AN AT

128 M3 UEY
[E=x1 ) ]

2vuldtF 54 Roe 3'q 2] EA1¢ 34

=1+ = «2 «3
o AUl E

T

Issues and Solutions of Roe Schemes for High Mach Number Flows

S. H. Won, J. Y. Choi and 1. S. Jeung

In the CFD area, the numerical analysis of high Mach number flow over a blunt-body poses
many issues. Various numerical schemes have been developed to cover the issues, but the traditional
schemes are still used widely due to the complexities of new schemes and intricacy of modifying the
established codes. In the present study, the well-known Roe's FDS based on TVD-MUSCL scheme
is used for the solution of very high Mach number three-dimensional flows posing carbuncle and
non-physical phenomena in numerical analysis. A parametric study was carried out to account for the

effects of the entropy fixing, grid configurations and initial condition. The carbuncle phenomena could

be easily overcome by the entropy fixing, and the non-physical solution could be eliminated by the

use of the modified initial condition regardiess of entropy fixing and grid configurations.

Key Words: Roe9] 7]¥(Roe’s scheme,) 31v}3}4 #% (High Mach number flows), Carbuncle
& 4} (Carbuncle phenomena), ¥l &% 3 3](Non-physical solution), 2=} 3/ (Grid
Configuration), &3 ¥ %7)ZZ (Modified Initial Condition)
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Fig.1 Carbuncle and non-physical solutions
of high Mach No. flow over a blunt-
body.
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Fig. 3 Convergence history and 3-D grid
system of blunt-body at Mach=4.

Table 1 Numerical experiments according to
entropy fixing parameter and spatial
accuracy at Mach=30. (CFL=1.0)

Mach=30 | 1** order | 2™ order | 3" order
€=0.4 N/P NP N/P
=06 P N/P N/P
€=0.8 P N/P N/P

=10 P NP | NP
€=20 P(EAD) P N/P
€=30 P(EAD) P p
€=40 P(EAD) | P(EAD) P
=50 P(EAD) | P(EAD) | P(EAD)
€=6.0 NaN NaN NaN |

P: Physical Solution, N/P: Non-Physical Solution,

EAD: Excessive Artificial Dissipation, NaN: Not a Number
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accarding to grid configuration.
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Fig. 7 Calculation results without Virtual
Shock and with Virtual Shock.

Table 2 Numerical experiments with Virtual

Shock.
3 order: 3 order:
Mach=30 |, itial Cond. | Restart Cond.
=04 NaN NaN
€=0.6 CFL=0.02 CFL=10
Iter=1,000 Iter=5,000
=08 CFL=0.05 CFL=10
Tter=400 Tter=4,000
€=1.0 CFL=0.1 CFL=10
Iter=200 Iter=4,000

NaN : Not a Number
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Fig. 8 Convergence history without Virtual
Shock and with Virtual Shock.

Fig.9 Physical solutions with Virtual Shock.
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Table 3 Numerical experiments according to
grid configuration.

without with
Mach=30 | Virtual Shock | Virtual Shock
(CFL=1, €=25) |(CFL=10, €=1.0)
y1=0.7 P P
y1=0.9 P P
yi=1.1 P P
y1=1.3 N/P P
vi=15 N/P P
yvi=1.7 N/P P

P: Physical Solution, N/P: Non-Physical Solution
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Fig. 10 xo-y: definition and convergence
history according to grid
configuration.
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Fig. 11 Surface pressure of blunt-body at
Mach=30.

