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R, 7 A B Bk [R] T NI 3R] LA A BT HLL 4% 53X R Zha-Bilgen #5320, R-ZB
MRS RS AR S 2% i, U AR F Ak [ 7 Bk

reference solution

6 HLL™ 6
I - Zha-Bilgen" r
5SF ---R-ZB 5
4T 4T
2 g
Z 3 2 3k
Q 3
< <
2F 2k = reference
F * — solution
g ' g HLLY i
1r Ir - Zha-Bilgen"® o
. ) oo ---R-ZB
() 1 1 J 0 | PP T | NP IR W 1 )
0.2 0.4 0.6 0.8 1.0 0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90
x x
(a) BEE p WIS TR (b) B p YRR o7 4]
(a) The profile of density (b) The local profile of density

B3 YR
Fig. 3 The solutions of 1D blast wave problems
4.4 BENI B O]
XF T Mach 04 10 (-F 00 ZE [ 45 78 80, ERI GG P8l ae 39 107 5 BE R 3 «
(p,u,v,p)=1(1.4,0,0,1) + 107"(a,,a,,a;,a,), (50)
Hrr o, (k=1,2,3,4) 2&(0,1) ZEHFEHLEC TR X[ 0,351 %[0, 1], T3 A RIA%
o 700%20, THAEE] T = 3, & 4 AT LLE Y, Zha-Bilgen 4% 210 153 45 AR B0 5 H 3
TR AT E G, HL 0 A7 B TR S LR Zh 1) B8N B 107 A% B, Zha-Bilgen
R RATLE LR MIR 2 R B R-ZB A T 5 45 AR B 1 IE80 A B0 AL &, T HAN 25
AT E LG, 2 YO Mach $0% i3 30 1), R-ZB kg XA 25 AT E BL 4.

Zha-Bilgen'"® R-ZB

—_ éﬁ M B | — g
26 28 30 32
X

34 26 28 30 32 34

B4 WP L
Fig. 4 The solutions to random perturbation problems
4.5 HI&MreE
T X [0,3]x[ 0,17, 35 H A I AS B0k 240%80, 76 » = 0.6 4bFH — 45k 0.2
W BB, AR AIRR (x,y) = (0.6,0.2) JIER AN
(p,u,v,p)=(1.4,3.0,0.0,1.0), (51)
PR N F55 A R T = 4. NEL 5 FTLLE Y, Zha-Bilgen % 3 #1153 45 R AE 1 BE
I Mach AT 5 1123 H ST E 4, 0 R-ZB A& 2XNNTHBR T3 A fe e 4.
4.6 FBERSEER M
Mach $04 20 MBI 26— R AR, w1 tG 4R
(p,u,v,p)=(1.4,20.0,0.0,1.0), (52)
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TER RN RSN A AR R AL, LTSRN O &4k, AR ik
FARAFRBCE AT LS SCHR 33 )35 AP TR RS 2 20x 160, A TE] 7 = 4, A& 6 AT LA
% i, Zha-Bilgen A% 2UAE DX ) i RIFRA H B T A0 A ER 2 B4, T R-ZB 4 AU ER T
AFEE LG, 0 EHL T3 0 7 R B .

" ==

B 5 iR LR

Fig. 5 The solutions of forward facing step problem

%Rn | %

B6 At RV A 4
Fig. 6 The solutions of hypersonic flow over a cylinder
4.7 % Riemann [a)f3

T Yk Riemann [R5 346 FLEAS [R] A% 27— 4 30 451] mp b =422 e 17 DBTF 94 4 2 736 0 A 2L
AT 2R BE AR TR XA [0, 1] x [0, 1], 3158w 8 T 0 4% £50h 400%400, 15 7 9

