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ABSTRACT

Through a numerical simulation, we investigated the effects of rocket plumes on heating in vertical landing of a reusable sounding rocket.
A simulation was carried out by using an in-house compressible flow solver, LS-FLOW-RG, which is applicable to real gas phenomena,
multi-species gas, chemical reactions and so on. This is an extended version of LS-FLOW of JAXA/JEDI center. In this solver, the
transport properties of muti-species gas and mass conservation equations of those species are considered. On the other hand, we employed
DDES method as a turbulence model. In this simulation, flow conditions of rocket plumes are of high temperature (T=2000K) and
supersonic (M=3.0) water vapor, and an atmospheric condition is a stationary standard air. In this study, we assumed the actual landing
condition and body. In fact, jets blow off from two engines at the bottom of the body. In this situation, we compared the results in two
different thrust conditions of rocket plumes and discussed the heating effect by thrust levels in vertical landing. From the results, we
confirmed that a pair of jets generates circulation between the earth and the bottom of the body, and this phenomenon promotes the
diffusion of high temperature water vapor. Furthermore, the difference of thrust level largely affected both flow and thermal fields on the
bottom of the body.
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(a) Side view

(b) Rear view and outlet position of plume
Fig. 1 Configuration of body
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Fig. 2 Configuration of body and mesh
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Table.1 Plume conditions

Hehyr~L 40% 100%

J£71(Pa) 3.40E+04 7.12E+04

TR (K) 2033 2074

P (kg/m3) 3.62E-02 7.44E-02

y 1.19 1.189

Cp(J/kg/K) 2881.5 2897.4

& (m/s) 1056.6 1066.8

J AV i (m/s) 3103.4 3133.2
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Fig. 3 Pressure distribution around the body
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Fig. 6 Velocity distributions between base and ground
y=0 : symmetric section, y=-0.75 : plume center
x values : distance from body base
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Fig. 7 Temperature and Mach number along plume axis
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(b) Mass fraction along line A-A
Fig. 8 Mass fraction distributions
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Temperature and Mach number along plume axis
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Fig. 10 Temperature and velocity vector field
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(b) thrust 100% (upr:x=0.2, lwr:y=-0.2)
Fig. 11 Velocity vector and mass fraction of H20
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