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Fig. 1 Illustration of the interaction of a vertical planar shock with a thermal layer
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0.40 0.333 975.25 0.291
W1
0.50 0.359 903.08 0313
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0.80 0.419 768.98 0.368
0.90 0.435 738.67 0.419 w2
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Table 2 Parameter values near the rigid wall for different cases
pJ/MPa u,/(m-s™) pa/(kgm™) par/(kgm™) ps/MPa
p/(kgm™)  f/ms
TA NS &l% TA NS &l% TA NS &% TA NS &% TA NS &%
0.1 10.0  0.195 0.183 6.51 968.88 941.81 2.87 147 144 187 0.16 0.15 7.38 0.112 0.118 4.92
0.2 125 0239 0.231 332  910.17 857.25 6.17 1.70  1.67 151 037 036 320 0.151 0.156 3.30
0.3 135 0282 0275 252 852.07 820.68 3.82 191 1.87 211 0.62 0.60 4.00 0.192 0.193 0.76
0.4 15.0 0320 0312 2.67 79833 787.34 140 209 205 2.04 090 0.88 275 0.228 0.228 0.10
0.5 16.0 0354 0349 1.58 746.68 755.16 1.12 225 227 093 1.20  1.17 291 0.261 0.261 0.12
0.6 16.5 0383 0383 0.06 69786 706.73 126 238 237 0.32 1.51 149  1.61 0.290 0295 1.85
0.7 170 0405 0415 249 65555 653.82 026 247 253 229 1.82  1.81 070 0312 0.333 635
0.8 18.0 0.434 0437 063 577.03 588.04 187 260 262 0.77 2,15 211 1.92 0364 0366 0.67
0.9 18.0 0447 0447 0.02 51582 52543 1.83 2.65 266 024 243 240 1.12 0.409 0.408 0.30
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Fig. 10 Results from various theoretical methods with Ma;=2.00
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On the theoretical calculation method for interaction between the vertical plane
shock wave and the horizontal thermal layer

JIA Leiming'?, TIAN Zhou?
(1. Department of Engineering Physics, Tsinghua University, Beijing 100084, China;
2. Northwest Institute of Nuclear Technology, Xi’an 710024, Shaanxi, China)

Abstract: In this paper we presented a theoretical calculation method for the physical quantities of flow
filed after entering the quasi-self-similar stage concerning the interaction between the vertical planar shock
wave and the horizontal thermal layer near the rigid wall. Compared with the existing Mirels’ theoretical
method, ours has improved in the following three aspects: (1) the propagation process of the shock in the
thermal layer is analyzed, and the shock intensity is calculated following the theory of geometrical shock
dynamics, whereas the assumption that the propagation speed of the shock in the thermal layer is equal to
that of the incident shock is abandoned; (2) an assumption is made that in the coordinate system fixed with
the fluid behind the incident shock instead of the incident shock itself, the fluid behind the incident shock
evolves into a “piston” under the action of steady isentropic wave, which moves along the wall and drives
the thermal layer gas in front of it; and (3) the fluid in the “piston” and its adjacent thermal layer gas
satisfy the continuity of pressure and velocity without introducing the velocity proportional coefficient. Our
improved method is employed in the cases involving a Mach number 2.00 incident shock and different
thermal layer densities, and gives the shock strength in the thermal layer and the field pressure, velocity and
density on each side of the material interface. The deviation between the theoretical results and numerical
results is below 10% in different thermal layer densities, which is much better than those of the Shreffler’s
and Mirels’ methods. For a Mach number 1.36 incident shock with a propagation speed less than the speed of
sound in the thermal layer, Shreffler’s and Mirels’ methods are no longer applicable, whereas the above
mentioned theoretical mothod could still work and produce results that accord well with experimental data
and numerical results, and the maximum deviation is about 20%, indicating that the above improved
theoretical method is more reasonable and applicable than the existing theoretical calculation methods.
Keywords: shock wave; thermal layer; quasi-self-similar; flow field quantity
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