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ORIGIN OF TURBULENCE IN NATURAL CONVECTION
BOUNDARY LAYER "

YWan Dachun®  Zhang Hanxun™
[ Department of Mechanics and Enginesring Science, Peling University, Heifing 100871, Chinag)
ender for Space Science and App seareh, Chinese Amdeny of Sciences, Reijing . China
[ Cender for S Sei i Applicd He i, Chi Ammdemny of Sei Heigimg 100080, Chi

Abstract Experiments indicated that the transition of the natural convection boundary layer from laminar
to turbulent flow passed through a pretransitional process with triple instabilities of uoyaney, frictionless,
and viscous eigenmode dominating sequentially, and a thermal transition process where a strong turbulence
production source appeared rapidly at the near wall region before the beginning of the smooth evolution to
self-similarity characterized turbulent boundary layer.

Buoyvancy eigrnmode became unstable and dominatex] while modified Grashof number > 40, and 3
peaks corresponding to the tripleecigenmode appeared at their respective critical layer in the normal amplitude
distribution of velocity and temperature fluctuations. Buovancy elgmmode disappeared at G = 100, and the
frictionless elgrnmode became dominant with the viscous elgrnmode peak still exdsted at the near-wall region in
the normal amplitude distributions While ¢ 2= 170, weak turbulenee anargisd at the outer layer with the non-
linearization of the frictionless eijgenmode, but the viscous stress in the inner layer was still much higher than the
turbulence stress therein, and the viscous peak was the only one existing in the normal amplitude distributions,
in the spectra of the viscous egenmode, its fundamental frequency, 1st, 2nd, and 3rd subharmonics appeared
soquentially with the increasing of &) while the higher frequency components already became furbulent, the
lower frequency components still kept growing linearly until the turbulent inertial subrange came into being,

Viscous elgenmode vanished at G > 800, then a strong turbulence-production source could be observed
in the near-wall region at & = 850, and turbulent stress, turbulent energy production term, the near wall
turbulent heat flux grew sharply. In the later stage of thermal fransition, turbulent stress and turbulent energy

production term dropped obwviously and the flow equilibrated gradually at both inner and outer layer.

Key words natural comvection boundary layver, bucyaney instability, frictionless instability, viscous instability,

nentral curves, thermal transition
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