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= Geometry and Measurements

= Model details:

= Experimental details:

Shown in NASA Ames tunnel
McGinley C.B., Jenkins L.N., Watson R.D., and Bertelrud A., “3-D High-Lift Flow-
Physics Experiment - Transition Measurements”, AIAA Paper, 2005-5148, 2005

Eliasson P., Hanifi A., Peng S.-H., “Influence of transition on high - lift prediction \=
for the NASA trap wing model”, AIAA Paper, 2011-3009, 2011 a\Exa
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f.(X+VALt+At) = f,(X,1)+Q,(X,t) —

= Discrete Lattice Boltzmann Equation (LBE)

p(X, 1) =3P (X,1) pl(X,t) =3V f (X,1) NExa




-Mnce Modeli

= LBM - VLES Turbulence modeling approach

" Boltzmann-t model, uses a modified relaxation parameter
= Fxtended RNG 2-equation model

= Extended wall model
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— Brackets influence
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15t High Lift Prediction Workshop
http://hiliftow.larc.nasa.gov/index-workshop1.html
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ReSUlts — Brackets influence
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RESUIts — Brackets influence
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RESUIts — Brackets sensitivity
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Rm — Blockage effect
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Unsteady Flow simulation of a High Lift Configuration using a

Lattice Boltzmann Approach

AlIAA 2011 - 0869
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Reﬂ- Blockage Effects. -.Lift

e

3.5

0.5

—e—Experiment - Uncorrected force

—e—Experiment - Corrected forces
PowerFLOW - with WT wall
® PowerFLOW - Free Air

15 20 25
o [°]

30

35

40

xa

© Exa Corporation




Reﬂ- Blockage Effects --Drag
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Reﬂ- Blockage Effects_-Pitching Moment
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~Résults — Sensitivity todlaminarregions
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Reﬁs — Sensitivity to-LR — Lift
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ReSUlts — Sensitivity to.LR —AcA 36°
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sults — Sensitivit

Vorticity Magnitude || Vorticity Magnitude

r 20.0000 r 20.0000

— 16.6663 — 16.6663

— 13.3331 — 13.3331

— 10.0000 — 10.0000

— 6.6669 — 6.6669
Y — 3.3337 — 3.3337

- l .

0.0006 — 0.0006

sNEXa

© Exa Corporation




ReSUlts — hysteresis effect

Rotation zone used to pitch the trapwing with an
LBM specific sliding mesh approach

Lattice Boltzmann approach for local reference frames
Commun. Comput. Phys Vol. 9, No. 5, May 2011

—e—Experiment - Uncorrected forces- increasing Alpha

—e—Experiment - Uncorrected forces- decreasing Alpha

‘o Experimental lift polar.
Hysteresis effect
Model of TrapWing (with brackets) in the NASA Langley WT

Used in the present simulations SNEXa
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ReSUIts — hyste resis effect

Coarse case Fine case
Finest voxel size 1.875mm 1.25mm
Total number of Voxels 37 million 79 million
Total number of Surfels 5.4 million 9 million
Total number of Timesteps 1,454,700 3,313,660
Physical time 4.570s 5.280s
Covered AoA range 28° — 36° — 28° 32° — 36° — 32°
CPU-Hours 54.200 166,000

nEXA
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Reﬁs — hysteresis effect — Coarse case
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RESUlts — hysteresis effect — Coarse case
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sults — hysteresis effect — Coarse case
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RESUlts — hysteresis effect — Coarse case
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Rem — hysteresis effect — Coarse case
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Rem — hysteresis effect — Coarse case
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Rem — hysteresis effect — Coarse case
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Rem — hysteresis effect — Coarse case
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‘AOA = 28 deg increasify
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‘AOA = 28 deg increasing‘
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m — hysteresis effect — Coarse case
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m — hysteresis effect — Coarse case
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m — hysteresis effect — Coarse case
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Reﬁs — hysteresis effect — Fine case
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sults — hysteresis effect — Fine case
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RESUlts — hysteresis effect — Fine case
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ssults — hysteresis
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‘AOA =32 deg increasing‘
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M— hysteresis effect — Fine case
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M— hysteresis effect — Fine case
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M— hysteresis effect — Fine case
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esults — hysteresis effect — Fine case
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-mmns & Outlook:
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M’.‘

- nsteady Flow Simulations

= Hysteresis Study

= Stall behavior

=/Underlying physical phenomena correctly captured
= Hysteresis predicted ~1°AoA compared to Experiment

= Future studies will address

= Better agreement with exp. pitch - pause approach
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