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the shape variable r is defined by 

Equation (12) will be available for many practical cases. 
Then the time-dependent characteristic length I will necess- 
arily be nearly proportional to %/(rz) even if it is defined 
in other ways instead of equation (I). The characteristic 
length defined by equation (1) is identical, in an approximate 
sense, with such the thermal boundary-layer thickness as 
H(t, I)/&(t) = I@. 
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CORRELATIONS FOR HEAT TRANSFER TO VARIABLE 
PROPERTY FLUIDS IN TURBULENT PIPE FLOW 

(Receiwd 18 June 1975) 

THE PAPER by Sleicher and Rouse [I] presents the most principal point: that such a correiation can be regarded 
recent of many surveys of heat-transfer correlations for only as a summary of a particular set of experimental data, 
variable-property fluids in smooth pipes. After a review of and not, despite the generality of its appearance, as possess- 
previous correlations, and careful selection of the most ing any fundamental basis that would enable it to be used 
reliable experimental data for comparison, the following with confidence for predictive purposes outside the con- 
equation was proposed: ditions of the experiments on which it has been based. 

From first principles one may write 

NuI, = 5+0015RejPr~, for 
0.1 < Pr < IO5 

IO4 < Re < 10” 

where 

and 

Our first query concerns the ~~a~~n~ of the suffix in Ref. 
Does the suffix apply to p and ,I& or only to ,ri‘? This is always 
a dilemma. There is a natural reluctance to base Re upon a 
produce pzV which is not equal to the average mass velocity; 
on the other hand, to retain the average mass velocity is to 
introduce the unwarranted assumption that density vari- 
ations across the pipe have no effect. 

Consider the application of the above correlation to a 
fluid for which the thermal conductivity increases with tem- 
perature, the other properties being constant. As the wall- 
to-bulk temperature difference is increased, for a fixed bulk 
temperature, k, increases but according to the correlation, 
the heat-transfer coefficient decreases. To illustrate this 
characteristic of the correlation: at Prb = 1.0. if a thermal 
conducti~~ityvaria~ion was introduced such that ~~,~~~ = 10, 
the calculated heat-transfer coelhcient would dwrrasr by a 
factor 6.3. It is physically unreasonable that the injection 
of a higher conductivity into the wall region should reduce 
the heat-transfer coefficient. 

The answer may come back that the correlation is a 
reasonable fit to the best experimental data, which do not 
include a fluid for which the conductivity variation pre- 
dominates. In fitting the experimental data perhaps the 
anomalous dependence of the correlation on thermal con- 
ductivity variation is compensated by an over-allowance 
for the variation of some other property. This indeed is our 

Nub = F 
pw /l$+ c,, k, 
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recognising also that the form of the variation of the 
properties with temperature is significant. Even for fluids 
whose properties vary with temperature in a monotomic 
and “regular” manner (i.e. excluding near-critical Ruids in 
particular) it is certain that any reahsation of such a 
correlation which must include interactions between the 
different physical property ratios. would be forbiddingly 
complicated. Fundamental objections to some of the simpler 
forms of correlation which have been tried for many years 
have been discussed in [2] and we do not believe that these 
simpler forms can be regarded as other than convenient 
summaries of particular sets of data. 

As a more positive proposal we believe it would be a 
useful step forward to shed some light on the influence of 
variations of the four physical properties, separately and in 
combination. We are presently engaged upon this task. 

M. 8. IBRAHI~ 

V. WALKER 

REFERENCES 

C. A. Sleicher and M. W. Rouse, A convenient correlation 
for heat transfer to constant and variable property fluids 
in turbulent pipe flow. Int. J. Heat Muss Tram&r 18, 
677-683 (1975). 
V. Walker and L, White, The effect of physical property 
variations on heat transfer from roughened surfaces, 
4th International Heat Transfer Conference, Paper FC. 
5.4 (19701. 


