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Abstract—In the present study the onset of natural convection in an initially quiescent, horizontal fluid layer
heated isothermally from below has been analysed, by employing the propagation theory. The stability analysi§ under
the linear theory has been conducted deterministically for the limiting cases of extremely small and infinite Prandtl
numbers. A new heat transfer correlation connecting the theoretical critical conditions on thermal instability to tur-
bulent thermal convection has been suggested as a function of both the Rayleigh number and the Prandti number. It is
found that the resulting new correlation agrees well with experimental data of mercury, air, water and silicon oil.
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Fig. 1. Schematic diagram of system.
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Fig. 2. Base temperature profile for deep-pool
system.
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NOMENCLATURE
a : dimensionless wave number, (a+a3)"”
a* : modified wave number, a &
d : fluid layer thickness, m
G; : arbitrary constant defined by equation (22)
g : gravitational acceleration, m/s?

H; : arbitrary constant defined by equation (15)
Nu : Nusselt number, hd/k
Pr : Prandtl number,.a/y

ststESE M2TH M4S 19894 83

Q : heat flux, J/m?
Ra : Rayleigh number, ggATd®/av
Ra* : modified Rayleigh number, Rad?

s r-1

t o times

W wvertical velocity, m/s

w : dimensionless vertical velocity, aW/d

w* : amplitude of velocity disturbances defined by
equation (7)

x,y : dimensionless horizontal coordinates

Z . vertical distance, m

z : dimensionless vertical distance, Z/d

Greek Letters

a : thermal diffusivity, m¥/s

B : coefficient of thermal expansion, K™’

& : thermal penetration depth

&* : conduction layer thickness

¢ . similarity variable, z/ &

8 : dimensionless temperature

r : dimensionless time, ta/d?

v : kinematic viscosity, m®/s

Subscripts

a : refers to the disturbance within the thermal
boundary layer

b : refers to the disturbance outside the thermal
boundary layer

¢ refers to the critical state

x,y : refers to the horizontal coordinates

0 : refers to the unperturbed state

1 : refers to the perturbed state
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