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Finite element analysis of grain temperature

field for a solid rocket motor

LI Yuan,SUN Zhanpeng,ZHOU Yanqing,SUN Di, HUANG Weiwei
(XV’an Institute of Aerospace Power Technology, Xi’an 710025, China)

Abstract:In order to explore a simple and effective technical approach to the temperature field of
solid rocket motor grain under variable ambient temperature, the grain temperature field of a solid rocket
motor under temperature circulating test was studied by means of finite element heat transfer analy-
sis. Two-dimension and three-dimension heat transfer models were established for different grain struc-
tures. By comparing the calculated results with the test results, the two-dimensional heat transfer method
can improve the calculation efficiency of the grain temperature field, and the calculation results are in
good agreement with the test results, which can meet the test prediction requirements. Therefore, in the
engineering analysis, in order to obtain the effective analysis results quickly, the two-dimensional heat
transfer model can be used to analyze the grain temperature field of solid rocket motor. The two-dimen-
sional non-fin grain model is suitable for simulating the temperature field of the grain far away from the
fin, and the two-dimensional fin-having grain model is suitable for simulating the temperature field near
the grain fin.
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Fig. 1 Distribution of measured temperature nodes
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Fig.2 Temperature circulating period
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Fig.3 Finite element model



34 koowEo#E oF

2019 44 H

1.3 #EHESH

IS S 0] B A R 2 B B R A5 0 T R
B O B B LA RGL R AR R TR
I B T TR R B (U T Y250, i HLik
SR T TUAT I AR | /NI oy 25 22 ok &2 2 A
FAR, PR AR S a1 R i i R T A R AR

FR 7 A 2 T B4 S 00 3L il £, R B 155
LRAUA Y T K RE e AR 5 AN BLIR B 2 [R) B 3% T
AR

3 BCAN [5] B R 7 8 8 28 B S e IR BE B, O
S 4 X, M A =5.0 W/ (m® - K) Bt
ML R e A, R, 7 1k 45 A0 B IR 05 2 (]
XA R O 5. 0 W/ (m® - K) A& 92br
MO, FEIRSe A, WU E AT WX T
FEIHLN G, T PN M DR I 244 2 1 5 P
73 M 2 ) 0 A B A AR R G A8 TR I A B 2R B0
AN RENHLEGFE IR E St B e EE SR 1
s

—— Tk
40r | A (h=3.0 W/(m® « K)
,,,,, B ZE(h=3.5 W/(m® - K

— HE ML Rh=4.0W/(m" - K
(m* - K

(m’+ K

,,,,,, TR ML (h=4.5 W/(m® -

520' FFE 2 (h=5.0 W/(m® -
&~
10 b
0
—10F
_20 1 1 1 1 1 1 1 1 1
0 50 100 150 200 250 300 350 400 450

t/h

4 FTEITRBAREINEG H &

Fig. 4 Fitting curve of shell’s heat transfer coefficient
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Tab.1 Material parameters
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(W/m* - K) (J/kg - K) (g+em™) (W/m® - K)
ek 0.349 1810 1.373 5.0
et 0.573 1 340 1.797 0.5
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Fig. 5 Temperature curve of measured node
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