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COOLING AND SHIELDING EFFECTS OF ENGINE EXHAUST PLUME
BY PARTICLE INJECTION UNDER A FLIGHT CONDITION

C.M. Shin,' Y.Y. Lee,' J.W. Kim” and R.S. Myong"'

'Dept. of Mechanical and Aerospace Engineering, Graduate School, Gyeongsang National University

?Aerospace Technology Research Institute, Agency for Defense Development

Cooling and shielding effects of injecting micro-scale particles into the exhaust plume of an aircraft engine
flving at high speed at an altitude of 6,096 m (=20,000 ft) were studied using computational methods. A discrete
phase model was used to calculate a multiphase flow composed of exhaust plume and particles (liquid water mist
and solid carbon). The IR radiation of the plume incident on the particle layer was first calculated, and then the
radiation absorption coefficient of the injected particles was calculated using the discrete ordinate model.
Furthermore, the change of the thermal flowfield of the exhaust plume according to the particle injection flow
rate and the injection material, and the cooling and shielding effects were analyzed. The transmittance of the
exhaust plume IR signal passing through the particle layer was determined through the maximum absorption

coefficient at each point.
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Fig. 1 Schematic of plume radiation scattered and absorbed
from particles [17]
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Fig. 2 Numerical models for multiphase flows [16]
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Table 2 Maximum particle absorption coefficient

at different position
Absorption

coefficient (m %) Lere) L .
5% 23.7 232 213

Water 10 % 48.0 46.1 412
20 % 101.4 94.9 61.3

5% 11.6 10.9 9.7

Catbon | 10 % 23.1 22.1 19.0
20 % 48.8 43.7 32.6

Table 3 Absorption rate according to position

Absorption rate 0.5D, 15D, 3D,
5 % 61.3 60.4 574
Water 10 % 85.3 84.1 80.7
20 % 98.3 97.7 914
5 % 37.0 354 32.0
Carbon 10 % 60.3 58.7 53.2
20 % 85.8 82.6 72.8
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