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Fig.1 Schematic diagram of mold structure
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Fig.2 Inner flow channel model and flow monitoring line for

11/7 gun propellant mold
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Table 1  Scheme of test

scheme S, S, S; S, S5 S¢S, Sy S,

shrinkage angle/(°) 30 45 60 30 45 60 30 45 60
forming section/mm 25 25 25 30 30 30 35 35 35
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oy f,=0,v, =0, BE 5 F & BETH, F H I 4%
N free surface, i O &4 N £, =0,v, =0,
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S8 Y ) A AR A SR L 2 B S i B A
T Ak B U R A R Y B R, 250K 5 BE T M A
Z BT UNE AR KR BAE 0~1 575 AL, 25 RE 5T D5

AR ] BB R S 2 R T L BT A,
LOCAL SH EAR RATE LOCAL SHEAR RATE LOCAL SHEAR RATE
Contour 1 Contour 1 Contour 1

7.510e+001 7.797e+001 8.385e+001
6.759e+001 7.017e+001 7.946e+001
6.008e+001 6.237e+001 6.708e+001
5.257e+001 5.458e+001 5.869e+001
4.506e+001 4.678e+001 5.031e+001
3.755e+001 3.898e+001 4.192e+001
3.004e+001 3.119e+001 3.354e+001
2.253e+001 2.339e+001 2.515e+001
1.502e+001 1.559e+001 1.677e+001
7.510e+000 7.797e+000 8.385e+000
0.000e+000 0.000e+000 i 0.000e+000
[s™1] [s™1] [s™1]

S, S, S,
LOCAL SHEAR RATE LOCAL SHEAR RATE LOCAL SHEAR RATE
Contour 1 Contour 1 Contour 1

7.051e+001 6.981e+001 7.337e+001
6.346e+001 6.283e+001 6.603e+001
5.641e+001 5.585e+001 5.8606+001
4.936e+001 4.887e+001 5.136e+001
4.231e+001 4.188e+001 4.402e+001
3.526e+001 3.490e+001 3.668e+001
2821 e+001 2.792e+001 2.935e+001
711 2.094e+001 2.201e+001
1 41DE+001 1.396e+001 1467e+001
7.051e+000 6.981e+000 7.3376+000
0.000e+000 0.000e+000 0.0006+000
[s™1] [s1] [s™1]

S, S S;
LOCAL SHEAR RATE LOCAL SHEAR RATE LOCAL SHEAR RATE
Contour 1 Contour 1 Contour 1

8.597e+001 7.067e+001 7.547e+001
7.737e+001 6.360e+001 6.792e+001
6.878e+001 5.653e+001 6.037e+001
6.018e+001 947e+00 5.283e+001

.158e+001 4.240e+001 4.528e+001
4.299e+001 3.533e+001 3.773e+001
3.439e+001 2.827e+001 3.019e+001
257964001 212064001 2 26184001
1.7196+001 1413¢+001 15096+001
8507+000 7.0676+000 754724000
0.0006+000 0.0006+000 0:000e+000

[s*1] [s™1] [s*1)

S S S,

B3 AN[E 7 & sl AR 5y U)o A A

Fig.3 Distribution of shear rate in different scheme extruding

process
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VELOCITIES VELOCITIES VELOCITIES

Contour 1 Contour 1 Contour 1
7.753e-003 7.887e-003 8.522e-003
6.978e-003 7.098e-003 7.670e-003
6.202e-003 6.310e-003 6.818e-003
5.427e-003 5.521e-003 5.965e-003
4.652¢-003 4 732e-003 5.113e-003
3.877e-003 3.944e-00: 4.261e-003
3.101e-003 3A155e-003 3.409e-003
2.326e-003 2.366e-003 2.557e-003
1.551e-003 1.577e-003 1.704e-003
7.753e-004 7.887e-004 8.522e-004
0.000e+000 0.000e+000 0.000e+000

