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An analysis of recently published results of an experimental investigation of heat transfer during film 
condensation of a moving vapor on a horizontal tube [1] confirms, as shown below, the previously noted [2, 
3] divergence between the experimental and theoretical data for this case of condensation. The approximate 
theoretical formulas taking into account the tangential stresses on the liquid-vapor interface, and so, the 
hea t - t rans fe r  coefficient as a function of the density of the t r ansver se  mass  flow, can be used, however, as 
a f i rs t  approximation in those cases when direct  experimentaI  data are  absent. 

The asymptotic  solutions of the equations of motion for laminar  and turbulent boundary layers  with 
suction [4-7] lead to the following relation for shear  s t r e ss  on a longitudinally s t reaml ined  permeable  plate: 

= iv (1) 

where j is the density of the t r ansver se  mass flow and U is the velocity of the medium beyond the l imits 
of the boundary layer .  

If we assume that during film condensation of a moving saturated vapor the shear  s t r e ss  on the phase 
interface is determined by Eq. (1), we can obtain [2, 3, 8] 
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Here ~ and o~ s are the heat-transfer coefficients during condensation of moving and stationary vapor; 
F =U2/(gl) is the Froude number for the vapor flow; P =vpcp/l is the Prandtl number of the condensate; 
K='r/(Cp@) is the phase transition number; g is the acceleration of gravity; I is a characteristic dimension 
(height for a vertical surface and outside diameter for a horizontal tube); y, X, Cp, p are the coefficient of 
kinematic viscosity, coefficient of heat conductivity, specific heat, and density of the condensate; r is the 
heat of condensation; 4 is the vapor-wall mean temperature difference. 

Equation (i) does not satisfy the limiting conditions T-~T d when j-~ 0 (where Td is the shear stress 

of "drY" friction in the absence of a transverse mass flow). But during condensation of a movingpure vapor 
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Fig. 1 

the value of j is general ly relatively large  and remains  large also when 
U--- 0. 

The numerical  solution of the problem of heat t ransfer  during film 
condensation of moving vapor on a ver t ical  surface (flat plate or  surface 
of small  curvature) proposed by Nusselt  [9] was based on the assumption 
that r =Td, i.e., did not take into account the effect of the t r ansve r se  mass  
flow on shear  s t r e s s .  However, when determining ~ by means of Eq. (1) we 
can use the resul ts  of this numerical  solution if in the complex 

OL s U2p n r s 

r I N = ' r ~ ~ = %  2- ~og (3) 

where c f  is the frictional res is tance  coefficient and p is the vapor  density, 
we replace r ,  i.e., use instead of IIN the modified complex 

as a {) Uas 
I IN*= /Y ;kpg- -  r ,~,pg (4) 
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The relat ion thus obtained for the hea t - t r ans fe r  coefficient in the case of a descending vapor flow 
is descr ibed nicely by the equation [3] 

where 

_ o.12s (Y n + t6 + z V~) (VH + i 6  yn--) ~ (5) 
c$ S 

n = F/(PK) 

For  condensation on a t r ansverse ly  s t reamlined horizontal tube the equation [2] 

a \ - 4  o5 / a \ - %  
~ - s )  -}-0.79II"  / ~ - s )  - - t = 0  (6)  

was obtained by approximate solution. 

The relat ions descr ibed by Eqs. (5) and (6) can be approximated for the range of values a/o~ s <-1.6 

with sufficient accuracy  by the simple equation [8] 

~/% = i + aII ~ (7)  

where for a ver t ica l  surface a=0.345 (curve 1 in Fig. 1) and for a horizontal tube a=0 .24  (curve 2 in Fig. 1). 

