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ABSTRACT

The theoretical analysis of thermal instabilities of a horizontal fluid layer in plane Pois-
euille flow was investigated. The uhperturbed basic temperature profile was approximated,
using the thermal boundary layer thickness and the wall temperature gradient. The results
agreed reasonably well with the exact solutions. Applying this modified temperature profile,
the conditions marking the onset of instability due to buoyant forces {were obtained for
large Prandtl number and Peclet number. The present theory was found to produce the
result consistent with those of the extant experiments. The validity of the modified concept
that thermal disturbances are confined within the effective thermal depth was confirmed.
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Schematic Diagram of the System
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Py = o< 1 Po =100
”n An? . B2 { A, i B, n | a2 | 8.7
1 7.5407 ! 33.9619 — 0.6004 — 0.4815 1 7.5364 l 34. 8002
2 85. 7263 ; 156. 8285 0. 1496 ; 0.2928 2 L 85.0366 | 153. 9193
3 249. 2666 | 363. 0397 — 0.0804 ‘ - 0.2211 3 243. 2536 349. 3363
4 498. 1471 ; 654. 5886 0. 0537 | 0.1815 4 ]I 474. 4886 613. 2552
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! |
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[ T — [ ) v
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—— | :
n a,? B2 ”n “ oy B2
1 7.6193 35.5110 T 7.4355 i 32.7347
2 83.0911 147.5525 2 72.9905 l 119.5064
3 228. 1039 i 319. 2343 3 173. 0482 } 228.1921
4 422.9620 533.5762 4 285. 1900 ! 337.3893
5 533.5763 650. 8550 5 402. 3779 ! 461.7084
6 772.4992 900. 4038 6 522. 1981 ' 581. 6794
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Nomenclature

a: wave number

b, ¢ coefficients defined in equations (24)
and (25)

¢: amplification factor

g gravitational acceleration (m/sec?)

54T

v? i

/

Gr: Grashof number \:

/1. distance between two infinite horizontal
flat plane (m)

P: pressure (kg/m/sec?)

P dimemsionless amplitude of pressure dis-
turbance

p: dimensionless pressure disturbance

(=)

p’: pressure disturbance (kg/m/sec?)

U mhl
4

Pe: Peclet number <=

Pr: Prandtl number <= _}u{_)

Rea: Rayleigh number ( = gp;l]g‘}i>
Re: Reynolds number (: -%/‘_>

T,,T». fixed upper-and lower-plate tempera-
ture (°K)
U.: mean basic velocity ( = m/sec)
Us, Vo, Wo: velocity components in cartesian
coordinates (m/'sec)
w,v’,w’ . velocity disturbances in cartesian
coordinates (m/sec)

#, v, w: dimensionless velocity disturbances

fl

(

X,Y,Z: cartesian coordinates (m)

W:lr)l_ (u/’ T},, ZL”))

x,%, 2. dimensionless cartesian coordinates

(=35 12))

i: dimensionless axial distance ( = Pex)

w*, u*, p*. dimensionless disturbances
/ 1
L =\w, o >>
\ ( Re P

Greek Letters
5 coefficient of thermal expansion( =°K"!)

4
0: dimensionless temperature( = T-Z—E—Tr)
¢’: temperature disturbance (°K)

G*: dimensionless temperature disturbance

Pr

6: dimensionless amplitude of temperature

/ A >

disturbance
K thermal diffusivity (m?/sec)
0: dimensionless thermal depth
0:;: Kronecker delta

{: dimensionless vertical distance (: %‘)

e, ¢ dimensionless basic temperature and
velocity profile function respectively
e _T - T U >

S P
Pouws @o’w: dimensionles wall temperature and
its gradient respectively
v: Kinematic viscosity (m?2/sec)

p:. density (kg/m?)
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