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Effects of Viscous Dissipation on the Thermal Instability of Plane Couette
Flow Heated from Below
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ABSTRACT

An analysis has been given for the effect of viscous dissipation on the thermal instability of
plane Couette flow between two parallel plates maintained at different constant temperatures.
Under the assumption that the principle of the exchange of stabilities holds, stationary distur-
bance quantities in the form of longitudinal vortices are considered. The magnitudes of dis-
turbance quantities are then represented as fast convergent power series so that the eigenvalue
problem for determining the onset conditions of the thermal instability may be reduced to a
simplified problem of finding the roots of a 4x4 determinant. It is shown that as the magnitude
of the visucous dissipation increases the flow becomes more susceptible to instabilities, which is
in very good agreement with previous results obtained in some related researches.
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Fig. 1 Schematic diagram of the system under
consideration

Fig. 2 Helicoidal motion of the fluid paritcle
due to instability
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Table. 1. Critical valves for various combinations of ( Pr, Br)

2Br pr Ra ., @ it 2Br pr Ra ¢ ®erit

100 1707. 762 3. 116 100 1706. 941 3 117

50 1707 762 3. 116 ! 50 1706. 932 3117

0 20 1707. 762 3. 116 20 1706. 905 3117

10 1707. 762 3. 116 10 1706. 863 3. 117

0.7 1707. 762 3. 116 100 1632. 081 3175

100 1702. 657 3120 50 1631. 297 3. 175

9 5 50 1702. 598 3120 10 20 1629. 052 3. 175

20 1702. 430 3. 120 10 1625. 656 3. 175

10 1702. 175 3120 100 983.184 3. 595

100 1460. 818 3. 305 50 50 980. 416 3. 595

20 50 1458. 825 3. 300 100 100 602. 166 3. 775

20 1453 150 3. 295 0.4 0.7 1707 728 3 117

0.1 0.7 1707. 760 3117 1 0.7 1707 548 3117
0.7 0.7 1707. 657 3117
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