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Fig. 1. Schematic diagram of the interaction of two-dimen-
sional planar shock wave with material interface: (a) ¢ < 0;
(b) t > 0.
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Fig. 2. Various refraction types of shock wave I; along the
interface OP;: (a) RRS; (b) RRE; (c) IRS; (d) IRE; (e) IRP.
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Fig. 6. Interaction of I; and I, along the interface OP; under case 1.
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K19 t=0.10 ms B2 REHM (a) AL (b) Catherasoo J5i; (c) BUAL R

Fig. 9. Wave structure at ¢t = 0.10 ms: (a) Our own method; (b) Catherasoo’s method; (c) numerical results.

064701-7


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 72, No. 6 (2023) 064701
2.5 30
(a) L (b)
[m}]
Initial interface o
o o a [m}]
g i #1 [ O--0--~0----
g 0 < 25t
3 Ry P, F
By T, O Luo’s experimetnal datall8l
Qg M O Numerical results
Ps - - = Our own method
R, I Catherasoo’s method
—2.5 L 20 . L
0 2.5 5.0 0 50 100 150
z/mm t/us
30 40
(c) (d)
o 35F
L O
25 o ] 0 go [=S) DO o ° o
< < N - S -
= 3 30T
s -~ -~"-~"-~"-~"-~" -~ - -~ -----T---°" 3
20 b O Luo’s experimetnal datal'8] O Luo’s experimetnal datal'8]
O Numerical results 25 O Numerical results
- - - Our own method - - - Our own method
Catherasoo’s method Catherasoo’s method
15 L L 20 . L
0 50 100 150 0 50 100 150
t/ns t/ps

& 10

B R LS R 281

(a) PREH; (b) oy (c) a5 (d) g

Fig. 10. Variation of wave structure parameters with time: (a) Wave structure; (b) ¢y; (c) ay; (d) ay.
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WEIR G A R ki, 5P E R 2=
~4.30%, f:F Catherasoo 45H1) -8.55%.

AITETESE o = 21.8°F ay = 37.2°,
Horp o) BELI AR /N, T o WK, 5 5250 5K
P EE w2253 -12.1% F11 19.3%; Catherasoo
FEHEART] o = 24.1°H1 ap = 30.8°, 5L
P w220 3 09-2.85% I —1.06%. Hit Al I,
XFTE Ty AL /EF, A SCJ7 1 Catherasoo /7 i
ZE IR B BB 2250, IF B Catherasoo /7 i
S5O B SR, UL 10(c) ANAL 10(d). 2L
TP 2 ) A DR AT BB AT PR S T — R AR SO

1 Catherasoo J7 LT EAS 2 I T, ZHA—E
TJBEARSCTT A Catherasoo FTIETER RN T, 5
L, AEH B ELS T AN,

B\, i T, S8R — B2, 3R 151
T Ty SRS pry VLEGE N 2 Fly J5 1
I3 upy A opy BENBTHRSE R, TR sk
T, 250, 43 S F A SC 3 Fl Catherasoo J7 i
PR T, 5 LIEH, 4R %E 2, #HiLHH
T M JERIES py. XFHFEIRDE T, S8, &
SCHEASRI py BI0HE KT Catherasoo 7, 1M
oy R, U MARIE BR8Py Py VR
M [Tz 2l R gk A, DRk, A SO AR B
ay H Catherasoo J7iE45 R/, a, NI H Catherasoo
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IR R 2= W BH /N AR T S30F AR
WINEGIR W2, X RV 5k T, 28082
Lb, BV AN R EA B i A 5 .

F1 W T, SHESTHA LR

Table 1.  Theoretical retuslts for parameters of T'.
HHITE pri/(10° Pa)  upy/(mst)  vpy/(mes)
A3 1.32 15.8 -32.6

Catherasoo 1.21 9.95 -21.6
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Table 2.  Theoretical —retuslts for interaction
between T and L.
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HHITE a/(°) aa/(°) pu/(10° Pa)
. A3 218 372 2.45
pr1 = 1.32x10° Pa
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prp = 1.21x10° Pa
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Fig. 12. Wave structures for different ¢ (May = 2.00, py/p; = 0.25). Panels (a)—(i) correspond to ¢ = 0°, 10°, -+, 80°, respectively.
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Fig. 13. Diagram for wave structure parameters.

%3 AR o H TR E (May, = 2.00, py/p; = 0.25)

Table 3.  Wave structure parameters for different ¢ (May; = 2.00, py/p; = 0.25).
. e o5 ag oy dr g Ty
#/C) ik 4PR/(0) W/ /% R/ WE/% HER/(C) WZE/% 48R/ /m /% 48R/ /mo /%

0 AL 29.4 ~4.42 13.0 -10.1 31.7 10.6 1.13 34.2 4.60 0.86
Catherasoo 28.4 -7.89 12.2 -15.6 29.5 3.01 1.02 22.0 4.54 -0.31

10 AL 29.4 ~4.62 8.97 -14.3 22.6 8.86 0.84 34.0 4.33 -0.51
Catherasoo 28.2 -8.54 7.89 -24.6 22.1 6.53 0.87 38.9 4.29 -1.33