£ 600 o SRS L WL
* b g ke B
400: ' ﬂ . gg:égr ‘%‘
sool— ﬁ.‘. with Vll‘l'uPl Shock

PAQA=0 YAW:

[ = o PAQA=I0 YAW=ID.
2 -15 -1 05 (s) 05 1 15 2

Fig. 12 Center-line pressure of blunt-body at

Mach=30.
Fig. 117 12& 7t &9 4HEY 2 dAE S
Ave FAAY 092 YPEXoIg ¥ gHER

o B #FF9 A e AU UE BE R
FAM EAQol FL AAE 2E + AT =3



134 3 HEY

I AT

EEER ]

FTHNA e AHEXANE AOCASH YAWd 9
& A olFes A HugHY F: F o
e & ¥ + 3o

ojg} o] M3 FAH(E o]&F AT, A2 A
E2y AL T 1A FXHFER FHo] 7}
T3] WEA AR FEYol &xd 5 e,
2ok 2 CFL 9 ©]&0°] 7bsstr] Wil Aty
&4 WA oldel AN EF AA g #

Agle] Axtol 7hsd AAEE E& F AN
4.8 E
2 47 7189 oln ¥o] o]&53 3= Roe's

FDS 711_ FAHYAA o2 ZAFPo] G} A
o2 ¢ avtse Fd 23 FHAREY Si}
AHolM, $AH EAFE TA7Y 4HI AHe
T3t 193 HEZE 5 de WEF FEF FHY
g AANI}AG. 2 <2 carbuncle LS ¥&
vl JdERT BAS T 4A AT
FAFET &+ ,sl%’l”ﬁ &3 e Fe A
Ezy BA 9, A3 4 SAE 9¥S ¢AY,
s dstg 27] 218 o83 dE=Y A
olul, Az A& Tol #Afl] 12X FEE HYol
A FE3 2 CFL & ol&3d A H2% +
JES ¢ F AU

% 7l
g ere FdtdTee nUEd S5
FAEH 479 A¥Poz ARHAoH, old] A}
=3y
Aned

(1] J. L. Steger, and R. F. Warming, 1981, "Flux
Vector Splitting of the Inviscid Gasdynamic
Equations with  Application to  Finite -
Difference Method,” J. o Computational
Physics, Vol. 40, pp.263-293.

[2] B. Van Leer, 1982, "Flux - vector Splitting for
the Euler Equation,” Lecture Notes in physics,
Vol. 170, pp.507-512

[3] J. Gressier, P. Villedieu, and ]J-M Moshetta,

1999, “Positivity of Flux Vector Splitting
Schemes,” J. of Computational Physics, Vol

155, pp.199-220.
[41 P. L. Roe, 1981, "Approximate Riemann
Solvers, Parameter Vectors and Difference

Schemes,” J. of Computational Physics, Vol.
43, pp.357-372.

[51 J. Y. Choi, . S. Jeung, and Y. Yoon, 2000,
"Computational Fluid Dynamics Algorithms for
Unsteady Shock - Induced Combustion, Part 1:
Validation,” AIAA J, Vol 38 No. 7,
pp.1179-1187.

[6] V. M. Vista, J. L. Thomas, and B. W. Wedan,
1987, "Navier-Stokes Computations of Prolate
Spheroids at Angle of Attack,” AIAA pp.
87-2627.

[7]1 D. Gaitonde, and J. S. Shang, 1993, "Accuracy
of Flux-Split Algorithms in High-Speed
Viscous Flows,” AIAA J, Vol. 31, No. 7,
pp.1215-1221.

{8] D. Hanel, R. Schwane, and G. Seider, 1987,
"On the Accuracy of Upwind Schemes for the
Solution of the Navier-Stokes Equations,”
AIAA paper 87-1105-CP.

91 P. L. Roe, 1989, “A Survey of Upwind
Difference Techniques,” Lecture Notes in
physics, Vol. 323, pp.69.

[10] P. K. Sweby, 1985 "High Resolution TVD
Schemes Using Flux Limiters,” Lectures in
Applied Mathematics, Vol. 22, pp.289-309

{11] D. Hanel, R. Schwane, and G. Seider, 1987,
"On the Accuracy of Upwind Schemes for the
Solution of the Navier-Stokes Equations,”
AIAA paper 87-1105-CP.

{12} C. Hirsh, 1990, "Numerical Computation of
Internal and External Flows,” John Wiley &
Sons, Vol. 1,2.



