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Table 1 Compositions of propellant samples %
sample HTPB binder Al AP ACP

ACP-0 15 17 68 0

ACP-3 15 17 65 3

ACP-5 15 17 63 5
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Table 2 Effects of ACP on the burning rate of HTPB propellants
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Fig.2 Burning rate - pressure relationships of three propel-
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lants at different pressures

u/mm-s n
samples

3 MPa 7 MPa 11 MPa 15 MPa 17 MPa 21 MPa 25 MPa 29 MPa 3-7MPa 9-11 MPa 13-29 MPa
ACP-0 40.3 60.9 70.6 74.1 83.0 90.5 92.5 100.2 0.49 - 0.37
ACP-3 41.0 70.0 106.7 116.5 126.7 135.6 148.1 159.0 0.81 - 0.30
ACP-5 42.4 91.3 142.6 120.3 130.9 160.0 170.6 185.7 0.83 - 0.81
Note: wis burning rate; nis pressure exponent.
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Fig.3 Time dependence of the burning surface height for three propellants at different pressures

14000 Measured Value
Fitted Value
12000
£
= 100001
N~
80001
6000

20 30 40 50 60 70 8 90 100 110
t/ms
B4 ACP-37E 10 MPa AT i 2 bl s 8] 25 £k h-e il 28 &

Fig.4 h-t curve of the burning surface height with time for
ACP-3 at 10 MPa

HR T VIR BE 0, ACP 8 2 B, 0K 1T AR B B
POEPESR S I, Y s A R bR )
E-/ﬂﬁjt?ACP E’I%o

o e [ e
1369 1483 AGP-5

= 14

z 121

_.CLJ

g 107 15 155

g 2: 6.21 —

é 47 2.64
3 146 178 %
0 3 10 20

pressure / MPa
B 5 R [ AR 7 i B 5 R SR AR
Fig.5 Relationship between active aluminum content and
pressure in high-pressure solid combustion products of three

propellants

Chinese Journal of Energetic Materials, Vol.28, No.9, 2020 (915-924)

XoF = R AN R R 1 R R 7= kAR R AT
ST AR MR 3 RE 6 iR, bR H KT
M 7] ACP-5 8 4% [ 1R 7= 1 R R A% T 1, JH % G o 4
TR [ AR B 7 W R AR 22 0 /DN 5 [R) — HE 1 7 AS ) R
JIHRBEIT e bk R P W RLAR B . ik 5 RRR
B 33T #2008 1L E T FRORL T A2 BUR R T
I K

X = A S SRR b 7 W R THIE A i AT UL, 45 2R
WE 7 frs AR BERE e 1 T = Rl 28 500 7= 4 (4 98 5
JG W Bk 22 553X 3 WY ACP i 4 1t 50 18k e 7= 0 1) 36 v I
$ TG B R

M A = B R AR B T W 0 X5 2 AT
(XRD) M, 25 R a1l 8 flrzs o 43 A 80 B ot I AR Ak 0
B i AU AT R R R 0 R AR PR, AR R R y AU
oo BB 3 IR DR Sk 0 T Ab 1) R ORE T B R R A BT R
A SRRLF Z AR FE 3, R 2 R A R AL B AE R I
N7 P BRL BT AR R 1T, X5 R AR A DA A AR — B

BR3Pl R T T R KR R R TE 23 A

Table 3 Particle size distributions of high-pressure solid
combustion products of three propellants

particle size / pm

Pressure/ MPa

ACP-0 ACP-3 ACP-5
dy  dy, dyy  dy, dyy  dy,
3 1.37  12.36 1.70 12.46 1.12  5.81
10 2.54 16.99 2.62 17.49 1.83 9.67
20 4.78 22.04 4.46 21.58 4.80 21.81
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Fig.6 Particle size distribution diagram of solid combustion products of three propellants
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Fig.7 SEM photographies of solid combustion products of three propellants
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Fig.9 Combustion flame structure pictures of three propellants at different times (0.1 MPa)
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Fig.10 The combustion surface pictures of three propellants at different times(0.1 MPa)
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Fig.11 Scanning electron micrograph and element analysis of flame quenched combustion products of three propellants
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High Pressure Combustion Characteristics and Atmosphere Pressure Flame Structure of ACP-containing
Hydroxyl Terminated Polybutadiene (HTPB) Propellants

MENG Ling-chao', RAN Xiu-lun?, LI Jian-min', ZHOU Xu-yuan'?, GUO Yan-pei', GONG Li', YANG Rong-jie'

(1. School of Material Science and Engineering , Beijing Institute of Technology , Beijing 100081, Chinas 2. Xi' an Modern Chemistry Research Institute , Xi' an
710065, China; 3. School of Mechanical Engineering , Beijing Institute of Technology , Beijing 100081, China)

Abstract: In order to study the combustion characteristics and atmosphere pressure flame structures of ACP-containing HTPB pro-
pellants, the high-pressure burning rate test system of solid propellant was employed to test burning rate over the pressure range
3-29 MPa. The condensed combustion products of propellants at 3, 10 and 20 MPa were collected, their morphology, particle
size distribution, active aluminum content and alumina crystal form were analyzed. High-speed photography system was em-
ployed to monitor the combustion process of ACP on the combustion flame structure and the burning surface. The combustion
surface and quenched surface were obtained for morphology and composition analysis. Results indicate that the addition of ACP
effectively increases the burning rate, the ACP addition of 5% increases the burning rate by 84.8 % at 29 MPa, and unstable
combustion pressure zone occurs at 9—11 MPa. The active aluminum content of combustion products is 13%-16% at 3 MPa. At
atmosphere pressure, large-sized particles with 100 pm in diameter are brought into the gas phase from the combustion surface
by the combustion gas. The molten aluminum particles have no obvious agglomeration on the burning surface. The addition of
ACP increases the irregularity of the combustion surface.

Key words: fast-burning substance; HTPB propellant; high-pressure burning rate; burning surface; flame structure; hydratedtetra-
(4-amino-1,2,4-triazole) copper perchlorate (ACP)
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