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NATURAL CONVECTION BETWEEN TWO HORIZONTAL PLATES
WITH SMALL MAGNITUDE NON-UNIFORM TEMPERATURE IN THE LOWER PLATE : Pr=0.7

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

Natural convection of air with Pr=0.7 between two horizontal plates with small magnitude non-uniform

temperature distribution[e A 7’sin(kX/H), H

: gap width, X

. horizontal coordinate] in the lower plate is

numerically(e = 0.01) investigated. In the conduction-dominated regime with Ra < 1700, two upright cells are
formed over one wave length(27/k). For small wave number, the flow becomes unstable with increase of Rayleigh
number, and multicellular convection occurs above a critical Rayleigh number. The flow patterns are classified by
the number of eddies over one wave length. When & = 1, a transition of 2—4—6 eddy flow occurs with increase
of Rayleigh number, and no hysteresis phenomenon is observed. Dual and triple solutions are found for &= 1, and
transitions of 10—8, 8—6, 6—4—2 eddy flow occur with decrease of Rayleigh number.
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Fig. 2 Streamlines(a) and isotherms(b) in the conduction-

dominated regime with £ = 3.1and Za = 1000.
Thedomainof z is 0 < = < 2n/k
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Fig. 3 Streamlines for £ = 12 and 24 in the conduction-
dominated regime with Ra = 1000: (a) k=12,
(b) k=24.Thedomainof 2 is 0 < z < 27 /k
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Fig. 4 Streamline and isotherm patterns when k=1 and
Ra = 1000 : (a) streamlines, (b) isotherms, (c) iso-line
of ¢(x,y) =y—1+60(x,y). The domain of x is
0<z<2r/k
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Fig. 5 Streamlines and isotherms showing flow pattern variation
with respect to the Rayleigh number when k& =1
(@) Ra=1730; (b) Ra=1736;(c) Ra=1737;
(d) Ra=3000. The domainof z is 0 < = < 27 /k
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Fig. 6 Flow pattern variation near the critical Rayleigh number
at which the flow in the conduction dominated regime
becomes unstable when & = 1. The flows are classified
by the number of eddies(/V,44,) Over one wave length
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Table 1 The number of solutions and the corresponding
flow patterns as a function of Rayleigh number
at k=1. The flow patterns are discriminated by
the number of cells (eddies) over one wave length

Ra | No. of solutions| Number of cells (eddies) in the solutions
8000 3 6,8,10
6000 3 6,8,10
4000 2 6,8
3000 2 6,8
2000 1 6
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Fig. 7 Streamlines and isotherm patterns showing three multiple
solutions at £ =1 and Za = 6000. The flows of (a),
(), (c) have 6, 8, and 10 cells over one wave length,
respectively. The domainof z is 0 < = < 27/k
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Fig. 8 Bifurcation diagram showing the solution branches
as a function of Rayleigh number at &£ = 1. The flows
are classified by the number of eddies(/V,44,) over

one wave length
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Fig. 9 Nusselt number as a function of Rayleigh number
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flow as an initial condition

oA 8 eddy f-5°] 6 eddy f-5 2= WHIsIC) o|u] {5
el Hol7b dofil= Al Rayleigh o] W9l
2300 < Ra,, <2400, 5000 < Ra,, < 5100°]t}. 34 Ra
£ 7719 6, 8, 10 eddy o> EF 2 FEY] frE
fAsE olek ol 3l 2400 < Ra < 50003}
5100 < Ra < 8000 oA z}Z} olFdllel A7t EAIs
ok ole} e v A ghsrellA] dEg e &
T k= 30lxE HARA ASkth Fig. 89 2> 1]
g2 7159 Aol RauER] 2 Fu|ER Aot

zow Fig 9ol k=10°l4<] Rayleigh 5o w2 Nusselt
TJ AEe SAIBISITE Fig. 9% 6 eddy 5o 2713412

2 gfo] g Aotk thssll el BweA ] ﬂﬂv&
Nusselt 5= 6, 8 eddy fra~ A= & Ao|7} §IAwH
eddy %ig M—;Hz% o7 ZHF & Ao %kg 7].;]\;}% 7}4\
okt ]2 So0] Ra=4000¢14 6, 8 eddy -5 Nu
7} 1.89, 1.849]31, Ra=6000°14] 6, 8, 10 eddy #-52 Nu
= Z7F 222, 221, 2.03°]™, Ra =8000°1A] 6, 8, 10 eddy
50 Nu 247t 244, 246, 2.320]Th 38 Fig. 9= A%
A7 A= Ra~ 1800 2ol okt FA3 Hit
Nusselt <72] 57} @ HolFal Qltk o]9} T Rk
dgkzlow Hol: 7] volo|Zii(diagram) AL
=, ARl ofd Yo ®ist EHoEM o 5 3§
g2l HolE o5 + Stk

rulo il

r1r mlo r

B
b

ofgf] Bt 22 719 Bt &% W¥E(esinkz)7t
7hE 58 B AfolelA dojui= F7)(Pr=0.7)9
A 57 FAS FAA 0 F (e =0.01) AL AErt
Al 2 Rayleigh FollAE BE sHE5(k)ell thaf o



40 / J. Comput. Fluids Eng.

