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Introduction

REC,

Discussions in APC-8 indicate that
Wind tunnel walls affect the inboard flow separation

Tasks and Goals

¥ Solving the Reynolds-Averaged Navier-Stokes (RANS) equations to characterize
aerodynamic performance of the NASA High Lift Common Research Model

¥ Investigating the wind tunnel interference effects

» Determining turbulence model sensitivity
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Casel : Verification case (RANS)
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Casel : Methodology 5/19
Numerical approach and Flow conditions Geometry and Grids
Numernical method E-demmts QP CRM_I{L :nrfoﬂ
Solving RANS equations
CFD solver : FaSTAR
Turbulence model : SA-noft2, SA-noft?2-B
Convection flux : HLLEW 2nd-order U-MUSCL
Time integration : LU-SGS T S RS 25
1 unstructured grids(!
.. Grid Level Modes
Flow conditions =
L1 {coarsest) 173958
Mach number Ma=020 L2 204161
Reynolds number Re=75.00x 108 L3 508099
Reference temperature  To,,=272.1 [K] e miin
. LS 1679982
Angle of attack a=16 ” 2227904
L7 (finest) 5080721
[1] kttps-/fturbmodels. lave nasa govimultislementverif_grids, himl
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Casel : Aerodynamic Coefficients 6/19
Comparisons with reference data
Reference data - FUN3D using 2nd-order advection for turbulence model(SA-neg)?l
¥ Predicted C}, values are close for both SA-noft? and SA-nofi2-R
» SA-noft2 has better agreement than SA-noft2-R for C; and C,, predictions
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Casel: C,and C; , distributions 719 < 2L

Comparisons with reference data
C, and C; , values extracted from the finest L7 grid

» Both SA-noft2 and SA-noft2-R results agree nearly perfectly with reference data
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Casel : Some Profiles 8/19 ETUAT
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Case?2 : In-Tunnel RANS simulations

Case2 : Methodology 10/19 LKA &ETURT
Geometry

Half span of the High-Lift configuration of NASA’s Common Research Model (CRM-HL)
QinetiQ wind tunnel is also modelled

Numerical approach and Flow conditions
Numencal method
Solving RANS equations

Test section
CFD solver : FaSTAR

Discretization : Cell-vertex finite volume Flow conditions

Turbulence model : SA-noft?. SA-noft?-E Mach number Ma=020

Convection flux : HLLEW 2nd-order U-MUSCL Eeynolds number Re=549% 108

Time integration : LU-SGS Reference temperature T or= 289 44 [K]

CFL number : 10 Angle of attack @=7598 1548,17.98,19.98 deg
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Case2 : Methodology i ALLL

Computational grid
105T-ANSA Unstractured-Yplus1 (Level B)1]

Outlet

» The grid contain 156 million cells
» Minimum y+ = approx. 1

Boundary conditions

» Wind tunnel walls - No-slip condition Inlet |
» Inlet : Fixed static pressure, static temperature, and velocity
» Outlet - Fixed static pressure

ADA P T, [ Pa M
In order to obtain the targeted Mach number 598 | 1771204 | 29218 | 89941 | 1758597 | 02022
in the test section (M), 154% | 1770800 | 20209 | 90009 | iTSR6S0 | 02020
the inlet and outlet static pressure values are 1798 | 171843 | 29221 | eoaro | 1759099 | 02018
determined using iseﬂtl‘opic flow relations 1998 | 177TIR08 | 29226 91113 | 1759857 | 02016
[3] uttps://hiliftpw lare. nasa gov/Workshopd/zrids._downloads html
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Case2 : Convergence 12/19 it
Aerodynamic coefficients convergence
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Case2 : Aerodynamic Coefficients
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Aerodynamic coefficients compared to the experimental datal*]

¥ Near stall, CFD results under-predict C; with respect to the experimental data

» Predicted C; and C, values are close between SA-noft2 and SA-noft2 R

» C,; values have striking differences over ¢ = 15.48°
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Case2 : Skin Friction

# SA -nofit2
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a = 15.48° a=17.98°

a = 19.98°
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Case2 : Streamlines (a = 17.98) 17/19 JYHA @TUAT

SA-noft2 SA-noft2-R

Case2 : Streamlines (a = 19.98) 18/10 SHA SETURT

SA-noft2 SA-noft2-R

This document is provided by JAXA.



Ninth Aerodynamics Prediction Challenge (APC-9) 99

. 471.)(,4 &2TU
Conclusions 19/19 4L

» CFD under-predicted C; values near stall

» CFD results predicted larger flow separation on the nacelle and in the
inboard and outboard regions

» The inclusion of the wind tunnel walls does not improve the RANS CFD
predictions and the same problems seen in the Free-air RANS predictions persist

» Although there were differences in the magnitude and location of separation
among turbulence models, no significant differences were observed in

the prediction of aerodynamic characteristics

Thank you for your attention

This document is provided by JAXA.





