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Enhancement of Heat Transfer by Chaotic Stirring

Chaotic Stirring (£E4 4})
Exponent (2] oF3F == 2] %), Diffusion(&H4}H)
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A numerical study has been performed on enhancement of heat transfer in a forced convection

of the modified driven-cavity flow which was previously found by the author to give a regular or

chaotic stirring depending on the parameter value. It is found that for the present case wherein

heat is transmitted between fluid and the surrounding walls, the chaotic stirring enhances the heat
transfer at high Peclet numbers. The optimal condition of the flow modulation for the best heat
transfer can be predicted by purely investigating the hydrodynamic facet, i.e. the stirring effect.
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Fig. 1 Stretching-folding mechanism (or horseshoe
map) responsible for the efficient stirring in
the chaotic advection
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Fig. 3

Isothermal lines (0.1 increments) for Pe=10000 and T =0.5 at t =T /4 +t, where t,==5, 10, 15, 20

(from left to right in the above), and 25, 35, 50 and 75 (from left to right in the below)
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Fig. 4 Isothermal lines (0.1 increments) for Pe=10000 and T'=0.5 at t=T/4 +t, where t,=5, 10, 15, 20
{from left to right in the above), and 25, 30 and 35 (from left to right in the below). The high-
est value of ¢ shown for t,=30 and 35 is 0.8. The final frame in the below shows the unsta-

ble mainfold®

-
HolatAol x|t ¥ whFE7|victy] LEETE e PR
58 §ATL, = A 63 e wFrea g o U
o} ebebahg ok sl s LT

EEH mobell 97 dAw S AwRsE 4 !
dled Al ()2 AE FRSAL Axzye FE Fig. 5 Schematic diagram showing the striation
o (A 8)# (6o pattern in the distribution of the cold (hat-

ched) and hot (the rest) fluids, caused by the
contnuous stretching-folding mechanism in the
chaotic stirring. Time increases from left to

{ OB
Hehz add o 5 ok we], 1 E d3

o
He] R(HE exp(—ah 9
=
% ZZor g oz 7|&VIERE 4

O

right

Fig. 6 Development of the temperature distribution along the centerline x=1/2 for Pe=1000 at (a)
T=05 and (b) T=5.0. t=T/4+t, with t,=0, 5, 10, --- (from above)
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Fig. 7 Development of the temperature distribution along the centerline x=1/2 for Pe=1000 at (a}
T=0.5 and (b) 3, (c) 5, (d) 7. t=T/4+t, with t ;=0, 5, 10, --- (from above) for (a} and (c), t,=
0, 6, 12, --- for (b) and t,=0, 7, 14, --- for (d)
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Fig. 10 Behavior of A on Pe for T=5 (solid line with
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and the broken line denotes the slope —1.)
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