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Table 1. Co~~r~on o~ei~e~v~l~es 

Bi, = 0 0.25 05 1.0 2.5 5.0 10.0 a, 

20 0.004854 
o-9463 1.272 1-641 2.102 2,357 2517 2.704 

1.333 1536 1.681 l-878 2-173 2-363 2.496 2667 

1, 5.068 5.187 
5.295 5.478 5.841 6.135 6.365 6679 

5.333 5.426 5509 5.650 5.932 6.172 6.371 6.667 

22 9.158 9.234 9.306 
9.436 9.729 10.01 10.27 10.67 

9.333 9.399 9.459 9-568 Q-814 10.06 10.29 1067 

1.3 13.20 13.26 
13.31 13.42 13.66 13.93 14.20 14.67 

13.33 13.39 13.43 13.52 13.74 13.98 14.22 14.67 

The data shown in the upper row are obtained from the present power series solutions and the data in the lower row are 
obtained by computing the roots of equation (2). 

CONCLUSIONS National Cheng-Kung University for providing computing 

1. A larger error in the length of ice-free zone results from time. 

employing the eigenvalues computed from the asymptotic 
solution for the boundary condition of second or third kind 
Conventional power series method should be used in calcula- 1. 
ting the fast few eigenvalues. 

2. The length of ice-free zone predicted by the present 
power series solution agrees excellently with the numerical 
result. The previous result [2] checks well with the present 

2 
’ 

solutions when the Biot number is large. But it carries large 
error when the Biot number is small. 3. 
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NOMENCLATURE 

binary diffision coegicient ; 
acceleration of gravity; 
thermal conductivity of the condensate ; 
constant suction parameter expressing the 
strength of interfacial suction ; 

A#,, M2, molecular weights of the binary species; 
p, total pressure; 
p,, p,, vapor pressure of the pure components [5] ; 
4, actual local surface heat flux evaluated at 

(7; - T,): 
%. reference heat flwr evaluated at q = T,; 
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SC, 
7; 
X, 

Schmidt number v/D ; 
temperature ; 
axial coordinate placed along the condensate 

surface. 

Greek symbols 

Subscripts 

1, 

L 

s, 

W, 

1, 

2, 

latent heat; 

viscosity ; 
kinematic viscosity ; 
density ; 
activity coefficient which takes into account 

deviation of the binary condensate solution 

from ideal behaviour [ 51. 

vapor-liquid interface ; 
condensate ; 
suction ; 
plate surface ; 
the volatile component (corresponds to methanol 

vapor in Figs. 1 and 2); 

the less volatile component (corresponds to 

water vapor in Figs, 1 and 2); 

bulk of the vapor. 

Unsubscripted properties are for vapor mixture. 

IN 1969 Sparrow and Marschall [l] presented a predictive 

theory for the condensation process of binary mixtures on a 

cooled vertical plate. This analysis is based upon a rigorous 

solution of the vapor boundary layer equations and those 

of the condensate film In the present note the approximate 

integral method is used to solve this problem. It provides a 

simpler procedure to calculate the condensation rates with 

a reasonable accuracy. Also the effect of interfacial suction 

at the vapor-liquid interface is added, and the improvement 

in the condensation efficiency is calculated for suction 

velocities which obey u, = K x-$. The conservation equa- 

tions of momentum and mass solved here as well as their 

integral representation and the appropriate profiles are 
similar to those presented in [2, 31. Therefore we give here 
only the final results, The following equation relates the mass 
fraction of the volatile component in the condensate, vii. 
with its equilibrium value. W,i. at the vapor interface: 

+&(Hj -8Sc=O (1) 

where 

f, is the ratio between the suction rate and the total vapor 

flux reaching the interface and is given by, 

For high condensation rates, namely for large differences of 

(I, - T,). one may neglect the buoyancy force and treat the 

problem in a one dimensional fashion. Equation (1) is then 

replaced by : 

Fi (1 -.fJ = WI, -f, w,i. (4) 

The physieal properties are those of the binary mixture and 

were evaluated as detailed in [ 11. The vapor-liquid equilibria 

relationship needed to complete the formulation may be 

expressed by : 

Wli Ylwd~1uJ __- 
w,, + (1 - WJ(M1/MI) = P 

Solution for the condensation rate, y = ipS*G* (gv2/4x)‘, is 

obtained as follows. We guess an interface temperature T 

- Exact solutm 
----- EquatmC I ), A’=0 

0 ~~~~‘~~,~‘(~~~‘~~~~‘~~~.’ 1 
IO 15 20 25 30 35 

7&-r,. oc 

FIG. 1. Heat transfer results. Comparison of equation (1) 
with exact solution results (II], Fig. 3). 
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and solve equations (1) and (5) by trial and error for WIi and 
p,, where @, = 1 - WI,. Then W., is calculated from 
equation (5) provided subscript 1 is replaced by 2, excluding 
the molecular weight ratio. The eorreot z is obtained once 
w;, f lVz* = I. 

In Fig. 1 exact solution for the heat transfer efftciency, 
&a. given by Sparrow and Marscball [l] are compared with 
those obtained from equation (1) for methanol-water mix- 
tures. It may be observed that the maximum deviation be- 

f““t’“‘l’“‘r.“‘l”“t.” 

f,% x f*% 

---_- Equation(l) 

Fro. 2, Effect of interfacial suction on the heat transfer at 
370°K and 760 mm Hg 

tween the results is around 10 per cent. Hence, equation (I) 
is a reasonable solution to the problem and is suggested for 
practical apphcation. In Fig. 2 it is obaervszl that interfacial 
suction may increase the condensation efIl&ncy, and in 
particular for low values of the thermal driving force. This 
is due to the increase in T as compared to the case where 
suction is absent. In general, however, the improving in 
condensation due to suction in this ease seems to be some- 
what less attractive as compared to the effect of suction in 
the proseme of non~ond~sabie gases [4]. 
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INTRODUCTION 

Trtu REmCrIGN and transmission of radiation by a semi- 
number of investigations have been reported In the literature 

transparent medium are affected by the absorption and 
on the determination of radiative properties of semi- 

scattering properties of the medium below the surface, the 
infinite and finite plane-parallel medium respectively for the 
ease of transparent boundaries. The mathematical teeh- 

angular distribution of the incident radiation and the 
reflection characteristics of the bounding surfaces. A 

niques developed by ~~n~a~kh~ [Z’j have been used by 
several investigators [3-71 to investigate the transmission 


