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Fig. 1 Heat transfer from a vertical isothermal wall to a linearly
stratified fluid-saturated porous medium.

in this notation reads
Nu,_ gy = 0.888 Ralp 1)

This shows that the integral solution overestimates by 13%
the overall heat transfer rate when b = 0. In other words,
this degree of accuracy of the integral solution was noted by
me in 1984: it is not Lai et al’s discovery.

The new and simpler solution is based on the observation
that Eq. (1) holds approximately even when stratification is
present, provided the Nusselt and Rayleigh groups are based
on the H-averaged temperature difference

AT = AT([1 — bR2)) ?)
Therefore, in place of Eq. (1), we write approximately
—_— —\ 1/2
"H gﬁKHAT)
—_— =), — 3
kAT 0.888 ( av @)

and, after reverting to the AT-based notation (Nu,_y, Ray)
defined earlier, we obtain approximately

Nug_, = 0.888([1 — b/2])*? Ra}? “4
On the attached figure, Eq. (4) would generate a curve that
falls under the solid curve of the integral solution
b 0 0.25 0.5 0.75 1
Nu,_ yRap? 0.888 0.73 0.58 0.44 0.31
However, Eq. (4) has the advantage that it is exact in the
limit b — 0. It would be interesting to compare Eq. (4) with
the Nu,_pRagp'? = f(b) curve that would result from the

local nonsimilarity analysis employed by Lai et al. (note that
Lai et al. did not report the overall Nusselt number).
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Rebly by the Authors to A. Bejan

F. C. Lai* and F. A. Kulacki*
Colorado State University,
Fort Collins, Colorado 80523

WE thank Dr. Bejan for his comments on our paper, and
we offer the following in reply.

As stated in the introduction, the focus of the paper! is to
extend the earlier study of Nakayama and Koyama? to include
a more realistic temperature stratification that may be en-
countered in applications. Our presentation of the history of
the problem may be incomplete, and we appreciate Dr. Be-
jan’s reference to his earlier study.* However, we have given
his work credit in the comparison of our results with his in-
tegral solution. More importantly, we do not claim the dis-
covery of the discrepancy found in the solutions we present.
It is well known that the accuracy of an integral solution is
largely dependent on the approximate solution form and that
accuracy can be greatly improved if a better functional form
can be adopted. This is exactly the conclusion of our paper.

Although our results did not include the overall heat trans-
fer rate, the calculation of this value is straightforward. Fol-
lowing the notation used by Bejan, we have:

H aT
0= -+%|
b
= KT, - TRapb [ -@¢ 08206 ()

The result is most informative if the overall heat transfer
rates thus obtained are compared to those of a plate in an
isothermal environment; that is, no thermal stratification. The
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Fig. 1 Ratio of overall heat transfer rates, Eq. (3), as a function of
the stratification parameter, b
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latter is given by*
Qiso = k(TO -

Thus, the ratio of overall heat transfer rates is

T.o)Ra}?[~20'(0)] @
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The integration in Eq. (3) can be evaluated numerically,
with the ®'(¢, 0) taken from our paper.! The result is plotted
in Fig. 1 in terms of the paraméter b. The new solutions
proposed by Bejan are also included for com T%arlson His
results underestimate those given by Eq. (3). This indicates
that the assumptions employed by him in deriving his solution

may not be theoretically correct, especially when b varies over
a large range:
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