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EXA’S CONTRIBUTION TO THE APC-III

A.F.P. Ribeiro, B. K&nig, Ehab Fares

Exa’s participation on the APC

= Exa took part of the APC-II
» Case 1: one angle of attack (more angles available on DPW publications)
» Case 2: one angle of attack (more angles available on DPW publications)
* Case 3: both angles of attack

= For the APC-III, the focus will be on the new experimental data for Case 3

= Publications on the CRM/APC:
» Buffet Simulations with a Lattice-Boltzmann based Transonic Solver. Ribeiro et al., AIAA Paper 2017-1438

* Exa PowerFLOW Simulations for the Sixth AIAA Drag Prediction Workshop. Koenig and Fares, AIAA Paper
2017-0963.

* Extended Validation of a Transonic Lattice-Boltzmann Method on the Example of the NASA Common
Research Model. Koenig et al., ICAS 2016.

* Validation of a Transonic Lattice-Boltzmann Method on the NASA Common Research Model. Koenig and
Fares, AIAA Paper 2016-2023.
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Lattice-Boltzmann based PowerFLOW

= Extended to transonic flow

= Easily handles complex geometry ; ,_,Jl XA ’
e Cartesian mesh automatically generated based on user- R : _./
defined regions . ~L[
] l: y A7 \
= Fully transient ’ s

* Typically orders of magnitude faster than DES/LES with Navier-
Stokes solver

=  Turbulence approach: LBM-VLES
* RNG k-€ subgrid model
e Swirl model to reduce eddy viscosity
* Extended wall model

= Previously used for airfoils and wings
* See paper references
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Aircraft Description

= Common Research Model (CRM) used for the
Drag Prediction Workshop (DPW) and
Aerodynamic Prediction Challenge (APC)

= 3 grids simulated: Coarse (C), Medium (M), and
Fine (F)
* Factor of 1.15% = 1.32 between grids

= M=0.84, Re= 1.5 million

= Angles of attack = 4.87°, 5.92°, 6.58°

= Forces, Cp, Cp RMS, PSP comparisons to
experiments

5Exa © Exa Corporation - Public 4

This document is provided by JAXA.



Third Aerodynamics Prediction Challenge (APC-III) 89

Resolution Study: Lift and Drag
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= Grid convergent behavior at 4.87°

= Results at 5.92° tend towards higher Reynolds
number experiments
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= A deeper analysis of the resolution study was

presented in: e e
* “Exa PowerFLOW Simulations for the Sixth AIAA Drag T
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Wind Tunnel Effects: Sting

= Significant improvement of drag with sting o e
5 o.s
= Lift comes even closer to experiments at higher § oot / —
Reynolds number g o //
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Buffet Phenomenon: Cp (6.58°)

=  Good comparisons to PSP
* Shocks are generally more upwind than experiments

PSP data from Sugioka et al., “Non-Intrusive Unsteady PSP

© Exa C tion - Publ
ﬁExa reerporaten T ERe Technique For Investigation of Transonic Buffeting”, ICAS 2016

Buffet Phenomenon: Cp (6.58°)

=  Good comparisons to PSP
* Higher fluctuations after shock (consistent with Cp cuts in the next slides)
* Narrower fluctuations peak in simulations than experiments (inconsistent with Cp cuts)

Interaction
between shock
wave and vortices

N
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PSP data from Sugioka et al., “Non-Intrusive Unsteady PSP

© Exa G tion - Publ
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Buffet Phenomenon: Cp (6.58°)
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Buffet Phenomenon: Instantaneous Cp (6.58°)

=  Good comparisons to PSP
* Similar spanwise flow structures present in both results

PSP data from Sugioka et al., “Non-Intrusive Unsteady PSP
Technique For Investigation of Transonic Buffeting”, ICAS 2016

5Exa © Exa Corporation - Public 10

This document is provided by JAXA.



92 FHIIZEWT T B FEREAE R B E B JAXA-SP-17-001

Buffet Phenomenon: Instantaneous Cp (6.58°)

=  Good comparisons to PSP
* Similar spanwise flow structures present in both results

Siisseses AAASS e sna st

PSP data from Sugioka et al., “Non-Intrusive Unsteady PSP

5Exa © Bxa Corporation - Public Technique For Investigation of Transonic Buffeting”, ICAS 2016 u
. o
Buffet Phenomenon: Instantaneous Cp (6.58°)
=  Good comparisons to PSP
* Similar spanwise flow structures present in both results
M‘-‘a..;’."
SEXxa © Exa Corporation - Public PSP data from Sugioka et al., “Non-Intrusive Unsteady PSP 1
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Buffet Phenomenon: Instantaneous Cp (6.58°)

=  Good comparisons to PSP
* Similar spanwise flow structures present in both results

PSP data from Sugioka et al., “Non-Intrusive Unsteady PSP

© Exa C tion - Publ 13
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Cp RMS Wing Section E, alpha=-4.87

Resolution Study: Cp RMS (4.87°)
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Resolution Study: Cp (5.92°)
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Resolution Study: Cp RMS (5.92 °)

.25

= Shock is too far upstream
* Consistent with mean results
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= All resolutions yield similar results

* Fluctuations in the separated region are reducing with
increased resolution
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Transition Study: Cp and Cp RMS (5.92°)
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Transition Study: Cp (5.92°)
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Transition Study: Cp RMS (5.92 °)
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Channel 2 time history
N Otes O n PS DS o ‘ — showing non-periodic peaks
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= Upwind of the shock the flow is not periodic, o2p T
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06 4
= |f the shock location is slightly different, the o0
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1074 7 Channel 2 spectra showing sensitivity
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PSD (4.84°) — 50% span

Surface Spectra

Surface Spectra
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Surface Spectra

PSD (4.84°) — 60% span

Surface Spectra
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PSD (5.89°) — 60% span

Surface Spectra
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* Good comparison of mean flow and fluctuations

* Laminar to turbulent transition was shown to play a key role

* 3D buffet effect was shown and good agreement with PSP was seen

» Comparison to PSD data shows good agreement in frequencies and levels
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