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Table 1 One-dimensional accuracy test for W7-HK/KFVS

Léror Lo

8 W7-HK 2.46X107° 1.42X107°

8 W7-KFVS 2.37x10"? 1.42X107°

16 W7-HK 4.14X107°  5.89 2.32X107° 5.94
16 W7-KFVS 8.35X107° 4.83 3.87X107° 5.20
32 W7-HK 5.69X1077 6.18 2.60X1077 6.48
32 W7-KFVS 1.48X10°¢ 5.82 5.80X10° 7 6.06
64 W7-HK 5.10X107% 6.80 2.20X1079 6.88
64 W7-KEFVS 1.44X10°% 6.68 5.18X1077 6.80
128 W7-HK 4.09X1071 6.96 1.76X1071  6.97
128 W7-KFVS 1.19X1071° 6.92 4.20X10~" 6.95

2 W9-HK/KFVS
Table 2 One-dimensional accuracy test for W9-HK/KFVS

= 2
Lo Lisor

5 W9-HK 1.61X10? 9.95x107°

5 WI-KFVS 1.88X10°? 1.24X107°%

10 W9-HK 2.65X107%  5.93 1.46X107* 6.09
10 W9-KFVS 4.59X10°* 5.36 2.30X10°* 5.75
20 W9-HK 2.18X1076  6.92 9.78X1077 7.22
20 W9-KFVS 5.93X10°6¢ 6.28 2.77X10°% 6.37
40 W9-HK 7.15X1079 8.26 2.77X107° 8.47
40 WI9-KFVS 2.63X107% 7.82 9.70X107° 8.16
80 W9-HK 1.43X1071 8.97 6.20X107!% 8.80
80 WI9-KFVS 6.62X107'"" 8.63 2.20xX10" ! 8.78
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Table 3 Two-dimensional accuracy test for W7-HK/KFVS

2
Létor Lirror

8§ X8 W7-HK 2.13X10°° 1.17X10°°

8§ X8 W7-KFVS 4.76x10* 2.91X10°°

16 X16 ~ W7-HK 3.07X107% 6.11 1.65X10°° 6.15
16X16  W7-KFVS 2.01X10"* 4.57 9.00X107° 5.02
32X32 W7-HK 3.76X1077  6.35 1.70X1077  6.60
32X32  WT7-KFVS 3.55X107¢ 5.82 1.31X107% 6.10
64X64  W7-HK 3.24X1077  6.86 1.42X1077  6.90
64X64  W7-KFVS 3.29X10°% 6.75 1.17X10°% 6.81
128 X128 W7-HK 2.53X10711 7,00 1.13X10711 6.97
128 X128 W7-KFVS 2.68X1071° 6.94 9.39X10" ' 6.96

4 W9-HK/KFVS
Table 4 Two-dimensional accuracy test for W9-HK/KFVS

2
Léreor Lérror

5X5 WIo-HK 1.18x10 2 8.66X10°
5X5 W9-KFVS 2.85X10 2 2.03X10"2
10X10 WIo-HK 1.77X10~*  6.05 1.06X10* 6.35
10X10 W9-KFVS 8.17X10* 5.13 4.67X10* 5.44
20X 20 W9-HK 1.42X1075%  6.96 5.71x10°7 7.53
20X 20 WI-KFVS 1.47X107° 5.80 5.95X10°6 6.29
40X 40 W9-HK 4.25X1079  8.39 1.56x10% 8.51
40X 40 WI-KFVS 6.06X10°% 7.92 2.08X10 % 8.16
80 X80 W9-HK 7.68X10 12 9,11 3.94X10 2 8.63
80 X80 WO-KFVS 1.43X10°1° 8.72 4.70X10" " 8.79
4.2
4.2.1 Shu-Osher

Shu-Osher

[40]
’

({O’usp) -
(€385 T14,2. 620 369,10. 333 333) 0= <5

1 (1.0+40. 2sin(50x — 25),0,1)  5<<a<C10
(46)
[0,10], 1.8 s,
400, :
o 4000 W5
HK ) 1.8 s
1 : W7-HK
W9-HK : ;
W5-HK .

