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Abstract Two-stage light gas gun is one of the most widely used equipment in hypervelocity projectile launching
technology, which plays an important role in a various of engineering fields such as hypersonic aerodynamics and
material mechanical in high velocity impact. A two-stage light gas gun driven by gaseous detonation was designed and
constructed at Institute of Mechanics, Chinese Academy of Sciences, which eliminated the disadvantages like deficient
driving capability of high-pressure gas and low maintainability of gunpower. A one-quasi-dimensional numerical method
was used to investigate the interior ballistic process and launching performance of detonation driving mode and pressure
gas mode, the effect that the change of ignition tube position has on light gas gun and the effect of various parameters on
launching performance. The result showed that the launching performance of detonation driving was superior to that of

high-pressure gas driving. The contrast of forward and backward detonation driving mode showed that the change of
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detonation driving mode had slight influence on launching performance, but the strength design of the whole equipment
had to take into consideration the driving mode. The research of various loading parameters showed the increase of
detonation tube filling pressure enhanced the launching performance, beside, piston mass had complex effect on
launching velocity. But the design index of light gas gun and the material performance of piston and projectile restrict the

adjusting range of loading parameters. Due to the limitation, the parameters should adjust together in order to optimize

the launching performance during the practical process.
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Table 1 DBR30 conditions in the experiment and simulation

Parameter Case 1 Case 2 Case 3
mixture ratio H,:0, =3:1 H,:0,=3:1 H,:0,=3:1
detonation tube
pressure/MPa 2.2 1.5 1.8
pressure/MPa 0.6 0.8 0.6
pump tube piston mass/kg 10.56 10.44 10.47
rupturing pressure/MPa 45 45 45
launch tube projectile mass/g 24 19 24
experimental/(m-s™") 4107 2459 3374
projectile velocity
numerical/(m-s™") 4143 2850 3659
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Table 2 Two-stage light gas gun operation condition in the

3

simulation
Parameter Case 4
mixture ratio H,:0,=3"1
detonation tube
pressure/MPa 2.0
pressure/MPa 0.8
pump tube piston mass/kg 10.44
rupturing pressure/MPa 45
launch tube projectile mass/g 24
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Table 3 Operation condition for light gas gun driven by high

pressure gas and detonation

Parameter Case 5 Case 6 Case 7
driving tube gas composition 3H, +0, H, air
driving tube pressure/MPa 2 20 20
numerical projectile velocity /(m-s™) 3277 3426 2967
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Fig. 5 Piston velocity distributions and bottom pressure for Cases 5, 6, 7
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Table 4 Operation condition for various detonation tube gas mixture ratio

Parameter Case 8 Case 9 Case 10 Case 5 Case 11
mixture ratio Hy 0, N,=2:1:2 Hy :0,=1:1 H,:0,=2:1 H, 0,=3:1 H, 0,=411
pressure/MPa 2 2 2 2 2
detonation tube
density/(kg-m™) 14.96 13.82 9.76 7.73 6.51
products pressure/MPa 357 37.6 40.4 39.7 37.6
piston/(m-s™") 465 481 491 487 469
velocity
projectile/(m-s™") 3085 3201 3362 3296 3138
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