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Abstract—The onset of natural convection in an initially quiescent fluid layer heated uniformly from below
has been analysed by employing the propagation theory. The stability criteria for finite Prandtl numbers(0.01
<Pr<100) have been obtained deterministically as a function of both the Rayleigh number and the Prandtl
number. A new heat transfer correlation connecting the theoretical critical condition has been suggested.
It is found that this correlation agrees reasonably well with the extant experimental data.
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Fig. 1. Schematic diagram of constant flux system.
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Fig. 2. Marginal stability curves for finite Prandtl num-
bers.
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Fig. 3. Effects of Prandtl numbers on critical conditions.
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(1+0.62/Pr)4{1-1.82[1—0.1/(1+0.62/Pr)¥*]Ra" 2}

(29)
oo} o] AW 43t #AA AL Prandtl 2} Rayleigh
9] 424, Prandtl57} v 2 o (Pr>10) 7]1&9)
A3 A she} o - A& U shaL 915§ Fig 10& B F 1
ek

4.4 =

oA 4o g gldo] 7l sl A Y FHFAS
A} Prandtlsel] w2 o) F A H-S Ao &S
=qlgto 24 sAsgdct AddlF LAAAHE el
£ ok A 38 7152 Prandtls-2} Rayleigh9] &2
A F8ted 1, o] 24| Prandtls 7} AT E Als o
Ak AS o 4 Ak =g AddF LA A
o] &= wale] B ¥ Prandtlsel ZA HEgle] &
AEZ Yol &5t wke] FFES 73 A7 7hd
Hel AAZA A LEmake FES T 2|upeke] &
ZEZHe 7 o2 Vet date| &8 A 43

o} 78 A E Y| ES A3l G REAE S
o &3 4 9l A4S Prandtls ¢} Rayleighs9) &
9] 2R AAFEa o] A 4RAL 71ES]
AR ED 2 dA3ch

z A

¥ A7E AL FA DFIA DS FHIA
Fol RAE EsjuiT,

ABYIE
a  :dimensionless wave number, (a,’+a?)'?
a* :modified wave number [a 8]
D :differential operator with respect to
d : fluid layer thickness [m]
g  :gravitational acceleration [m/s*]
Nu :Nusselt number [hd/k]
Pr :Prandtl number [a/v]
q. :wall heat flux [J/m’s]
Ra :Rayleigh number [gBq.d*/(akv)]
Ra* : modified Rayleigh number [Rad*]



sr—r

g ¥ €
*

-

N

~N

3 FAFAA AANF R Gl N3 Prandtlgo) o4&

: time [s]

: vertical velocity [m/s]

: dimensionless vertical velocity [aW/d]

: perturbed amplitude of w,

: amplitude of velocity disturbances defined by
eq. (9

: vertical distance [m]

: dimensionless vertical distance [Z/d]

JgjolA 2K}t

A < ODvy OO R

: thermal diffusivity [m?%/s]

: coefficient of thermal expansion [K~1]
: thermal penetration depth

: similarity variable [z/8]

: dimensionless temperature

: kinematic viscosity [m?/s]

: dimensionless time [ta/d”]

AHXL

*

: refers to the amplitude function of disturbances

: refers to the critical state

: refers to the observable magnitude
: refers to the unperturbed state

: refers to the perturbed state
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