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JAXA 2m X 2m Egﬁmﬂﬁl Plenum chamber High pressure air tank
SHBEH— NELIH— ) L.

- SRS P
M=0.85, Re=1.515M (0.947M) y
PO=80kPa (50kPa)

TO= about 323K 50°C
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Test section

Main blower
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Run No. (Experimentnumber) | 4910 |1 4911 W 4912 1| 4913 [ 4917 | 4914 [ 4915 | 4916
Uniférm flow a]i:d wind tungel operation conditions

Mach number : I; 1 0.85

Reynolds number I b 1.515x109 0.947x10°

Total pressure [kPa] 1 :' 80 : 50

Total temperature [K] I :' : 323

Angle of stator [deg] : 25 |; | 15 25 25

Rotation frequency 1530 - 545 I " 595608 | 530- 545 530 533-550

of fan blade [rpm] | Iy |

Due point [K] 2655 |1 2661 N 2616 1] 256.6 257.3 260 2526 | 2559
[ "IModel condtions

Trip dots I 80kpa-1 1 80kPa-2 [ 50kPa-2(*3) | 50kPa-1

Marker gluq'd : N/A glued N/A | glued
| I} Measurethents

Balance 1 !I measured! N/A measured

Steady pressure | T measured, N/A measured

Unsteady pressure I g measured; N/A measured

Model deformation meam:lred A measured N/A measured

Note [} *1 1] ) 3]

*1 Cover of middle body was opened and closed alteTRTh N G- 49107 ~
*2 Trip dots were removed after Run No. 4913. The trip dots in Run No. 4917 were attached afeter Run No. 4916.
*3 Transition of the boundary layer was checked using an infrared camera. A small number of trip dots were attached on the main wings.
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Exa’s
Contribution
to the APC I

sssssssssssss

Andreé Ribeiro, Benedikt Kénig, Ehab Fares,
Raoyang Zhang, Yanbing Li, Pradeep Gopalakrishnan, Hudong Chen

© Exa Corporation May 19 2016 Exa

Introduction

= Recently PowerFLOW has been extended to transonic flows

— Lattice Boltzmann based solver
= D3Q39 LBM
= Cubic Volume Cells (Voxels)
= Surface elements (Surfels)

— Fully transient

— Turbulence Model: LBM-VLES

= Modified RNG k-&£ model for unresolved scales
= Swirl model
= Extended wall model

NE
NEXa
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= Cases for which PowerFLOW simulations were performed

Full wing/tail sections

in wing

id span of mai
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AoA s

No

in wing

Mid span of ma

cuts

’

Yes
2.94°
Yes/No

Yes
4.87°,5.92°

imulated

St

No
C/M/F

ing
Resolutions

SEXa

Fares, Nolting, “Validation of a Transonic Lattice-Boltzmann Method on the NASA Common Research Model”, AIAA Paper 2016-2023

l Konig,

Exa Corporation

L
]
AT T -

R
PR R T
T P P

— Cartesian grid
— y+~100
— 3 resolutions were run

Gri

Factor of 1.32 between them
= Full grid convergence study available

T
poual

=4.87

Lift Convergence, alpha

0.7

— Sting effects and wing twist studies also

for AIAA DPW

available

0.69

| convergence

1stica

Stati

— Cases run for about 0.085 seconds

0.68 -

Second half used for statistics

CPUh

12600

F:

5600,

M

2600,

C:

0.67

0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
Time [s]
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= Forces
— Low AO0A results agree well with experimental Cl, Cd
— High A0A results seem closer to high-Re experiments
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Section D

— 2.94° Re=2.25M closer to Re=5M s

Section A

Cp Wing Section G, alpha=2.94, Re=2.25M Cp Wing Section H, alpha=2.94, Re=2.25M Cp Wing Section |, alpha=2.94, Re=2.25M
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Results — High AoA
n Cp

— Tail could be refined more

Cp Tail Section B, alpha=4.87, Re=1.5M
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Section |

SectionH
Section G

] ‘ p Section F

Section E

— At 4.87° shock position agrees very well sectond

Section C
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Section B
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-
— Exp. show some Re dependence
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Results — High AoA

SectionH

Section G
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= Cp RMS o
— At 4.87° shock range and levels agree very e

well with exp.

Cp RMS Wing Section E, alpha=4.87, Re=1.5M
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Cp RMS Wing Section F, alpha=4.87, Re=1.5M
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— At 5.92° shock position is upwind of exp. secon

— Exp. show significant Re dependence
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Standard Deviation Pressure

= Cp RMS

— At 5.92° shock range is upwind and levels e

agree well with exp.

Cp RMS Wing Section E, alpha=5.92, Re=1.5M
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1 NEXA

= Notes on inboard wing and shock position
— This part of the wing has complex flow features in the wind tunnel at high

AO0A

— Results from APC-1 also show CFD codes to be sensitive at high AoAs

— Shock very close to trip

© Exa Corporation
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I'—@nglesln_y_estigati-on

= Results for high AoA match high Reynolds experiments
better

— Related to laminar to turbulent transition?
= Trip at 10% chord, low Reynolds number

Cp Wing Section F, alpha=5.92, Re=1.5M Cp RMS Wing Section F, alpha=5.92, Re=1.5M
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= Sting effects were investigated
— Similar conclusions to the NASA CRM simulations

= Buffet simulations were successfully performed

= Results are in some regions closer to higher Reynolds

numbers experiments
— Sensitivity to the transition location was demonstrated

NEXa

14 © Exa Corporation
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Extra Analysis__

NEXA
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Questions?

NEXa
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XFlow : an Innovative LBM Approach
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XFlow : an Innovative LBM Approach
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XFlow : an Innovative LBM Approach
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XFlow : an Innovative LBM Approach
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