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Table 1 Thermo-chemical parameters of propellant sample
frikg™ T, /K Qu/kkg™  v/im’kg M, /g mol™
1001.4 2580 3199.0 1.025 21.85

Note: fis powder impetus, T is explosion temperature at constant volume,

Q,,, is explosion heat at constant volume, v is specific volume, Mga:

is average molecular weight of gas.
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Fig. 1 Diagram of semi-closed bomb

1—ignition plug, 2—bracket, 3—ignition pack,4—bomb body,

5—propellant, 6—erosion tube,7—pressure relief plug
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Table 2 Test results in semi-closed bomb

test Poax / MPa mg /g m,/g Am/g
1 239.3 11.6386 11.0347 0.6039
2 239.6 11.3686 10.7672 0.6014
average — — — 0.6027

Note: p, . is maximum pressure, mg is mass of erosion tube before experi-
ment, m, is mass of erosion tube after experiment, Am is mass loss of

erosion tube.
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Fig.3 Computational grid for erosion tube
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YUAN Mao-bo', JIN Jian-wei', QU Yong-jie’, LIU Ji-hua', XUE Jun*, HE Chang-hui', ZHAO Hong-li'

(1. Xi’an Modern Chemistry Research Institute, Xi'an 710065, China; 2. No.208 Research Institute of China Ordnance Industries , Beijing 102202, China)

Abstract: A semi-closed bomb experiment was designed to construct a system for evaluating the erosion performance of propel-
lant according to actual requirements. A transient numerical simulation model was established based on the geometric dimen-
sions of the erosion tube and the measured p-t curve. The relationship between the transient erosion rate model parameters and
the total mass loss of erosion tube was established through the space-time distribution of wall temperature of the erosion tube.
Based on the mass loss of the semi-closed bomb experiment, the parameters of erosion reaction were optimized by particle
swarm algorithm. The results showed that both the temperature of the interface between the propellant gas and the erosion tube
wall and the growth rate of melting depth decreased with the increase of erosion time. The 45" steel and double base powder
(Shuang-fang 3) were selected as the material sample and propellant sample. The optimized pre-factor and apparent activation
energy values are 0.3403 s and 134.6 kJ-mol™, respectively. At this time, the loss function is only 3.0X107°. Thus, the transient
erosion rate model is a promising tool to evaluate the erosion status of the barrel weapon.

Key words: semi-closed bomb;gun propellant;erosion rate; numerical simulation; optimizing
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The semi-closed bomb experiment was designed. A transient numerical simulation model based on the geometric dimensions of

erosion tube and measured p-t curve was established. The relationship between the transient erosion rate model parameters and

the total mass loss of erosion tube was established through the space-time distribution of wall temperature of the erosion tube.

Based on the mass loss of the erosion tube, the parameters of erosion model were optimized by particle swarm algorithm.
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