F& 0N 800800 ) HLLC #% = H 3345 A IS H i iR 5
(p,u,v,p)=(0.5313,0,0,0.4), x > 0.5,y > 0.5,
(p,u,v,p)=1(1,0.727 6,0,1), x < 0.5,y > 0.5,
(p,u,v,p)=(0.8,0,0,1), x <05, y=<0.5,
(p,u,v,p)=1(1,0,0.727 6,1), x> 0.5, y=<0.5.
T CFL 0k 0.8, 38 m ] T = 0.25. A& 7 AT LAE Y, 3 FhEE K2 ( HLL  Zha-Bilgen F1
R-ZB) X T30 AR 43 38 AF 2 HLL A 2 12 fioh (8] D8 007 A AR K I FE B, Zha-Bilgen 4%
A R-ZB #8377 U i 0 B2 il e 7. 35 3 B R T ARS8 SR 5 2 % i 2 1A il iR
ZE VA KRS Rl AR 3 WA H, R-ZB A% X AR 220U HLL A% iR 2209 11.13% , 9 H Lk
Zha-Bilgen #2UIR 220 T 7.9% IR R E3RE , R-ZB A% XA b T HLL #% 201 Zha-Bil-
gen A HIZ T 1.23% 1 2.17%. P, R-ZB A% =X LAAEH /N B [R1AR A Dl R AR 5 4 (8 45 3

(53)
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1.0

[ reference solution
0.8}

0.6

04

O | 1 1 1 1 O
0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0

7 4k Riemann [A) 5 Y113 45 R
Fig. 7 The solutions to 2D Riemann problems
F 3 ARBERAMIRZEF CPU THE R H4L

Table 3 Comparison of errors and CPU times between different schemes

scheme L? error CPU time T /s
HLL! 4.583 7TE-4 325
Zha-Bilgen!'®) 5.541 2E-5 322
R-ZB 5.103 3E-5 329
+ N
5 én Te

AR} 3 AP TR 43247 1 ( AUSM , Zha-Bilgen Fil Toro-Vazquez ) fY X% 70 il & 1% )
T A TR A3 AT, SE TR 3 — b AT S RS O ELEEHE A% 38 5 248 X (R-ZB A% X)) A
I . H Zha-Bilgen 432475 150 38 155 43 54 18 A % B350 4o R0 R g 3 3, rbod it 38 1t 9 1158k
e BRI XU 1, e 3 R FRRE ) HLL A% O T, RRKEAZ 52 19 HLL A% =X 09 #E 0
(1) %% B 25 F R ) 22 AR BUE SE 30 2R WA L A LE T IR 4R 19 Zha-Bilgen 4% 53X, AR SCHI 1 1Y R-ZB %
FALERER T D iy o 7 B 750 2850 B B804 M 1] W7 45 000 Ty L EL A O 0 et
P AT G 0] S AS 2 BV O AR OE A MO TR DR A R-ZB #% 205 HLL 445X
FEER Y TV A% A 22 A 2t 2.2%. 1, 256K F , R-ZB & 202 — i m &% ORG  ELAge Y
i fEg K.
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A Robust and Low-Dissipation Flux Splitting Scheme

HU Lijun', YUAN Li’, ZHAI Jian’
(1. College of Mathematics and Statistics, Hengyang Normal University
Hengyang, Hunan 421002, P.R.China;
2. Academy of Mathematics and Systems Science, Chinese Academy of Sciences,
Beijing 100190, P.R.China;
3. Dawning Information Industry Co., Ltd., Beijing 100193, P.R.China)

Abstract: With the rapid development of computational fluid dynamics, it is particularly impor-
tant to design accurate, efficient and robust numerical schemes. Through the characteristics an-
alyses of 3 popular flux splitting methods ( AUSM, Zha-Bilgen and Toro-Vazquez), a simple,
low-dissipation and robust flux splitting scheme (named as R-ZB) was constructed. The flux of
Euler equations was split into a convection flux and a pressure flux with the Zha-Bilgen splitting
procedure. The convection flux was computed with a simple upwinding scheme, and the pres-
sure flux was evaluated with a low-dissipation HLL scheme to overcome the flaw of failing to
capture contact discontinuities. Numerical experiments show that, the proposed R-ZB scheme
not only retains the merits of the original Zha-Bilgen scheme, such as simpleness, efficiency
and capturing contact discontinuities accurately, etc., but also has better robustness, which e-

liminates the numerical shock instabilities in the calculation of 2D problems.

Key words: Euler equations; Zha-Bilgen splitting; HLL; R-ZB; low dissipation; numerical
shock instability
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