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b. the treated sample
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Fig.1 Surface morphology and image process of the original

and treated samples
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a. the original sample
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Fig.2 Section morphology of the original and treated sam-

ples
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F1-I5F 18] (p-0) #1288 31K 7 (u-p) #1 £8 LL K 3 25 0
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Table 1

treated samples

Test results of the closed bomb for the original and

samples Prax / MPa  t/ ms n An/ %
50 °C 293.06 1.46 0.87724 4.63
original 20 °C 293.81 1.573 0.83845 0
—40 °C 289.2 1.812 0.89511 6.76
50 C 287.65 1.427 0.87097 2.41
treated 20 °C 284.97 1.535 0.85045 0
—40 °C 284.04 1.683 0.83944 =1.30

Note: nis the pressure index. An is the change rate of pressure index.

300

—s— original sample, 50
—— original sample, 20
—e— original sample, -40
—=— treated sample, 50 “C
200 —— treated sample, 20 °C
—— treated sample, -40 °C

C
C
o

p/MPa

100

%.0 0.5 1.0 1.5 20
t/ms

a. p-tcurves of samples

—=— original sample, 50 °C
30— original sample, 20 °C
—— original sample, -40 °C
—=— treated sample, 50 °C
—— treated sample, 20 °C
20r—— treated sample, -40 °C

10r

0 100 200
p/MPa

b. u-p curves of samples

3 HaEIRIRE P RIS I p-t 5 u-pith 2R

Fig.3 p-tand u-p curves of the original and treated samples
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X [8] 0~0.2 365 Bl N A W 1B LR 0 46 Bh 536 B2, B X iz
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HF Lo AL, RRTRREE T X w0 R A sh 257
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Table 2 Temperature coefficients of the original and treated samples under different pressures

50 MPa 100 MPa 200 MPa
samples

a'p(h) a'p(l) Al % U’p(h) o’p(l) A/ % a'p(h) a'p(l) A/ %
original 15.3x107* 6.17x107* 59.67  12.2x107* 10.7x107* 12.30  8.84x10* 23.1x107* -161.30
treated 9.49%x107* 8.07x107* 1496  12.2x107* 7.07x107* 42.05  12.8x10™ 16.5%x107* -28.91

Note: o is the temperature index, h and [ stand for high and low temperature respectively. A stands for the change rate of temperature coefficient under same pres-

sure.
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Fig.4 L-B curves of the original and treated samples at differ-

ent temperatures

F 3 JEURE AL BEARE (K IR e 3 M R AR
Table 3

nal and treated samples

Progressive combustion feature points of the origi-

samples B, L, B, L, AL, AL,
50 °C 0.1303 9.8943 0.6326 8.7160 5.77 O
original  20°C 0.1181 9.0999 0.6998 8.2407 O 0

-40°C 0.1759 8.5216 0.5778 7.5218 -8.72 0
50 °C 0.1473 10.0505 0.6995 8.7247 6.79 0.10
treated 20°C 0.1291 9.6707 0.7109 8.1697 O -0.86

-40 °C 0.1493 8.9088 0.6764 7.7150 -5.57 2.57

Note: L, is the maximum value of L between B=0 to B=0.2. Bi is the relative
pressure where the L, is. B_ is the relative pressure where dynamic ac-
tivity descends dramatically. L, is average activity where B is from 0.2

to 0.8.
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Fig. 5 L-B curves of original and treated samples at 50,
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Combustion Stability of Flake Variable Burning Rate Propellant after High and Low Temperature Cycling

ZHAO Xian-zheng'*, LIU Xiang®, DING Ya-jun', LI Shi-ying'*, XIAO Zhong-liang'*

(1. School of Chemisiry and Chemical Engineering, Nanjing University of Science and Technology, Nanjing 210094, China; 2. Key Laboratory of Special
Energy Materials, Minisiry of Education, Nanjing University of Science and Technology, Nanjing 210094, China; 3. Luzhou North Chemical Indusiry Co.,
Ltd, Luzhou 646605, China)

Abstract: In order to investigate the combustion stability of flake variable burning rate propellant under high and low tempera-
ture cycle preservation, based on the morphology of samples and the change of combustion performance, a 20 time thermal cy-
cling treatment was carried out, in which samples were separately stored at 70 °C and =50 °C for 10 h as one cycle. The surface
and section morphology of propellant was observed via optical microscope, and the combustion performance at 50 °C, 20 °C,
—40 °C was tested by closed bomb. Microscopic observation shows that after thermal cycling treatment, the bubbles on the sur-
face increase and the section of propellant becomes lumpy and uneven due to plastic deformation, while the interface between
the inner and outer layers remains tight without visible cracks. The combustion performance basically unchanged after thermal
cycling treatment, and the dynamic activity curves nearly overlap, for which the maximum AL, is 2.57% at low temperature. Af-
ter thermal cycling treatment, the temperature coefficient under high-pressure from normal to low temperature is significantly
lower than that of the original under the same conditions, and the difference in pressure index of the flake variable burning rate
propellant at high temperature and low temperature is smaller than that of the original under the same conditions. Attributed to
bound interface and combustion consistency, flake variable burning rate propellant has good storage stability under different tem-
peratures.

Key words: flake variable burning rate propellant;high and low temperature cycling; combustion performance;temperature coef-
ficient; pressure index
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