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Table 1 The formulation of Al/Mg fuel-rich propellant

components AP HTPB Al Mg  others

mass fraction/% 36 20 20 20 4

particles diameter/pm 100 ~120 — 24V 30" —
Note: 1) indicates the average particle size.

control and feedback signal laser beam

optical system

value control

air cylinder

high speed camera

1 WO R P AR

Fig.1 Schematic of the laser ignition experimental platform
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Fig.2  Ignition and combustion process of Al/Mg fuel-rich

propellant at different subatmospheric pressures
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Fig.3 The ignition delay time values as a function of pressure
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Table 2 The burning rate ( 5 ) of propellant at different

subatmospheric pressures( p)

p/MPa 0.01 0.02 0.04 0.06 0.08 0.1
i /mm.s' 0.526 0.614 0.682 0.752 0.848 0.99

MR 2 WA, Bl A R R A, HE R A R
ik YA ERIEM 0.1 MPa FREE] 0.01 MPa i, 4
AR 47 % o X A8 S BORI5t 1 AE i 5 ROR N R
B (V) IEBARM 1 R AT, AR B I,
TR S Je) 0 8 B el 3553, 6l 75 07 TR BE AT, DT K X
) B AH XA AR B R R AR (2) ZE AR 1 e 3R 5
T ARG ARREA, (75 A DX 3 [ A DX R A R 5
BERFEAR o H T R R0 [ AR B8 o3 A 2 W A SN AR A
FE i R334 3R AP ol 745 [ 4 A e 3 S 08/, AT
BT BRI R

B RAEHESE B A A A Vielle R 24 X
F1 Summerfield R 230" R .

Vielle ks A= : r =a, - pn

2017 % #25% #1048 (817-821)



820 AR, BEME, RKA, METT
. 1 a, b, 0.01 MPalf , ¥R AL 47 % o FIF LLTE & if ?fiﬂﬁ[Zﬁf
Summerfield XA —=—+ —5;
;P b B, TR HE T R H O 2 S 0 Al R0 LA ok R
. ?ﬁﬁﬂ:/%/uﬁfﬂ’@ﬁh%*o
2P, g AR - s p MR, MPa; a,

3 Vielle 23 20 6 % %%éﬂ[ n R BREE R R 8 £ a,
b,y Summerfield 2\ = 4 84 13 2 %0,

XPAS R B R 358 T A R U8 3 A Vielle 245X
A1 Summerfield 2= 47 [B1 5 2 Br , 45 21 1159 i £ 4n

Bl 4 s,
1.1
= data
1.0+ Vielle formula .
0.9 - Summerfield formula
é 0.8
= 0.7
0.6
0.54
04 T T T T T
0.00 0.02 0.04 0.06 0.08 0.10
p/MPa
B 4 AR R BT R G 2

Fig.4 Fitting curves of burning rate at different subatmospheric

pressures
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Laser Ignition and Combustion Characteristics of Al/Mg Fuel-rich Propellant at Subatmospheric Pressures

LAl Hua-jin, CHEN Xiong, ZHOU Chang-sheng, XIANG Heng-sheng
( School of Mechanical Engineering, Nanjing University of Science & Technology, Nanjing 210094, China)

Abstract. In order to study the effect of subatmospheric pressures on the ignition and combustion characteristics of Al/Mg fuel-rich
propellant, the propellant was ignited by CO, laser with different heat fluxes (1.26,1.86 ,2.23,2.79 W - mm™) at
subatmospheric pressures (0.01, 0.02,0.04,0.06,0.08,0.1 MPa). The ignition and combustion process of propellant was
recorded by a high speed camera. The ignition delay time was obtained by two photodiodes which monitor the laser signal and
flame signal. The effect of subatmospheric pressures on the ignition delay time, combustion process and linear burning rate of the
propellant was discussed. Results show that the pressure influences the diffusion of the pyrolytic gases. The initial flame forms the
shape of a cylinder when pressure is 0. 08 MPa, as pressure decreases to 0. 02 MPa, the shape of initial flame changes to be
spherical. The reduction in pressure causes a longer ignition delay time, however, as the heat flux increases, the effect of pressure
on the ignition delay time is significantly reduced. The burning rate decreases with the reduction of pressure and it decreases by
47% when the pressure drops from 0.1 MPa to 0.01 MPa. The Vielle burning rate formula shows a good agreement with burning
rate data. Therefore, the Vielle burning rate formula is more suitable for characterization of Al/Mg fuel- rich propellant burning
rate characteristics at subatmospheric pressures environment.

Key words: Al/Mg fuel-rich propellant; laser irradiation ignition; subatmospheric pressures; ignition delay time
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