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Numerical Study on Natural Convection
in a Horizontal Fluid Layer Heated from Below

Jong-Hoon Yang* Dong-Won Lee*, Yang-Hoon Kim* Myung-Taek Hyun™ and Sin Kim**

ABSTRACT

The natural convection driven by a thermal buoyancy force was investigated in a square cavity. The top and

bottom walls are cold and hot. respectively. while the vertical boundaries are adiabatic. A control volume

approach with a power—law scheme was used to formulate the finite difference equations. The results are

presented isotherms. velocity vectors, Nusselt numbers and critical Rayleigh numbers for the ranges of Ra =
1750 ~ 20000 and Pr = 0.05 ~ 10.0. The critical Rayleigh number increases as Prandt] number decreases.

There exists a clockwise unicell flow near critical Rayleigh number, while two cells appear for large Rayleigh

number.
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Table 1 Comparison of average Nusselt number with
other results(Bertin et al®)

Ra | Present study 103:;21(11 19%%(: error( %)
2000 1.13097 1.127 0.397
2200 1.21752 1.225 0.748
2300 1.25800 1.273 1.500
2400 1.29655 1.319 2.245
2500 1.33324 1.363 2976
2600 1.36818 1.403 3.482
2700 1.40148 1.442 4.053
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7l 5
A © aspect ratio = H/L
F : flow rate through a control volume
g © acceleration due to gravity. [m/s)
H : height of the enclosure. [m]
L : length of the enclosure, [m]
Nu : Nusselt number = hL/k
P . dimensionless pressure
Pr : Prandtl number = v /a
Ra © Rayleigh number = g84TH’/va
T . dimensionless temperature
4T . temperature difference = (T, - T.),[C]
t ¢ dimensionless time
u. v ¢ dimensionless velocity component in x

and y direction, [m/s]
X, ¥ . dimensionless coordinate axis in the
horizontal and vertical direction, [m]

Greek Symbols

a . thermal diffusivity, [m%/s]

B © thermal expansion coefficient. ['C™]

v : kinematic viscosity. [m%/s)
Superscribt

. dimensional value

Subscribts
ave . average value
c * critical value
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