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Table 1  Effect of compression ratio on propellant flow
compression ratio Ppa.,/MPa P'max/MPa  p/MPa  v/m - 57
6.82 6.21 5.77 4.97  1.21x107
5.78 5.39 4.85 4.31 1.06x107°
4.25 4.33 3.66 3.24 8.57x107*
2.95 3.87 2.56 2.32 8.62x107*
1.89 1.2 1.68 1.68  6.46x107*

Note: p. .. is the maximum pressure in the channel. p’ . is the maximum
pressure on die pin. p is the pressure at the center of the forming sec-
tion inlet. v is the maximum radial velocity of the fluid in compression

section.

R 2 OB R X 2 2 895 R

Table 2  Effect of length of forming section on propellant flow

length of forming Do r

section /mm a/MPa P'max/MPa

p/MPa v/im s

36.0 5.39 4.85 4.31 1.06x107°
31.0 4.80 4.31 3.60 1.04x107°
26.0 4.21 3.77 3.16 1.06x107°
21.0 3.61 3.11 2.52 1.02x107°
16.0 2.57 3.02 1.81 1.03x107°
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Table 3  Effect of structure of pin holder on propellant flow
structure of

/MP " max ! MP .7t
pin holder Pmax a4 Pmax @ p/MPa - vim s
pin holder A 5.39 4.85 4.31 1.06x107°
pin holder B 4.98 4.73 4.23 2.79x107*
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Fig.8 Schematic diagram of pin holder and die pins

b. pin holder B
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Fig.9 Pressure distribution of forming section inlet
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Table 4 Radial force on die pin in the compression section

force Fgi Fra Frs

original /N 2.51 1.23 0.021
optimized/N 1.57 0.77 0.002
diminution/% 37.45 37.40 90.48

R5 BAZME AN

Table 5 Axial force on die pin in the compression section

force Fa Fa Fas
original /N 282.46 147.44 23.12
optimized/N 161.29 85.78 13.49

diminution/% 42.90 41.82 41.65

Note: Fg;, Fg, and Fpy are the radial forces on die pin 1, pin 2 and pin 3,
respectively. F,;, F,, and F_; are the axial forces on die pin 1, pin 2

and pin 3, respectively.
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Fig.10 Partial of velocity distribution on x=0 cross section
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Fig.11 19-hole propellant extruded by original die
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Fig. 12 19-hole propellant extruded by optimized die
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Fig. 13 Combustion performance of 19-hole propellant extru-
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Numerical Simulation of Extrusion Process and Die Optimization for 19-Hole Propellant

JI Dan-dan, LIU Zhi-tao, LIAO Xin, LU Sheng-tao, WANG Ze-shan
( Charging Technology Institute, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: Pin broken appears in process of extrusion of 19-hole propellant and products are hard to be shaped when the viscosity
of flow is high. This study simulated the forming process of propellant by the finite element method to solve this problem. On the
basis of simulation results, effects of the compression ratio, the length of forming section and structure of pin holder on the distri-
bution of stress and velocity of propellant flow were analyzed. The compression ratio of the optimized die is 4. 25, the forming
length is 26.0 mm, and the pin holder is optimized to increase the axial flow propellant. The results show that, after optimization,
the maximum pressure in the flow channel reduces by 40.45% , the radial force on the outermost die pins reduces by 37.45%,
the maximum radial velocity of the fluid in compression section decreases by 66.98% . The components distribute evenly, the pro-
pellant surfaces are smooth and the holes are in good distribution in propellants which are extruded by the new die. The constant
volume combustion experiment confirms that the 19-hole propellants burn stability and the progressive combustion is excellent.
Key words: 19-hole propellant; rheology; numerical simulation; die optimization
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