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DETACHED EDDY SIMULATION OF BASE FLOW IN SUPERSONIC MAINSTREAM

JR. Shin,l S.H. Won® and J.Y. Choi®

Detached Eddy Simulation (DES) is applied to an axisymmetric base flow at supersonic mainstream. DES is a
hybrid approach to modeling turbulence that combines the best features of the Reynolds-averaged Navier-Stokes
(RANS) and large-eddy simulation (LES) approaches. In the Reynolds-averaged mode, the model is currently based
on either the Spalart-Allmaras (S-A) turbulence model. In the large eddy simulation mode, it is based on the
Smagorinski subgrid scale model. Accurate predictions of the base flowfield and base pressure are successfully
achieved by using the DES methodology with less computational cost than that of pure LES and monotone
integrated large-eddy simulation (MILES) approaches. The DES accurately resolves the physics of unsteady turbulent
motions, such as shear layer rollup, large-eddy motions in the downstream region, small-eddy motions inside the
recirculating region. Comparison of the results shows that it is necessary to resolve approaching boundary layers
and free shear-layer velocity profiles from the base edge correctly for the accurate prediction of base flows. The
consideration of an empirical constant CDES for a compressible flow analysis may suggest that the optimal value of
empirical constant CDES may be larger in the flows with strong compressibility than in incompressible flows.

Key Words : 1 #|°]=Z(High Reynolds), |7 35 (Unsteady Flow), Reynolds-Averaged Navior-Stokes(RANS), Detached
Eddy Simulation(DES), Delayed Detached Eddy Simulation(DDES), Large-Eddy Simulation(LES), Monotone
Integrated Large-Eddy Simulation(MILES), -3l%(Implicit Method)
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Table 1 Flow Properties at the End of Cylinder.

Fig. 1 Computational Domain.
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Table 2 Flow Condition from Ref.[3]

Mathur et al. [4] Present

Skin Friction 0.0017 0.00165
Boundary Layer Thickness | 3.2385 [mm] 3.2385 [mm]
Displacement Thickness 0.7652 [mm] 0.8576 [mm]
Momentum Thickness 0.2165 [mm] 0.2382 [mm]

M, 2.46 Unit
P 0.7549 kg/m®
P 31415 kPa
7. 145 K
U, 593.8 m/s
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10 Exp. Herrin et al. (1994)
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Fig. 2 Boundary Layer Profile Imm Prior to the Base. (Forsythe et
al.: RANS S-A Compressible Correction, Kawai et al.:
RANS-LES, Simon et al.: RANS-MILES)
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Fig. 3 Averaged Density Contour
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Fig. 4 Instantaneous Vorticity Magnitude Contour

0 Exp. Herrin et al. (1994)
L - Forsythe et al. (2002)
I - Kawa et al. (2005)
i - Simon et al. (2006)
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Fig. 5 Averaged Pressure Coefficient on Base. (Forsythe et al.:
RANS S-A Compressible Correction, Kawai et al.:
RANS-LES, Simon et al.: RANS-MILES, Coarse Grid,
Medium Grid: Cpes=1.3)
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Fig. 6 Averaged Axial Velocity along the Wake Axis. (Forsythe et
al.: RANS S-A Compressible Correction, Kawai et al.:
RANS-LES, Simon et al.: RANS-MILES, Coarse Grid,
Medium Grid: Cpes=1.3)

stk AAzdoR ddnEne vd Razhor F9
i, Freh ARYe] 9 RN o] sl E =
w4 U el ARSE AEAEE Herrin S{3]9] 29
A5g olgstith el Wbl Wil ARE Chuang 5

o] =85 g8atgit}t Table 20 Herrin 53] &3 714

=
AdY 2 Imm AW AAZF F27F Herrin 5319 4
d3 o] HAAATAEY Aot & YAF Fig 2004 &
g Ak o]2HH, 3A 25E 3] A ANRENH
ol

T
E.
2 o
LIRS
e
i w
et

=
o B
N o
Bt
zo o
ﬂ‘ 4
o 2
T 1
4 Hom
o &

o,
> g
PN oo
do rlo
> A
[MCAPS N

2
re
o
2
i

tlo -1
N
et
e
b

g2
& gy fH

o |

o

1o Hv 4

:?L_’,
oft
ok
=
o
&
N
N
1

ooz ®

ol
ol
F
of
ol

o

ol
gl_g
&
oz

=)
i
N
dob

n=

L
£F>

oy
Moo
o 18

o,
ML n
b ooz o

Lo o o

R o

3 ro, o

ol _E‘ <

dn o =

o 2

18 (z :(0 -1]]:
rir to, Oy ©

u

)

s

oZ,

My xS 2
r
2
.{

=
=

a<
~
=2

[
S
)
<O,

D)
k)
4z
rl
=2
2
riu

:‘l_r’

poii
o

il
¥
¥ !
R
o

rr
o
o

-

_O‘L
S

o fo 2 g o

o
s
oX,
oX,
2
O,
o

tjEo] "ojx vt .
A Atole] A Aledd o<
F bR el 2 olt]Eoe] "ol
Herrin 5319 &% 79 $3d
FAAAS, C=01022 diA ok Fig SEEE WRY
RANS S-A 34 (C,=-0.124)°]l ¥]&} S-A DES/DDES (Coarse:
C,=0.114, Medium: C,=0.104), RANS-LES (C,=-0.097),

T
ol
i mlo
o
&
%0,
o

o

=)
i3
o
o
b
~
2
=
lo
o,

/R

Fig. 7 Averaged Pressure Coefficient with Various Cpes Values
at the Medium Grid
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