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THE STUDY OF REENTRY TURBULENT WAKES AND
ITS EFFECTS ON RADAR CROSS SECTION Y

Niu Jiayu Yu Ming
(Institute of Mechanics, Chinese Academy of Sciences, Beijing 100080, China)

Abstract For analysis of radar cross section (RCS) of hypersonic underdense turbulent wake of
reentry vehicles, a theoretical method for calculating the plasma fluctuation intensity is developed
based on analysis of the characterization of the hypersonic wake flow. In the method k-e-g turbulent
model is adopted to complete Reynolds equation, in which the chemical component fluctuation
intensity is taken into account. The governing equations are solved by fully implicit finite-difference

schemes. For calculating RCS, the single-electron multiple-scattering model distorted wave
Born approximation is used. As an example the turbulent wake flow field and the RCS of a small
blunt cone are computed in which M, = 21.3 and 20.5, Recp = 1.33 x 108 and 3.22 x 10%. The
present computational results are mainly as follows:

The characteristic parameters of flow field on the centerline and along radial direction in
the wake, such as velocity, temperature, electron nuiﬁber density, turbulent energy, dissipation,
electron concentration fluctuation intensity and so on, are obtained. The distributions of these
calculated quantities are reasonable.

The effects of turbulent fluctuation on the flow field parameters are remarkable in a relatively
short distance after the transition point, but become weaker quickly downstream so that they may
be neglected in computation for the far wake.

The variations of RCS with sight angle in different region of the scattering background flow
field, under various polarization states are given by the present work, which are consistent with
previous theoretical analysis!3.

The present calculated results have also shown that for the body shape and flying conditions
used in this paper, after appropriately selected scale of turbulent eddy, the RCS can be approxi-
mately predicted based on the weak fluctuation hypothesis, i.e. (An?_) = 0.1n2_. By the method,
the difficulty of solving the fluctuation equations can be circumvented.

Key words  hypersonic reentry vehicle, turbulent wake, radar cross section (RCS), electron
fluctuation intensity
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