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Table 1 Calculated parameters for the AP/HTPB/Al compos-

ite solid propellant

parameter value parameter value
Ayl cmes™ 1.45%10°  |lp,, /kg-m? 2700
Aprpg / €mes™! 1.036x10° ||D, /g-cm™+s™"+bar™ 2.7x10*
Ew/R, /K 11000 D,/g-cm™+s""-bar™ 2.53x10*
Ees/R, 1 K 7500 D,/g-cm™:s7"-bar™ 5x10°
Q. /) kg™ -4.186x10° | D, /g-cm™+s™'-bar™ 400
Q. v /)-kg™ -1.967x10° | D, / g-cm™+s™"-bar™ 1x10*
Qy /)-kg™ 1.8%10° E. /R, /K 8000
Q,/)-kg™ 1.87%10° E. /R, /K 7300
Qg /)-kg™ 3.5%x107 E\,/R, /K 5689
Qi /)kg™ 8.9x10° E, JR,/K 7300
Qs /)kg™ 3%x10° E, /R, /K 10901
Ay /W-m™-K"  0.405 B, 3.88
XMreg / Wem™ K™ 0.276 B, 3.88
Ay /Wem™T-K" 204.1 B, 1

pup/ kgem™ 1950 M,/ g-mol™ 32
Prres | kg-m™ 920 R,/)-mol™-K™ 8.314

Note: A,, and A are the reaction rate constant, E and E are the de-

HTPB HTPB

composition activation energies, Q_,,and Q, ., are the heat of de-

composition of AP and HTPB, respectively. A,,, A and A, are the

HTPB
thermal conductivities, p,,, p,p; and p,, are the densities of AP, HTPB

and Al.D is the gas phase reaction rate constant.Q, is the heat of chem-

ical reaction in the gas phase.E, is the activation energies of gas phase
reaction.R is the universal gas constant. B is the stoichiometric coeffi-

cient of the corresponding reactions. M is the molar mass of the gas.
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Table 2

of the propellant under three different grid resolutions

The average burn rate and maximum temperature

grid resolutions r,/cm-s™ T/K

25000 1.9832 3578.518
60000 2.0405 3589.101
72000 2.0562 3589.323

Note: r, is the burn rate of the propellant and T is the maximum temperature

of the gas phase.
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Fig.3 Volume heat release rate distributions of R, and R, at different pressures
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Fig.5 UFAI concentration distributions at different pressures
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Fig.6 Gas phase flame temperature distributions at different pressures
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Numerical Study on the Combustion Characteristics of Aluminized APHTPB

BAI Zhong-yuan, YU Yong-gang
(School of Energy and Power Engineering ; Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: Solid propellants optimization significantly enhances combustion efficiency of the rocket engine. Aluminum (Al) parti-
cles are widely used as metallic additives due to the high reactivity and energy density. A two-dimensional homogenized
steady-state combustion model with a sandwich structure was developed for AP/HTPB/Al propellants based on a five-step
gas-phase reaction mechanism. The reliability of the model was validated by comparing simulation and experimental data. The
results show that as the pressure increases from 0.2 MPa to 6.5 MPa transits flame structures from premixed to diffusion combus-
tion, while the peak area of heat release gradually approaches the burn surface. At constant pressure, the burn rates rise signifi-
cantly with higher Al content, however, the pressure index first decreases and then increases with the increase of Al content.
This indicates that there is a trade-off between high burn rates and flame stability.

Key words: composite solid propellant;ultrafine aluminum;flame structure;burning rate; pressure index
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