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A function is desc r ibed  which sa t i s fac to r i ly  genera l i zes  expe r imen ta l  data on heat  t r a n s f e r  
in wa te r  vapor  condensation within ve r t i ca l  s tee l  tubes for  var ious  hydrodynamic  flow modes  
of the condensate f i lm.  

Current ly  exist ing fo rmu la s  for  de te rmina t ion  of heat  t r a n s f e r  coeff icients  for  condensation within 
tubes a r e  few in number  and cont radic tory .  There  a r e  a number  of r ea sons  for  this situation, one being 
that in condensation in a tube of vapor  moving at  va r iab le  veloci ty s e v e r a l  dif ferent  flow modes  of conden- 
sate  f i lm,  exis t ing s imul taneously  within the tube, mus t  be  dealt  with (turbulent, under  the act ion of vapor  
v i scos i ty  fo rces  at  the condensate su r face ;  l amina r ,  under  the act ion of the force  of gravi ty ,  and o the rsL  
The combination of such condensate flow modes  in the tube will de te rmine  the value of the mean heat  t r a n s -  
f e r  coeff icient .  

In o rde r  to inves t igate  the effect  of these  var ious  fac to r s  on the mean  heat  t r a n s f e r  coeff icient  and to 
obtain analyt ical  exp res s ions ,  expe r imen t s  were  p e r f o r m e d  on condensation of sa tu ra ted  wa te r  vapor  within 
ve r t i ca l  tubes of Khl8N10T s ta in less  s teel .  

The p a r a m e t e r s  var ied  during the expe r imen t s  were :  specif ic  t he rma l  flux ~, p r e s s u r e  of condens-  
ing vapor  P, in te rna l  d i ame te r  of tube d, and tube length L. These  p a r a m e t e r s  had the following values:  

= ( 1 9 - 8 2 0 ) - 1 0 3 w / m 2 ;  P = 8 ,  29.4, 49, and 69 ba r ;  d = 1 0 ,  19.3, 2 0 . 3 m m ;  L = 1 . 5 ,  3 m .  The e x p e r i -  
ments  were  p e r f o r m e d  with p rac t i ca l ly  comple te  condensat ion of water  within the tube. They pe rmi t t ed  
de te rmina t ion  of the mean  coeff ic ient  of heat  t r a n s f e r  for  condensation ff as  a function of the p a r a m e t e r s  
q, P, d, L.  However ,  i t  was not poss ib le  to genera l ize  the exper imenta l  data using any fo rmutas  ava i l -  
able in the l i t e r a tu re .  This  is because  in the t radi t ional  fo rm of p r o c e s s i n g  of expe r imen ta l  data on vapor  
condensat ion in tubes the curve  of the function 

Nu = f (Re f ,  Ga, Pr, - ~ - )  

has  a min imum,  s i m i l a r  to that obtained in condensat ion of an immobi le  vapor  on a ve r t i ca l  wall with 
mixed condensate f i lm flow (upward, l aminar ;  downward: turbulent).  F o r  tubes of differing d i a m e t e r s  
the inflection point of the curve  occurs  a t  dif ferent  Ref.  This makes  genera l iza t ion  of expe r imen ta l  data 
and development  of fo rmulas  for  computat ion difficult .  

We offer  now a new function for  p r o c e s s i n g  of expe r imen ta l  data on heat t r a n s f e r  in condensation of 
a vapor  moving in a tube, with f o r m  

NUo = f (Fr0Ga~/a P r ' )  
Pr" ' (1) 

where  

~t uz~ ~te0 ~ 
Nu~176 = ~,' gl  ~ ~," g " 
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Fig.  1. Nu 0 as a funct ionof  (Fr0Ga l/a) 
" P r ' / P r " :  I) au tho r s '  data; 2) data 
of  [1]. 

This function is  super io r  to o thers  in the l i t e ra tu re  
because  it may be used not only to genera l ize  exper imen ta l  
data on vapor  condensat ion in tubes,  but to genera te  a single 
e m p i r i c a l  fo rmula  for  de terminat ion  of heat t r an s f e r  coeff i -  
c ient  ove r  a wide range  of p a r a m e t e r  values .  P r o c e s s i n g  
of the expe r imen ta l  data in the coordinates  of Eq. (1) is de-  
picted in Fig.  1, where  points indicate the resu l t s  of the 
wa te r  vapor  condensation exper imen t s  p e r f o r m e d  by  the 
authors .  F o r  compar i son ,  Fig. 1 a lso  shows data obtained 
in [1] for  comple te  condensation of water  vapor  at  a p r e s -  
sure  P = 9.8-88 b a r  within ve r t i ca l  s teel  tubes,  d = 10 mm,  
L = 2 . 2 ,  3 . 2 m .  

As is  evident f rom Fig. 1, the points all  group well about 
a single smooth curve ,  with sca t t e r ing  not exceeding +30%. 
The genera l ized  curve  is  descr ibed  by the function 

where  

Nu o = 0.1 ~/ 7A l'r _,~_ 0.2A2,S, 

Pr' W~ ( )~/a Pr' 
A = Fr oGa l/a Pr" g -~g~ Pr" " 

F o r  low superheat ing,  the ra t io  P r ' / P r "  may be rep laced  by the express ion  (~,/~,,)1/2, which a l so  
genera l i zes  the expe r imen ta l  data.  

g 
1 
yT 

~'  and ~" 
T '  and y "  
X, 

r 
Wo 

Ga = g l 3 / v ' 2 ;  
F r  o = W~/gZ;  
W 0 = 4 ~ L / r T ' d .  

N O T A T I O N  

is the mean  heat  t r a n s f e r  coefficient  for  condensat ion of moving vapor  in the tube; 
is the acce l e ra t ion  of gravi ty ;  
is the c h a r a c t e r i s t i c  l inear  m e a s u r e  in s imi l a r i t y  numbers ;  
is the coefficient  of the k inemat ic  v i scos i ty  of the condensate;  
a r e  the coeff ic ients  of dynamic  v i scos i ty  of the condensate  and vapor;  
a r e  the specif ic  weights  of the condensate  and vapor ;  
is the coeff icient  of t h e r m a l  conductivity of the condensate;  
is the heat  of the phase  t rans i t ion;  
is  the c o r r e c t e d  condensate  veloci ty at  the tube output section; 
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