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Heat Transfer Correlation in Horizontal Fluid Layer Heated
Uniformly from Below
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ABSTRACT

The buoyancy effects in horizontal fluid layer heated uniformly from below was analysed. Based on the
stability criteria and the boundary-layer instability model. & new heat transfer correlation which can cover
whole range of Rayleigh number was derived. Our theoretical results predicted the experimental results. quite

reasonably.
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I . Introduction many other conventional processes involving heat
and mass transfer.

The important problem in buoyancy-driven
convection will be its heat transfer characteristics in
the thermally fully-developed state. For analysing
this problem Howard” proposed boundary-layer
instability model that for very high Rayleigh
number case the heat transfer characteristics have
close relationship with stability criteria. Busse®
modified Howard's concept by considering the heat

When an initially quiescent fluid layer is heated
from below with a certain Rayleigh number
exceeding critical value. the buoyancy-driven
convective motion occurs. This convective motion
driven by buoyancy forces has attracted many
researcher's attention from the beginning of this
century. It is well-known that buoyancy-driven

convection plays an important roles in many »
transfer resistance of upper boundary. Long’.

engineering problem. such as chemical vapor .
Cheung“ and Arpaci® derived backbone equation to

deposition. solidification. electroplating and also
predict the heat transfer in horizontal fluid layer.

By incorporating their stability criteria into the
boundary-layer instability model. Choi et al. have

*Axdgz fgea ArjedTa
Dept. of Chemical Engineering, Res. Insti. Ind. Tech., Cheju
Nat'l Univ. derived new heat transfer correlations for horizontal
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fluid layer” fluid saturated porous layer . plane
Couette flow®. and plane Poiseuille flow”. Their
resulting heat transfer correlations are in good
agreement with a great deal of available experi-
mental data.

In this study we consider the buoyancy effects in
horizontal fluid layer heated from below. The new
heat transfer correlation is proposed and compared
with experimental data.

Il Turbulent Heat Transport

The possibility of connecting stability criteria to the
heat transport on the turbulent thermal convection
was investigated by Howard". He postulated that at
a large Rayleigh number the convective instability, in
the form of thermal. sets in after a time ¢.. and the
thermal break-up the boundary layer after a time

much shorter than ¢. It was further assumed that

after the break-up of boundary layer the system is
restored to quiescent state. According to the Howard's
concept. we assume that the onset of thermal can be
described by the above stability analysis. and that
the turbulent heat transfer would be governed by the
narrow boundary layer like a conduction film of

thickness d&. near the heated surface. 8. is usually

called the conduction layer thickness.

Busse” modified the Howard's concept such that
the heat transport resistances exist near the upper
boundary as well as the lower one. This so-called
boundary layer instability model is schematized in
Fig. 1. According to this model the Nusselt number
in the fully-developed turbulent state is expressed
as:

6‘

Nu= ] for Ra—co (1)

tof—

Long”. Cheung”. and Arpaci” analvsed the buoyancy-
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driven turbulent heat transport semi-theoretically
and showed that the heat transport characteristics
for Ra—oo would be independent of the fluid-layer
depth. like the Howard's and Busse's concept. By
slight modification of their model. the following heat
transfer correlation for the present system can be

obtained:

ARa

Ne= T BRa, T2

where A and B are the undetermined constants.
By transforming eq. (1) the heat transport in the
fully-developed turbulent state may be expressed as:

3
Nu=%(%) for Ra—co (3

o f\ _____ 0.
d iturbulent ctre
,,,,, I
¥ d. Tw
1= &
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Fig. 1. Turbulent heat transport model.

where Ra;= gB84T53/(av) is the Rayleigh number
based on the conduction thickness &, and the

temperature difference over the conduction layer
thickness 47, Following the boundary-layer

instability model of Fig. 1. 4T is the half of the

total temperature difference AT. By using the
relation of Ra,= Ra- Nu. eq. (3) can be replaced

by

Ra,
Ra(;»

1 1
Nu=§( ) for Ra;—o0 (4)

Following the Howard's concept 8., may be replaced
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by 8r. &r. is thermal penetration depth at the

onset condition of buoyancy-driven convection. From

)

the result of Kim and Hyun'”. and the relations of

Re=EB0L 2 31 g
’;AZ =727 2. Ras,. can be obtained as:
Ras, =141.21 (&)

By combining eq. (4) and (5) the resulting heat
transfer correlation for the fully-developed turbulent
state is expressed as follows:

Nu=0.0956Ra" for Ra,—oo (6)

W, Heat Transfer Correlation

The finite-amplitude heat transfer characteristics
slightly over Ra, (=1296) can be obtained by

using the shape assumption of Stuart'”. For the
region of Ra,—~Ra, . the Nusselt number can be

expressed as:

1= (Ra,~Ra,) for RaqRa,.

Nu R

(7

The constant I" is obtained from the distribution of

disturbance quantities at Ra,= Ra, . :

)

| 2
r M =0.6313 (8)

- fol( w,0,)%dz

Assembling the egs. (2). (6) and (7). for the
whole range of Ra, we can derive a new heat

transfer correlation of the present system of large

Prandt] number fluid as

0.0956( Ral'* — 1296
1—1.404Ra,;

Nu=1+ 9

The above prediction agree fairly well with the
experimental results of Nielsen and Sabersky"’. as
shown in Fig. 2. It is noted that Nu=l for
Ra,=1296. This value corresponds to that of

conduction state.

Iv. Conclusion

The new heat transfer correlation is derived based
on the boundary layer instability model. It is
interesting that our theoretical predictions have close
agreement with experimental results. Therefore, it
may be stated that our propagation theory is a
powerful tools to examine the buoyancy-driven

phenomena in horizontal fluid layers.

10

—— equation (9)
0 Nielsen & Sabersl\ylz

Nu

Raq

Fig. 2. Comparison with Nu vs. Ra, for large
Prandtl number.
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