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Improvement of AUSMV-type Scheme with Healing of the Numerical Instabilities
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In order to obtain the stable analyses on the highly skewed computational cells, remedies on the unstructured mesh are
developed based on the shock-fix method. Also, a flux splitting scheme is implemented to obtain the stable analyses for
shock wave and the high-resolute analyses for contact discontinuity. These methods are applied to various types of
problems in which both the square elements and the triangular elements are used for the fluid computation.
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Fig.1 Density contours solved by AUSMDYV with MUSCL-TVD
around a cylinder at free stream Mach 20 by using 320x20 grid system.

(a)grid, (b) SF with 1% order Hanel’s FVS, (c) SF with 2™ order Hanel’s
FVS
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Fig.2 Hypersonic inviscid flow solved by AUSMDV with MUSCL-
TVD around a cylinder at free stream Mach 20 by using 640x20 grid
system(density contours). Grid(left) and SF with 1% order Hanel’s
FV/S(right) results.
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Fig.3 Hypersonic inviscid flow solved with SF2 and MUSCL-TVD
around a cylinder at free stream Mach 20 by using 640x20 grid
system(density contours). (a)AVM+SF2+ MUSCL-TVD,

(b) FVS-W+MUSCI-TVD, () HLLE+MUSCL-TVD
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Fig.4 Hypersonic inviscid flow solved with AVM+SF2 +MUSCL-
TVD around a cylinder at free stream Mach 20(density contours).
(2)1280%20 cells, (b)2560%20 cells, (€)320x160 cells.
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Fig.5 Hypersonic inviscid flow around a cylinder at free stream Mach
20 with MUSCL-TVD on the unstructured mesh(density contours and
profiles on the stagnation streamline).
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Fig.6 Hypersonic inviscid flow solved by AVM+SF2 with MUSCL-
TVD around a cylinder at free stream Mach 20(shock detecting flag wi
contours). Left is 320x160 grid system, and right is unstructured
mesh(approximately 25,000 triangular elements).
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Table1l Density and total enthalpy distributions near the 1-D steady
shock(1* order scheme with SF2 was used).

Cell number Density Total enthalpy
47 100000000000 1.00000000000
48 1.00000000000 1.00000000000
49 1.00000000000 1.00000000000
50 1.89057587197 1.00000000000
51 553073958311 1.00000000000
52 5.95238095238 1.00000000000
53 595238095238 1.00000000000
54 5.95238095238 1.00000000000

B3R MBERENEL RO IL
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Table 2 Density and total enthalpy distributions near the 1-D steady shock
(MUSCL-TVD with SF2 was used).

Cell number Density Total enthalpy
47 1.00000000000 1.00000000000
48 1.00000000000 1.00000000000
49 1.00000000000 1.00000000000
50 1.89157966681 1.00000000000
51 5.53167596612 1.00000000000
52 5.95238095238 1.00000000000
53 5.95238095238 1.00000000000
54 5.95238095238 1.00000000000
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Fig. 7 Moving contact discontinuity solved by AVM+SF2 and Roe’s
finite difference splitting(FDS) with first-order in space. The line shows
the numerical solution by the FDS scheme.
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(d) AVM with SF2
Fig.8 Movingshockat M =6 solved by the 1%-order scheme
on the structured grid system.
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Fig.9 Movingshock M, =6 solved by AYM+MUSCL-TVD
(unstructured mesh and density contours).
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(@) AVM+SF2+MUSCL-TVD

(b) AYM+MUSCL-TVD

(c) HLLC+MUSCL-TVD
Fig. 10 Density contours using MUSCL-TVD for the M=4, 30degree.
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Fig. 11 Comparison of density distributions solved with MUSCL-TVD.
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Fig. 12 Comparison of residual history.
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(b) Fine mesh (32x48)

Fig. 14 \elocity profile on the flat plate at Re x =10° .
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Fig. 15 Close-up view of the computational cells(51840 elements ),
square elements near the wall, and triangular elements far from the wall.
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Fig. 16 Hypersonic viscous flow solved by AVM+MUSCL-TVD
around a cylinder at free stream Mach 8.1(pressure contours).

(a) 160x80 cells, (b) 320x160 cells, (c) 51840 cellls(hybrid mesh).

(b) ©

Fig. 17 Hypersonic viscous flow solved by AVM+SF2 +MUSCL-TVD
around a cylinder at free stream Mach 8.1(pressure contours).

(a) 160x80 cells, (b) 320x160 cells, (c) 51840 cellls(hybrid mesh).
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(a) Aerodynamic heating rate distributions on the wall.

Fig. 18 Hypersonic viscous flow solved by AVM+MUSCL-TVD
around a cylinder at free stream Mach 8.1.
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(b) Surface pressure distributions.

Fig. 18 Hypersonic viscous flow solved by AVM+MUSCL-TVD
around a cylinder at free stream Mach 8.1.
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(a) Aerodynamic heating rate distributions on the wall.
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(b) Surface pressure distributions.

Fig. 19 Hypersonic viscous flow solved by AVM+SF2+MUSCL-TVD
around a cylinder at free stream Mach 8.1.
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Table3 Aerodynamic heating rate at the stagnation point(Fay-Riddell’s
analytic solution is 0.173MW/m?).

computational mesh shock-fix2 4 [MWin]
structured grid(160x80) ON 0.178
structured grid(320x160) ON 0.176
hybrid mesh(51,840elements) ON 0.176
structured grid(160x80) OFF 0.161
structured grid(320x160) OFF 0.147
hybrid mesh(51,840elements) OFF 0.195
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HEEFERT D XD 7o 225 T 91E O S 2 OFEORE
W2 L CHEFITIE R B 2 Hivs.

Table4 Aerodynamic heating rate at the stagnation point(Fay-Riddell’s
analytic solution is 0.173MW/m?)  on the structured grid(320x80).

computational mesh shock-fix2 4 [MWim?]
AVM ON 0.177
AUSMDV ON 0.177
SLAU ON 0.175
AVM OFF 0.112
AUSMDV OFF 0.247
SLAU OFF 0.166

heat flux |Mme2]

0.0 .
0 20 40 60 80

o [degl

Fig.20  Aerodynamic heating rate distributions around a cylinder at free
stream Mach 8.1 using 320x80 cells. No shock-fix method was used.
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(@) Aerodynamic heating rate distributions on the wall.
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(b) Close-up view near the stagnation point.

Fig.21 Aerodynamic heating rate distributions around a cylinder at free
stream Mach 8.1 using 320x80 cells with the shock-fix2(SF2).
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