
N u , 

CjAT 

h,„ 

g c P ( p - Pv)x3 

ivk 

= 1 . [24] 

. [9c] 

775 independently of the Prandtl number, and for specific Prandtl 
numbers, Equation [9d] gives the temperature distribution. 

The value of i/s appropriate to the particular situation must be 
found, of course, from the energy balance, Equation [11], and in 
the terms appropriate to Equations [9c] and [9(/j this is 

For small values of cpAT/hfg, i.e., relatively thin condensate 
films, Nusselt's theory gives results in close accord with those of 
the complete boundary layer solutions. As cpAT/hJCl increases, 
i.e., relatively thicker films, the inertia effects lead to a dropping 
off of the Nusselt number. For the range studied here, subcooling 
of the condensate film (energy convection terms) plays a minor 
role. 

Condensation experiments have recently been carried out by 
Misra and Bonilla4 for mercury and for sodium. Their heat trans-
fer results, which corresponded to values of cpAT/h1Q of 0.03 and 
smaller, were only 5 to 15 per cent of those predicted by Nusselt's 
theory. These data also fall well below the present theory. So, 
it would appear that the effect of inertia forces is by no means 
sufficient to explain the experimental results. Further experi-
ments are needed to clearly define the departures between test 
conditions and the analytical model. 

D I S C U S S I O N 
R. A. Seban 5 

Despite the somewhat greater question involved, particularly 
near the leading edge, in the results of the application of the 
boundary-layer equations and in particular in their solution in 
the limited domain of 0 < t; < this paper fulfills the objective 
of the authors in presenting an alternative and stimulating per-
spective of this classical problem. In this regard, it may be 
apropos to indicate that alternative forms of the basic equations 
may be found and that these may indeed be more useful in special 
cases. 

If, in the similarity transformation, "c" is taken as — 
L 4 v-p 

and if, in Equations [76] and [8] the thermal diffusivity a is 
replaced by the kinematic viscosity v, then Equations [9a] and 
[96] take the form 

CJAT 
= — 3 

I'Vls) 

a 6'(%s) 
[ 1 2 6 ] 

The advantage of the forms of Equations [9c] and [9cl] is pri-
marily in the illustration of the complete independence of 
the hydrodynamic equation from the thermal properties and of the 
essential need for this form if low Prandtl numbers are to be con-
sidered. For this it would be convenient to have defined the 
value of F(i)) and rjs as obtained by the authors from Equation 
[9a ] with a Prandtl number of unity, so that Equation [9ri] 
could be solved for such low Prandtl numbers as desired. 

A further approximation in this regard is possible because of 
the essentially linear form of 6 indicated to exist for vanishingly 
small Prandtl numbers by Equation [9r/]. Then, since 6X0) = 

0 ' ( f « ) = — , Equation [12a] gives 
V s 

h5 . 

cAT v 
— = 3 - VsF(V5) 

F + 3F"F - 2F - + 1=0. 

with F{0) = F\0) = 0 and F'Xvs) = 0 and 

6" + 3 - Fd' = 0 [9t/] 
a 

with 0(0) = 1 and 0(775) = 0 
Here the Prandtl number appears in the energy equation rather 

than in the momentum equation and so it is not as clear as it was 
in Equation [9a] that the Nusselt solution is indicated as suitable 
at least for high Prandtl numbers. Equation [9c] does, how-
ever, specify the stream function as a function of the thickness 

1 B . Misra and C. F. Bonilla. " H e a t Transfer in the Condensation 
of Metal Vapors , " Chemical Engineering Progress, Symposium Series, 
110. IS, vol. 52, 1956, pp. 7 - 2 1 . 

6 Professor of Mechanical Engineering, University of California, 
Berkeley, Calif. M e m . A S M E . 

and, since — is then unity, the solution is achieved completely, 
/i' 

Finally it is of interest to learn if the authors have investigated 
the general nature of the solutions of Equations [24] and [25] for 
variable temperature difference, because of the adaptability of the 
classic Nusselt solution to this type of temperature variation. 
Designating by ho the local heat-transfer coefficient for constant 
temperature difference, that solution gives h = h0[n and 
if the effective temperature difference is taken as the average with 
respect to length, the average heat-transfer coefficient remains the 
same as for the isothermal case. 

Authors ' Closure 
The authors extend their thanks to Professor Seban for his 

excellent discussion and welcome it as a valuable adjunct to the 
paper. 

He correctly divined our reasons for selecting the similarity 
transformation leading to Equations [9a] and [96]; namely, that 
we wished to demonstrate a priori that the inertia terms should 
not be important for high Prandtl number fluids. We concur 
in his appraisal of the utility of the alternate Equations [9c] and 
[96]; and, as a matter of fact, we had already used them in the 
low Prandtl number computations which were added in Appendix 
2. 

With regard to the variable wall temperature situation, the 
present contents of Appendix 1 is somewhat different from that 
which appeared in the preprint. Equations [24] and [25] were 
the ordinary differential equations for F and 6 corresponding to 
the Tw variation of Equation [22], The discussion appearing in 
Appendix 1 represents our latest thinking on similiar solutions 
for the nonisothermal wall. 
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