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Solve the steady/unsteady flows
around complex geometries
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Setup simplicity

A Limited needs in management of
complex geometries and
resolution

A Naturally designed for parallel
computations

A Low dispersive and dissipative
effects

A Pre-treatment
(offsets/connectivity/distribution)

A Wall treatment (IBC)

Resolution change
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Lattice Boltzmann in the worl
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1/ Context of the study

U Evaluation at Onera of a Lattice Boltzmann solfRawerflow
Release 5.0b
UUse of LBM on Onerab6s typi
U Helicopter case: study of tashake sources {

U Static stall on wing C363D
U Aeroacousticase: LEISA2 3&lement airfoll

U LBM performance:

U Result comparisons with experimental data and reference LE
made at Onera

U Setup and calculation costs
U LEISAZ slat noise studied here

U Experiments provide valuable but limited amount of informatic

U Not always easy to match exactly the experimental conditions
numerical simulation (wind tunnel walls, fre&ream turbulence,
open j et €)




2/ Presentation of the LEISAZ2 case

U Configuration: DLR threeelement F16 airfoil

U Extensively studied in DLR/ONERA projects LEISA and LEISA2

U Recent experiments in ONERA F2 aerodynamic wind tunnel & DLR AWB acoustic
wind tunnel

U Huge database emwvned by DLR and ONERA

U Test case proposed as Category 6 of the BANC workshop (Benchmark for Airframe

Noise Computation)
https://info.aiaa.orq/tac/ASG/FDTC/DG/BECAN files /BANCIV.htm

U Aerodynamic measurements include: 2D PIV, 2D LDV (steady & unsteady), HW,
static pressure probes & unsteady transducers
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https://info.aiaa.org/tac/ASG/FDTC/DG/BECAN_files_/BANCIV.htm

2/ Presentation of the LEISAZ2 case

U Huge acoustic database including:
U Farfield spectra (AWB)
U Beamforming maps (F2 & AWB)
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2/ Presentation of the LEISAZ2 case SR

Aeroacoustic Simulation of the LEISA Highlift Airfoll usm
Simulation "

AF16 DLR airfoil (BANC Test case number 6)
AExperiments in F2 and AWB (ONERA/DLR cooperation)

AReference LES simulation in addition to experimental results for hybrid RANS/LES
simulations assessment. Physical analysis of the flow

AM=0.18; ¢ =0.3m
ARe, = 1 230 000.
AA. o.a. °U = 6
ASpan L,=c/4=7.5cm
AWall-resolved LES:
ox*~30-40, qy~1, qz*~10

AFinite volume structured code FUNk
ACPU ressources (~70ms physical time):

AJADE supercomputer (CINES)

AN,,,~ 2 600 000 000 pts

A4096 cores / 10688 blocks

AT .o~ 6 200 000 h

DARI projects c20142a7049 & 2013-2a7049 L2




3/ Powerflow case setup

U Lattice-Boltzmann based solver
U Wide range of physical validity
u Complex flows
U From micro to macro scales
U Time dependent
U Inherently unsteady fluid mechanics
U Benefits
U Efficiency & scalability
U No Significant artificial dissipation
U Fast, time dependent solver
U Robust & physical realization of boundary conditions
U Fully automated grid generation
U Models
U Boltzmann equation : kinetic theory

U Continuous velocity distribution function is replaced by a discrete set of n particle
velocities defined on a Lattice of ec

equation
U Turbulence : scale separation

U Walls : DNS or wall function

ONERA




3/ Powerflow case setup

Normal

U Configuration: F16 airfoil in exp. conditions:
U Re=1.23x10

clean chord=0.3m

M=0.178

AOA =6.15

ANnOp-anr 0 cal cul ati o
U Span =55.8 mm

u Powerflowgrid
U o,,=5.45 1 m

U 10 scal e @qgmssmh/a2tvR

VR 7

U pt9.032 1Fs VR 11
FEV | FES (16) | FEV+10x
(10°) FES
Normal 12 0,8 20
Refined |68 | 1,4 82 o
Refined




3/ Powerflow case setup
Mesh: variable resolutions

U Slat LE and flap in VR 8

U Slat noise studied
U Voxels mainly located in slat cove

U Main cove in VR 8
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3/ Powerflow case setup
Grid automatically generated by Powerflow




4/ Aerodynamic results

Body forces

U First computation with normal setup
U360 ms, a 3 days on 256 [/
U Establishemnt of the recirculation bubble in
the slat cove quite long

U Second computation with refined setup

U Seeding from $simulation

U 280 ms =80 ms transient + 200 ms
statistics

U Transient could have been shorteen to 2(
40 ms

U & 10 days on 256 //
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4/ Aerodynamic results

Cp

F2 -4
AWE
Powerflow Exa coarse final

0o

Powerflow Exa coarse final
LES
RANS
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| 6I 1 \OIBI | | 1 1 1 1 | 0 | | \0.2\ 1 I0.4 :
X/C(m)

0.4 0.
X/C(m)

