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Numerical Analysis on Radiative Heating of a Plume Base
in Liquid Rocket Engine
£ E - A9 2 (RIYFLFATD)

C. H. Sohn :+ Y. M. Kim

Abstract : Radiative heating of a liquid rocket base plane due to plume emission is numerically
investigated. Calculation of flow and temperature fields around rocket nozzle precedes and
thereby realistic plume shape and temperature distribution inside the plume are obtaired. Based
on the calculated temperature field, radiative transfer equation is solved by discrete ordinate
method. The averaged radiative heat flux reaching the base plane is about 5kW/m® at the flight
altitude of 10.9km. This value is small compared with radiative heat flux caused by
constant-temperature (1500K) plume emission, but it is not negligibly small. At higher altitude
(29.8km), view factor between the base plane and the exhaust plume is increased due to the
increased expansion angle of the plume. Nevertheless, the radiative heating disappears since the
base plane is heated to high temperature (above 1000K) due to convective heat transfer.
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Fig. 1 Computational grid of
nozzle, plume, and external
region.
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Fig. 2 Computed Mach contours at
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Fig. 6 Effect of plume temperature on

radiative heat flux.
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Fig. 3 Computed temperature
contours at 10.9km,

Fig. 4 Computed temperature
contours at 29.8km.

Fig. 5 Computed velocity vectors in
domain 2 at 29.8km.
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Fig. 7 Effect of absorption coefficient on
radiative heat flux.