[ms™1] [msh1] [ms™1]

S, S, S,
VELOCITIES VELOCITIES VELOCITIES
Contour 1 Contour 1 Contour 1

7.765e-003 7.697e-003 8.644e-003
6.989e-003 6.927e-003 7.780e-003
6.212e-003 6.158e-003 6.915e-003
5.436e-003 5.388e-003 6.051e-003
4.659e-003 4.618e-003 5.186e-003
3.883e-003 3.849¢-00: 4.322e-003
3.106e-003 3.079e-003 3.458e-003
2.330e-003 2.309e-003 2.593e-003
1.553¢-003 1.539e-003 1.729¢-003
7.765e-004 7.697e-004 8.644e-004
0.000e+000 0.000e+000 0.000e+000
[m s-1] [msA1] [m s-1]

S, S; S
VELOCITIES VELOCITIES VELOCITIES
Contour 1 Contour 1 Contour 1

71.767e-003 7.945e-003 8.300e-003
6.990e-003 7.151e-003 7.470e-003
6.214e-003 6.356e-003 6.640e-003
5.437e-003 5.561e-003 5.810e-003
4.660e-003 4.767e-003 4.980e-003
3.883e-003 3.973e-003 4.150e-003
3.107e-003 3.178e-003 3.320e-003
2.330e-003 2.383e-003 2.490e-003
1.553e-003 1.589e-003 1,660e-003
7.767e-004 7.945e-004 8.300e-004
0.000e+000 0.000e+000 0.000e+000
[msh-1] [ms1] [ms™1]
S Ss S,

A1 R ML O A R R SRS
PRESSURE PRESSURE PRESSURE
Oonlour 1 Contour 1 Contour 1

1.103e+006 4.837e+005 / 1.637e+008

9.874e+005 4.331e+005 1.467e+006
8.714e+005 3.825¢+005 1.298e+006
7.553e+005 3.319e+005 1.128e+006
6.393e+005 2.813e+005 9.578e+005
5.233e+005 2.307e+005 7.87%e+005
4.072e+005 1.800e+005 6.181e+005
2.912e+005 1.294e+005 4 482e+005
1.751e+005 7.882e+004 2.783e+005
5.908e+004 2.821e+004 1.084e+005
-5.696e+004 2.240e+004 -6.149e+004
[Pa] [Pa] [Pa]

S S, S,
PRESSURE PRESSURE PRESSURE
Contour 1 Contour 1 Contour 1

261e+006 1.813e+006

1.129e+006 ‘1| %2%4-888 1.625e+006
9.973e+005 1.012e+006 1.438e+006
8.653e+005 8.784e+005 1.251e+006
7.333e+005 7.444e+005 1.064e+006
6.012e+005 6.104e+005 8.763e+005
4.692e+005 4.764e+005 6.890e+005
3.372e+005 3.424e+005 5.017e+005
2.052e+005 2.084e+005 3.144e+005
7.313e+004 7.443e+004 1.271e+005
-5.890e+004 -5.956e+004 6.015e+004
[Pa] [Pal [Pa]

84 85 Sa
PRESSURE PRESSURE PRESSURE
Contour 1 Contour 1 Contour 1

1.447e+006 1.662e+006 / 2.316e+006
1.296e+006 1.490e+006 2.078e+006
1.146e+006 1.318e+006 1.840e+006
9.955e+005 1.146e+006 1.603e+006
8.451e+005 9.733e+005 1.365e+006
6.948e+005 8.011e+005 1.128e+006
5.444e+(05 6.289+005 8.899e+005
3.941e+005 4.566e+005 6.523e+005
2437e+005 2.844e+005 4.147e+005
9.336e+004 1.122e+005 1.770e+005
-5.700e+004 -6.007e+004 -6.062e+004
Pa) [Pal Pal
5 S S,

