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Dynamic wall modeling in large-eddy simulation:
Transitional separated flow over an airfoil at high Reynolds number
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Wall-modeled large-eddy simulation (LES) of subsonic flow over an A-Airfoil near stall condition at high Reynolds
number (chord based Re. = 2.1 x 109) is conducted to investigate the predictability of the wall-modeled LES for
the complex flow features including a laminar separation, turbulent transition and turbulent reattachment. By
incorporating the pressure and convective (non-equilibrium) effects and transition treatment in the wall model,
the wall-modeled LES well predicts the mean and turbulence statistics in the region of laminar separation, tur-
bulent transition, turbulent reattachment, and attached turbulent boundary layer development. The present
LES with non-equilibrium wall-model well captures the physical processes of two-dimensional intermittent lam-
inar separation, hairpin-like vortices, and breakdown of the laminar two-dimensional separation vortex to the
three-dimensional turbulent structures that allow boundary layer to re-attach. Comparisons between the non-

equilibrium and equilibrium wall-models highlight the importance of including the non-equilibrium effects in the

model.

1. Introduction
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Fig. 1: Airfoil geometry and resultant flow features on the suction
side: laminar separation, turbulent transition, turbulent reattach-
ment, and turbulent separation.
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2. Wall-modeled LES framework
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Fig. 2: Wall-modeled LES and inner-layer wall-model meshes.
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2.1 Outer-layer LES equations
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2.2 Inner-layer wall-model equations
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Fig. 3: Linear blending function K with o/ = 0.48.
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2.3 Numerical schemes
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3. Results
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3.1 Computational grid and time-step size
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Fig. 4: Computational grid with close-up views near transition
and trailing-edge regions overlaid with instantaneous streamwise
(z) velocity contours for the LES mesh 2813 x 65 x 149. Every
tenth grid point is shown.
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Fig. 5: Mean pressure and skin friction coefficients along the

airfoil compared to the corresponding experiments (15) (circles),
and wall-resolved LES (14) (crosses). NonEQBL (solid line, blue);
EQBL (dashed line, red).

ICHL R DS FE L 7z /e ~ 0.5 DA D FEIS T I3 BE
ETIOVOFBIH T 2 PG HIES A6 DL 225 T
1, NonEQBL €51, EQBL EF /L% 7 LES 4t
WX AP BLIREERE DFEZ R L T b, 2/~ 0.7 &
D IR CIRBER € T L2 72 LES @ a2 — FE 5 APEY
WEE 71 7 7 4 VIR 2 ICHEBRED S T o E % K
ELRMbOTLES T, ZORIC 2/c ~ 0.7 LUK
TTPMREEEDE D 2 DIFARIIYE Tl IR 2RV R
1.7 % c) ZRALZLHPKHELTEZLNS. Sk
DR R 2V EDRE Z 5O TERE
N3,

KiZv A 2 VRSN V! [ Us, VUV [ Uso,
uw'v'JUZ) % Figs. 7-91087 . NonEQBL €7 /L% Hw»
72 LES TIEHE 71 7 7 4 )L L FRRICEETRD 2/c ~ 0.1
FEICAE U 2 EiitlEEE D o SLIER, SLmfs, fE
T 2 ELRBERUE IR D o /c ~ 0.7 £ & TR R %
BELXSPHTZ2IENTETCNS, L LAY, F
izh %2 EE L T\ EQBL €7 L% v/ LES T
VRIS AR S BT I B WL A 2V RR T
ZNZLHBEL S TLE-> T3S, PHHE AR & FkE
WCHELREAE L, HoriclliRBi oy Ez L7 v /e~ 0.5
X O FofEETIX, BT TV OREIC X 28I X
BEERSNARL RS, o/c ~ 0835 FETIX€ F Lt

Copyright (©) 2012 by JSFM



0.012

0.01

0.008

0.006

(Y —yuw)/c

0.004

0.002 -

0.09

0.08

0.07

0.06

0.05

QO o 0o o o o

0.04

(Y —yuw)/c

003}

002 |

001 j
0

Fig. 6: Mean streamwise velocity (U/Uso) profiles as a function
of wall-normal distance at z/c = 0.1,0.15,0.2,0.3,0.5 on top fig-
ure and z/c = 0.7,0.825,0.87,0.93,0.99 on bottom. Each plot is
separated by a horizontal offset of 1.4. Symbols and lines as in
Fig. 5.
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3.3 Instantaneous flowfield
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4. Conclusions
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Fig. 9: Resolved Reynolds shear stress (—u/v’/U2,) as a function
of wall-normal distance at z/c = 0.1,0.15,0.2,0.3,0.5 on left and
z/c = 0.7,0.825,0.87,0.93,0.99 on right. Each plot is separated
by a horizontal offset of 0.014. Symbols and lines as in Fig. 5.
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