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Effects of Recrudescence on the Thermal Environment of the Bottom

of a Liquid Rocket during Its Return Stage
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Abstract: In order to study the effects of opposing jet and recrudescence of the engine of a vertical take-off and
landing liquid rocket on the landing legs and the thermal environment of the bottom of the rocket body during its return
stage, the calculation models for the tail flame recrudescence, flow field, and spectral radiation are established. The
thermal environment of the bottom of a vertical take-off and landing liquid rocket during its return stage is numerically
calculated for the first time in China. The flow field is calculated by using the FLUENT software, and the
recrudescence reaction is obtained by the finite-rate chemical reaction model. The spectral absorption coefficient of the
jet gas components is obtained by the HITRAN database, and the radiative transfer equation is solved by the positive
and negative ray tracing method. The experimental results in literature are used to verify the results obtained in this
paper, and the effects of recrudescence on the thermal environment of the bottom of the rocket are also investigated.
The results show that the recrudescence reaction increases the convective and radiant heat flux densities of the bottom,
side wall, and landing legs of the rocket body, and the maximum increase amplitude is up to 80%. Therefore, the
research results of this paper are applicable to the fine thermal design of the bottom of the liquid rocket during its return
stage, and it is also necessary to consider the effects of recrudescence in the design process.
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Fig.1 Schematic diagram of the rocket structure model
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Fig.2 Calculational region and mesh generation of the

flow field
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Tab.1 Mole fractions of the major species

ik i PRI I
H.O 0.266 -
Co, 0.068 —
co 0.172 —

H, 0.122 —

0, 0.002 0.078

N, 0.332 0.922
NO 0.003 —
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Tab.2 Major recrudescence reaction models in the tail

flame

S T7 T S R

CO+OH=CO,+H 2.3X10"T"%exp(330/T)

CO+0+M= CO,+M 8.8X 10 Mexp(1 800/7)

H,+OH= H,O0+H 1.8 X 10T exp(—1 530/T)

H,+0O=0H+H 1.8 X 10" T*5exp(—2 600/T)

H+0,=0H+0 9.6 X 10%exp(—6 200/T)

H+H+M=H,+M 5.2X10797 %6

H+OH+M=H,0+M 8.8X 107 7T “exp(—250/T)

OH+OH=H,0+0 6.1 10" T"*exp(160/T)

O+0+M=0,+M 3.1X10 Mexp(740/T)

N,+O=N-+NO 1.8X10"exp(3 160/T)

N-+0,=0+NO 2.7X10 “Texp(—2 700/T)

N-+OH=H-+NO 2.8X1071°T

N+O+M=NO+M 3.3X 10 exp(120/T)

NO+NO=0,+N, 3.1 X 10" T %exp(2 500/ T)
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Fig.3 Spectral radiation intensities calculated by the

present model and in literature
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Fig.4 Effects of recrudescence on the distribution of the

tail flame temperature
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Fig.5 Temperature distributions of the flow fields with different cross-sections before and after recrudescence
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Fig.6 Comparisons of the main components before and after recrudescence at the section X=2.9 m from the bottom of the

rocket
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Fig.7 Heat flux densities of all measuring points before and after recrudescence
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