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Numerical Study on Combustion Characteristics of
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Abstract: In order to study the combustion characteristics of AP/HTPB composite propellant at low pres-
sure, a two—dimensional sandwich model was used for numerical simulation. A four—step kinetic mechanism was
implemented into this model. This model assumed a homogeneous binder to represent the fine AP and HTPB,
and took the average size of coarse AP as the size of pure AP. The unsteady non—planar regressing surface is con-
sidered. The simulation was carried out under the pressure of 0.02 ~0.08MPa, and compared with the simula-
tion under high pressure (5MPa). The results show that under low pressure, the heat transfer from AP to binder
leads to the subsidence of the burning surface at AP/Binder interface , with the decrease of pressure, the subsid-
ence degree increase. As the combustion progresses, the burning rates at various location of the burning surface
tend to be the same and the shape of the burning surface does not change. The gas phase reaction under low
pressure is premixed combustion, and the primary flame is the dominant reaction. The simulation results of burn-
ing rate at low pressure are similar to the experimental data, the pressure index is smaller than that at high pres-
sure.
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Fig.1 Conceptual picture of composite propellant
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Fig. 2 Micro combustion model of AP/HTPB
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Table 1 Reaction kinetic parameters

Parameter Value
A]/(g'cm_3-s_]~bar_”) 2.7x10*

E, /(kJ/mol) 66.56

n, 1.60
Af(grem™ s sbar™) 1.25x10°

E,,/(kJ/mol) 60.69

n, 1.70

A(grem™ s sbar™) 5000

E ,/(kJ/mol) 47.30

n, 1.70

AJ(grem™ s -bar™) 400
E,,/(kJ/mol) 60.69

n, 1.70

A,p/Cem/s) 227724.46

E,/(kl/mol) 87.30
Q,p/(J/kg) 418.59
Ao/ Cem/s) 563.26

E 1o/ (kJ/mol) 48.22
Qi /kg) 664.81
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S5 B A 0 B i L i BE R 22 29 2m, 11T 7E 900ms B,
ZEAHIL B T 40wm , 3X Ud B Bl 45 A be 1) 64T, AP €
(YRR N

(2)AP 5 A sc S b ki T Fa . AE 3(a),
(b) AT LA, 10ms i 58 S 1T B30 B8 1T O 268 W fIK 1 0
AR 43, 50ms B AT LB G5 7 HE 2 A R T B L B R
BedEAT T BAFR BE G K, #E 0.02MPa T 900ms A 58 ¢
T Ak 5 99K 1T B e A v BEAH 2258 8 T 70pm

(3) s I AN 2 . xR 3(a) ,
(b) Al L% B, 10ms B} 0.02MPa F1 0.08MPa F [ 44 1
T RAH 22 K, B A B 18] A8 HE S, A i T 94 ThT
AR 22 A A, ELA 3 B A R o I 52 S ih AR BRI R
A F AP S IR T R T AE B e R, % B 3 (),
(d) & BRARTHT AN 35 5] P B A 1 56 1 8 A T A

(4) B 5 R BE 47 R TDE R A Rt .
4 JToR , FERRBER) 10T, R THT 45 A5y T ] 498 380 AH 25 8¢
KX 3T AR AR AR Y A0 (H — B ] 5 4%
Ry 7 R A T — 3, X R IR AT B — R
JIEZ R R EE R A AS AR R AR E RS
A SCAE 5 A Ry SR TH A5 Ly O T R B 22 /N T
0.01mm/s B}, BRHE35 B A5 2 RS R TR IR AS P 0% o
3.2 {RETSHEMAESHE
3.2.1 IRE R A

MR O 2T 45 A0RH il B2 37 $0 s Ak A B IR B A
SE BHIG T SR B 5 A o= B A1 S s, DA HpoT
LB W MR E T, APTHTPB & 4 4 35 5 A b JOIA R
JEE AR X I, Bl R 5 Y 38 K SR A T T
o AR DXL B O ri R T o AP b SR T R o Ak 3R
e TG R 7 BATE T B DR ST AR R AR,
AT 9K T Ak L R R — s AR A

YE R X EE, B 6 45 T SMPa AR IR 2 A
B R R KBS B B B AV AP

Table 2 Pressure conditions

Parameter Low pressure Middle High pressure
Case 1 2 3 4 5 6 7 8 9
Pressure/MPa 0.02 0.04 0.06 0.08 0.185 2.0 3.0 4.0 5.0
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Fig. 4 Burning rate curve at different points on the

burning surface at 0.02MPa
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Fig. 3 Surface profiles at different moments under various pressures
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Fig. 5 Gas phase temperature contours under low pressure
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Fig.7 Temperature curve of gas phase at different location
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Fig.8 Component mass fraction distribution at 0.02MPa
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Fig. 10 Reaction heat release rate contours at 0.02MPa
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Fig. 11 Reaction heat release rate contours at SMPa
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