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WA K FLQT-3(d,,=15.28 wm, 3 PE 40 & &=
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Chinese Journal of Energetic Materials, Vol.30, No.8, 2022 (819—825)

R1 =Fh NEPE [H 443 7 57 B )5

Table 1 Three NEPE propellantformulation
Al/%
samples CL-20/% HMX/% AP/%
FLQT-3 Al@AP FLQT-5
GL-1 13 3 8 37 12.5
GL-2 17 3 4 37 12.5
GL-3 19.5 3 4 37 10

Note: The FLQT-3 aluminum content of in AI@AP is 17%.

IR A SO0 MRS i R AR R R B Pl
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PR

BEEE I MK GB/T 29022-2021, 43 B A it i
B R T 1 -

SR ARHE : GJB2365A—2004, 1 b5 fE BSFD75
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Table 2 The heat of explosion and the dynamic burning rate

of three NEPE propellants

EDS-Al

samples Qg™ Iy g6 mpa/MM =S
GL-1 6264.6 10.998
GL-2 6039.4 10.084
GL-3 6924.8 10.150
Note: Q, is the heat of explosion, r, ... is the dynamic burning rate.

HR A SCHR AT 0, 7658 & A T 20% I, FR ok %
G % , [ A 4 20 500 B BRAE EL v B 1 s 22 AT
RV 328 7500 7 i o I R 2 o 0 1G  HE n o SR
M2 2 7] LV 2], AI@AP X 4 i 71 (1 g it BT R A
R, YA A Al@AP R, B % FLQT-3 8 & it
13% 3490 2 17% , NEPE #f #F 7] GL-1 ¢ GL-2 (1) 1 #4
FEA 225.2 ) g7 BRBREAR 0.914 mm-s™ 85 & & 194
I BRBEAS 7853 , B A T #3270 1) i ot B OS5 2ok
1 19.5% 1) AI@AP X% FLQT-3 Al i}, NEPE ] {4 #E
5 A0 6039.4 J-g7' (GL-2) $2 T+ & 6924.8 J-g™'
(GL-3), 48 FF 1R J5 3% 14.66%. % B Al@AP 1y A f
RO T AR R B R AR R T T 2 ) Y B o R
A4 [ BT NEPE [ 44 4 2 7] 1% 10 8 56 A JC 52 1
2.2.2 BESTEIE

WL AR D75 K S AL R NEPE [ {4 i 12 5] 11 s
SRR A NEPE [ A4 2 5700 12 75 004 3 9K, i 5 4%
SRR G5 L2 3.

mEIWTLES, AF AI@QAPH , 4 FLQT-3 Al &
HH 13% 3T 2 17% , 1204 R 2 B, NEPE [B 444
HE K 1 W5 5 %%l 92.342% (GL-1) % & 85.455%
(GL-2) , MW 5 2% 238 K BE R B, R W Bl & 5508 & &2 1Y
W Z R NEPE [ 44 #E i 70) b 88 8 19 A8 58 2R 58

=

CHINESE JOURNAL OF ENERGETIC MATERIALS

EDS-AIl d. EDS-CI e.

EDS-O

R 3 3 NEPE ik 5 U 0%
Table 3 The eject efficiency of three NEPE propellant

samples p/MPa eject efficiency/%
7.157 92.342
GL-1 7.901 95.516
8.808 96.396
5.579 85.455
GL-2 5.529 87.281
6.249 87.838
7.564 96.833
GL-3 6.452 96.804
7.475 95.946
Note: pis the test pressure.

TR NEPE [E 44 i R R B Z BE AR . L 19.5%
1 Al@AP 1 # FLQT-3 Al J& , 16 iR 45 J& 58 £ 3T 1),
NEPE [ #4 4 i 770 W 54 %0 % 1 87.838% (GL-2) T+ &
96.804% (GL-3), H. 3 WM& H NEPE [& {4 #i 1 7] mg 5
BRI N 96% i A, T GL-1 J GL-2 By W i 5 % |
KF) T8 K E W AI@AP T L 28 [H 45k 5 1 i
2115 B NEPE [ {74 4 328 570 9% be R 78 40 1) [n] &, e
FI| i3 NEPE [ {4 #i 2 70 BR be ORIV
223 HREREHBESE

W 45 NEPE [ 4k 2 700 2E 17 3R @75 38 4 )5 1) 5%
T E T R R BT AR S a AT T, R A
WA, REF MRV Y E ILE 2,

R4 NEPEHEF IR @75 K sh L 4 5 5% 8 i R DL
Wl

Table 4 The mass, particle size and active aluminum con-

AR

tent of residue after the cigarette-burning @75 engine test of

three NEPE propellant

samples m,/g /% dso/um

GL-1 11.55 3.41 76.98

GL-2 28.91 14.64 94.12

GL-3 7.64 0.37 24.21

Note: m,, is the quality of residue, 7,, is the residual activate aluminum con-

tent, d, is the particle size of residue.
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Fig.2 Pictures of cigarette-burning @75 engine
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Fig.3 High-speed photograph of the combustion process of GL-2 and GL-3
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W3l ,55 ms A 8 R T o
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B H S ) BN BRI BB A TR — 7 B L
Bl BR IZERL T AE 40 ms I B T RA T, 72 R T ECTR
B, R AR R4

