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Abstract— The thermal instability of plane Poiseuille flow with sufficiently small Prandtl numbers in the thermal
entrance region heated isothermally from below, was investigated by the propagation theory. Also the experiment with
water (Pr=6.8) in this system was conducted for flow visualization, which showed that the steady longitudinal vortex
roll being periodic in the spanwise direction was induced by natural convection. As a result of stability analysis of such
a shape of natural convection, it can be suggested that the flow field became to be more stable with decreasing Prandtl
numbers. The approximated relation considering the effect of Prandtl numbers on the critical conditions in the thermal
entrance region was represented theoretically by

Ra,=200 (1+0.283 Prix .
This relation can be applied to the region of x_<0.01 with Pe >100 and predicted the critical Rayleigh number in good
agreement with existing experimental results.
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Fig. 1. Schematic diagram of the system.
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Table 1. Results of analysis through propagation
theory.
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NOMENCLATURE
A : constant [=(15/4)'/3]
a : wave number
a* : wave number based on thermal boundary

layer thickness as length scale [=a 5]

d : fluid depth (cm)

g : gravitational acceleration (cm/sec? )

i . complex number

n : order of differentiation in equation (15)

Pe . Peclet number [=<U>d/a ]

Pr : Prandtl number [=v/a]

Ra : Rayleigh number [= g8d*AT/a/v ]

Ra* : Rayleigh number based on thermal boun-
dary layer thickness as length scale
[=Ras}]

T . temperature (K)

T, : inlet temperature of fluid and temperature
of upper rigid boundary (K}

T, : temperature of heated plate (K)

AT : temperature difference between boun-
daries [=T,-T,] (K)

t : time (sec)

U, V, W velocities in rectangular coordinates (cm/
sec)

u, v, w : dimensionless velocities [=(U/Pe, V,
Wid/e]

X, Y, Z : positions in rectangular coordinates (cm)

X, v,z : dimensionless positions [=(X/Pe, Y, Z)/d]

Greek Letters

a : thermal diffusivity (cm?/sec)

8 . thermal expansion coefficient (1/K)

Aq : thermal boundary layer thickness (cm)

Or : dimensionless thermal boundary layer
thickness [= A,/d]

¢ : similarity variable [=z/ ;]

6o : dimensionless base temperature profile
[=(T-T,)/ AT]

8. : dimensionless temperature disturbance
[RaT’/AT]

x : thermal conductivity (cal/cm/sec/K)

“ : viscosity (g/cm/sec)

v . kinematic viscosity (cm?/sec)

o : density (g/cm®)

Subscripts

: critical condition

: inner region of thermal boundary layer
: outer region of thermal boundary layer
: thermal boundary layer

A0 w0
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0 : dimensionless base quantity 2. Hwang, GJ. and Liu, C.L.: Can. J. Chem. Eng.,
1 : dimensionless disturbance 54, 521 (1976).
3. Kamotani, Y. and Ostrach, S.: J. Heat Transfer,
Superscripts 98, 62 (1976).
4. Kamotani, Y., Ostrach, S. and Miao, H.: J. Heat
* . amplitude function of disturbance Transfer, 101, 222 (1979).
' . disturbance quantity 5. Hwang, GJ. and Cheng, K.C.: J. Heat Transfer,
95, 72 (1973).
Brackets 6. Davis, EJ. and Choi, CK.: J. Fluid Mech., 81,
565 (1977).
I | : absolute value 7. Yeo, YX. and Choi, CK.: Int. Chem. Eng., 23,
< > : mean value 281 (1983).
8. Choi, CK., Shin, C.B. and Hwang, S.T.: Proc. Int.
Mathematical Operators Heat Transfer Conference, San Francisco, pp.
1389-1394 (1986).
D . differential operator with respect to 9. Kim, J.J. and Choi, C.K.: Proc. World Congress III
f[=d/dt] of Chem. Eng., Tokyo, vol. 2, pp. 328-331 (1986).
2 : Laplacian operator in normal plane to 10. Choi, CK. and Yoo, J.S.: Proc. Heat Transfer:
heated surface [(=5% /8y +8?/82%) Korea-U.S.A. Seminar, Seoul, pp. 1-9 (1986).
11. Hsy, C.T., Cheng, P. and Homsy, G.M.: Int. J.
REFERENCES Heat Mass Transfer, 21, 1221 (1978).

12. Foster, T.D.: Phys. Fluids, 8, 1249 (1965).
1. Akiyama, M., Hwang, G.J. and Cheng, K.C.: J. 13. Chen, K. and Chen, M.M.: J. Heat Transfer, 108,
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