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NOMENCLATURE 

ksyander > local mass (or heat) transfer coefficient for a 

cylinder ; 
k f.p. Y local mass (or heat) transfer coefficient for a flat 

plate ; 
M, 
MS, 

Mm> 

fluid concentration or fluid temperature; 

uniform wall concentration or temperature; 

fluid concentration or fluid temperature outside 

the layer; 

Pr, Prandtl number; 

r, distance from the axis of cylinder; 

R, cylinder radius; 

Sc, Schmidt number: 

4 velocity compohent in x-direction; 

u, uniform main stream velocity ; 
0, velocity component in r-direction ; 
4 distance along cylinder axis. 

Greek symbols 

a, diffusion coefficient or thermal conductivity; 

% = (r - R) (U/v. x)l’* ; 
M - M, 

= ~ dimensionless concentration or 
MS - M,’ 

temperature; 

see equation (7); 

= wm/~sl,= 0 with n = 0, 1,2,. ; 
kinematic viscosity ; 
curvature parameter; 

Schmidt or Prandtl number. 

THE PROBLEM of heat transfer through the axisymmetric 
laminar boundary layer over a circular cylinder maintained 

at a constant uniform temperature, has been solved by 

Bourne and Davies [l] and Eshghy and Hornbeck [2] for 

several values of the Pr~ndtl number (Pr = 0.7: 1: 10). Three 
solutions were obtained: one for small values of the down- 

stream distance x, one for high values of x and an approxi- 

mate solution joining the two others. Some additive notes 

have been published by these authors on the same subject 

[3-51. 

During a work on mass transfer between cylinders and 

axial incompressible flows, using an electrochemical method 

for the determination of mass transfer coefficients [6], a 

similar theoretical problem had to be solved for high values 

of the Schmidt number. 

This was solved for the particular case of small values of 

the curvature parameter r defined by : 
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(1) 

using the method proposed by Eshghy and Hornbeck. 

The boundary layer equations are : 

au v au 
z+;+a,=o (2) 

au au Y a au 
tl-+u.-_=-.- r.- 

ax ar ( 1 I ar ar 

ah4 aM v a aM 
u.-+u.- =_._ r._ 

ax ar C. r ar ( 1 dr 

(3) 

(4) 

with the boundary conditions : 

u(x, R) = v(x, R) = 0 u(x, m) = u (5) 

M(x, R) = MS M(x, ccl) = Mm (6) 

Here M represents the concentration of the diffusing com- 

ponent (or the fluid temperature), and D the Schmidt (or 

Prandtl) number, the others terms being defined in the list 

of symbols. 

With this method, these equations are transformed into 

three sets of ordinary differential equations which have been 

presented by Eshghy and Hornbeck [2]; they have been 

solved numerically for several values of G including that 

considered by Eshghy and Hornbeck. For this solution, a 

trial and error method based upon a Runge-Kutta algorithm 

has been used. 

The results are given in the following table : 
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360 SHORTER COMMUNICATIONS 

u &J(O) e;(O) e;(O) 

0.7 - 0.29268 - 0.66364 0.62688 
1 - 0.33206 - 0.69432 0.65658 

10 -0.72814 - 1.01761 1.12404 
20 - 0.925 - 1.180 1.380 
30 - 1.0506 - 1.2847 1.55885 

100 - 1.5718 - 1.7206 2.302 
300 - 2.267 - 2.3011 3.2946 
500 - 2.68 - 2.652 3.8987 

1000 - 3.3870 - 3.23875 4.9065 
1500 - 3.885 - 3.655 5.625 
2000 - 4.2668 - 3.9730 6.185 
5000 - 5.790 - 5.2434 8.3733 

where @s(O), &r(O) and t&(O) have the same signification as in 

[2]. They are obtained by differentiation with n = 0 of the 

relative concentrations (or temperatures) 0,(n), B,(n), e,(q) 

which appear in the series proposed to describe the concentra- 

tion (or temperature) profiles in the boundary layer: 

8 = e,(q) + 5. e,(q) + t2 e,(tli + . (7) 

These numerical results permit the calculation of the local 

mass (or heat) transfer coefficient to a cylinder, kcylindcr, for 

small values of the curvature parameter 5, in an extended 

range of 0. This coefficient has the following expression : 

ksyiindcr = -” 
R.5 

(&(O) + 5.8;(O) + t2 e;(O) + .} (8) 

When R + co, equation (8) gives the local mass (or heat) 

transfer coefficient for a laminar boundary layer over a flat 

plate : 

in which G( symbolizes the diffusion coefficient of the diffusing 

component or the thermal conductivity of the fluid. 

k f.P. = (9) 

It can be seen that the tabulated values of&(O) agree very 

well with the asymptotic solution obtained by Cess [7]: 

t&(O) = -0.3388. (~~1~. (10) 
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NOMENCLATURE 

degree Celsius ; 
Kelvin ; 
metre ; 

n, number of carbon atoms ; 
W. watt. 

INTRODUCTION 

FOLLOWING the development by the senior author of 


