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Abstract: An in—depth understanding of the combustion performance of the propellants in low—temperature
conditions and collecting the change law of combustion wavefront can porvide a significant guidance for evaluat-
ing the adaptability of the propellants in low—temperature conditions. A slit observation device that can improve
the observation quality of combustion waves was designed. The rapid phothograph method was carried out to col-
lect the combusiton process of the three—component HTPB solid propellant in normal-temperature and low—tem-
perature conditions and the images of the combustion waves were obtained. The results show that, compared with
the normal-temperature conditions, the combusiton wavefront of the propellants is unstable in low—temperature
conditions. The combusiton velocity of propellant was calculated based on the images taken by the rapid photo-
graph method, which was compared with the results of the target line method. The results show that the difference
between the results from the two methods was small, and the combustion velocity in the low—temperature condi-

tions is significantly lower than that in normal-temperature conditions. The combusiton velocity of the propellant
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is between 1.717~2.127mm/s in normal—temperature conditions, and is between 1.252~1.583mm/s in the low—

temperature conditions.

Key words: Solid propellant; Low temperature; Combustion waves; Combusiton velocity; Rapid photo-

graph method
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Fig. 1 Propellant strip with length of 150mm

22 ZHNERE

S B R G0 41 R H R R R 2 TR . SE I
AL ¢ AR HE E R 0 Bk 4% 1 B AR A PLBE B
(PMMA) , s AHAL AN S ML . PR 3 2 S i 2 B 9
P S B oK A 1 590 25 2% 0B T B A PLBE
B B AR AL 2 2% B TS AR A0 T SE AT PLBE R AR,
WA 2Ce) B R o A 1 (UL B o o oy, P 2 €0 1) £
A 20 7 3% B AR A LB 5 AR Y A T, O 7E 2 4%
7 B AL B — gk I 2(h) BT, B4k 1 S8 T N
2mm KT 7O 24 S R e (A B T 5 4 2 5 Y
Whobe v B 6 7T O F T b %0 4 ULIET 3. AE
HHE I 008 56 1 2o AR R, el T RR B 1 e T B AR v
HLR e R B R 20, PR O AR A DL BB Y e
— e AR R, R R il 2D K X O R S R
AR AL A 0B M AR 5 Ry R 125 W, 5 S el
AL SR o AR SO S50 B 7E B TR AR B KRR R B
T

PONEREN (B R IR S LRy

200718-2



F43% Holl

EL VN 2022 4

Propellant Bottom of PMMA
\

| \

|

.. Front of PMMA

.
-
-
%
-
%
-
%
%
-
%
ya
\
. P
. S
~ &
‘ Camera

Computer

(a) Top view of the experimental
system (slit not marked)

Slit Front of PMMA

L [ ]

Bottom of PMMA

(b) Front view of the experimental
system (camera not shown)

Front of PMMA

Propellant

. Bottom of PMMA

(¢) Schematic diagram of right-angled PMMA

Fig. 2 Schematic diagram of the experimental system
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Fig.3 Experimental setup
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Fig. 4 Combustion of No.13 propellant at different times

(low-temperature condition)
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Fig.5 Combustion of No.14 propellant at different times

(low-temperature condition)
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Fig. 6 Position of No.3 propellant combustion wave at

different times (low-temperature condition)
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