50 AL 29.4 -5.12 5.33 -25.4 13.9 2.43 0.54 33.0 4.09 -3.34
Catherasoo 28.1 -9.28 3.97 —44.4 154 12.8 0.72 7.5 4.06 -3.89

20 AL 29.4 -9.64 2.01 -54.1 5.74 -27.5 0.24 2.59 3.88 -8.68
Catherasoo 28.1 -13.7 0.37 -91.7 9.12 15.0 0.59 148.7 3.86 -9.00

0 A3 — — — — 4.17 25.9 — — 4.16 -5.15
Catherasoo — — — — 5.02 51.4 — — 4.22 -3.88

A3 — — — — 0.82 22.7 — — 4.74 -1.27

%0 Catherasoo — — — — 1.99 197.9 — — 4.86 1.22
60 A3 — — — — — — — — 4.94 -0.06
Catherasoo — — — — 0.71 — — — 5.05 2.12

0 A3 — — — — — — — — 4.60 -0.85
Catherasoo — — — — — — — — 4.60 -0.85

%0 A3 — — — — — — — — 4.31 -0.98
Catherasoo — — — — — — — — 4.31 -0.98
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Fig. 14. Numerical results for field pressure at ¢ = 4.00 ms (May, = 2.00, py/p; = 0.25): (a) ¢ = 40°% (b) ¢
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4 KRR o TR R (May = 2.00, py/p; = 4.00)
Table 4.  Wave structure parameters for different ¢ (May; = 2.00, py/p; = 4.00).
. e o Q @y ds g
#/C) VRES BER/(0) W/ % AR/(C) WE/% ER/(C) WE/% AR /m W2E/% A /m WZE/%
A 29.6 -2.32 13.3 -11.4 31.2 11.3 0.99 40.4 4.27 0.83
0 Catherasoo 29.4 -3.02 12.0 -20.0 31.0 10.5 1.04 48.1 4.17 —-1.61
10 A 29.5 -2.64 17.8 -9.35 40.2 8.18 1.22 31.2 4.56 0.69
Catherasoo 29.8 -1.64 16.8 -14.2 39.6 6.55 1.23 32.5 4.46 -1.51
o A 29.4 -1.14 23.0 —6.63 49.8 — 1.44 — 4.94 1.78
Catherasoo 30.2 1.73 22.0 -10.9 48.8 — 1.44 — 4.78 -1.53
A 29.5 3.20 28.0 —6.96 59.7 — 1.71 — 5.32 1.96
30 Catherasoo 29.9 4.53 27.4 -9.10 58.4 — 1.66 — 5.19 —0.68
40 A 27.5 3.74 32.6 -9.07 69.2 — 1.97 — 5.86 0.14
Catherasoo 27.4 3.07 33.4 —6.81 67.9 — 1.84 — 5.86 0.14
A 22.8 1.86 38.1 -8.40 78.5 — 1.79 — 5.82 -0.16
%0 Catherasoo 23.3 4.49 39.9 -3.99 77.2 — 1.65 — 5.82 -0.16
A 17.6 0.12 44.0 — 88.0 — 1.36 — 5.24 0.01
00 Catherasoo 18.3 3.71 46.8 — 86.5 — 1.22 — 5.24 0.01
A 12.0 0.36 50.1 — 97.7 — 0.84 — 4.38 -0.45
& Catherasoo 12.5 4.35 54.0 — 95.8 — 0.73 — 4.38 —0.45
80 A 6.10 —0.64 56.4 — 107.5 — 0.45 — 4.31 -0.73
Catherasoo 6.35 3.47 60.9 105.0 0.39 4.31 0.73
5 5
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Fig. 18. Numerical results for field pressure at ¢t = 6.00 ms (May; = 2.00, py/p; = 4.00): (a) ¢ = 20°%; (b) ¢ = 30°.
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On theoretical calculation method for two-dimensional
planar shock wave refractions
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Abstract

A theoretical calculation method for wave structures in the flow resulting from the interaction between the
two-dimensional planar shock and the material interface is developed. First, the propagation of the shock wave
on either side of the interface is analyzed, and two regular refraction types and three irregular ones are
identified. Then, according to the relative speed of the perturbations on either side, three different interaction
cases are established. Compared with the existing Catherasoo’s method, this method is improved in the
following aspects: 1) the influence of the perturbation in the post-shock flow field on the interaction is taken
into account, including its type and whether it can catch up and interact with the shock front; 2) the
interactions between different waves are calculated mostly based on the exact solutions of the Euler equations,
except those involving post-shock subsonic rarefaction waves. This method has been used to investigate the
interaction of a Mach number 1.17 shock with an air/SFy interface, and give wave structures that accord with
numerical results and existing experimental data. The angle between the transmitted shock and the horizontal
direction is obtained to be in better agreement with experimental data than Catherasoo’s result, and more
parameters are obtained, such as the reflected wave and the interface deflection angle. For cases involving a
Mach number 2.00 shock with different material density ratios and interface inclination angles, comparisons
between theoretical and numerical results show that our method can obtain the type of wave structure more
accurately than Catherasoo’s method, and identify a refraction type in which the post-shock strong perturbation
catches up with the shock front and a three-wave structure is formed, whereas Catherasoo’s method cannot
handle this case. Thus, the results show that the improved method in this work has better applicability and
higher accuracy than the existing method in identifying the type of wave structure, and can also provide more

information about the wave structures.
Keywords: shock wave, regular/irregular refraction, wave structures, theoretical calculation
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