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Abstract: The high—aluminized (18%) solid composite propellants containing organic fluoride compound
(OF) were prepared based on the three—component and four—component solid composite propellant formulations.
The high—overload rocket motor for ablation simulation tests was employed to investigate the ablation effects of the
above propellants on the Ethylene—Propylene—Diene Monomer (EPDM) insulation materials under the condition

of the combustion chamber pressure of 7MPa. The results show that, in the cases that the substitution amount of
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OF is 3% in the formulations, the maximum linear ablation rate of the OF-containing propellants can be reduced

by more than 30% comparing with the conventional blank formulations, and in the cases of four—component pro-

pellants, the OF—containing propellant can also effectively suppress the deposition of the condensed products in

the rocket motor chamber. The study also discussed the ablation—reducing mechanism of propellants containing

OF by investigating the burning surface characteristics of the propellants, analyzing the composition of the con-

densed depositions in the combustion chamber of the high—overload rocket motor, observing the surface carbon

layer structures of the insulation materials after the experiments and characterizing the morphology of the surface

deposition on the propellants’ coating material. According to above analysis, the ablation—reducing mechanism of

OF-containing propellants is attributed to the formation of smaller condensed combustion particles, which leads

to their less momentum in the flow field, thereby suppresses the scouring effect on the insulation material and fi-

nally reduces the ablation properties.

Key words: Agglomeration depression; Condensed phase; Ablation of insulation materials; Particle ero-

sion; Ethylene—Propylene—Diene Monomer (EPDM)

1 35

Wi A 7 DR FG 45 g 1 B AT R R 00 O 1 A
PR FERUR B T 55 A 3 R AL . 0 T
Z FORPGENLBY , [F] i B0 PUIE BR800 i
14 5 S AT 55 T 5, B0 20 580 22 0% 11 1R K 9 4 8 D
MEAR R R B LW R TSR ARk, A T K AR T 2
TE R 3 % J v 1k BE ) 181 44 ki (o [0 44 Jc i B #fe
a3 Y SLS R, H A B Epsilon, KK 25 )& 9
Ariana 5577 0 Bl 3 A IR BT SR (4 H A5 890, [ 4K
R T I A T YRR SR o AT, SR B Y L
AR b i LA R0 T 1 R A [ AR O a5 v
P BE R AF R AOR R B i R B TR R
Fe L FE AR AR A TR A R R R B A L
TR R i A A S R A NS T R U DS
B, 7 IR 52 4 $ 08 570 ob 5 000 60 B B 05 A1 280 i v 4
PEFR AR B R L b ZE AR S RIR T 209 (iR 20 50
F4 [ (A 5 A P 7R IE T v, 0 R B e B 19, B
W AT LR @ 24 1so (HAESEBR N P, T B R
WA A 58 4, ak v Y 8 5 A A T kY R B A BE
AR RO BT E AR R G R
Yy (9 T n RE 68 BORE AR R RR A 52 42, B By AR B R K
i A S LR BE 2 IR R B i DU ES B, 3 B e
RO B 5 TR I, ek P SR W) TE 1 B R RS B 5 2R A
IR 23 X R Bl BIL A A o A )2 T ™ A R g
by, 7 E A DL T BE 8 i R A IARE R B o, AT
B HL AR R0, 45 18 KT 2 sl HIL R il T A o 4 42
ERYRE AR

SRR Il A v B ] AR A 4 a5 14T 2R Y
WFoE © 2 BB AT T+ JLAF MR [ N Ak K 3R A BT 52 0

T

N EINCREE (i ICI R BB 1) 1) = NI E2 4 U
oG B A R AT R T A ER O B 5 AT G R 5 A 2k 7
(AT O st M R R B R B . W E
A 5 25 O B, 0 T 00 ah 99K Jo AT 58 1) H 3 70 1)
5% 5 Jmy B F 22 00 A< B 100 8 68 e ek R4 okl 424 e
VA SR 1 AL 3R, L R A0 ) 48 e AT 3R 1 4 8 00 7 & Bl AL
A B ik RE R TR M S 1 B 1 4 0 5 1 K
KX L

