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4.4 % Euler 7% Riemann 8] & IV
(psusvsp) =

(0.5313,0.1000,0.1000,0. 4000)
(x>0.5,y >0.5)

(1.0222, —0.6179,0.1000,1. 0000)

(x<<0.5,y>0.5)

(0. 8000,0. 1000,0. 1000,1. 0000)
(< 0.5,y<0.5)

(1. 0000,0. 1000,0. 8276,1. 0000)
(x >0.5,y<C0.5)

K 5 RE 4 4F T=0.2 , CFL =0. 8 , 23 [a] [
FECH 250 X 250 I I BUE S5 R XS ., Hp & 5
(D 0 =mn/7 W[ & e 5% 0 1a 7 A% =X 0 £l 45
R A A, A i 18] 0B — S SO A — A

1.0

0.0 0.5 1.0 0.0 0.5 1.0
X X
© @

B 5 B4 BUESS R R

Fig. 5 Comparison of numerical results in Example 4

B, 5 Ca) A] A SO 2B XS % Riemann [7)
TR VAt b AT B ) O G R PR S a3 B
WUAE i B R 1Y /0N BE B A8 1905 A2 4 =X i FE K
T, LA 2 5 0 PR eIk 7 4R

5 B £

AR SCERXF 4k Euler J5 2 % Riemann [7] 5 )
T 25 A A N e e R A% XL T O R
(R THE e AN AR PE 0 J7 R AT 2 — HE AL B, Gl 2ok 5] A
T 77 PR BV SRy IR I 8% o T 2 A o Y e B A AR 4l
JRI U B 1 TR AR AR AT IS N A e 3 A 4R
B0 58197 3590 e 2 AU [ 35 N E 2 Jk AR A% 2 B 8 1R
U b e 2 1R T BT AE AL, HA A T PR

£ 2 3k (References) :

[1] Levy D W,Powell K G,van Leer B. Use of a rotated
Riemann solver for the two-dimensional Euler equa-
tions[ J]. Journal of Computational Physics, 1993,
106(2) :201-214.

[2] Ren Y X. A robust shock-capturing scheme based on
rotated Riemann solvers[]]. Computers & Fluids,
2003,32(10):1379-1403.

[3] Townsend J F,Knzsy L,Jenkins K W. On the develo-
pment of a rotated-hybrid HLL/HLLC approximate
Riemann solver for relativistic hydrodynamics [ J].
Monthly Notices of the Royal Astronomical Society »
2020,496(2) :2493-2505.

(4] AZLE,HFE.EE5F AT WENO EMHALE S
HARZARMELI]L I F FR,2023,40(6):1036-
1043. (HU Lijun, TAN Shide, YUAN Haizhuan. A
genuinely multidimensional Riemann solver based on
WENO reconstruction[ ] ]. Chinese Journal of Com-
putational Mechanics, 2023, 40 (6): 1036-1043. (in
Chinese))

[5] Feng X S,Liu X J , Xiang C Q,et al. A new MHD
model with a rotated-hybrid scheme and solenoidality-
preserving approachl J]. The Astrophysical Journal
2019,871(2) :226.

[6] Harten A,Lax P D,van Leer B. On upstream differe-
ncing and Godunov-type schemes for hyperbolic con-
servation laws[ J]. SIAM Review, 1983,25(1): 35-
61.

[7] Toro E F, Spruce M, Speares W. Restoration of the
contact surface in the HLL-Riemann solver[ ] ]. Shock
Wawves ,1994,4(1) :25-34.

