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Abstract—Critical conditions of buoyancy driven convection in the thermal entrance region of plane Poiseui-
lle flow heated uniformly from below are analysed by employing propagation theory. From the results of
analysis, it is known that the important parameter governing the natural convection phenomena of present
system is Ra/Gz*3. Comparison of results of the present study and the existing experimental data for water
(Pr=7) and air(Pr=0.7) shows that the present theory is very reasonable. It is found that the system
becomes more stable as Prandtl number decrease, and therefore the dependence of critical conditions on

the Prandt] number is consistent with the experimental trend.
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Fig. 1. Schematic diagram of system is consideration.
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Fig. 2. Neutral stability curves for various Prandtl number.
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Pr 0.01 0.1 0.7 7 10 100 o
Ra; 5769.30 1113.10 410.11 360.41 236.62 22793 208.86 206.17
a 1.79 1.67 1.50 1.26 1.23 1.15 1.14
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NOMENCLATURE
a : wave number [-]
2* cax [-]
D : differential operator(=d/d¢) [-]
d : liquid layer thickness [m]
g : gravitational acceleration constant [m/s®]
Gz : Graetz number(=d Pe/X)
i, j, k :unit vectors in Cartesian coordinates
k : thermal conductivity [J/m/s/K]
Nu : Nusselt number(=q,/k/(T—Ty)) [-]
P : pressure [ N/m?]
p : dimensionless pressure(=Pid%a/v) [-]

Pe : Peclet number(=<U,>d/a) [-]

Pr : Prandt] number(=v/a) [-]

Qu :wall heat flux [J/m%/s]

Ra : Rayleigh number(=gBq.d*/k/a/v) [-]
Ra :Rax*® [-]

T : temperature [K]

t : time [s]

U, V, W: velocity component in Cartesian coordinates
Cm/s]

u, v, w: dimensionless velocity components(= (d/a)
{U/Pe, V, W}) (-]

X, Y, Z: positions in the Cartesian coordinates [m]

x, v, z : dimensionless positions(=(1/d){X/Pe, Y, Z})
(-]

Greek Letters

: thermal diffusivity [m?/s]

: thermal expansion coefficient [1/K]

. Z/Xl/ii I:_:]

: dimensionless temperature disturbance

(=gpTud%arv) [-]
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6, : dimensionless temperature(=k(T—T,)/q./
d) [-]

9; 291;/XU3 [‘]

u : viscosity [Kg/m/s]

v : kinematic viscosity [m?/s]

Superscript

* : refers to the amplitude functions for pertur-
bation quantities

Subscripts

b : refers to the unperturbed states

c : refers to the critical states

0 : refers to the inlet states

1 : refers to the disturbed states

Bracket

< > :refers to the average

Vector Differential Operator

Vi=——i—+

1ia,a d
Pe o0x
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