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Abstract ; The working environment of rocket engine nozzle is extremely harsh. Under the hot fire test
of solid rocket motor, the cracking and failure accidents often occur due to the technological defects of the
nozzle insert. In this paper, aiming at the fracture phenomenon of the nozzle throat insert after the test of
a certain solid rocket engine, the model was built based on the real crack morphology, and three-dimen-
sional two-phase numerical simulation was carried out under the typical working time of the engine. The
purpose was to obtain the distribution and comparison of the temperature, pressure, heat flux and velocity
field in different fracture gaps of the nozzle throat insert. The research results show that the temperature in
the nozzle throat insert fracture gap is much higher than the temperature in the flow field inside the noz-
zle, and the pressure in the larger gap is higher than that in the smaller gap. After the gas enters the frac-
ture gap, its speed decreases rapidly and multiple backflows are formed in the gap. The condensed-phase

particles are mainly concentrated in the central flow channel and no condensed phase particles enter into
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the fracture gap, and the heat flux is the highest near the fracture root of the nozzle wall.

Keywords : solid rocket motor (SRM) ; nozzle; defect; three-dimension two-phase flow; numerical

simulation
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Fig.4 Temperature distribution of internal flow field
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Fig.5 Temperature distribution at nozzle fracture gap
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Fig.6 Temperature distribution at different nozzle fractures
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Fig.7 Pressure distribution of internal flow field
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Fig.8 Pressure distribution at nozzle fracture gap
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Fig.9 Pressure distribution at different nozzle fractures
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Fig.10 Velocity distribution of internal flow field
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Fig.11 Velocity distribution at different nozzle fractures

WA M e DRI 2 1] B2 P i 2 23 A B A 12 B, R
SR B R R

v/(m *s7)

600
I 540
480

420 i
360 fipe =

300
240

180

120
W07 A
I 60
0 2

12 BEHRERRESHE

Fig.12 Streamline distribution at nozzle fracture gap
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Fig.13 Concentration distribution of condensed

particles in engine flow field
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Fig. 14 Concentration distribution of condensed

particle at different nozzle fractures
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Fig.15 Heat flux distribution of nozzle throat

insert fracture gap at T =300 K
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Fig.16 Heat flux distribution of nozzle throat

insert fracture gap at 7=1 000 K
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Fig.17 Heat flux distribution of nozzle throat

insert fracture gap at 7'=2 000 K
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Fig. 18 Heat flux distribution at different fracture
gaps of nozzle throat insert at 7=300 K
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Fig.19 Heat flux distribution at different fracture
gaps of nozzle throat insert at 7=1 000 K
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Fig.20 Heat flux distribution at different fracture
gaps of nozzle throat insert at 7=2 000 K
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