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NOMENCLATURE

A : aspect ratio = H/L

b . source term

F * flow rate through a control volume
f - dimensionless frequence = 1/t

Gr : Grashof number = g8 4TH% v°
g © acceleration due to gravity, [m/s’]
H : height of the enclosure, [m]

h : heat transfer coefficient, [W/m’k]

) : total flux

k : conductivity = W/m + K

Nu © Nusselt number = hL/k

P : dimensionless pressure

Pr © Prandtl number = v/a

Ra : Rayleigh number = g8 4TH* v «a
S, © source term

T . dimensionless temperature

T. . temperature of cold wall, [K]

Ty . temperature of hot wall, [K]

AT . temperature difference = ( Ty’ - T.” ), [K]
t © dimensionless time

at . dimensionless time step
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u, v - velocity component in x and y direction, [m/s]
X, ¥ . coordinate axis in the physical domain

Greek Symbols

Iy - diffusion coefficient
a © thermal diffusivity, [m?/s]
B : thermal expansion coefficient, [T ']
v : kinematic viscosity, [m%/s]
P . density, [kg/m?]
T : dimensionless period
¢ * general dependent variable
v - stream function
Superscripts
*  quantity based on the guested pressure P°

. dimensional value

" . correct value

Subscripts
ave . average value
crit ¢ critical value

E.W NSP : grid point

e.w.n,s : control volume face
max ! maximum value
min ! minimum value
nb * neighbour grid
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SUMMARY

The transient natural convection driven by a thermal buoyance force is
investigated in a square cavity. The cavity is filled the pure substances
with a low-Prandtl-number and the vertical walls are constantly maintained
different temperatures, while the horizontal boundaries are adiabatic. A
control volume approach with a central difference scheme is used to
formulate the finite difference equations. The results are presented transient
Nusselt number, stream function and temperature distribution for the ranges
of Ra=1.75x10°~2.4x10° and Pr=0.015~0.025. It was found that the flow
pattern and heat transfer exhibit time-periodic oscillation at above conditions.
The average Nusselt number, the amplitude and the frequency of oscillation
increase as the Rayleigh number is increased. The increment of Prandtl
number makes the amplitude and! the frequency of oscillations reduced, and
average Nusselt number increased. A correlation is obtained to average

Nusselt number can be estimated using the Prandtl and Rayleigh numbers.
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Table 1 Critical Rayleigh numbers and Prandtl numbers for A=1
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AEg 4 72 F A7 WEA o] WY& A& H(Patankar, 1980).
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Fig. 1 Physical model of the present study
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Fig. 2 Schematic of the system with grid allocation 55 55
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Table 2 Numerical conditions in the present study
No. A Pr Rax10°’ Using scheme
1 0.015 2.0 CDS
2 0.018 2.0 CDS
3 1.75 CDS
4 1.8 CDS
2 ! 1.85 CDS
6 CDS
19
7 PLS
8 CDS
2.0
9 0.02 PLS
10 CDS
2.1
11 PLS
12 CDS
1 2.2
13 PLS
14 23 CDS
15 2.4 CDS
16 1.75 CDS
17 1.8 CDS
18 1.85 CDS
19 19 CDS
20 0.023 20 CcDS
21 2.1 CDS
22 2.2 CDS
23 2.3 CDS
24 0.025 2.0 CDS

* CDS : Central Difference Scheme
* PLS : Power-Law Scheme
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Table 3 Comparison of average Nusselt number with other result

NUavc

A Pr Ra<10°~ Present Mohamad and I?;)O)r
Viskanta(1993)
1.75 3.892695 3.890144 0.066
1.8 3.916990 3.924695 0.196
1.85 3.940180 3.947450 0.168
1.9 3.964235 4.077607 2.780
1 0.02 2.0 4.010065 4.137860 3.088
2.1 4.054615 4.196010 3.369
2.2 4.097280 4.252000 3.639
2.3 4.142450 4.309615 4.044
24 4.181475 4.086

4.359615
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Fig. 7 Transient Nusselt number for Ra=1.9x% 10° at Pr=0.02
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Fig. 9 Transient Nusselt number for Ra=2.4x 10" at Pr=0.02
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Table 4 Average Nusselt number and frequence with Rayleigh number for Pr=0.02

Ra(x10 ) Numax Numin Nuave f

1.75 3.92617 3.85922 3.892695 2564
1.8 3.95668 3.87730 3.916990 2597
1.85 3.98615 3.89547 3.940810 2632
19 4.01461 3.91386 3.964235 2684
2.0 4.07015 3.94998 4.010065 2703
2.1 4.12378 3.98545 4.004615 2740
2.2 4.17584 3.98545 4.097280 2778
23 4.22494 4.03635 4.130645 2890
24 4.27572 4.08723 4.181475 2989

Table 5 Average Nusselt number and frequency with Rayleigh number for Pr=0.023

Ra( <10 ™) Numax Nimin Nave f
175 3.95273 3.95229 3.952510 2247
18 3.98290 3.97556 3.978525 2298
1.85 402222 3.98722 4.004810 2345
19 406132 3.99455 4025935 2380
2.0 412239 | 402924 4075810 2410
2.1 118005 | 406432 4122185 2469
2.2 4.23473 4.08657 4.16085 2548
2.3 428882 413402 421142 2607
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Fig. 14 Transient Nusselt number for Ra=2.0x 10° at Pr=0.015
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Fig. 15 Transient Nusselt number for Ra=2.0x 10° at Pr=0.018
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