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LETTER TO T H E  E D I T O R S  

COMMENT ON "TURBULENT CONVECTIVE HEAT TRANSFER 
FROM ROUGH SURFACES" AND THE DISCUSSION OF 

HALL'S METHOD 

(Received 21 October 1980) 

THIS pertains directly to heat transfer from a rough rod of  
radius rl, located coaxially in a circular smooth tube of radius 
r2, to a gas flowing in the inner region, zone 1, of the 
annulus--between the rod and the surface of radius rm, where 
z = 0. Heat flux from the rod is given as qwt = const and at r 
= rz, qw2 = 0. 

If the surface of zero shear and the surface of zero heat flux 
were coincident, i.e. q = z = 0 at r = r~,, then the boundary 
conditions in region 1 of the annulus would be similar to 
those in the cells of an infinite three-angular array of equally 
roughened rods with qw = const, and the experimental 
correlations obtained for heat transfer in zone 1 of the 
annular passage could be suitable for calculation of heat 
transfer in the bundles. But the actual temperature distri- 
bution in the annulus at the prescribed conditions is such that 
at r = rm, q ~ O. In order to overcome this difficulty, Hall [1] 
has developed an analytical method of transformation of the 
actual profile of temperatures T(r) into that of T t (r) to obtain 
OTl/Or = 0 at r = rra with nonvariable q,~l (the method has 
been described in detail in [1,5]). He has obtained an 
equation for the radial gradients ~Tl/ar of the transformed 
temperatures (equation (15) in [1]), which is to be integrated 
with respect to r in order to arrive at the new temperature 
profile itself and especially at the new wall temperature. This 
allows calculation of the transformed Stanton number if the 
temperature and velocity distributions as well as the heat flux 
qwl and radius of no shear surface are known from the 
experiment (Hall and later Wilkie [6] assumed that r = rm at 
~u/Sr = 0). The question now is how to determine the 
integration constant for the problem to be solved completely. 
It is precisely this point which is considered below. 

According to Hall [1] "the constant of integration may be 
chosen so that the new bulk mean fluid temperature is 
identical with the experimental value". This statement is 
obscure since it is not clear what is the "experimental value". 
If it is the bulk mean nontransformed temperature in zone 1, 
then Dalle Donne and Meyer [2, 4] are correct in stating that 
Hall's transformation data, as far as heat transfer is con- 
cerned,"are simply referred to the average gas temperature of 
a region of the annulus which is not delimited by a well 
defined boundary condition such as q = 0". Lyall [3], 
attempting to clarify the question, has complicated it still 
further. Referring to Fig. 2 of Hall's paper, Lyall states that 
"the constant ofintegration has been chosen to give the same 
surface temperature in the experimental and transformed 
situations" (the same mistake is present in [6], se~ Fig. 3.46 
and formulae (3,11)). Hall [5] disagrees with this statement by 
writing: "the wall temperature derived from the transformed 
temperature profile will not coincide with the measured wall 
temperature (my use of identical wall temperatures in Fig. 2 
was for the purpose of illustrating the change in profile shape 

only)". However, here again no precise formulation of the so- 
called "experimental value" of the bulk mean fluid tempera- 
ture is given. 

Wilkie [7] used Hall's method to calculate the transformed 
Stanton numbers in his numerous experiments with single 
rough rods in smooth circular tubes, but no mention was 
made as to the way the integration constant had been 
calculated. 

Thus, in the works cited, the question as to determination 
of the integration constant and, hence, complete solution of 
the problem has remained far from being settled. 

Meanwhile, it is clear that a correct solution of  the problem 
can be obtained only if the integration constant is chosen as 
follows: the new mean bulk temperature Tsl must exceed the 
experimental value of the mean bulk temperature T~ of the 
fluid throughout the entire annulus by a factor of GIG t. 

In fact, with a nonvariable heat flux qwt, the whole heat 
transferred from the rod should, in the transformed situation, 
be absorbed entirely by the mass flux G 1 in region 1 only, 
while in the actual (experimental) situation the same amount 
of heat is taken up by the mass flux G throughout the whole 
annular space. From this it follows that Tbt/T ~ = G/G v 
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