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Abstract

In this paper, the solid rocket motor with submerged nozzle is used as the research object. Based
on the CFD software OpenFOAM, the Euler-Lagrangian two-phase flow model and the mechanism
of mechanical deposition are used. The particle deposition statistical method was used to analyze
the effects of different particle sizes, initial particle velocities, and particle mass flow rates on en-
gine nozzle deposition. The research results indicate that for solid rocket engines with submerged
nozzles, particles mainly deposit in the back wall area, and the influence of airflow vortices on
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particle trajectory is the main factor for the large deposition amount in the back wall area. The se-
dimentation rate of the back wall area and flange section decreases with the increase of the aver-
age particle diameter, and the total sedimentation rate of all parts is not significantly affected by
the initial particle velocity. The sedimentation rate of each part increases with the increase of par-
ticle mass flow rate, and the growth of sedimentation rate on the back wall surface is particularly
significant.
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Figure 1. Engine combustion surface schematic diagram
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Table 1. Engine operating conditions and two-phase parameters
= 1 AN TAFMAEESH

0s 1.74 s 3.47s 5.17s 6.93s 8.72s

JE5#/MPa 4.215 4.282 4.457 4.097 3.926 3.927
Rk /mm-s™ 5.744 5.780 5.873 5.679 5.583 5.583
AR R T R Kg-s T 10.49 10.56 10.73 10.37 10.2 10.2
SRR T R Kg-s T 2.924 2.968 3.087 2.840 2.723 2.728
TR 4 3 s 9.8 9.856 10 9.7 9.52 9.52
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Figure 2. Deposition area
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Figure 3. The deposition rate of each region varies over time
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Table 2. Particle deposition statistics

2. RO G

I 7] B kiR fgs BRI /g RURLE S E kg
0s~174s 64.4 112 14.54
1.745~3.47 s 69.9 121 14.67
3.47s~5.17s 89.4 152 14.99
5.175~6.93 140.3 247 14.28
6.935~8.72's 293.9 526 13.93
8.725~10.51s 221.2 396 13.95
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Figure 4. Cloud map of liquid film thickness with different diameters
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Figure 5. Deposition rate of particles with different average diameters
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Figure 6. Cloud map of particle liquid film thickness with different average diameters
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Figure 7. Deposition rate of particles with different average diameters
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Figure 8. Cloud maps of particle liquid film thickness at different initial velocities
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Figure 9. Deposition rate at different initial velocities
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Figure 10. Cloud map of liquid film thickness formed by particle deposition with different particle mass flow rates
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