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OSCILLATORY THERMAL CONVECTION IN A HORIZONTAL ANNULUS

Joo-Sik Yoo

This study investigates the oscillatory thermal convection of a fluid with Pr=0.02 in a wide-gap horizontal
annulus with constant heat flux inner wall. When Pr=0.02, dual steady-state flows are not found. After the first
Hopf bifurcation from a steady to a time-periodic flow, five successive period-doubling bifurcations are recorded
before chaos. The power spectrum shows the period- 24 and 25 flows clearly, and a window of period 3x2° flow
is found in the chaotic regime. The approximate value of the Feigenbaum number for the last three period-doubling
bifurcations is 4.76. The tranmsition route to chaos of the present simulations is consistent with the period-doubling

route of Feigenbaum.
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Fig. 1 Problem configuration.
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Fig. 2 Streamfunction time trace, ¥ (#), and time sequence of
flow and temperature fields when Ra= 1_2x10%: (a) at ¢=
ut P/4; (b)at = 1, +13P/16; () at ¢= ¢+ 15P/16;
(d)at =+ P. W (p takes its minimum value at ¢=
t,> and P is the period of oscillation.
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Fig. 3 Power spectra showing the bifurcation sequence to chaos: (a) Re=2x104(Pl); (b)
Ra=3.4x10"(P2); (¢) Ra=4.1x10*(P4); (d) Ra=4.5x10*(P8); (¢} Ra=4.54x10"
(P16); (f) Ra=14.56x10*(P32); (8) Ra=4.57x10*(C16); (h) Ra=5x104(C).
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Fig. 4 Power spectra showing the period- 25 and 3x2° flows: (a)
period- 25 flow at Re=4.56x10%; (b) period- 3x2° flow
at Rg=4.58x10"
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Fig. 5 Power spectra in the chaotic regime showing several
peaks at the subharmonics of £: (a) Re=4.579x10"
(C8); (b) Ra=4.7x10(C4); (¢) Ra=4.85x10*(C2).
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Fig. 6 Evidence of a chaotic flow obtained with w (s at
Ra=6x10*: (a) fluctuation of W (p; (b) power
spectrum; (c) correlation function; (d) Poincare section:
the plotted points are W (s+1,) versus W (r+21,)
when ¥ (H=6.5 with ©=0.1.
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