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[IS]; Eckert and Drake 1161, Tables 83. B4); Table I 
summarizes the results. In nondimensional form, this relation 
becomes f = T” ; substitution of the latter into (9) yields: 

F= ’ 11, In(r;‘); <vi= --I 
b 

Equation (IO) therefore gives the dependence of both total 
and local heat transfer on w, for an object of any shape having 
an isothermal surface. Figure 1 shows this dependence for 
various values off!,. 
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NOMENCLATURE 

dispersion constant [J] ; 
heat-transfer coefficient [W 1 rn-‘. K ‘1; 
latent heat of vaporization [J kg- ‘1; 
thermal conductivity [W m _ ’ K _ ‘1; 
molecular weight [kg.mol- ‘]; 
mass flux [kg.rn-‘. ~’ 
pressure[N.m-*]; ’ I’ 
heat transferred [W . m _ ‘] ; 
heat flux [W.m-*]; 
universal gas constant [J .moi- ’ . K ‘1: 
solid thickness [m-‘1 ; 
temperature [K] ; 
overall heat-transfer coefficient. 
[W.m -2.K.11; 

molar volume [rn’. mol ‘1 

Subscripts and superscripts 

1, liquid phase: 
lr, liquid-vapor interface: 
s, solid ; 

s; 
constant temperature solution (I 1: 
evaluated at interline: 

V, vapor phase; 
-. averaged : 
id, ideal: 
a different~dt~ou with respect lo f. 

1. INTRODUCTION 

IN A previous paper [I], a procedure to determine the 
theoretical heat-transfer coefficient for the interline region 
(junction of vapor, evaporating thin film and non- 
evaporating thin film) of a wetting film was developed. Since 
the analysis was based on the assumption of a constant 
liquid-vapor interfacial temperature, theeffect of the thermal 
conductivity of the solid on the process was not included. In 
this communication an approximate procedure to determine 
the heat sink capability of the interline region is developed in 
which the effect of the solid resistance to heat transfer is 
included. The formulation uses a simple one-dimensional 
constant heat flux model. Although the general approach 

Greek symbols 

2 
dimensionless heat-transfer coefficient ; 
film thickness [m] ; 

13 dimensionless film thickness ; 
v, kinematic viscosity [m’ . s - ‘1; 
5. dimensionless film length coordinate ; 
0, evaporation coefficient [dimensionless]. 
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used in [l] is continued, the solution herein is directed 
towards a limiting case in which the solid conductance is 
controlling. Since the value of the ideal liquid-vapor in- 
terfacial heat-transfer coefficient is very large, solid con- 
ductance is found to dominate the overall heat-transfer 
coefficient in the interline region after a small increase in the 
film thickness. The results are useful for predicting and 
comparing the heat sink capability of various liquid-solid 
systems. 

2. DEVELOPMENT OF THE EQUATIONS 

The system to be studied consists of a very thin, evaporat- 
ing film of pure liquid on a horizontal solid substrate of 
thickness S (see Fig. 1). The shape of the thin film is steady 
since the evaporating liquid is replenished by fluid flow 
towards the interline from a source outside of the analyzed 
region. The temperature of the solid surface at y = -S is a 
constant, T,, which is greater than the vapor temperature, T,. 

FIG. 1. Interlinejunction of vapor, evaporating thin film and 
non-evaporating thin film (not to scale). 

If the film is sufficiently thin, it is kept from evaporating by 
London-van der Waals dispersion forces between the solid 
and liquid. If a section of the film is slightly tapered portions 
of the film may be sufficiently thick to allow evaporation. The 
junction between the non-evaporating and the evaporating 
thin film is the interline. Fluid flows in the negative “X” 
direction in the evaporating thin film as a result of a pressure 
gradient in the film resulting from the film thickness gradient. 

Using the procedure developed in [l] the evaporative heat 
flux is 

For the present case q is assumed to be a constant 4 and equal 
to the average macroscopic heat flux through the system : 

where, the average overall heat-transfer coefficient 
defined as 

in which, hrv is the average liquid-vapor interfacial heat- 
transfer coefficient and F is the average thickness of the thin 
film. Equation (2) is made dimensionless by using the 
previously defined variables (1): 

(2) 

U, is 

(3) 

v * * 

(-> ‘1 
=&(T,--T.) 

