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Fig.2 Schlieren images of the response process of nozzle structural test piece
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curve

B [ AR A 35 7000 0 R ATk R R R A R 4 A B B
T -1 K 5 3 B BE (0~780 ws) , X7 & 2a Z [ 2b, ik
5 17 24 SR P 1 A 2 R0 A7 0 AR 1 R S n A HE R R Y
RAAEE RN, AR K R A 3 A BN
JE SR AW FE 55, 46 780 ws PR PN 3 1 I HE E ) A2 R
HE A T AR A A [ 25 g bR 0 S L B BE S IR
AR BG 7 AR PN A A 7R X S A o DA AZ B A iy T
e 1] WA AL 55 5 1 BRI MR 2 [ B (780~820 ps)
XL B 2b 25 2, B B G I R RN R R L [
B F P 2 nl L, WA 1T AT DL AR e 7 R B SR D
BN AR A, 33k U I R0 PR S A A ) 24 AT 1 % A R e o
L, 28 790 198 5 N A% 2 R B R B ) 8 5% B AR I
1 BE 8 T BOKX 0 A 9B 7 BE S 5 T -7 14 2R BB B
(820 s % 1300 ws) , X 1 &l 2¢ 2 & 2e, B B o
AR G B i 2 280, e A B ik S 1 3 36 2 P 0 4R B R
SO Ty G AR W 2% | HE 1 R S O B AE 1120 pus
K FNWEAE 401.77 m-s™ 5 IV-ERIRBY B (1300 ps 25 ),
X R 2e Z K 2f, 1300 s B 21 5 4 8% 1 2 55, mt 4
W R AR KRR R AR T B O 0 I R R
I E R0, O IS B B R 4 R R A S SO R R R
&l 2e &L 2 AT UL 3 A o TR A% R o #E L & B
F) Pk B R 807.34 m-sT' . I I B LIV B Bt v 5
I B 4 A B B A B e T AR R K - R B

T 5% 40 % I 205 0 X0 2 00 R 4 2ol A ) 3 32 D
KK S5 7 A 0 ol U R R HEAT TR AR WL 4 R
4 0] DL e A R v 2 AR B2 DL 35 °C-min™
FegeTtm — HE 222.4 CRAES K. SKE, BIEAG
FEASIC S T E I (E R 0.249 MPa, 8 JE il 28 78 ik £

Chinese Journal of Energetic Materials, Vol.XX, No.XX, XXXX (1-8)

time/s
4 U0 1 R BE RN R R e (] A £k i 2
Fig.4 Temperature-time curve and overpressure-time curve
of test 1

IRE A M T — AP AT BB, X R T
Peid J5 BRI BRI GUE . AL, GAP HE ik 7R
K SALES K 20 A 05 R MR B OF AN S LR R T2
E A 5 B I [) P9 58 A 2R I K Al K AR
R BRI S R
2.2 BIEMRERMW ST

g BIF 5 A B A X GAP s [f] 444 E 71 A It 4 4
R 3 SR I 10 0 L B B2 0 KR A % T 3 MRS [ A
M A2 ) A0 P KR BE K ESF T D A AR K 7 2 Y
el 9 T W (L, s Ak I T) SE SR A T 4
A ZR A R TR i A KR B T R B R RE S HE
HEFR) KON 2 BRSO LR T iR 1Al LR
M AR5 530 09 1,3, 6 mim [ I 25 A B0 1 19 e KR JEE
WA TLHITE£5 CZ N AN HEIERITE S5 2 26 1 T
8 R E S MR AR TG o T A, IR 8] 55 I A R /NPT
B S TE A S 5 AR, P AR Sy A HE 7R 45 A0 B 28 RO B SR
E ST ES NI T S S WA R TR )
BER o WU A R R a5 RS A 1 e ol D e
(L I e A2 Y 04 2 A L fEL R 3 mm R 6 mm
I s W (RS AT ] AR A

PS5 XL T 3 b A [ WA Ik A 8 B B A L o

R BUE A 155 R 0 A R

Table 1 Cook-off test results of nozzle structural test pieces
ignition ignition delay  peak of
test temperature / °C /s overpressure / MPa
1 222.4 311.9 0.249
2 225.1 366.9 0.056
3 226.1 448.2 0.053
A A AL www.energetic—materials.org.cn
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Fig.6 Schlieren images of the response process of test 2
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Cook-off Response Process of GAP-based Solid Propellants Under Nozzle Structural Constraints

YANG Jun-sen, JIN Feng-kai, JI Kang-yu, WU Hai-bo, WU Yi
(School of Aerospace Engineering , Beijing Institute of Technology , Beijing 100081, China)

Abstract: The nozzle structural constraints of solid rocket motors significantly affect the response process of propellants under
cook-off stimuli. To study the influence of nozzle throat diameter on the cook-off response of GAP-based solid propellants, a ther-
mal load loading and control system for nozzle structural test pieces was designed and constructed. Using high-speed laser schlie-
ren imaging technology, the entire cook-off response process of GAP-based propellants under the constraints of motor nozzle
structures was observed. Additionally, the temperature of test pieces and the shock wave overpressure generated upon the igni-
tion response were measured. The results indicate that the cook-off response of GAP-based solid propellant specimens with noz-
zle constraints can be divided into the following stages: softening and expansion of the propellant before ignition, and flame ac-
celeration, deflagration-to-detonation transition (DDT), casing failure, and deflagration process after ignition. The post-ignition
response lasts only 0.5—-2 milliseconds. From the pressure curve, it is evident that during the flame acceleration phase, the pres-
sure grows slowly. When the nozzle throat diameter is relatively small, flow choking is more likely to occur. Once choking oc-
curs, pressure and burning rate rapidly increase and reinforce each other, ultimately leading to deflagration-to-detonation transi-
tion. In contrast, for test pieces with large nozzle throat diameters, the rapid pressure rise cannot occur or be sustained, reduc-
ing the likelihood of deflagration-to-detonation transition and maintaining the structural integrity of test pieces.

Key words: GAP solid propellant; cook-off response;high-speed schlieren imaging;nozzle structural constraint

CLC number: TJ55 Document code: A DOI: 10.11943/CJEM2024191
Grant support: National Natural Science Foundation of China (No. U2341288)

(idhi: % )

o
Il

CHINESE JOURNAL OF ENERGETIC MATERIALS R XXXX H# & XX & % XX# (1-8)



8 AR, L, B R, KB

PRI S A L

propellantjet  shell expansion  explosion

nozzle structural combustion
constraint test piece

A high-speed laser schlieren imaging system was developed to achieve synchronized recording of temperature loading, data
collection, ignition-induced overpressure, and reaction growth images. The entire cook-off process of GAP-based propellants,
including expansion, softening, ignition, combustion, and the transition from deflagration to detonation, was fully observed.
Cook-off tests were conducted on specimens with three different nozzle throat diameters, and the influence of nozzle throat

diameter on cook-off response and microscopic thermal damage of propellants was analyzed.
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