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Two-phase Flow Simulation of the Partially Cut Multi-perforated
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GUO Yongli, XUE Shao* , WANG Pengfei, WANG Xiao,SUN Peng,ZHANG Rilai
(Academy of Opto-Electronics, China Electronics Technongy Group Corporation, Tianjin 300308, China)

Abstract; To investigate the interior ballistic characteristics of partially cut multi-perforated stick
propellant charges,a segmented two-phase flow model for interior ballistics was established based on the
morphological variation characteristics of propellant grains during combustion. Before projectile startup,
the propellant remains in a long rod state inside the chamber, and the Euler-Lagrange method was
employed to describe the flow field. After projectile startup, the rod propellants break into granular
particles ,and the Euler-Euler method was adopted for flow field characterization. Finally,the initial value
mapping method was applied to couple the two computational processes,and a self-compiled program was
used to numerically simulate the motion of the propellant bed and gas flow in the gun bore. The
computational results demonstrate good agreement with experimental data,showing a maximum pressure
error of 0.31% and an initial velocity deviation of 0.29% , thereby verifying both the accuracy of the
axisymmetric model and the effectiveness of the coupled computational methodology. During the initial
point ignition stage, the intra-bore flow field presents transient radial effects and prominent axial effects,
with flow fluctuations propagating along the barrel. Following projectile startup ,the radial effects gradually
weaken while the axial effects are continuously enhanced. As the propellant burns out completely, the
intra-bore flow field distribution tends to be uniform, and the axial effects decay correspondingly. The

partially cut multi-perforated stick propellant can effectively improve the projectile muzzle velocity while
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maintaining favorable ignition and flame propagation performance.

Key words :internal ballistics ;stick propellant ;two-phase flow
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Fig.1 Two-dimensional axisymmetric schematic

e+ AL ) 1 Z2FLATAIR 25 O 425,
K 2(a) Fios, 2 T PAT R IR BE G, A RE & i it
FEANPE 2(b) fizm, I S (o X 30 3R 7R 3 28 FL I
HIRBEAWY R RO XU AR AT A G 255
NG R BEATTE D] L AW 2O KR 2 . L o R A 2
B, d HNALERR, D MR, NALECn=19,a
SIS b AT RIS SERE, ¢ oA () [ T
BN VT, HIE AR eRBCRR R 5 1 2 R
BR[12] .



FRAA], A TR UI T ZFURPIR 252 25— 4E A A AU E R 89

(a) &5 7R A
L
ab c
i
| JUA
D L VIR
. 4 4 y
i i g )
i (| ()
K ; ; i i
iU K 9 4
X N \
4 /¢ 4 Il
: L TEAS
A \.\ L
(b) #hpeid 2

2 BAYIAZIARGTER
Fig. 2 Schematic of partially cut multi-perforated
stick propellant
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Fig.5 Pressure contour plots at different times in the early ignition stage
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Fig.7 Pressure contour plots at different times in the early projectile start stage
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Fig. 8 Pressure contour plots at different times during projectile high-speed motion
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Fig. 9 Comparison of gas-phase and solid-phase temperatures in the early ignition stage
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Fig. 10 Porosity contour plots during the launching process
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