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a. 7-pore gun propellant
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Fig.1 Schematic diagrams of 7-pore gun propellant and mold
structure

1—needle holder, 2—needle cover, 3—needle, 4—mold
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Table 1 Formulations of NGu gun propellant
formulation NGu/% TG-1/% solvent ratio
1" 40 60 0.24
2# 45 55 0.24
3* 50 50 0.24

Note: TG-1 is double-base propellant.

il RH-2000 %1 41 i 28 A 43 ) I 3= 1 s
SR T SR Ak 2R AR i 2. 35 CCHY G 2 AR
ARk 2 iR, B2 HBCH 2 AR, e
AR LI 3. f R AT AT, =R OR [R] A S IR O &

CHINESE JOURNAL OF ENERGETIC MATERIALS

24 3 WURK 8 5 BT 470 30 4 000 Kt 2 2 B 4 R A 1) ek
KA o ZRIBC TS S W S 28 76 3 8l ad e vp SR B AR
IRVE PR AR AE AN ] C J7 i 225 I e S 24 3 74 080 40

BERERME 3,

®2 35 CHIETr 2 A fdls

Table 2 Rheological data of formulation 2% at 35 °C

y/s™! n/Pa - s
10.00 1226.86
17.48 822.47
30.58 534.37
53.5 364.04
93.5 233.76
161.51 152.17
284.66 92.20
499.55 57.07
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Fig.2 The rheological curves of formulation 2% at 35 °C
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Fig.3 The rheological curves of different formulations at 35 °C
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Table 3 The results of fitting the rheological data of propel-

lant slurry with Power model

formulation K Als n

1# 9725 1.8 0.30
2# 11614 2.0 0.21
3* 23006 3.5 0.16

Note: Kis consistency coefficient, A is relaxation time, n is non-Newtonian index.
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Table 4 Inner flow channel structure parameters of the 7-pore
gun propellant mm
h, h, free D d, d,
10 30 50 30 8.4 0.6

Note: h, is the length of the contraction; h, is the length of the forming sec-
tion; free is the length of the free section; D is the inlet diameter; d is

the diameter of forming section; d, is the pore diameter.
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Fig.4 Flow channel structure of 7-pore gun propellant mold
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Fig.5 Mesh model of 7-pore gun propellant mold
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Table 5 Flow boundary conditions

named selections flow boundary conditions

symmetry plan of symmetry (fs=0,vn=0)
wall zero wall velocity (vn=vs=0)
free free surface
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Fig.6 Distribution of shear rate in extruding process
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Fig.7 Curves of change in shear rate at different positions
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Fig.8 Distribution of pressure in extruding process
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Fig.9 Curves of change in pressure at different positions
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Fig.10 Distribution of velocity in extruding process
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888? Table 6 Design section sizes and simulation extrusion section
0:006- sizes of different needle spacing mm
= 0.005
‘-’E’ 0.004] S parameters D 2e, 2e d d,
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Fig.11 Curves of change in velocities at different positions
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simulation sizes of

. 8.39 1.33 1.89 0.65 0.65
outlet sections

Note: S is the needle spacing, D is the outer diameter, 2e, is the outer web
size, 2e; is the inner web size, d is the pore diameter, d,, is the center

pore diameter.
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Fig.12  Comparison of the simulated extrusion section and

the inner flow channel section
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Fig.13 Measurement size of NGu gun propellant
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Table 7 Comparison of the experimental results and simula-

ted ones of gun propellant mm
parameters D 2e, 2e, d dy
simulation sizes 8.38 1.64 1.66 0.59 0.59

average experiment

. 8.03 1.52 1.61 0.54 0.56
sizes

error/% 4.36 7.89 3.10 9.26 5.36

Note:; D is the outer diameter,2e, is the outer web size, 2e, is the inner web

size, d is the pore diameter, d, is the center porediameter.
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Numerical Simulation and Verification of Porous Nitroguanidine Gun Propellant Extrusion

CHANG Fei, NAN Feng-qgiang, HE Wei-dong
( School of Chemical Engineering , Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: To investigate the problem about effect of formulations and extrusion process of nitroguanidine gun propellant on the ex-
trusion molding size, the mathematical model and boundary conditions of extrusion process for nitroguanidine gun propellant with
different formulations were established. The distribution siteration of shear rate field, pressure field and velocity field in different
flow process under the condition of different formulations were simulated, calculated and obtained by the finite element method.
The results show tha the actual outer diameter of 8.03 mm and simulation size of 8.38 mm of the propellant is basically the same,
its error is 4.36% . The error of outer web size(7.89% ), inner web size(3.10% ), pore size(9.26% ) and center pore size
(5.36% ) etc parameters is within 10% .

Key words: nitroguanidine gun propellant; numerical simulation; shear rate; pressure and velocity field; extrusion process
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