4 RIEJ5 WS IR Sy oA

Fig.4 Distribution of pressure in different scheme extruding

process
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Fig.6 Change in shear rates at [, and [, position for schemes
S,, S,and S,
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Table 2 Comparison of shear rates at the same X coordinate

at /, and [, for scheme S,

1 1

X-axis/mm shear rate in [, /s~ shear rate in [, /s~

0.30 31.40 42.60
0.70 3.75 3.10
1.17 1.40 0.08
1.60 1.55 0.44
2.03 1.69 0.54
2.47 1.57 0.40
2.90 1.22 0.73
3.33 1.37 2.73
3.77 5.84 7.75
4.20 11.30 11.10
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Fig.7 Changes in pressure at /,and [, for schemes S,, S, and S,
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Fig.8 Changes in velocity at /,and /,for schemes S,, S, and S
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Table 3 Comparison of maximum and minimum velocity at

outlet distance of 5 mm for different schemes

Scheme St S, S3 S, S5 S¢S, Sy S

5

Vo /MM = 57! 7.69 7.81 822 7.69 7.62 826 7.68 7.86 8.55

Vo /MM =+ 57!

rate of change/%

4.69 1.28 5.09 4.70 4.71 5.09 4.70 4.82 5.26
39.0 83.6 38.1 38.9 38.2 38.4 38.8 38.7 385

4.4 Y B R IR BE X B 15 2R 43 40 B0 = 0

s IS4 1 DA 30°, B B R A3 25(S, ),
30(S,),35 mm(S,) W J7 S AE L5 Ak i 57 U1 R 5 A
ZORMIE 9 Bk B9 WAL S, (S, S, T sl
STP AR P S BR, IT 5 S, e R UL R R A
HE AR (40 mm) Wi J7 58 S, RS, ) BRAE Wi 46 B 5
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Fig.9 Distribution of shear rate at /; for schemes S,, S, and S,
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Fig.10 Distribution of shear rate at [, for schemes S,, S,and S,
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Fig.11 Distribution of shear rate at I, for schemes S,, S,, and S,
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Fig.12 Changes in pressure at [, for schemes S,, S, and S,
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Table 4 Comparison of maximum and average velocity of dif-

ferent schemes

S, S, S, S, S; S, S, Sy S,

Vi /MM = 57! 732 742 783 732 726 821 732 7.49 8.15
v/mm - s 5,55 6.14 6.52 565 6.16 6.76 5.82 638 7.01
rate of change/% 31.80 20.85 20.05 29.59 8.11 21.44 25.89 17.40 16.22
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Effect of the Mold Inner Flow Channel Structure on the Forming Process of Nitroguanidine Gun Propellant

CHANG Fei, ZHU Chun-jiu, NAN Feng-qiang, HE Wei-dong
( School of Chemistry and Engineering, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: To investigate the effect of mold inner flow channel structure on the forming process of nitroguanidine gun propellant,
the mold inner flow channel model of 11/7 nitroguanidine gun propellant was established. The numerical simulation of nine
schemes of different combinations of shrinkage angle as 30°, 45° and 60° and forming section length as 25, 30 mm and 45 mm
was performed. The effect of shrinkage angle and forming section length on the shear rate, pressure and velocity distribution in the
extrusion process were analyzed. Results show that the shrinkage angle has similar effects on the interfaces of different contraction
sections and forming section and nearing-outlet etc.sections, and it shows that the shear rate of the propellant dough near the cen-
ter of mold needle and the wall surface is higher than that of the surrounding pare. The sectional pressure distribution is uniform
and the flow velocity distribution of the dough has the characteristics of large middle parts and small two sides. The length of form-
ing section has a great influence on the shear rate distribution during the extrusion process of dough. The smaller the length of the
forming section, the more likely the sudden change of shear rate, which may lead to the unsteady flow. At the same time, it can
be determined that the optimal inner flow channel parameter scheme is the shrinkage angle of 45° and the forming section length of
30 mm.

Key words: gun propellant; numerical simulation; extrusion molding; channel structure
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