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Dynamic non-equilibrium wall-model for LES:
predicting separated flows at high Reynolds number

Soshi Kawai (ISAS/JAXA)

ABSTRACT

We propose a simple yet efficient dynamic non-equilibrium wall-modeling for large-eddy simulation of separated flows at very high
Reynolds numbers. The proposed wall model models wall shear stress directly and thus is different from popular hybrid LES/RANS
and DES approaches. The model stems directly from considerations of how turbulence length scales behave in the logarithmic layer,
and thus in other words the method is based solidly on physical reasoning. Supersonic turbulent boundary layers on a flat plate with
and without separation at very high Reynolds number (Re = 50, 000) are simulated and compared to the theory and experimental
data. The resulting method is shown to accurately predict both the equilibrium and non-equilibrium separated boundary layers, with

both realistic instantaneous fields and accurate statistics.
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2. Wall-modeled LES framework
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2.1. Governing equations and numerical methods
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2.3. Inner-layer wall model: turbulence model and
simplified formulation
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4. Proposed improvement in the wall-model
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Figure 1: Mean streamwise velocity (van Driest-

Res = 6.1 x 10° (Reg = 5 x 10%).
CNST]J 8] (dashed-dotted line, red); CDYN[ 9] (dashed
line, black); VDYN with o’ = 0.48 (solid line, blue);
the log-law In( y* )/0.41+5 .2 (thin dashed line); incom-

pressible experiments at Rey = 3.1x 10* (squares| 11]).
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5.1. Equilibrium turbulent boundary layer
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Figure 2: Mean turbulent eddy viscosity in the inner-

A/

layer wall-model with four different wall-models. Lines
as in Fig. 1.
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Figure3: LES with VDYNwall-model (a’= 0.48) of
shock/turbulent boundary layer interaction at M, =
1.69 and Res= 6.1 x 10°.
wise velocity contours at wall-parallel plane at y = y,,

Instantaneous stream-

(v;, = 590) and temperature contours at side-plane.

5.2. Non-equilibrium separated flow
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Figure 4: Instantaneous close-up view of the mixing

layer with consecutive vortex shedding in the separeted
region. Vorticity magnitude contours (colored) and

shock structures (black) at side-plane.
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(a) LES with VDYN (b) Experiment

Figure 5: Comparisons of mean streamwise veloc-
ity (top) and streamwise velocity fluctuation (bot-

tom) distributions between LES with VDYN wall-
model and experiment[10]. x; is the inviscid shock
impingement point. 20 equally spaced contours: 0.0 <

UU, <099,0< u'/U, < 0.18.
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6. Conclusions
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(b) Streamwise velocity fluctuation

Figure 6: Comparisons of mean streamwise velocity
(top) and streamwise velocity fluctuation (bottom)
profiles between LES with VDYN wall-model (solid
line, blue) and experiment[10] (circles) at ( x—x;)/d ¢ =
—3,—2,—1,0, 1. Each plot is separated by a horizontal
offset of 1 in U and 0.15 in u’.
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