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LETTER TO THE EDITOR 

~O~~~NTS ON “AN INV~STI~ATrON OF HEAT TRANSFER AND 
FRICTION FOR RIB-ROUGHENED SURFACES’ 

(Received X October 197X) 

MUCH work to develop roughened heat-transfer surfaces 
has been done in the past. The aim is to obtain general 
correlations for pressure drop and heat transfer of different 
types of roughnesses applicable to different channel geomet- 
ries. In their recent paper Han, Glicksman and Rohsenow 
[I] present experimental results on rectangular roughness 
in a parallel plate channel. The results on roughness 
functions could add new information to that already 
existing in the literature, provided the roughness fun~tious 
are evaluated correctly, though the investigations cover a 
range of very high c/D,, values which is of minor 
importance for practical applications. 

However, the presented results of the roughness functions 
RP+ and He+ evaluated from the friction factors and 
measured Stanton numbers, and most of the conclusions, 
are wrong. Equation (6) of [I] is only valid for circular 
tubes. In the case of parallel plates an analog equation can 
be found by an integration of the law of the wall fequation 
(5) [I]) across the cross-section A [2-a]: 
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with L as the length of the velocity profile between the wall 
and the position of zero shear stress and y as the distance 
from the wall. The RHS of equation (I ) is dependent on the 
geometry of the channel. For parallel plates this geometry 
parameter G has the value G,, = 2.5 instead of G, = 3.75 as 
for circular tubes. The non-dimensional maximum velocity 
is calculated from the law of the wall at y = L: 
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The non-dimensional average velocity across the channel 
by definition of the friction factor is 
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With equations (2) and (3) and G, = 2.5 we get from 
equation (I ) 
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the final equation for parallel plates reads 
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Therefore, all roughness functions (Re+ and He+) eva- 
luated by equation (6) are higher by 

dR = 2.5 In 2 - I.25 = 0.48, 

compared with those calculated from equation (6) of [I]. 
This makes a correction of about 140/c, for Re’ = 3.5 (an 
average value for most of the results of [I]). 

Therefore, most of the conclusions of [1] are not valid, 
e.g. : 

(I) There is no coincidence of the new data with the data 
of Webb et al. [S] and Dalle Donne and Meerwald 
rhl. 
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(2) The influence of the rib height to the length of the 
velocity profile is not doubtful, since there is 
experimental evidence [4, 7, X] and the new data 
evaluated correctly confirm these findings: higher 
roughness functions Re+ for higher e/L compared 
with the data of Webb et ul. [5] at lower e/L. 

(3) The influence of e/L on Re’ is not caused by the 
transformation methods as the new data show. 

(4) The statement bv Dalle Donne and Mever that Re+ 
I 

(5) 

should fail for e/t > 0.235 is based on a volumetric 
hydraulic diameter. For high e/i. the definition of the 
origin of the velocity profile and thus the hydraulic 
diameter is very important. Nowhere in the paper 
[I J can an exact definition of the hydraulic diameter 
be found. 
The wrong definition used for Re+ also has an 
influence on the calculated heat-transfer parameter 
HP+ {seeequation(l4)of[IJ). 

Moreover. the statement “small changes to the rib cross- 
section from square to rectangular should have negligible 
effect on the friction factor and the heat transfer” may be 
valid only for small changes. A difference in e/w between I.0 
and 0.67 is not a small change. The correlations published 
in the literature for rectangular roughness indicate the 
following differences in the roughness function Re”. Far 
pje = 7.5 the difference R(e/w = 0.67) - R(e/w = 1.0) is 
found to be 0.52 [Xl, 0.60 [4]. and 0.55 [7]. Alumina AR 
= 05 for p/e = 7.5 and the friction factor I’ = 0.074 for 
high Reynolds numbers (Fig. 10) and e/w = 0.67 the 
friction factor for e/w = I.0 would change to f“ = 0.091. 
Therefore, the friction factor for p/e = 7.5 would be higher 
than for p/e = IO with a profile of e/w = 1.0. The 
conclusion that the friction factor assumes its highest value 
for pjc about IO is not true. As found in the literature the 
highest friction factors occur for e/w = 1.0 at about p/e 
= 7 + x c4.71, 
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