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THESE comments are directed toward the application of
equations (24) and (25) to correlation of experimental
data for paraliel plates with axially uniform, but un-
symmetrical, heat fluxes. A characteristic heat-transfer
coefficient that the independent of heat-flux symmetry is
defined as follows:
hs = (g — qo)/ti + to — 2tm)

where the characteristic heat-transfer coefficient is indi-
cated by the suffix s and other symbols correspond to
Hatton and Quarmby’s nomenclature.

This coefficient is numerically equal to that for sym-
metrical heat transfer, and is useful for predicting the
coefficients for other unsymmetrical situations, It is
constant with respect to changing heat-flux symmetry for
turbulent flow in so far as the five assumptions made by
Hatton and Quarmby are valid.

It has been shown by Madsen and Thompson [1] that
the same coefficient is applicable to the laminar regime.

On Fig. 9 of Hatton and Quarmby’s paper the effect
of unsymmetrical heat fluxes on fully developed Nusselt
numbers is shown. If, instead of the ratio (Nuw)o/
(Nuw)o, q; 1, = 0> the reciprocal of this ratio is plotted
against the heat-flux ratio the result is a straight line,
Fig. 11.

This relationship is useful for correlating experimental
data if Nusselt numbers are known for fixed Reynolds
and Prandt]l numbers but with varying heat-flux ratios.

Nuo, qi/90 = 0
Nu,

This ratio is easily obtained from equation (25) by
substituting q:/qo = 0, and dividing by Nu,
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Fi1G. 11. Effect on unsymmetrical heat fluxes on fully
developed Nusselt numbers.
(Points represent solutions by Hatton and Quarmby).

That is, with uniform heat input, and given Reynolds
and Prandt] numbers, 1/Nu, is linear with respect to
gi/qo- For fully developed temperature profiles equation
(26) reduces to:

(Nuco)o, 0i/9 = 0
Nuw)o

Equations analogous to (26) and (27) can be obtained
from equation (24); but with the suffixes ¢ and i on Nu

=1- (Go/ci)gi @n
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and ¢ interchanged. Equation (26) like equation (27)
lacks generality because of the assumption of constant
fluid properties.

However, by calculating characteristic heat-transfer
coefficient from experimentally observed data may partly
compensate for this.

A CHARACTERISTIC HEAT-TRANSFER
COEFFICIENT
If a heat-transfer coefficient is defined

hs = (qi — qo)/(t; + to — 2tm)

it can be shown from equations (24) and (25) by solving
for t; — ty and £, — to respectively, adding the equations
and simplifying that

Nug = — 1 — I

— =
[1 —2 3% Conexp (—8An°x*"/Re)] G +- Go
1

(28)

or since this equivalent to equations (24) and (25) when
Gilgo = —1

Nus = Nutiq; g, = — 1) = Nog; 05 — — 1) (29)
and consequently
hs = hig;0, = — 1) = o g~ — 1 (30
APPLICATIONS

If a number of experiments are performed at the given
Reynolds and Prandtl number but with different heat-
flux ratios, a change in Nu; will be caused solely by the
change in fluid physical properties.

Using this approach it is theoretically possible to
estimate the heat-transfer coefficients for an arbitrary
qi/qo ratio from data obtained in a single experiment;
of course, on the assumption of constant fluid properties.
If—during an experiment with uniform heat input and
one wall insulated—the temperatures of both walls,
heat flux, and fluid mean temperature are measured; it is
possible to caleulate both Ay g, g, — - o) 20d Asig, 0, ~ — 1,

Because 1/Nu; is linear with respect to ¢o/g;, heat-
transfer coefficients for other symmetries may be esti-
mated.

The above procedures are not restricted to turbulent
flow since they depend solely on the superposition of
solutions of the differential equation for heat transfer.

DERIVATION OF EQUATION (28)

In the table of nomenclature Hatton and Quarmby
define the Nusselt number as kd/k, and the heat-transfer
coefficients are h; = g:/(ti — tm) and by = qo/(tm — to)
at the near wall and the far wall respectively. Nu; —
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qidlk(t; — tm) and Nu, = qo/k(tyy — t,) are substituted
in equations (24) and (25), and the equations are solved
for the respective temperature differences.
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or separating heat fluxes, temperature differences, mean
diameter and fluid thermal conductivity.
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since the odd eigenfunctions cancel out we get equation
(28). It is evident that the thermal boundary conditions
on the left must always satisfy the function on the right,
and that this function is constant for a given Reynolds
and Prandtl number. All As; values for a given fluid
under constant flow conditions are therefore equal.
The odd eigenfunctions also cancel out when gi/go = —1
in either equation (24) or (25), the characteristic coeffi-
cient is consequently numerically equal to the coefficients
for the special case of symmetrical heat fluxes.
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