AR A AR B TF R AR AT SRS o o A e
RN T7 TR A HLIEAL Y (OF) , 523 1 X w5 8%
A B2 G 0 R R R A R AT A . A E T AR
G5 HE UEFVEC T L 51 A ML AL P 1 HE HE ) RE 9% K
S 28 AR LR 6 T SR g (sl 88 SR A bz F RUSF . AR S
HE— AW 5E T 400 R 68 1A 5 1 4 0 R A8 /N LR sl
S AT X A BAORE Rk I 5 ok AR P N R s LR e I DT
FRURRE | O 8 S7 08 b8 T B AN e by 0 RRUR A 2 18] A9 A
HOCHRARHE SRR

2 SLIGERS

2.1 HEHFERBOEE

A 5E LA SCHR [ 15 ] v i # 15 500 1C J7 O B A 0
S A& 1 = 5T A Y 20 5T B R e A SR [ AR i
A E VAL i GBS AT BLIR AL OF , LT 1 Bk X L
Be 7™, Bl 3S,, F4s,,) , IF St g m st & s EkE &
HESEF CRP“ 28 (57, 3S, 1 4S,) #E 47 5% IR 86 . 76
BE 75 B b 0l A A R I T A AT S
UT, 7E = 40 JT 2 50 BE O b ] OF B AR e S TR B
(AP), M AE D4 o lie 7 FH OF B AR R 4 (RDX) .
I 50 BC 5 19 5745 ( Oxygen balance, O,) TH 80, %
A A o Con R B HAR i — S ALk (CO) 1Y



2352 ot

#HooR

2019 4

(ERLWS

Table 1 Mass fraction in propellant samples (%)

Sample Al AP OF  RDX HTPB 0,
38, 18 70 — — 12 -16.6
3S0r 18 67 3 — 12 -17.7
48, 18 55 — 15 12 -22.6
48, 18 55 3 12 12 -233
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Table 2 Fundamental parameters of propellant samples

(TMPa)

Sample u/(mm/s) ¢'/(m/s) T/K
35, 9.87 1520 3264
35, 9.10 1550 3189
48, 8.76 1535 3149
48,, 8.80 1575 3047
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Fig. 1 Schematic of the high-overload rocket motor for
ablation simulation tests and prediction of the ablation area

on the insulation material
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Fig. 2 Preset point for the thickness measurement on the

insulation material (mm)
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Table 3 Ablation characteristics of different formulations

on insulation materials

Sample I e (mm/s ) Ioel (mm/s) my,.J(gls)
3S, 1.27 0.57 3.45
3, 0.80 0.42 2.09
48, 0.78 0.43 2.84
48,, 0.66 035 2.36
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Fig. 3 Ablation characters on insulation materials by

different propellant formulations
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Fig. 4 Depositions in combustion chambers of different

propellant formulations after the tests
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Fig. 5 Depositions of four-component propellants in the

combustion chambers
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Fig. 6 The (revised) maximum linear ablation rate (r,, )

of different propellant samples
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Table 4 Composition analysis results of the depositions of four-component propellants in the combustion chambers

Samol Loading mass in Theoretical mass of alumina after Mass of the Active aluminum mass Injection

bampre rocket motor/g thorough combustion m /g deposition/g fraction in deposition/% efficiency 1/%
48, 2000 680.4 180.1 40.10 64.08
4S8, 1940 659.5 76.2 22.10 86.17
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Table 5 Revised ablation data and comparison of four-

component propellants

Sample Fa/ (mm/s) ry./(mm/s) m, [(gls)
43, (original ) 0.78 0.43 2.84
43, (revised) 1.05 0.58 3.82

45, 0.66 0.35 2.36
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Fig. 7 Comparison of burning characteristics of different propellants
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Fig. 8 SEM analysis of the depositions collected on

the inner surface of propellants’ coating materials
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Fig. 9 Scouring effect of different propellants on char layer

of insulation materials
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