Ste
-1 Vector: velocity vectors Edit | v ;l

0.0000e+000 secs.
Time: 0 sec.

Color: magnitude w Animate Between Time Steps

iy i
1] 8.98902 _I

[ | [ ] ] ] 450080088 S008.
- Streamline: velocity vectors Edit | 3=
Time: 0 sec. SHEGe D8 soos,
Color: magnitude E

1] 8.98902 45

--- - -- v HaEne

Apply | Reset | Close | Apply | Reset Cose
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4. Exercises

Simulation of Turbulent Flow around an Airfoll

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

the CFD Lab Report Instructions.

1. Validation using EFD Lab 3 data
(1). Use the same flow conditions as those in your EFD Lab 3, including geometry(chord length,
angle of attack 0) and physics(Flow properties, inlet velocity). Use i O 0
meters k-e model, automatic mediummesh 2" order schemedouble precisionwith iteration
number (2000)and convergent limit (1e-5). Run the simulation.
(2). Modify your EFD data of pressure coefficient in FlowLab format (sample EFD data format has
been provided in CFD Lab 1) and import it into XY plot for pressure coefficient distribution and

conduct validation. Also compare the CFD lift coefficient value with EFD data.
1 Figures need to be saved. Time history of residuals (residual vs. iteration number); 2.

Pressure coefficient distribution (CFD and EFD), 3. Contour of pressure, 4. Contour of velocity

mnatfsdomain size6

magnitude, 5. Velocity vectors (show the region that is interesting, such as the separation region
when angle of attack is large or close to the leading edge of the airfoil), and 6. Streamlines close

to airfoil surface.

1 Data need to be savedift and drag coefficients
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2. Inviscid flow simulation

Use the same conditions as those in exercise 1, excep t ¢ hinvieckl@e fiio r modelosndsetu s

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

convergent limit to be 10”°. Conduct the simulation and compare solutions with viscous flow

results in exercise 1.

1 Figures need to be saved. Time history of residuals; 2. Pressure coefficient distribution (CFD
only), 3. Contour of pressure, 4. Contour of velocity magnitude, 5. Velocity vectors (show the
same region that your picked in exercise 1), and 6. Streamlines close to airfoil surface.

91 Data need to be savedift and drag coefficients

3. Questions need to be answerad CFD Lab 2 report:
3.1. Does inviscid flow has boundary layer near the wall? Zoom in the near wall region and describe
the differences of velocity vectors near the airfoil surface for inviscid and viscous flows.

3.2. What are the correct boundary conditi ons
3.3. What are the values for lift and drag coefficients for inviscid flow around the airfoil? Are they
both zero?

3.4. Where are the highest and lowest locations for pressure and velocity magnitude? Why? Is
pressure constant for inviscid flows around airfoil?

3.5. For turbulent flow around airfoil, try to qualitatively explain why there is a lift force (vertical up)
on an airfoil using the contour plot of pressure or the XY plot of pressure coefficient
distribution.
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