U Good agreement with F2 experiment, LES and RANS

U Gap with AWB are due to the angle of attack adjustment to take into acco
deviation from open jet

ONERA




4/ Aerodynamic results
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4/ Aerodynamic results

Mean flow: Powerflow vs. LES vs. PIV
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4/ Aerodynamic results

Mean flow: Powerflow vs. LES vs. PIV
B T (.
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4/ Aerodynamic results

Mean flow: Powerflow vs. LES vs. PIV

N 1 .
IR ] 059 0.7 116 155 194 =——

0.00 0.39 0.77 1.16 1.55 1.94

0.05F

separation in LDV measurements

-~ | experiments with a small shift of the recirculation
1 bubble in the slat

g ALBM prediction are comparable to LES and




4/ Aerodynamic results

Mean and RMS velocity profiles

Slat cove area:
AGood agreement between LBM, LES andP2DV
ARMS fluctuations of lower magnitude for PIV, and higher for L
ALBM: small shift of bubble position :




4/ Aerodynamic results

Mean and RMS velocity profiles

Flap cove area:
APoor mesh resolution for LBM(VRS)

AGood agreement between LES andl2DV
ADifferent profiles in PIV measurement
ASlightly slower transition to turbulence in LES
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4/ Aerodynamic results : 356
Mean and RMS velocity profiles f /

Flap cove area: ,
APoor mesh resolution for Powerflow (VR8) ——

AGood agreement between LES andlZD)\/ - 09-1
ADifferent —5's _
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4/ Aerodynamic results .
Mean and RMS velocity profiles

Slat wake and suction side of main wing: p
AMean velocity: slightly higher magnitude for LES but g% ;
general agreement e
ARMS: good agreement between LES & LDV in the near wake,
higher levels with LBM
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4/ Aerodynamic results

Mean and RMS velocity profiles

Suction side of the flap:

ADifferent results with different approaches. No mean flow separal
Powerflow, LES & LDV, large separation for PIV

ALES closer from LDV but significantly lower RMS levels
APoor LBM mesh resolution, results close to RANS, no turbulence
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4/ Aerodynamic results

Wall spectra

U Signal from F2 are wrong o

U Good agreement with LES in the
slat cove region (5,6) and acoustic =
reqgion (7,8)
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4/ Aerodynamic results 110
Pressure spectra A

f_45 5kHz\

1008,
ASlat TE: vortex shedding at 58kHz ﬂgoj
ABeginning of slat shear layer: peak at 45.5kHz due ﬁof
vortex shedding at the cusp (blunt TE) 270_
ATransition to turbulence in slat shear layer :

APeak at 58kHz still present in slat shear layer:
acoustic waves from the slat TE
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5/ Acoustic results

U Direct acoustic
probes from
Powerflow and
LES without
Integral method
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5/ Acoustic results

LES
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5/ Acoustic results

Farfield microphones

U Huge acoustic database including:

U Farfield spectra (AWB)

U Beamforming maps (F2 & AWB)
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5/ Acoustic results

Farfield microphones

U Farfield acoustic get by F\M (solid or porous) integral method

U For acoustics, all levels normalized for a 0.8 m span:
U Experiment (single microphone): no normalisation

U Experiment (integration of DAMAS noise maps over a central region of span
0.24 m): normalisation by 10 log (0.8/0.24)

U LBM: normalisation by 10 log (0.8/0.0558)




5/ Acoustic results

Farfield microphones

U AWB M2 microphone
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U Levels are a little bit higher with solid formulation
U Mid frequency slope correct

U Peaks associated to Rossiter like mode are reproduéedo@e is highly
underestimated
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5/ Acoustic results

Farfield microphones

U AWB M2 microphone Acoustic directivity at R=1m

U Comparison between two pourous surfac~- %0
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U Dipolar shape recovered
U Slat TE vortex street quite effecient acoustically
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RN

Preliminary LaBS LEISA

e oy

U LaBS ~PowerFLOWgridp ar a.mo s
U gomi=;m45 165 m am
i 10 scale resolution _

o m a=gpan/2
U $9.032 168 s

cC: C C C:

PowerFL | PowerFlow | LaBS

oW Refined Refined
Normal
12 M 68 M 122 M

———
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0 Only 1.5 chords of simulated
time (need of about 20~25)

U Need of about 10 chords o
U 260-325CPUN480 processors




5/ Conclusion and perspectives

t Conclusions:

U Limited meshing efforts iPowerflow
Aerodynamic and acoustic results compared well with LES and experiments
Small shift in position for the recirculation bubble in the slat cove

Reaching calcul ation convergence se
methods (in clean chord advection)

Peaks orfarfield acoustics spectra are recovered
U Mesh setup seems to influerfeefield acoustic predictions
U Study focused on slat noise

U Results are not comparable with LES on main element and flap regions (pc
mesh resolution)

U study of 3 elements = cost x 4 = 2 months on 256 //
U Perspectives
U Complete the LaBS computations and finish the comparisons
U Finalize theaeroacousticomparisons with LES and experimental database
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