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Abstract: In order to effectively improve the thermal safety of rocket and missile weapons in high tempera-
ture environments and enhance their battlefield survivability, a 3D unsteady solid rocket motor cook—off model
loaded with a star—shaped hole ammonium perchlorate/terminal hydroxyl polyether (AP/HTPE) composite solid
propellant was developed based on cook—off reaction mechanism of AP—based propellants. Numerical simulations
of solid rocket motors were carried out for slow and rapid heat load conditions, using slow cook—off heating rates
of 3.6K/h to 10.8K/h and rapid cook—off heating rates of 1.45K/s to 1.95K/s for multiple operating conditions re-
spectively. The results show that there is a negative correlation between the motor ignition delay time and the heat-
ing rate. Changes in the heating rates had no significant effect on the ignition temperature. Under the condition of
fast cook—off, the difference of heating rate causes the motor ignition position to change jumpingly.
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Fig.1 Grid division diagram of the experimental device

Table 1 Chemical reaction kinetic parameters of AP/HTPE

propellant"

Step Als™! E/(kJ-mol™") 0/(kJ-kg™")
1 900 103.93 -297.0
2 1300 120.55 9643.2
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71.2min, 439.8K, 15 SCHk H 45 F 9152 22 906 3% LAY,
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AT .
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Table 2 Comparison of numerical results and experimental

results
o t,/min T /K
k/(K+ min™") :
Exp Sim Err/% Exp Sim Err/%
1 139.8 1435 2.6 438.0 440.5 0.6
2 73.3 71.2 2.9 444.6  439.8 1.1
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Table 3 Parameters of Material”

Material pl(kg-m™) e/(Jokg - K™") AM(W-m™+K™")
Shell 8030 502.48 16.270

Insulation 950 2860 0.276
Baffle 1800 1200 0.150

Propellant 1739 1255 0.389
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Fig.2 Sketch of the 3D structure of a solid rocket motor
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Fig. 3 Propellant cross section diagram

Table 4 Dimensions of the solid rocket motors

lE| RS /mm
KENHLIME 74
I 2 7 A4 66
I 2 50 N A 21.56
SEAAZE v J5E 8
2 A )2 7 i )5 6
KEAHLEA 905
i 7 730
M A5 I 8 LA 24.50
7 A T 5 2
2t 32 ) Ty J5 2

Table 5 Distribution of motor monitoring points

10 A

W R WD A (xr 5. 2)/mm
A e (350, 0, 36)
B 2 T R (350, 0, 34)
c e 1 550 41 2 1 (350, 0, 33)
D i 3 5] 1) R IV 8 (350, 5.39, 9.34)
E i 2 551) 1) B TOUHR (350, 17.15, 9.90)
F 2 70 7 3 AT 1 (15,0, 32)
G 3 50 70 3 1HT 2 (15, 16, 27.71)
H 3 700 70 i 18T 3 (15, 30.91, 8.28)
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Fig. 4 Temperature-time curve of monitoring point 4 under
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Fig. 5 Solid rocket motor calculation domain
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Fig. 6 Cloud diagram of motor temperature at different
times at heating rate of 3.6K/h
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(a) Overall temperature cloud diagram
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(b) Cloud diagram of ignition section
Fig. 7 Cloud diagram of propellant temperature at the
moment of ignition (3.6K/h)
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Fig. 8 Temperature-time curves at selected monitoring
points (7.2K/h)
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Fig. 9 Cloud diagram of motor temperature at different
times at heating rate of 7.2K/h
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(b) Cloud diagram of ignition section
Fig. 10 Cloud diagram of propellant temperature at the
moment of ignition(7.2K/h)
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Fig. 11 Cloud diagram of the AP content of propellant

before the fire

(a) =6.86h

(b) =7.06h
Fig. 12 Cloud diagram of motor temperature at different
times at heating rate of 10.8K/h
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(b) Cloud diagram of ignition section
Fig. 13 Cloud diagram of propellant temperature at the
moment of ignition (10.8K/h)

Table 6 Ignition characteristic parameters at different slow

cook-off rates

k/(K/h) T./K t,/h (x,y,2)/mm
3.6 395.87 10.95 (369,5.39,9.34)
7.2 401.37 8.11 (368,5.39,9.34)
10.8 390.69 7.06 (369,5.39,9.34)
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R AT . X2 R T EE R AT, a2
% 1 BF 1] 2 A HE SE 550 P9, O A8 #E 25 R N R 51 & H
RN, RO 2 1 B, L2 4R ek DA A 6 B [ P P
i [a] S L, R ME AR AR IR AL B, AT 5 2R
T B A L TR A k. S A BE A T R
K, KRR B (BN W7 46 . TR T CGR B
T30 3 3T L 11 5 ) D) AN % B
32 REEREFED T

AT EE x5 45 B K FL AP/HTPE HE 35 5 4 [ {4
B & Bl HL T i PR 05 R R T AR 3 ) T I A
K 1.45,1.75,1.95K/s DL K 1K/min §9 VU Fp B 8% T 50 F
BT, 43 A i [ R K i & B HLE KIE SR i) [a]
U BE DL S KA A R

DL T il 2R 1.45K /s i PR R T 00 R ], 6] 14
e VI N1 2 I N R NN 1) R R s AR AR
o M AT LUE Y, B L AP/HTPE #E 3F 51 76 %
AL G R, R T R R T LR A RE R
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Fig. 14 Cloud diagram of motor temperature at different
times at heating rate of 1.45K/s
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(a) Overall temperature cloud diagram
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(b) Cloud diagram of ignition section
Fig. 15 Cloud diagram of propellant temperature at the
moment of ignition (1.45K/s)
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Fig. 16 Temperature-time curves at selected monitoring
points (1.75K/s)
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Fig. 17 Changes in AP content-time curves at monitoring
point D and G (1.75K/s)
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Fig. 18 Cloud diagram of motor temperature at different

times at heating rate of 1.75K/s

(a) Overall temperature cloud diagram

T/K
480
460
440
420
400
380
360
340
320
300

(b) Cloud diagram of ignition section
Fig. 19 Cloud diagram of propellant temperature at the
moment of ignition (1.75K/s)
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Fig. 20 Temperature cloud diagram of the motor at the

moment of ignition (1.95K/s)
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(b) Cloud diagram of ignition section
Fig.21 Cloud diagram of propellant temperature at the
moment of ignition (1.95K/s)

Table 7 Ignition characteristic parameters at different

quick cook-off rates

k/(K/s) T./K 1,/ (%, y,2)/mm
1.45 427.71 137.1 (14.1,22.5,24.1)
1.75 410.47 121.5 (14.1,22.1,24.4)
1.95 43272 113.4 (418.4,21.6,24.9)
0.017 405.01 3758.4 (19,0,29.4)
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