
NOTATION Nao = average gas phase Schmidt LITERATURE CITED 

1. Gilliland, E. R., and T. K. Shenvood, 
Ind. Eng. Chem., 26, 516 (1934). d = column diameter number = - 

G = gas flow rate N , ,  = gas Sherwood number = k, 2. Jackson, M. L., R. T. Johnson, and 
N. H. Ceaglske, “Proceedings of the 
First Mid-Western Conference on Fluid k, 
Dynamics,” p. 226, Edwards Brothers, 
Ann Arbor, Mich. (1951). 71% 

3. Kafesjian, R., C. A. Plank, and E. R. 
Gerhard, A.1.Ch.E. J., 3, 463 (1961). 

4. McCarter R. J., and L. F. Stutzman, 
ibid., 5, 502 ( 1959). 

5. Thomas, W. J., and S. Portalski, Ind. 
Eng. Chem., 50, 1081, 1266 (1958). 

6. Trass, O., private communication; 
W. C. Brennan and 0. Trass. “Sympo- 
sium on Solids Fluids Mass Transfer,” 

PO 
D = molecular diffusivity P p D g  

RTd - 
D” 

Greek Letters 

p = viscosity p = total pressure 
p R a  = log mean partial pressure of P r air in the column 
N J C ~ . ,  = gas Reynolds number relative 

G.d 
to pipe wall = - 

PI1 
N R ,  I = liquid Reynolds number = 4r/ 

P1 I = liquid Memphis, Tenn. (February, 1964). 
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The problem of steady, axial, irro- 
tational flow of a Newtonian fluid 
through a nonporous duct is analogous 
to several other problems. The knowl- 
edge of these analogies was well known 
thirty to forty years ago; however, 
apparently, as a result of the separation 
of the fields of mechanics of fluids and 
mechanics of elastic solids, these anal- 
ogies are not as widely known now. 
Recently, several analytical solutions 
to the above mentioned fluid mechan- 
ics problem have been published and 
are available from previously published 
solutions for an analogous problem. 
These analogies wiIl be briefly reviewed 
and references to the fundamental work 
will be given. Examples of recently 
published solutions to the Newtonian 
fluid flow problem which are available 
from previously published solutions for 
an analogous problem will also be given. 

Love (1 ) reviewed and summarized 
the known analogies. The subject of 
that discussion is the analogy of the 
torsion problem, which is the topic of 
the chapter, to various fluid mechan- 
ics problems. The analogy rests on the 
principle that the twisting force couple 
causing the torsion can be replaced by 
a statically equivalent axial compres- 
sion force. Poisson’s equation can be 
solved by n Green’s function, which is 
specific to the boundary or boundaries 
of the prism, to yield a plane harmonic 
function 4. The function is the con- 
jugate of the torsion function +. 

dJ + i +  = f (X + i y) 

where x and y are position variables. 

be obtained if the condition 
A solution of Poisson’s equation may 

+ - 1/2 (x”  + y’) = constant 

is satisfied at the boundary. The func- 
tion JI has been determined for a vari- 
ety of prism shapes ( 1  to 3 ) .  

The function I) is mathematically 
identical with the velocity or stream 
function of three fluid mechanical prob- 
lems. Two are for frictionless fluids 
and will not be discussed here. The 
third analogy is that the function $ - 
1/2 (x’ + tf) is . . . “Mathematically 
identical with the velocity in a certain 
laminar motion of a viscous fluid” (1 ) 
. , . when the motion is caused by a 
pressure gradient along a duct of the 
same shape as the twisted prism. The 
analogy was first observed by Bous- 
sinesq ( 4 ) .  Application of a known so- 
lution of the torsion problem to a fluid 
mechanics problem is discussed by 
Bairstow and Berry ( 5 )  and Dryden 
et al. (6 ) .  

The application of this analogy 
would have obviated the need for re- 
cently published solutions for New- 
tonian fluid flow through an eccentric 
annular duct (7  to 9) and an isosceles 
triangular duct (10). The eccentric 
annular duct solution previously had 
been given by Bairstow and Berry ( 5 )  
(see also 6, p. 198) who utilized the 
solution to the analogous torsion prob- 
lem of MacDonald ( 1 1  ) . The solution 
for the isosceles triangular duct could 
be deduced from the analogous tor- 

sion solution of Saint-Venant ( 3 ,  pp. 
121-122). 

In conclusion, it is hoped that this 
note will lead to economy of effort on 
the problem of axial, steady, irrota- 
tional flow of a Newtonian fluid in 
ducts. Many solutions to the analogous 
problem of torsion in a prism of the 
same shape are available ( 1  to 3 ) .  In 
many cases direct application of these 
results should be possible. 
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