H & 30 E H, AI@AP I A JG , 57 K 7 10k T 455 B3 1Y)
A 55 ms(GL-2) 4 %5 & 40 ms(GL-3), H. GL-3 9
RPN Ry A A SR I 4 L 455 2.2.3 18K
Pt 4y Bk Sk, AI@AP BT 45 J B0 By 1) A5 K 38 3R ) [ ik
/U0 K A R TET 1 457 B BT T oS A A IR A R T 45 B
) 45 K BT 5 3501 i K A SR B B TR AR R B R B sk R
DT B HE 23 5] 1 B 1t B R R
24 HERIEMEE

X NEPE [ 44 4 #F %) 75 20 °CF 0y 1 24 v g DL
NEPE [ {4 4 8 5 78 50 °CF i T 2k fe vt f7 7 Ik,
MR ZE R WL 5 6,

5 NEPE B AHEIE I AE 20 “CIF Y ) 2Pk fiE
Table 5 Mechanical properties of three NEPE propellants at
20 C

samples o,/ MPa &g % e,/ % E/MPa
GL-1 0.39 155.50 165.65 0.39
GL-2 0.43 169.20 181.75 0.41
GL-3 0.46 164.20 177.05 0.48

Note: o is the maximum tensile strength. & is the maximum elongation. &,

is the breaking strength. £ is the modulus.

6 NEPE [El & HE 257 75 50 “CIF g T 21 fiE
Table 6 Yield value and viscosity of three NEPE propellants
at 50 C

samples r,/Pa n/Pa-s
GL-1 113.8 379.4
GL-2 114.7 383.9
GL-3 119.3 392.6

Note: 7 is the yield value; 7 is the viscosity.

H1 25 5 7 A1, K & AI@AP B, I 2 55 0 & & 1) 1
T, NEPE [ {4 3 18 790 (4 85 K DU P B 5 KA =5
L0 N AR i KRG TR L LA 19.5% 1Y Al@AP U
FLQT-3 Al , & KU Hir o B | U 4 5 B 455 i s A T
i B R SR A B AR, (R AR LR K, = ANl 7 NEPE
[ A 4 30 59 4 g M RE B AR AR Y
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Fig.4 Solid propellant combustion mechanism diagram
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(1 4b) , bR 4R e 1A 27 249 53 Al 1y 3 B2 o 498 5 S i 3%
WAL =A Tt e e o3 A, DT 482 o [ 4 4 22 59 ) 498

RREY E TR ¥ U= o DORER g J 082
Wi F) T AR 2 A TR A S 25 2H A HE 3 P9 S B AL
T R AR 4T 7R R T i T B B Ay 11 47, 48R %
W, FR M e B AR 22 rp ARV R UMUK, 40k &%
B B R R . Suzuki SRR R T R Y
KiAR 2Bl AR 40 AP & S RSN T I/ . Al@AP
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Application of Aluminum-based Composite Fuel in NEPE Solid Propellant

WANG Hui-si'?, ZHANG Xing*, WANG Yan-wei'*, DU Fang'”’, LI Lei'*, GU Jian'?, Li Wei'*, TAO Bo-wen'"*
(1. Science and Technology on Aerospace Chemical Power Laboratory , Xiangyang 441003, China; 2. Hubei Institute of Aerospace Chemical technology ,
Xiangyang 441003, China)

Abstract: In order to study the performance of aluminum-based composite fuel in NEPE solid propellant, the aluminum-base
composite fuel (AI@AP) was used in the NEPE solid propellant instead of aluminum powder, and the effects of AI@AP on the
combustion, mechanics, and process performance of NEPE propellant were studied by explosion heat test, engine test, residual
active aluminum test, high-speed photography, unidirectional tensile test and process properties test. And the combustion mech-
anism of AI@AP in NEPE propellant was derived. Results shows that by replacing FLQT-3 Al powder with 19.5% AI@AP, the ex-
plosion heat of NEPE propellant increased from 6029.4 J-g™' to 6924.8 J-g™', and the mass of residue decreased from 28.91 g to
7.64 g, and the active aluminum content of residue decreased from 14.64% to 0.37%, and the particle size of residue decreased
from 94.12 wm to 24.21 wm. The injection efficiency of NEPE propellant with AI@AP is improved. The residence time of alumi-
num powder at the burning surface decreased from 55 ms to 40 ms, and there was no obvious agglomeration phenomenon.
Al@AP powder has little effect on the dynamic burning rate, mechanics and process properties of NEPE propellant.

Key words: aluminum-based composite fuel ; NEPE solid propellant;performance
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