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Abstract: Aiming at the underwater changeable-depth missile launch problem, an underwater variable
depth gas ejection scheme by adjusting the air leakage of small hole and then adjusting the launch energy is pro-
posed. Aiming at the problem of interior ballistic calculation of the scheme, the flux coefficient of gas passing
through the small hole is obtained by comparing the results between three—dimensional model numerical simula-
tion and zero dimensional model theoretical calculation. Based on the small hole flux coefficient and the tradition-
al gas ejection interior ballistic model, the small hole flux control model and the zero dimensional interior ballis-
tic model of the low pressure chamber are formed. Finally, the interior ballistic model of the small hole leakage
gas ejection device is established. The comparison between the simulation and experiment results show that the
maximum error of the interior ballistic model in the pressure peak of the low pressure chambers is less than 5%,
which can meet the accuracy requirements of engineering calculation. At the same time, the internal ballistic en-
ergy regulation is studied based on the model. The results also show that the changeable—depth missile launch can

be achieved effectively by adjusting the cross—sectional area of the small hole.
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Fig.3 Results comparison of bottom low pressure chamber
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Table 1 Simulation result of small hole flux

Inlet total Inlet total Hole diameter/mm Hole depth/ Theoretical Simulated Flux coefficient
pressure/kPa temperature/K mm flux/(g/s) flux/(g/s)
1000 1000 5.0 20.0 25 20 0.80
750 1000 5.0 20.0 19 15 0.79
500 1000 5.0 20.0 12 10 0.83
1000 1000 5.0 40.0 25 20 0.80
500 1000 10.0 20.0 50 42 0.84
200 500 10.0 20.0 28 23 0.82
1000 1000 20.0 2.5 401 337 0.84
1000 1000 20.0 10.0 401 331 0.83
1000 1000 20.0 40.0 401 333 0.83
1000 1000 10.0 2.5 100 84 0.84
1000 1000 10.0 10.0 100 83 0.83
1000 1000 2.5 2.5 6 5 0.83
1000 1000 2.5 5.0 6 5 0.83
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Table 2 Error of bottom low pressure chamber

Calculated

Experimental

Ttem Error/%
value value
Maximum pressure/kPa 469 456 2.8
Corresponding time/s 0.590 0.593 0.5
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Fig. 4 Results comparison of top low pressure chamber

Table 3 Error of top low pressure chamber

Experimental Calculated

Item Error/%
value value
Maximum pressure/kPa 260 261 0.4
Corresponding time/s 0.370 0.357 3.5
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Fig. 5 Missile speed in variable depth
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Table 4 Result of small hole area and discharge time

Condition Launch depth/m Discharge speed/(m/s) Hole area/mm* Discharge time/s
Experimental condition 7.4 20.4 236 0.718
Conditions 2 6.0 20.0 287 0.715
Conditions 3 4.0 18.0 497 0.727
Conditions 4 2.0 16.0 690 0.747
Conditions 5 0.0 15.0 775 0.758
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