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THE STUDY OF TURBULENT WAKE FLOWFIELD IN REENTRY
VEHICLES V

Yu Ming
(Institute of Applied Physics and Computational Mathematics, Beijing 100088, China)
Niu Jiayu
(Institute of Mechanics, Chinese Academy of Sciences, Beijing 100080, China)

Abstract The radar scattering characteristics of reentry vehicles are directly related to their
turbulent wake flowfield. The paper is trying to express the etical model of turbulent plasma
wake field as a turbulence modelling theory. That is to say, the averaged fully Navier-Stokes

equations and their closure equations k-c-g model are applied, and precise information about
average and fluctuation field of low motions are gained. The averaged N-S equations come into
being by mass-weighted mean, and turbulence modelling equations are modified from standard
form. The real gas effects showed in reentry course behave nearly under the state of local thermo-
chemistry equilibrium. Finite volume method of a TVD scheme with two-order precision is applied
to discretize and numerically solve the flow differential equations. As an example of the hypersonic
turbulent wake field, a typical small blunt-cone are computed under the flying conditions of zero
angle of attack and two kinds of heights (H = 40km and H = 30km). Some conclusions are draw:

1) High temperature and chemistry phenomena mainly concentrate on the viscous shear layer

near wake axis along radius; the intense fluctuation by electron following turbulence also arises in
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the zone; the profiles of turbulent fluctuation parameters are qualitatively consistent with previous
experiment; the parameters distribution along centerline and radius accord with theirs physics
state.

2) The initial conditions about turbulent fluctuation are not determined well due to lacking of
theory results about hypersonic transition, and always given by semi-empiral formula by means of
experiment data in engineering application. But the relative comparison with the initial conditions
determined by the experiment data from different flying conditions under the same transition
formula is significant to analyze the effects of the initial conditions or flying conditions on wake
plasma field and electromagnetic characteristics.

3) The theory way by the paper can much accuratelier simulate the wake plasma field around
a reentry vehicle than previous engineering ones, and especially get the turbulent fluctuation
intensity parameters serving as background field of radar scattering. The research results prove

preliminarily that the way used is reasonable and practicable.

Key words hypersonic reentry wake, turbulence plasma, turbulence modelling, electron density

fluctuation intensity



