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Table 1 Material parameters of propellant

Reacted EOS
G/mm’™ c C/(m's™) C, D/(g-ecm™) €, e (GI'm™)
52.17 0.5 500 0 1.003 3 1.88
Solid unreacted EOS Strength: von Mises
Bulk modulus/ T.JK Specific heat/ k, / ) Shear modulus/ Yield stress/
GPa * J-kg' K™ (W-m™"-K™) GPa MPa
13.5 293 0 0 1.38 2
Strength: von Mises Cut offs
Maximum pod(@em™) Maximum Minimum density Minimum sound ~ Maximum sound
temperature/K expansion factor speed/(m-s™) speed/(m-s™)
1.01 x 10% 1.86 0.01 1x10* 1x10° 1x10*
Exponential

p./kPa b/(m-s™) pJ(g-em™) %
1.00 x 10°* 0.007 1 1x10° 1
2.50 x 10° 2.0432 1 1
5.00 x 10° 3.8692 2 1
7.50 x 109 5.623 6 3 1
1.00 x 107 73329 4 1
1.25 % 10’ 9.009 5 5 1
1.50 x 107 10.660 6 6 1
1.75 x 107 12.290 6 7 1
2.00 x 107 13.902 9 8 1
1.00 x 10° 5152780 9 1
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Table 2 The polymerization EOS parameters of water provided by the AUTODYN program

A4,/GPa A4,/GPa A,/GPa 7,/GPa T,/GPa B, B,
2.2 9.54 14.57 22 0 0.28 0.28
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Fig. 5 Internal ballistic component distribution at 2.5 ms
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Fig. 8 Distribution of gas and liquid components in the crucible
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Fig. 9 Gas-liquid flow rate distribution
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Fig. 11  Schematic of experiment system
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Table 3 Experiment and numerical calculation results of underwater launch

Experimental results Simulation results
Maximum Velocity before Muzzle Average Average Maximum Muzzle
Exp. No. pressure/ the muzzle velocity/ pressure/ velocity/ pressure/ velocity/
MPa (1 m)/(m-s™) (m's™) MPa (m-s™) MPa (m's™)
1 209.9 638.6 659.8
217.8 667.1 223.5 671.7
2 225.7 651.4 674.3
1 253.6 771.5 796.1
250.7 799.9 271.3 814.2
2 247.8 778.2 803.7
1 413.8 842.7 879.2
427.8 888.0 422.9 883.5
2 441.7 865.8 896.7
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Influence of Interior Ballistics for Underwater
Guns with Gun-Bullet Coupling Gap

MENG Xiangyu, HOU Jian, QIN Yiping, LIAO Fei, LU Chunjia
(Naval University of Engineering, Wuhan 430000, Hubei, China)

Abstract: In this paper, the influence of the gun-bullet coupling gap on the internal ballistic characteristics
during the full underwater launch of the gun have been studied. The internal ballistic process of setting
0.1 mm gap and no gap is simulated by AUTODYN finite element simulation software. And the internal
ballistic process of underwater gun with underwater clearance is simulated using 21, 25 and 30 g propellant.
The projectile velocity, pressure inside the barrel and the distribution of components, pressure and velocity
of over-gap gas jets during the internal ballistic process are obtained from the simulation, and the simulation
results is verified by experiment. The simulation and experimental results show that the proper gun coupling
gap can effectively improve the underwater gun launch performance. When the gun-bullet coupling gap is set
as 0.1 mm, the gas curtain are all obtained from the propellant with three different masses. Meanwhile, the
pressure decreased obviously during the internal ballistic process, and the projectile speed at muzzle is
improved significantly, which is beneficial to the production of stable supercavitation warp projectile. The
resistance of the projectile moving underwater reduces greatly and the travel of the projectile increases
underwater.

Keywords: underwater gun; supercavitation; gun-bullet coupling gap; interior ballistics; gas-liquid two-

phase flow
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