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MULTIPLE SOLUTIONS IN NATURAL CONVECTION BETWEEN TWO HORIZONTAL PLATES
WITH SMALL MAGNITUDE NON-UNIFORM TEMPERATURE IN THE UPPER PLATE

Joo-Sik Yoo'
Dept. of Mechanical Engineering Education, Andong Natl Univ.

Multiple solutions in natural convection of water with Pr=7 between two horizontal plates with small
magnitude non-uniform temperature distribution in the upper plate is numerically investigated. The dimensionless
temperature of upper plate is 0 =esinkz. Two upright cells are formed over one wave length in the
conduction-dominated regime of small Rayleigh number. However, multicellular convection occurs above a critical
Rayleigh number for small wave number. When k = 1.5, dual solutions are found and a transition of 6—4 eddy
flow occurs with decrease of Rayleigh number. When k=0.75, two, three, four and five multiple solutions are
observed. Transitions of 14— 12, 12—10, 10—8 and 6—8 eddy flow occur with decrease of Rayleigh number.

Key Words : Natural Convection(A}%1 t5), Non-Uniform Temperature(Ev% %), Multicellular Convection(tF=4! 7-5),
Multiple Solutions(Thz-3H)
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Fig. 4 Streamlines and isotherms of dual solutions at £ = 1.5 and
Ra =4000. The flows of (a), (b) have 4 and 6 cells over
one wave length, respectively. The domain of x is
0<z<2n/k
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Fig. 5 Bifurcation diagram for £ =1.5. The flows are classified
by the number of eddies(/V,qq,) Over one wave length.

Ra = CR, represent a critical Rayleigh number at which
6—4 eddy flow occurs
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Table 1 The number of solutions and the corresponding flow
patterns as a function of Ra when k=1.5. The flow
patterns are discriminated by the number of cells(eddies)

over one wave length
. No. of Number.of
Rayleigh number soluiions . cells(eddlqs)
in the solutions
3200 < Ra < 5000 2 4, 6
1750 < Ra < 3100 1 4
Ra < 1700 1 2
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Table 2 The number of solutions and the corresponding flow
patterns as a function of Rayleigh number at k= 0.75.
The flow patterns are discriminated by the number of

cells(eddies) over one wave length

) No. of Number'of
Rayleigh number solutions ) cells(eddle_s)
in the solutions
7500 < Ra < 10 5 6, 8, 10, 12, 14
3800 < Ra < 7400 4 6, 8, 10, 12
2500 < Ra < 3700 3 6, 8, 10
2200 < Ra < 2400 2 8, 10
1750 < Ra < 2100 1 8
Ra < 1700 1 2
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Fig. 7 Streamlines and isotherm patterns showing five multiple
solutions at £=0.75 and Ra = 8000. The domain of x
is 0 < x < 2n/k. The flows of (a), (b), (c), (d), (e) have
6, 8, 10, 12 and 14 cells over one wave length,
respectively
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Fig. 8 Bifurcation diagram for £ = 0.75. The flows are classified
by the number of eddies(/V,q4,) Over one wave length.

Ra= CR,, CR,, CR,, CR, represent critical Rayleigh
numbers at which a transition of flow pattern occurs
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