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Numerical study of shock wave generated by hydrogen and oxygen
detonation in a large shock tube
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Abstract: Blast,wave has distinct characteristic parameters, which makes it difficult to replicate in experiments. Large shock
tubes provide a low=costiand high-efficiency experimental platform to solve this problem, which can avoid the inaccuracy of the
experimental results caused by the size effect in the small scale experiment. The specific driving methods of using large shock
tubes to produce different kinds of shock waves are still worthy of further study. The feasibility of using large shock tube
hydrogen-oxygen detonation to simulate explosion waves has been demonstrated by a large number of experimental studies based

on large shock tunnels conducted by the Institute of Mechanics of Chinese Academy of Sciences. However, there is still a lack
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of research on blast wave simulation using large shock tubes. Therefore, a numerical simulation study of the generation and
propagation process of shock wave generated by hydrogen and oxygen detonation in a large shock tube were conducted, and the
reproduction of blast wave in a large shock tube was realized based on numerical simulation. Firstly, based on the designs of
existing large shock tubes, a two-dimensional axisymmetric model of a large shock tube with driving tube, shock shaping section
and variable angle outlet was established. A two-dimensional unsteady viscous compressible flow governing equations with the
seven-steps reaction of hydrogen and oxygen mechanism was used to simulate the generation and propagation process of shock
wave. The RNG k-&£ model was selected as the turbulence model, and the two-dimensional transient coupling solver was used for
numerical simulation. Due to the large scale of the model, turbulence has little effect on the far-field shock wave. Therefore, the
finite rate component transport model was selected to couple the interaction between turbulence and chemical reaction, and a
two-dimensional transient coupled solver was used. Secondly, with hydrogen and oxygen detonationyas the driving method, the
effects of initial driving conditions, low chemical reactivity gas mixing, and shock tube configuratiens of the formation of blast
waves were studied. The characteristics of the wave form, the amplitude of the peak pressure and theytrend of the positive pressure
time were analyzed. Finally, based on the numerical simulation results, the control process of‘shock wave was simulated in a
large shock tube and a good reproduction of the real explosion shock wave in a large sheck tube|was achieved using hydrogen
and oxygen detonation as the driving method.
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Fig.1 Scale of shock wave propagation
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Table 1 Initial settings of different working conditions

WSk RRMEESRAS _ WK IRENES A e
5 . . YIRS Wit L
oy TRE (B0 K MELl RHATL®)

1 H,/0, - 300K 1.0MPa-2.0MPa  30m 1 0.3

2 H,/0, - 300K-360K 2.0MPa 30m 1 0.3

3 H,/0, - 300K 3.0MPa 9-30m 1 0.3

4 H,/O,/Ar 50% 300K 1.0MPa 30m 1 0.3

5 H,/O,/He 50% 300K 1\0MPa 30m 1 0.3

6 H,/O,/N, 25%-50% 300K 1-OMPa 30m 1 0.3

7 H,/0, - 300K 1.0MPa 30m 1 0.1-0.4

23 WERNMER
AR SOREAU R RO R Bh A I R ST A R B B, THEREERUR. Bk, A
THEASCR A B E SN RN LAY, B2 S BN AR AT BUE A . BT A0 22 ORI
AN 2 FioR.
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Table 2\Séven Steps hydrogen and oxygen mechanism (CGS)

- / » o i 1L At Ea B
AN & ST FRATH 7 A W FH n At
(cal/mol)
1 H2+02= OH+OH 1.70E+013 0.00 24157.0
2 H+02 = O+OH 1.20E+017 -0.91 8310.5
3 H2+OH = H20+H 2.20E+013 0.00 2591.8
4 H2+0 = OH+H 5.06E+004 2.67 3165.6
H,. O,. H,O.
5 OH+OH = H20+0 6.30E+012 0.00 548.6
Nz\ Ar. He
6 OH-+H+M = H20+M 2.12E+022 -2.00 0.0
H, (2.5) « H,O (12) « N, (1.0) . Ar (0.4) . He (0.4)
7 H+H+M = H2+M 7.30E+017 -1.00 0.0

H, (2.5 .« HO (12) . N; (1.0 . Ar (0.5) . He (0.5
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Fig.6 Pressure-time histories of shock waves at observation point under different initial pressures
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Fig.8 Pressure-time histories of shock waves at observation pointunder different initial temperature condition
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Fig.10 Pressure-time histéries-0f shock waves at observation point under different inert gas mixing conditions
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Fig.11 Pressure-time histories of shock waves'at obServation point with different nitrogen loading
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