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In hypersonic flow computations, it is still challenging to design a numerical flux function which satisfies both A)
robustness against shock-induced anomalies, and B) accurate prediction of aerodynamic heating. In this paper, we
develop such schemes by combining a) a new pressure flux appeared first in SLAU2 scheme having excellent
performance in A), and b) a mass flux of another all-speed AUSM-family scheme (AUSM"-up or LDFSS2001). The
new schemes, named “AUSM "-up2” and “LDFSS2001-2,” are tested through numerical experiments and their desired
performances are demonstrated for a wide spectrum of Mach numbers and aerodynamic problems.
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Table 1 1.5D test results for various numerical flux functions (& shock location parameter @; the initial shock is imposed exactly on a cell-interface when

&=0.0, and at the cell-center when £=0.5.)

Numerical Flux Functions 0.0 0.1 0 3 04 0.5 0.6 0.7 0.8 0.9 Total
SLAU2 2 2 2 2 2 2 2 2 2 20
AUSM-up2 2 2 2 2 2 2 2 2 2 20
&1 2 19
LDFSS2001-2
4 2 2 2 2 2 2 2 2 2 20
SLAU 1 2 2 1 1 1 1 1 1 13
AUSM—up 2 2 2 2 1 1 1 1 2 16
&1 1 1 1 2 17
LDFSS2001
4 1 1 2 18
Van Leer FVS 2 2 2 2 2 2 2 2 2 20
Roe 0 2 2 0 0 0 0 0 0 6
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a) Grid b) Coordinates ¢) SLAU2 d) AUSM"-up2 ¢) LDFSS2001-2

W
m

oy
Wiy
i

8

W
it

o
TR
?‘

i

W
W
3
N
A
st
o

N

S
it
o
T

X
N
N
‘3\

R

R
R

R
N
S
S
TS
S

SR

3

X
e

%

Vi
Y
il

W

X

L
&a““:‘
R
SRR

SR
R
SRR

N
R
3
R
R
3
bt
e

5

=

5
G

/ 'll',,',,le,'.,?:i':‘ IS
i

LI 17

T

Hi

LT
00700 5%
it
I
i

ESSS

11 gt
st s
R AR
T
o o0 g
T——
oo Pttt
R SRR RIS
T
R

oot
1l
nryy s

i

7
%
o
ey,

7
4
7

#

%
%
ot
Yeryhy
il
ol
L

)

Iiy
i,
1

i

221
o

i
i
i

) AUSM -up h) LDFSS2001 i) Roe (E-fix)

Fig. 6 Hypersonic, inviscid, 2D blunt-body problem a) grid (160x80; every other grid lines are shown), b) coordinates, and results (Cp contours of
converged solutions) of ¢) SLAU2, d) AUSM "-up2, e) LDFSS2001-2, f) SLAU, g) AUSM "-up, h) LDFSS2001, i) Roe (E-fix).

a) Grid b) Coordinates ¢) SLAU2 d) AUSM "-up2 ¢) LDFSS2001-2

Fig. 7 Hypersonic, viscous, 2D blunt-body problem a) grid (160x160; every other grid lines are shown), b) coordinates, and results (Mach number contours
at 100,000 steps) of ¢) SLAU2, d) AUSM "-up2, ¢) LDFSS2001-2.
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Fig. 8 Aerodynamic heating profiles over blunt-body at Mach 8.1.
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Fig. 9 Cp contours (0 < Cp < 390) for low speed flow over
NACAO0012 airfoil (M,=0.01), a) SLAU2/ pLU-SGS, b) AUSM "-up2/
pLU-SGS, c) LDFSS2001-2/ pLU-SGS, d) Roe/ LU- SGS"”.

Table3 Computed drag coefficients Cp for NACA0012 airfoil.
Numerical Flux/

Time Integration Method &
SLAU2/ pLU-SGS 0.0032
AUSM -up2/ pLU-SGS 0.0037
LDFSS2001-2/ pLU-SGS 0.0048
SLAU/ pLU-SGS 0.00371?
Roe/ LU- SGS 0.07201?
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a) AUSM"-up2 b) LDFSS2001-2 ¢) Roe (E-fix)®"

Fig. 10  Pressure (top; 0 < P/P,, <390) and Mach number (bottom; 0
<M,, < 17) contours for 3D circular-cylinder (second-order in space;
freestream Mach number M,=17), ) AUSM "-up2, b) LDFSS2001-2,
¢) Roe (E-fix)®".
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Fig. 11  Aerodynamic heating profiles over blunt-body at Mach 17, a)
AUSM "-up2, b) LDFSS2001-2, ¢) Roe (E-fix)*".
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(B2) Cable Duct SMS/J
Fig. 12 Computational grid (Cartesian/body-fitted hybrid,
unstructured grid) generated by using LS-GRID for Epsilon Launch
Vehicle®.
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Fig. 13 Computational results for rocket configurations at Mach 1.5, a) SLAU2, b) AUSM *-up2, ¢) LDFSS2001-2, d) SLAU®”. Body: Cp contours
(-0.5<Cp<0.5) with body-constraint streamlines; Flow: absolute density gradient with streamlines (continued).
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d) SLAU®Y

Fig. 13 Computational results for rocket configurations at Mach 1.5, a) SLAU2, b) AUSM "-up2, ¢) LDFSS2001-2, d) SLAU®?. Body: Cp contours
(-0.5<Cp<0.5) with body-constraint streamlines; Flow: absolute density gradient with streamlines (concluded).
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Table4 Computed rolling moment coefficients C,, for Epsilon
Launch Vechicle.

Numerical Flux Cix
SLAU2 1.65x10™
AUSM -up2 1.70x10*
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AUSM -up 1.69x10™
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a) SLAU2
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b) AUSM "-up2

Fig. 14 Computational and reference experimental results for rocket configurations at Mach 1.5 (close-up views for SMSJ), a) SLAU2, b) AUSM *-up2,
¢) LDFSS2001-2, and d) oilflow experiment®. Cp contours (-0.5<Cp<0.5) with body-constraint streamlines.
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