1 Shu-Osher 1.8 s  W5-HK,W7-HK ,W9-HK

Fig. 1 Density profiles of Shu-Osher problem for W5~
HK, W7-HK, and W9-HK at t=1. 8 s and an

enlarged view
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4.2.2 Titarev-Toro
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b
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(1.515 695,0. 523 346,1.805) —5<Ca<<—4.5
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[—5,5], 58, W5-HK s
800, , W9-HK ,
, 8 000 W9-HK W7-HK W9-HK
s 2 o o
2 Titarev-Toro 5s W5-HK,W7-HK ,W9-HK

Fig. 2 Density profiles of Titarev-Toro problem for W5-HK, W7-HK, and W9-HK at /=5 s and an enlarged view
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4 o 9 7 5 W9-HK  W9-KFVS s

3 48) 0.3s W5-HK,W7-HK ,W9-HK ,W9-KFVS
Fig. 3 Density profiles of 2D Riemann problem with the initial condition Eq. (48) for W5-HK., W7-HK, W9-HK,
and WI9-KFVS at t=0.3 s
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4 49) 1.6 s

W5-HK,W7-HK,W9-HK ,W9-KFVS

Fig. 4 Density profiles of 2D Riemann problem with the initial condition Eq. (49) for W5-HK, W7-HK, W9-HK,

and W9-KFVS at t=1.6 s
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5 0.2s W5-HK.W7-HK,W9-HK

Fig. 5 Density profiles of double Mach reflection problem
for W5-HK, W7-HK, and W9-HK at 1=0.2 s

4.5.2 Lax
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(15091 OOO)
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a 7
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(1509100)
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8 o
4] ,
D) 9SR
4.5. 4
W5-HK
4.4
3
Ohwada
Ohwada
XS
CPU o
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6 Sod 0.2 s  Ohwada,SR.XS
Fig. 6 Density profiles of Sod shock tube problem for Ohwada, SR, and XS ats = 0.2 s
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7 Lax 0.14 s  Ohwada,SR.XS
Fig. 7 Density profiles of Lax shock tube problem for Ohwada, SR, and XS at t=0. 14 s
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8 0.38 s  Ohwada,SR.XS
Fig. 8 Density profiles of blast wave problem for Ohwada, SR, and XS at t=0. 38 s
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9 0.2s Ohwada,SR.XS

Fig. 9 Density profiles of double Mach reflection problem
for Ohwada, SR, and XS at t=0.2 s

5 Ohwada SR, XS CPU
Table 5 CPU time for Ohwada, SR, and XS methods in

double Mach reflection problem

CPU /s

Ohwada SR XS
1677.33(1.00) 1 715.42(1.02) 1 759.13(1.05)
14 244(1.02) 14 535(1. 04)

240960
4801920 14 011(1.00)

D [29]
WENO 7 9 s
) WENO
[29] 5
2) Ohwada,SR.XS
5 WENO
, Ohwada
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An extension of hybrid kinetic WENO method
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Abstract: An extension of the high-order WENO methods based on the gas—kinetic theory is carried out. The hybrid kinetic
WENO method proposed in Int. J. Numer. Meth. Fluids 79(6),290-305(2015) is further extended to the 7th-order and the
9th-order cases. Within the framework of the 5th-order hybrid kinetic WENO method., the computational accuracy and effi-
ciency of different shock detection techniques are compared. The TVD Runge-Kutta method is used for temporal integration,
and the hybrid kinetic WENO method is employed for spatial discretization. Both one-dimensional and two-dimensional nu-
merical examples are presented to show that the extended hybrid kinetic methods have higher resolution and less numerical
dissipation than the traditional flux vector splitting technique ., and can also have good shock-capturing ability. It is also found

that the shock detection technology proposed by Ohwada et al. has good shock-detection ability and computational efficien-

cy.
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