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Fig.1 Flowchart of thermal-chemical coupling calculation of screw extrusion process
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Table 1 Geometric parameters of single screw structure

A D, d, P e H L
parameter L/D

/(°) /mm /mm /mm /mm /mm /mm
values 1.6 36.0 20.0 8.0-14.5 16.0 1.5 5.0-8.0 290.0

Note: D, isconical screw big head diameter; d, is conical screw small head

diameter; P is pitch; e is screw width; H is groove depth; L is length

of screw working section. A, is external taper.

3 BRI B B b PR B R
Fig.3 Material field model of extruder head bar

F2 PO

Table 2 Parameters of extruder head die

D A L L L

parameter inlet s shri inlet s
mm /mm  /(°) /mm /mm  /mm
values 23.0 12.5 7.1 12.5 75.0 22.5
Note: D, is diameter of inlet section, D_is diameter of shaping section,
A, is shrinkage angle, L is length of inlet section, L is the total

length of the extruder die, L is length of shaping section.
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Table 4 Material parameters for screw, barrel and extrusion

materials
density conductivity  specific heat
/kg-m™ /W-m™-K" capacity /J-kg™'-K™'
scew 7710 37.67 500
barrel 8500 109.00 380
extrusion material 1650 0.35 1500

1k, HICRET M A% o B ok 78 b #1063 m A ek
AN MR A R IR R D Sl s e, BIL R AR IR R i B A%
44 333 K.

BLk 4 F, & 50 2 2 )i o S8 AT AL Sk 55 10 5 —
E B R 7, B Sk 206 Wkl 7 A — o 1 % L R R
T WENLS AN A BB E AN KRR
2.3 HEFFERBHETITHEIE

R T RADE G YPRHE ST B 1 2ok A2 0 203 fige 15

M 2 T 50 [R) B4 22 ST ) B UBURF 5 A e AR Y

HEAT T LR BT O EORT B )RR i R Y TR
45 R R A ARG D7 1 T T Y S 5 BT
231 BREFFKEHETERE

R T R A R AR RS R 0 BT A
RS IBFFBT LI 2 R AT R . RS SR AH R Y
Prwh AR AL K S0 S0 U B R R E A R
BF L0 S0 5 XS L WRAT AR B LIRS T 1y 72 4k}
0 E ) R AN R o LR IR T BT e an &l 4 Jiros o
M 4a /] LA i, 5 HIRFF 56 3R F 35 remin™
15 remin', bl 5 SR AT B RS (9 1S, BF L ALEE
FIHE g 22 Ap (8 38 0 F0 52 56 5048 0 1o, 3 a#h— 2L,
T KRR 220 7.03% ; ML I B2 3, DU S8R 38 1 11 e g
Z TR T EITE SR A SR, e KRR
10.2%, LI 4bo 50 UFE BBAT 05 BT 5 AT 471
23.2 YRRAIBHNEFER

5 B R T W 1R R BT R A 2R A
G N T BRUERALE R G O 1 bR A O 5 B
JIERIRIAIAT MR, H S 1Ak 2% SO i R T SRR R
HETVAL Fl 37 78 & 7 7 5 USDFLD'™®' . HU & g+ K
2,4-DNT 250 45 R [ 28 [ME A XF LUl , MR 28056
TI SRR R SR 4 R EE 210,220 °C.
230 °CH1240 °CF 4 2, 4-DNT % 5 Ji Z1 3 i 1) $5
Ryt I 5 iR . RS LUE W i
LS AN SIS A SR IR 2EHE 6.4%~7 3% FF A TRk
FEZOR IR T B S A2 SOV R F2 JF HETVAL
USDFLD iy ] 54

N XK 2025 % $ 334 %114 (1300-1312)



JEER AR LT, AR, BORE

1304
20
151
&
s 10+
)
5.
—au— reference[22]
—e— simulation results
0 - ‘ - . -
4 6 8 10 12 14 16
n/rmin’
a. screw speed and outlet pressure difference
20
-,
\.
154 = e ————.
\. \
e —— »
— e ——
- I\.
2 101
=)
51 ~—u— reference[22]
s simulation results
0

70 75 80 8 %
temperature / °C
b. barrel temperature and pressure difference
between inlet and outlet of screw
4 BEATE 0T BT A R S SR A R R L
Fig.4 Comparison between simulation results and experi-

mental results'?? of screw extrusion

RS AL ] 7 B SR A5 RN L
Table 5 Comparison of thermal runaway time between sim-

ulation results and experimental results'**

heating experimental simulation error
temperature / °C results'**/ min results / min /%
210 800.6 852.1 6.4
220 313.8 336.9 7.3
230 127.8 136.3 6.6
240 51.7 55.4 7.1
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Calculation of Thermal Decomposition Degree during Single Screw Extrusion Process of Energetic Materials

YAN Rui-chen, HE Hong, XING Yu, WANG Rong-xin, ZHAO Cheng-zhi
(School of Mechanical and Electrical Engineering » Beijing University of Chemical Technology , Beijing 100029, China)

Abstract: In the process of single screw extrusion molding, the materials are easily affected by process conditions, which leads
to self-degradation and heat release, thereby posing potential safety hazards. So quantifying the decomposition heat release of
materials during the extrusion process has practical significance. The experimental and simulation methods were combined to in-
vestigate the thermal decomposition phenomenon of energetic materials during extrusion process based on the self-developed fi-
nite element secondary development subroutine. Combining the thermal decomposition kinetics model of materials, a thermo-
chemical coupling method was proposed to calculate the thermal decomposition degree, temperature rise and the maximum
temperature difference between inlet and outlet of energetic materials during extrusion. The influence of process conditions on
the thermal decomposition degree of materials was also examined. Additionally, a material thermal decomposition experimental
apparatus was built to validate the feasibility of the proposed thermal-chemical coupling method. The results show that under the

', compared with ignoring material thermal decomposition, the highest temperature dur-

condition of a screw speed of 10 r-min~
ing the screw extrusion process considering the decomposition heat release of materials increased by 0.91 K, and the highest
pressure decreased by 8.2%. The decomposition degree of materials is the combined effect of material temperature increase and
residence time. Compared to increasing the rotational speed, raising the temperature of barrel presents a greater effect on the
thermal decomposition of materials.
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