[8] Tadmor E. The numerical viscosity of entropy stable

schemes for systems of conservation laws[ ] ]. Mathe-



%5 R A, % KA — % Riemann |7 B 09 JE £ A B & I 5e % 0 F2 2 4 R 785

matics of Computation »1987,49(179):91-103. debate [[J 1. International Journal for Numerical
[9] Ismail F,Roe P L. Affordable, entropy-consistent Eu- Methods in Fluids,1994,18(6) :555-574.
ler flux functions II: Entropy production at shocks [15] Hong Kim K, Ho Lee J, Hyun Rho O. An improve-
[J1. Jowrnal of Computational Physics, 2009, 228 ment of AUSM schemes by introducing the pressure-
(15) :5410-5436. based weight functions [J]. Computers & Fluids,
[10] % &, 4 &R KM =24 Euler 7 2 49 4t #5 18 ¥ R 1998,27(3) :311-346.
X1 2R F 4 H %,2021,42(2):170-179. [16] Toro E F. Riemann Solvers and Numerical Methods
(JIA Dou, ZHENG Supei. A hybrid scheme of rota- for Fluid Dynamics[ M]. Berlin, Heidelberg: Spring-
tional flux for solving 2D Euler equations[]J]. Ap- er,1997.
plied Mathematics and Mechanics ,2021,42(2) :170- [17] Gottlieb S,Shu C W, Tadmor E. High order time dis-
179. (in Chinese)) cretization methods with the strong stability property
[11] #%W%.53 F, AFM M- ERZARAKS R [J]. SIAM Review,2001,43(1) :89-112.
B MR X LT EF F W, 2023, 40 [18] Kim S S.Kim C,Rho O H.et al. Cures for the shock
(2):229-236. (ZHAI Mengqing. LI Qi, ZHENG Su- instability : Development of a shock-stable Roe scheme
pei. A moving-grid entropy stable scheme for the 1D [J1. Jowrnal of Computational Physics, 2003, 185
ideal MHD equations[ ] . Chinese Journal of Compu- (2):342-374.
tational Mechanicss 2023, 40 (2):229-236. (in Chi- [19] Kurganov A, Tadmor E. Solution of two-dimensional
nese)) Riemann problems for gas dynamics without Riemann
[12] Zhang F,Liu J,Chen B S, et al. Evaluation of rotated problem solvers[ ] ]. Numerical Methods for Partial
upwind schemes for contact discontinuity and strong Di f ferential Equations,2002,18(5) :584-608.
shock[ J 1. Computers & Fluids, 2016, 134-135; 11- [20] %% B. XM FREAEFTRGEEZHRTHEZ K
22. XA R [D]. ¥ % X 5.2021. (XU Xia. The Research
[13] Einfeld B. On Godunov-type methods for gas dyna- of Arbitrary High-order Sign Preserving Entropy Sta-
mics [ J]. SIAM Jowrnal on Numerical Analysis, ble Schemes for Hyperbolic Conservation Laws[ D],
1988,25(2) :294-318. Chang’an University,2021. (in Chinese))

[14] Quirk J J. A contribution to the great Riemann solver

A pressure difference adaptive rotating entropy stable scheme for
two dimensional Riemann problems

GUO Yilin, ZHENG Supei®, CHEN Mengying, LIU Jiahao
(School of Science,Chang’an University,Xi’an 710064 , China)

Abstract; The Euler equation is one of the fundamental equations describing fluid motion in
Computational Fluid Dynamics, and the existence of discontinuous solutions poses challenges in
constructing numerical algorithms for solving this type of equation. To achieve high-resolution numerical
results for the Riemann problem of the two-dimensional Euler equation, this paper constructs a pressure-
difference adaptive rotating entropy stable scheme. Utilizing the rotating invariance of the equations,the
normal vector outside the boundary is decomposed into two orthogonal components, and an entropy
stable scheme is implemented in each directions. The determination of the components of the two
components relies on the rotation angle. In this paper,a pressure function is introduced to adaptively
adjust the rotation angle of the scheme based on local pressure variations. The resolution of the entropy
stable scheme is enhanced by introducing the adaptive rotation angle. Numerical examples show that the

numerical results obtained by this scheme exhibit good symmetry and high resolution.

Key words: entropy stable scheme; pressure-difference rotation angle; rotating invariance; pressure

function;adaptive variation



