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THE purpose of this brief paper is to present analytical 
results for the fully developed heat-transfer characteristics 
of a turbulent flow in a parallel-plate channel with 
uniform wall heat flux. The results were obtained by 
integrating the energy equation utilizing a suitably 
chosen eddy diffusivity for heat. The analytical method 
parallels a prior study for the circular tube [l], and be- 
cause of this, the details of the analysis will be omitted 
here. The circular tube results of [l] have received strong 
support from experiment (e.g. [2] and [3]). It is this good 
agreement which has prompted the present extension of 
the analysis to the parallel-plate channel. Friction factor 
results will also be given here. 

The fully developed Nusselt numbers are presented in 
Fig. 1 as a function of Prandtl number for the range 
Pr = 0.7 to 100. The Reynolds number, which appears 
as parameter, ranges from 10000 to 500000. The hy- 
draulic diameter, D,, is equal to twice the spacing be- 
tween the plates; while the heat-transfer coefficient h is 
the ratio of the local heat flux to the local wall-to-bulk 
temperature difference. 0 is the mean velocity. 

The results of the present analysis appear as solid 
lines on the figure. Also shown on the figure are dashed 
lines representing McAdams’ [4] empirical correlation of 
circular tube data 

Nu = 0.023 Re”,” Pro,&. (1) 

This correlation is usually regarded as applying as a first 
.approximation to non-circular geometries provided that 
the hydraulic diameter is used. In addition, there are 
dot-dashed curves which represent the analytically- 
determined circular tube results of [I]; for Re = lo”, 
only a single point was available and this is symbolized 
on the figure by a blackened circle. Finally, there is 
shown by triangles Deissler’s [5] analytical findings for 
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Pr = c, p/k 

FIG. 1. Nusselt number results. 

the parallel plate channel, available only for Pr =m 0.73. 
Aside from the latter, the authors are unaware of other 
analytical results for turbulent flow in a parallel-plate 
channel. 

Comparison of the solid and dot-dashed curves 
indicates that the use of the hydraulic diameter is reason- 
ably successful in bringing together the analytical results 
for the two geometries. Additionally, Deissler’s results 
for Pr = 0.73 are in good agreement with those of the 
present analysis. 
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The analytical results for both geometries {solid and AC~OW~DG~~NT 
dot-dashed curves) suggest that the dependence of the The support of the U.S. Atomic Energy Commission 
Nusselt number on Prandtl number is more complex under contract AT(I l-Q-659 is gratefully acknowledged. 
than the simple power law appearing in the empirical 
correlation. DeissIer [6] has shown a similar finding for REFERRNCES 
the circular tube. The largest deviations between the la. E. M. SPARROW, T, M. HA~LMAN and R. SIEGK, 
empirical correlation and the theory appear in the mid- Turbulent heat transfer in the thermal entrance 
range of Prandtl numbers (~10). However, recent care- region of a pipe with uniform heat Aux, App. Sci. 
ful measurements by Allen [?I for water flowing in a I&s. A?‘, 37 (1957). 
circular tube have demonstrated 1 per cent agreement lb. R. SIEGEL and E. M. SPARROW, Comparison of 
with the predictions of [l] at Pu =: 8. The experiments turbulent heat transfer results for uniform wall 
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Rc. 2. Friction factor results. 

were carried out so as to eliminate the effects of variable 
Auid properties. Allen’s work lends strong support to 
the analytical model. 2. 

Friction factor results for fully developed Row condi- 
tions are presented in Fig. 2. The solid line represents 
the present results for the parallel-plate channel; while 3. 
the dot-dashed line is the corresponding analytical predic- 
tion for the circular tube. The dashed line corresponds to 
an empirical correlation of circular tube data by Moody 
171. The 7,,, appearing in the ordinate variable is the shear 
stress at the wall; this is simply related to the pressure 4. 
drop by means of a momentum balance. Considering 
first the analytical curves, it is seen that the use of the 5. 
hydraulic diameter is reasonably effective in bringing 
together the results for the two geometries, with those for 
the circular lying &6 per cent below those for the parallel- 6. 
plate channel. The agreement between the analytical and 
empiricaJ results for the circular tube is better at 
higher Reynolds numbers and is generally quite satis- 7. 
factory. 
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