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Fig.1 Schematic diagram of the combustion diagnostic system
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Fig.2 Structure of the pressure-reduced extinguished burner
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Fig.4 Flame image sequence of SO and S1 propellants

Sttt

www.energetic-materials.org.cn



HTPB/AOT/AP [ 4 K [&] 1A Hfi 32 551 4% 58 1 BE % 389 I 4R K HL B

901

FROEBRBPRAS , TCHE B FR IR TAE K

SRy T OUR Hb 2 A 2 500 26 AS 7] 5 R AR e K T
AR BOIR TS W I G P 51 i 4 Ry TR TR e 91
FMAAR R 58 FEAE T 64T IH — fk Ab 31, 3145 A b It
] =05 — Ak 58 B il 2, O 0l il 2 0 A7 J i e R AR 4
(Short-Time Fourier Transform,STFT) , 5 3 40/& 5 ffi s .

I A5 AR 2 7] LE 8 R A8 B 97 0K M A2 T T 5% T
W BN, % B T 4 5 00 v o ) R S 5 R AR A R Ak

500 T i} LL

PR T TR

a00 [T L 4] WA B gl i
:’E‘ E 8 .eld .-- 1 !" r 9 %
S 30 :‘I bRl el -, =
= ! - 4 a
= 200 [ AEA! ' £
g e
@«

100 k- 40

05 10 15 20 25 30 35 0

time /s
a. SO propellant burning at 6 MPa

500 40

400 20
o
N =
Z 300f 0 =
g £
5] 3
> =
§200- _zog_
@«

100 40

-60

c. S1 propellant burning at 6 MPa

5 SO ST 7B BE SN st ] - — fb 5 BF il 28 STFT [&4%
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Fig.7 Combustion wave structure of SO and S1 propellant
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Table 1 Specific parameters of the combustion wave structure
propellant p/ MPa L./ pum L,/ pm T./K T./K T../K (dt/dx)_/K-pm™  (d/dx), / K-pm™
2 47 - 563 1941 2253 8.0 8.5
SO 6 47 - 673 2027 2256 21.6 26.2
10 36 - 865 2088 2257 45.6 74.9
2 4170 478 783 1799 1851 0.34 2.8
S1 6 3102 470 440 1842 1853 0.14 1.06
10 783 233 420 - 1854 0.15 0.19

Note: p is combustion pressure of the propellant, L is thickness of condensed phase preheating zone, L is thickness of molten layer, T, is temperature of burning

surface, T, is temperature of combustion flame, T, is theoretical temperature of combustion flame, (dt/dx)_ is temperature gradient of condensed phase,

(dt/dx), is temperature gradient of gas phase.
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Fig.8 Three-dimensional images of SO and S1 propellants extinguished surface
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Fig.9 SEM-EDS images of SO and S1 propellant burning surface
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d. S1 propellant extinguished surface at 10 MPa
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b. SEM image
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burning surface

Surface morphology of S1 propellant along normal
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Combustion Behavior and Pressurization-induced Extinguished Mechanism of HTPB/AOT/AP Self-extinguished
Solid Propellant

CHEN Ze-xin', LIU Lin-lin', YANG Yu-xin’, LI Bo-biao', CHENG Cai', HU Song-qi'

(1. National Key Laboratory of Solid Propulsion, Northwestern Polytechnical University, Xi'an 710072, China; 2. Xi’ an Aerospace Solid Propulsion
Technology Institute, Xi’an 710025, China)

Abstract: To study the combustion performance of self-extinguishing solid propellants and the pressurization-induced extinguish-
ing mechanism, HTPB/AOT/AP self-extinguished solid propellants were prepared by using sodium dioctyl sulfosuccinate (AOT)
as extinguishing agent. Experimental characterizations of burning rate, combustion wave structure, flame morphology and flame
quenching burning surface topography of the propellants were carried out. Results show that AOT reduces the pressure exponent
of propellant below 10 MPa from 0.37 to —=1.36, and the burning rate decreases from 5.9 mm-s™ to 2.9 mm-s™' as the pressure
approaches the critical extinguished pressure. AOT causes the propellant to self-extinguish when the pressure increases to
10 MPa, with unsustainable combustion observed at higher pressures. As the pressure approaches the critical extinction pres-
sure, a molten layer with a thickness of 230 wm covers the burning surface of propellant, reducing the burning surface tempera-
ture from 865 K to 420 K and the gaseous phase temperature gradient from 74.9 K- pm™ to 0.19 K- pm™ compared with propel-
lant without AOT. The pressurization-induced extinguishing mechanism of self-extinguishing solid propellant is revealed. AOT
causes a thicker molten layer to cover the surface of propellant, obstructs the heat feedback from the gaseous flame to the burn-
ing surface, reduces the temperature of burning surface and the reaction rate of condensed phase, and ultimately results in extin-
guishment due to the failure to maintain self-sustained combustion.

Key words: self-extinguished solid propellant; sodium dioctyl sulfosuccinate (AOT) ; combustion behabior;
pressurization-induced extinguished mechanism ;molten layer
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