Joo—Sik Yoo

F71e AA T )9 AgEolE e freo] dojdrt &
ek = 3)elMe AEE v A dh(multicellular
convection)”} HojubA] k=t ey st 2 W)
Rayleigh 75 57171 of@ AAIGL o dellA] o= Al of
F7F doldtt I k=104 st F7]e] 44 6, 87 &£
6, 8, 10719] e Zh= 2589 3Fall7E wANdTE o
3l G9olM Rayleigh 5 FHAAI71™ 10—-8, 8—6 eddy
FEo 7o Hol7} dojt} Aw ez} AR AAA
el Rayleigh 579 57k 37 2>4—6 eddy 52
O] o7} dojup olg e e A gttt

7

o] =2 20129 % gk SHEATA A o)s)
o A= AHFYTh

References

[1] 1981, Busse, F.H., "Transition to Turbulence in
Rayleigh-Bénard Convection," In Topics in Applied Physics,
Edited by Swinney, H.L. and Gollub, J.P, Springer-Verlag,
Vol.45, pp.97-137.

[2] 1986, Faghri, M. and Asako, Y., "Periodic, fully
developed, natural convection in a channel with corrugated
confining walls,” Int. J. Heat and Mass Transfer, Vol.29,
pp.1931-1936.

[3] 1988, Asako, Y., Hur, N. and Faghri, M., "Heat transfer
and pressure drop characteristics in a corrugated duct with
rounded corners,” Int. J. Heat and Mass Transfer, Vol.31,
pp.1237-1245.

[4] 1991, Yoo, J.-S. and Kim, M.-U., "Two- Dimensional
Convection in a Horizontal Fluid Layer with Spatially
Periodic  Boundary — Temperatures,”  Fluid  Dynamics
Research, Vol.7, pp.181-200.

[5] 2004, Yoo, J.-S. and Kim Y.-J., "An anomalous bifurcation

in natural convection between two horizontal plates with
periodic  temperatures,”  (in  Korean) Journal  of
Computational Fluids Engineering, Vol.9, No.4, pp.181-200.

[6] 1984, Poulikakos, D. and Bejan, A., "Natural convection in
a porous layer heated and cooled along one vertical side,"
Int. J. Heat and Mass Transfer, Vol.27, No.10,
pp.1879-1891.

[7] 1996, Bradean, R., Ingham, D.B., Heggs, P.J. and Pop, 1.,
"Buoyancy-induced flow adjacent to a periodically heated
and cooled horizontal surface in porous media," Int. J.
Heat and Mass Transfer, Vol.39, No.3, pp.615-630.

[8] 2003, Yoo, J.-S., "Thermal convection in a vertical porous
slot with spatially periodic boundary temperatures: low Ra
flow," Int. J. Heat and Mass Transfer, \ol.46, No.2,
pp.381-384.

[9] 2003, Yoo, J.-S. and Schultz, W.W., "Thermal convection
in a horizontal porous layer with spatially periodic
boundary temperatures: small Ra flow," Int. J. Heat and
Mass Transfer, Vol.46, No.24, pp.4747-4750.

[10] 1982, Drazin, P. and Reid, W. Hydrodynamic stability,
Cambridge University Press.

[11] 1985, Napolitano, M. and Quartapelle, L., "Block ADI
Methods for steady natural convection in two dimensions,"
in Numerical Methods in Heat and Mass Transfer, Vol.3,
John Wiley and Sons.

[12] 1982, Benjamin, T.B. and Mullin, T., "Notes on the
multiplicity of flows in the Taylor experiment,”" J. Fluid
Mech., Vol.121, pp.219-230.

[13] 1985, Nandakumar, K., Masliyah, JH. and Law, H.S,
"Bifurcation in steady laminar mixed convection flow in
horizontal ducts,” J. Fluid Mech., Vol.152, pp.145-161.

[14] 1999, Yoo, J.-S., "Prandtl Number Effect on Bifurcation
and Dual Solutions in Natural Convection in a Horizontal
Annulus,” Int. J. Heat and Mass Transfer, Vol.42,
pp.3275-3286.



