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Numerical study of condensing flow around a rocket fairing

by
Hiroki Sato

ABSTRACT

We aim to reveal the generated process of rocket clouds around the rocket fairing in the condensing flow and investigate the aerodynamic
characteristics of the fairing. In this study, a two-dimensional or axisymmetrical two-dimensional CFD code considering the heterogenous
condensation was developed. Then, the dry air and the heterogenous condensing flow within the circular-arc bump channel (M;,; = 0.675,
Tine =300 K, P;,r= 1000 hPa) and around the rocket fairing (simulated 4S-type for H-IIA, M;,; = 0.85, T;,r= 300 K, Pj,r = 1000 hPa) were
solved by developed code. In the case of the dry air flow in circular-arc bump channel, the results of the present study is in good agreement
with that of the past validated numerical study. Compared to the dry air flow, the shock position on the circular-arc bump is shifted to
downstream in the heterogenous condensing flow. This trend is in agreement with the past numerical simulation. In the case of the
heterogenous condensing flow around the rocket fairing, the temperature, the relative humidity and the mass fraction of the liquid phase are
268 K, 314% and 1.1% respectively at the shoulder of the fairing z = 66.1 m (the fairing tip is located at z = 60 m). The rocket clouds like
umbrella is generated near the z = 66.1 m. Compared to the case of the dry air flow, the shock position on the rocket fairing wall is shifted
to downstream in the case of the heterogenous condensing flow. This reason can be explained by the comparison between the Rankine-
Hugoniot relation and the Rayleigh relation. In addition, the maximum Mach number in the heterogenous condensing flow is lower than
that in the dry flow. The difference of the static pressure between the dry air and the heterogenous condensing flow is observed on the side
wall of the fairing from z = 66.1 m to 68.5 m.
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