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Estimation of thermal conductivity of solid propellants based on
particle packing model
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Abstract: To'better\estimate the thermal conductivity of solid propellants, the molecu-
lar dynamics method was adopted-to match the size distribution and volume fraction of solid
propellants. The finite element method was employed to compute the steady heat conduction
of solid propellant méso-scale models. According to the homogenization method, the mean
temperature and mean heat flux were calculated. Based on the mean temperature, mean
heat flux and steady heat conduction equation, the effective thermal conductivities of two-
and three-phase solid propellants were obtained. The error between the simulation result
and test data of two-phase solid propellants is only 3. 63%. The results show that the effects
of particle size and random distribution of particles can be fully considered when the particle
packing model is employed in the process of estimating the thermal conductivity of solid pro-
pellants. The particle packing model is more consistent with the micro-structural features of

real solid propellant, and the results are accurate and reliable.
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Fig. 1 Particle packing models of solid propellant
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Table 1 Thermophysical properties of each component
of solid propellant
P AP Al 2N
o /(kg/m*) 1900 2700 950
A/ (W/(m-K)) 0. 405 205.71 0.276
¢,/ (J/(kg*K)) 1460 878. 64 2860
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Fig. 3 Temperature and heat flux distribution of solid propellant without Al particles
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Fig.4 Temperature and heat flux distribution of solid propellant with Al pai'ncle% /
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Table 2 Results of solid propellant without

Al particles

g TR PIMAEE SMRM
C (W/m*) (W/(m + K))
AP1 0.50058 121. 80088 0.37308
AP2 0.49989 121. 78126 0.37302
AP3 0.49993 121. 80286 0.37309
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Table 3 Results of solid propellant with Al particles

. YR/ PHMREE/ SRR/
C (W/m*) (W/(m + K))
All 0.49851 334.72839 0.40483
Al2 0.49906 335.31814 0.40554
Al3 0.50260 335.18374 0.40538
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