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= Geometry and Measurements

http://hiliftpow.larc.nasa.gov/

= 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. ==
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f.(X+VALt+At) = f,(X,1)+Q,(X,t) —

= Lattice Boltzmann Equation (LBE)

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




Botndary Conditions.
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= Boundary condition process in PowerFLOW:

e QOriginal solid surface

e Facetization with a a set of flat surface elements (“surfels”) with normals

e Surface facetization intersects
cubic volume grid

e In-coming/particle directions

* Finite number of parallelograms

o Reflected particle directions “ ,> //
> Surfaces reflect particles, changing .-~ | <= /
their momentum
> Momentum changes correspond to - solid side

changes in pressure/friction

NE
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-Tmnce Modeli

= Turbulence modeling approach

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

= Extended wall model

= DDES-like turbulence model

nEXA
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= All simulations started from parallel flow

— No seeding

= Intel Cluster (248 - 512 cores)
— Xeon Harpertown CPU, 3.00GHz
— OS: Red Hat Enterprise Linux 5
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Smtion Overview.=Grids™
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Setupl
AX.i,=1.0 mm

* Y-section for a=28° &Exa
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Simulation Overview.=Grids*—
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* Each second gridpoint is shown &Exa
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Setupl Setup 2
Finest voxel size 1.5mm 1.25mm 1.0mm 1.25mm
Total number of Voxels 62 million 101 million 193 million 135 million
Total number of Surfels 5.6 million 7.3 million 9.7 million 9.4 million
Total number of Timesteps 150,000 150,000 150,000 72,000
Grid Generation 0.8 hours 1.1 hours 1.4 hours 1.6 hours
CPU-Hours 4,600 6,900 9,300 4,300
Wall-clock Time (248 cores) 19.5 hours 29 hours 38.5 hours 17.4 hours

* For 13deg. case
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RESUlts — Config 1&8.--Drag
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RESUlts — Config 1&8.=Pitching Mement
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Unsteady Flow Animations (a=34°)
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Body Pod

= Effort to add additional geometry very low in PowerFLOW
— Addition of brackets and new case setup took < 1 hr NE=Xa
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Restlts — Case 3 — Influence of-brackets
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Md Transition v. Fully-Turbulent{e=28°)
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Md Transition v. FullyTurbulent

3,5 0,9
0,8 n
3
° 0,7
)5 T 0,6 °
3 0,5
g Y,
° 0,4
0,3
1,5
0,2
1 0,1
5 10 15 20 a 25 30 35 5 10 15 20 25 30 35 40
a
=#=—Experiments, Config1 =B—Experiments, Config 1
B PowerFLOW, Configl, Transitional B PowerFLOW, Config 1, transitional
® PowerFLOW, Configl, Fully turbulent ® PowerFLOW, Configl, fully turbulent

nEXA

© Exa Corporation




Reﬂ-/ Blockage Effects...
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v

Model of TrapWing (with brackets) in the NASA Langley WT
(simulations done with Setup2) &Exa
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Reﬂ- Blockage Effects. -.Lift
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-Eonclusions

- nsteady Flow Simutions

= QOverall good agreement with experiments

» Forces, pitching moment and Cp distributions

= Slight over-prediction around CL

Max

= Better match to experiment

= consistent with WT correction done
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Time = 0,000502647 s Vedoci ty Magri bde [misec |

Pitching TrapWing in WT
0=28°-38°-28° in 1° steps
Initialized from steady 28°
0.05s per 1° (0.02s rotating & 0.03s settling)
~5days on 244CPUs
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