/cl 

where 

G = ;(&)(&)“’ (P+)(F), (5) 

and the interline thickness &,, is given by 

av,T, 
> 

113 
6, = 

Mh,,,(T,- TJo 

Since 

(6) 

h,,AG 
__ = hE(T,,- T”), = q’d 

Y 
(7) 

this group gives the ideal heat flux based on the kinetic theory 
of vapor flow that would occur at a liquid-vapor interface 
due to the temperature differences, (7;” - T,),. Using equa- 
tions (4t(7) gives 

? ** - 

(-1 
A+, 

‘1 qid 
(8) 

Solving equation (8) for constant 7 with the boundary 
conditions: 

q(O)= 1; $I,=Va (9) 

we obtain 

In(s) = F + qo*& (10) 

For the present case, the dimensionless contact angle is taken 
to be zero, q z = 0 and the extent of the region of evaporation , 
<, is 

t= T 
[ 1 

0.5 

(11) 

or 

The size of the interline heat sink Q, with a film thickness q 
z l,is 

Q = qx = q’d 9 

[ I 

0.5 
(13) 

Using the previous definitions, equation (13) becomes 

Q = [ZUh,,A(T,- T,,)v-’ In q]“.5 (14) 

the solution for the limiting case of constant interfacial 
temperature (1) is 

Q = h,,AG”~5v-1[1-0.5(~-1+~-2)]~,(q). (15) 

To compare the heat sink capability Q, of various systems 
using equation (14) with equal dimensionless thickness ‘1, the 
parameter [2CJh,,A(K- T#], is important. This includes 
the usual dimensions of the system and the properties of the 
liquid and solid. In addition, it includes the dispersion 
constant A, which accounts for the London-van der Waals 
dispersion force between the solid and liquid. Therefore, the 
relative effect of the classical overall heat-transfer coefficient 
U, the “surface transfer coefficient” A/v and the “interline heat 
flow number” h,$v- ‘, can be evaluated. This also defines 
an effective heat-transfer coefficient 2UAh,,/v(T, - T,)]“.5, 
based on the film thickness range q > 1. 

It is not possible to increase the heat flux without bound as 
suggested by the equations because the system would become 
unstable. This can be seen by rewriting equation (7) as 

f-‘(T,- T,) = Y(‘T;, - TJoh:. (16) 

For the case ofconstant liquid-vapor interfacial temperature 
(negligible solid resistance) the heat flux ratio 1, has a limiting 
value of 

r= l-os(~-‘+~-z). (17) 
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PIG. 2. Dimensionless heat sink profiles 75 and dimensionless 
film profiles 5. 

For the constant heat huxcase*~, would be less than this value. 
The limit for the value of(‘&,,- q)!, depends on the abihty of 
the evaporating film profile to change and provide the 
necessary pressure gradient for flow which is tinite. 

In Fig. 2 the dimensionless heat sink capability j< is 
presented as a function of the dimensionless thickness tr. The 
value of the heat sink for the constant liquid--tapor interfacial 
temperature case starts below the constant heat (lux case 
because of effect of the dispersion force on vapor pressure. 
However, it surpasses the constant beat Hux cztse :tt :t very 
small ~iimensionle~s thickness. The thin film profile> for 
three values of g are also presented in Fig. 2. Combining the 
results of lbe two limiting cases for a closer approximation of 
the real physical situation, we can say, qualitatively. that the 
initial portion of the evaporating thin film follows the 
constant temperature model until thermal resistance limits 
the beat flux to a constant vaiue. This limit occurs at ;I very 
small increase in film thickness, 
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NOMENCLATURE 

skin friction coefficient; 
specific heat at constant pressure; 
effective turbulent Prandtl number near 
wall : 
characteristic length of source; 
strength of heat source per unit length : 
velocity in x direction ; 
distance from the origin of the turbulent 
boundary layer ; 
distance from the source ; 
distance normal to the wall : 
distance where 0 = @,i2 ; 
mean diffusion distance normal to the 
wall. 

Greek symbols 

a*, boundary layer displacement thickness ; 
E, eddy diffusivity ; 
e, temperature difference referenced to the 

free-stream temperature ; 
v, kinematic viscosity ; 
P. density ; 
*w. wall shear stress. 

? Present address: Department of Mechanical Engineer- 
ing,. Rensselaer Polytechnic Institute. Troy, New York, 
U.S.A. 

Subscripts 

0, at the source ; 
w, at the wall: 
x2, in the free stream. 

THIS note concerns one aspect of turbulent Row which has 
received repeated attention-diffusion in a turbulent boun- 
dary layer downstream of a line source of heat (or mass) 
positioned on an adiabatic (or impervious} surface. In 
particular, two existing analyses of this problem which use 
substantially different eddy diffusivity distributions are com- 
pared to published experimental results, The purpose of the 
note is to show that these theories successfully describe the 
mean temperature (or col~centrati~)n) distribution down- 
stream of the source providing a near and far field 
approach is taken. 

Consider a line source of heat placed on an adiabatic wall 
and at right angles to the flow. If the characteristic source 
dimension I, is less than the linear sublayer thickness and the 
buoyancy force near the source is small compared to the 
inertia force in the sublayer, i.e. the source Grashofnumber is 
much less than i%,,,/pv’, where (r,/p)‘“’ and v are the friction 
velocity and kinematic viscosity, respectively, the flow 
downstreamofthe source can be considered to develop as ;m 
undistur~d turbulent boundary layer. 

Near the source, diffusion is controlled by the turbulence 
structure near the wall and providing the source is located 


