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Fig.1 The shape of the shock tube
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Table 1 Parameters of the shock tube
Case Lyg=Li/m Lo/m B/(°) D4/D; Di/mm
1 10 0 0 1 100
2 10 0.187 15 1.5 100
3 10 0.043 30 1.5 100
4 10 0.025 45 1.5 100
5 10 0.014 60 1.5 100
6 10 0.0067 75 1.5 100
7 10 0 90 1.5 100
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Fig.2 Attenuation characteristics of the incident shock waves

produced by forward detonation drivers with

different apex angles
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Table 2 Parameters of the shock tube
Case Ls/m Ly/m Lo/m B/(°) D4/D1 Di/mm
1 10 10 0.0425 30 1.5 100
2 10 10 0.0875 30 2 100
3 10 10 0.1725 30 3 100
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Fig.3 Attenuation characteristics of incident shock waves
produced by forward detonation drivers with different ratios

of cross sectional area of driver tube to driven tube
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Table 3 Parameters of the forward detonation and the

backward detonation

Type of Mixture pressure before |
Case Air pressure/Pa
detonation detonation/Pa
backward
1 2.0265 x 10 3.03975 x 10*
detonation
f d
2 orewar 2.0265 x 108 3.03975 x 10%
detonation
foreward s 4
3 . 2.0265 x 10 3.03975 x 10
detonation
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FESREQBE, AT 10 3K 3h B TSR BU 0R [E SR 1)
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Fig.4 Attenuation characteristics of incident shock waves
produced by the forward detonation and the backward

detonation
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Fig.6 Attenuation characteristics of shock wave generated by
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NUMERICAL SIMULATION OF VARIABLE CROSS-SECTION SHOCK
TUBES WITH FORWARD DETONATION DRIVER Y

Yang Hongwei*??  Huang Dun'  Yu Hongru** Wang Bin*
*(State Key Laboratory of Numerical Modeling for Atmospheric Sciences and Geophysical Fluid Dynamic, Institute of
Atmospheric Physics, Chinese Academy of Sciences, Beijing 100029, China)
t(School of Mathematical Sciences, Peking University, Beijing 100871, China)
**(LHD, Institute of Mechanics, Chinese Academy of Sciences, Beijing 100080, China)

Abstract The numerical simulation of variable cross-section shock tube driven by hydrogen oxygen forward
detonation, which can produce high enthalpy and high speed flow, is studied. The influences of apex angle,
cross sectional area ratio of driver tube to driven tube, and difference between forward and backward detonation
are discussed. In the forward detonation case, the conical contraction can make use of concentration of energy
to not only strengthen incident shock wave but also produce a reflection shock wave, which can weaken the
negative effects of rapid attenuation of the incident shock wave caused by the tightly followed rarefaction wave.
When the apex angle 3 is between 30° and 45°, the incident shock wave is stronger and attenuats less than the
other situations. When £ is near 90° and after the incident shock wave passes away from diaphragm for some
little distance, the incident shock wave attenuats least and the following high temperature and high speed flow is
uniform, thus there is an important practical value of this type of shock tube. The incident shock wave produced
by detonation driver with large cross sectional area is stronger but attenuats faster at the beginning than that
by the small. The incident shock wave produced by the backward detonation attenuats very slowly. But for the
same Mach number, the required initial pressure of the detonable mixture for the backward detonation driver

is higher than that for the forword detonation driver by nearly one order of magnitude.

Key words variable cross-section shock tube, hydrogen oxygen detonation, TVD scheme, two-component

flow, rarefaction wave
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