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Numerical study on the plumes of solid rocket motor under

various flight conditions
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Abstract: To analyze the behaviors of solid rocket motor plumes under different flight
conditions, the finite volume method based on the MUSCL (monotonic upstream-centered
scheme for conversation laws) Roe format was employed after establishment of governing
equations including Navier-Stokes (N-S) equation and chemical reaction terms. Combined
with the results from thermal calculations, chemical reaction flow and single species flow
were numerically simulated for a solid rocket motor under various flight conditions. Results
show that both the initial angle of the jet and the length of the first Mach shock cell rise with
the increase of altitudes and the decrease of the incoming Mach numbers. The effect of the
length of the first Mach shock cell is more significant than initial angle of the jet in chemical
reaction flow than that of single species flow. Centerline temperature with various flight con-
ditions is much different. The initial angle of the jet and the length of the first Mach shock
cell are determined by incoming total pressure and the centerline temperature determined by

the structure of shock, afterburning effect, and incoming conditions.
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Table 1 Mass fraction of nozzle exit and imcoming flow

Jo 43 B PR
g5 —— ny —————————
g 11 KR 5 e
O, 1.67X107°  0.244 OH 1.13X107° 0

N, 7.72X107% 0.756 H 7.39X10°" 0

H, 2.02X10*? 0 O 507X107° 0
CO 2.14X107* 0 Cl  9.56X107% 0
CO, 2.11X10°* 0 N  8.87X10°% 0
H,O 7.22X107% 0 NO 7.62X107° 0
HCl 1.89%x10"" 0 C 2.21X107"% 0
AL O; 3.97X10! 0

*2 REREBH

Table 2 Low altitude atmosphere parameters

75 & /km /K 5% /Pa
10 223.3 26500
20 216.7 5529. 3
30 226.5 1197
40 250. 4 287. 14
50 270. 7 79.78
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