Since the available experimental  data for the condensation conditions being considered are  still few 
and cover  only narrow regions of the change of the main pa ramete r s  of the p rocess ,  it was suggested to 
use Eqs. (5)-(7) for an approximate evaluation of the effect of vapor  velocity on the hea t - t r ans fe r  coeffi-  
cient in those cases  when experimental  data are  absent [8]. The re fe rence  here was to the fact that the 
additional effects not taken into account by these equations, mainly the possibility of disturbance of the l am-  
inar flow regime of the liquid film under the effect of perturbations caused by the vapor  flow, should lead 
to an increase  of the intensity of heat t ranspor t  ac ros s  the film, i.e., the pract ical  use of the indicatedequa- 
tions cannot lead to an insufficient value of the requi red  hea t - t r ans fe r  area .  Here it was stipulated that 
the form of Eq. (2) for different conditions requires  cor rec t ion  as new theoret ical  and experimental  data 
appear.  In this connection it is of interest  to examine the resul ts  of an experimental  investigation of the 
condensation of moving Freon-21 vapor  on a horizontal  tube descr ibed in [1]. 

On the basis  of determining the shear  s t r e s s  T by means of Eq. (1), the authors of [1] plotted their  
experimental  values of a / a  s as a function of the product of Irllr2, where 

v U~P"as 

Here v is the l inear  velocity of the t r ansver se  flow. 

Substituting the indicated values of the pa ramete r s  v 1 and v2, we obtain that 

v U~P"as a{} Ucts 
J'glg2 = U kpg r ~pg ~ IIN" 

The authors of [1] presented the experimental  resul ts  only in a graphic form,  but the averaging curve 
(straight line in semilogar i thmic  coordinates) plotted by them through the experimental  points can be de- 
scr ibed by the equation 

a ] a s = t .46 -b 0.104 In IIl~ (8) 

A dependence of the fo rm c~/c~ s =f(HN*) is inconvenient since the argument  I IN.  includes the heat-  
t r ans fe r  coefficient ~ being determined.  To obtain a more  c l ea r -cu t  and convenient dependence of the heat-  
t r ans fe r  coefficient on the vapor  velocity,  we will t r ans fo rm Eq. (8). 
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For  condensation on a horizontal tube the pa rame te r  HN* can be represented  as 

- C t  

IIn* = 0.526 ~ n (9) 

where II is the complex figuring in Eq. (5). Then f rom (8) and (9) we obtain 

e x p  [9.62 (~/c~ s - -  t)]  
- -  II ~ ( 1 0 )  0.526 alas 

Equation (10) is presented in a graphic fo rm in Fig. 1 (curve 3) and in log-log coordinates in Fig. 2. 
If we replace the curve in Fig. 2 by a broken line with a break at II = 0.1, then with deviations f rom its co r -  
responding values of ~/cx s of not more  than • 1.5~o we can represent  this dependence in the fo rm 

a / a  s -~ i -{-0.62 [I 0.3 when 0.003 ~< II ~0.l (11) 

a/o~ s --1.~.-0.42II ~ whe~ 1.0 ..< II ..< 9 

AS follows f rom a comparison of curves 2 and 3 in Fig. 1 and f rom Eqs. (7) and (11), the experimental  
data of [1] for condensation of Freon-21 vapor agree well with the previously published analogous exper i -  
mental data of the All-Union Institute of Heat Engineering [10] for condensation of water  vapor.  In the r e -  
gion of comparat ively small II they demonstrated a considerably g rea te r  increase  of the hea t - t r ans fe r  co-  
efficient with increase  of vapor velocity than in the theoret ical  calculations, which suggest a purely laminar  
flow of the condensate and take into account the effect of shear  s t r e ss  T only on the thickness of the laminar  
condensate film. 

The experimental  data considered confi rm the presence  of additional effects intensifying heat t r ans -  
port  ac ros s  the condensate film. An additional increase  of the hea t - t r ans fe r  coefficient can be caused by 
a shift in the presence of condensation of the point of separat ion of the boundary l ayer  f rom the surface 
of the cylinder in the direction of the l a rge r  polar  angle reckoned f rom the front cr i t ical  point and by dis-  
turbance of the purely laminar  flow regime of the condensate fi lm with its t ransit ion to a laminar-wave 
regime.  These experimental  data confirm also the validity of using Eqs. (5)-(7) in calculations for con- 
ditions not covered by experimental  investigations, which permit  evaluating the effect of vapor  velocity on 
the hea t - t rans fe r  coefficient with some reduction. 
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