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The results  of an experimental  investigation of heat and mass  t r ans fe r  during condensation 
of water  vapor in narrow channels at p r e s su re s  P = (0.133-1.0) �9 105 N/m 2 and velocities of 
the moist  gas Vmi x = (0.5-10) m / s e c  are  presented.  

During cooling of a moving v a p o r - g a s  mixture in channels the total heat flux to the wall is composed 
of the heat flux due to convective heat t r ans fe r  and the heat flux due to condensation of vapor.  This sepa-  
ration of the total heat flux into individual components is purely a r b i t r a r y  and permits  a considerable s im-  
plification of the analysis  of heat and mass  t r ans fe r  p r o c e s s e s .  In real i ty heat and mass  t r ans fe r  pro-  
cesses  occur  s iumltaneousiy and have a mutual effect on each other. 

The rate of condensation during cooling of a v a p o r - a i r  mixture is determined in the general  case by 
diffusion of vapor to the condensation surface,  by heat t r ans fe r  between the v a p o r - g a s  mixture and con- 
densate film, and the hydrodynamic conditions of the flow of the v a p o r - g a s  mixture and condensate.  The 
presence  of a i r  in the v a p o r -  gas mixture s t rongly affects the process  of vapor condensation. The layer  
formed at the condensation surface with a high concentrat ion of a i r  in compar ison with the flow core is the 
main res is tance for diffusion of water  vapor. 

So far  heat and mass  t r ans fe r  p rocesses  during condensation of vapor f rom moving v a p o r - g a s  mix- 
tures  have been studied little. Relations of calculating the average heat-  and m a s s - t r a n s f e r  coefficients 
over  the length of the channels in a narrow range of variat ion of the principal pa ramete r s  are  presented 
mainly [1-5]. As the resul t  of our investigation show, the intensity of heat and mass  t r ans f e r  over  the 
length of channels var ies  considerably.  

The purpose of the present  investigations was to obtain reliable experimental  data for calculating 
heat and mass  t r ans f e rdu r ing  cooling of a v a p o r - a i r  mixture in narrow channels for a wide range of va r i -  
ation of velocit ies,  p re s su res ,  and mois ture  contents. The data obtained are  especia l ly  important  for 
planning compact  heat-exchange apparatus .  

The experiments  were conducted on an experimental  device whose basic scheme is given in [6]. We 
additionally connected to this device a s team del ivery sys tem at the inlet to the experimental  heat exchanger  
and at its outlet we installed a moisture  separa to r  with a measur ing  vesse l  for collecting the condensate. 
The required quantity of vapor was delivered to the heat exchanger  f rom an e lectr ic  s team tank with an ad- 
justable s team output. The s team tank was installed on a VTK-500 balance with a 0.1 g scale value and 
connected by a flexible rubber  tube with the a i r  del ivery line to the heat exchanger.  The vapor flow rate 
was determined by the change of weight of water  in the s team tank during steady vaporizat ion.  The mois -  
ture content of the mixture was constant  while measur ing  the vapor flow rate.  By calibration we introduced 
the appropriate  cor rec t ion  taking into account the effect of the flexible connection on the readings of the 
balance.  

The e r r o r  of measur ing  the pe r - second  vapor flow rate with considerat ion of the e r r o r  of measur ing  
the humidity of the a i r  entering from the a tmosphere  was not more  than 7%. 

The experiments  were conducted on heat exchangers  made up from identical copper  tubes with inside 
d iameters  of 3, 4, and 6 mm. To determine the change of the average values of the heat-  and m a s s - t r a n s f e r  
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Fig. 1. Generalized relation Nu/(l/d) -~ "2s = f(Re) for mass  
t r ans fe r  (a) and relation Nu = f ire)  for convective heat t r ans f e r  
(without considerat ion of mass  t ransfer)  (b). 

coefficients over the length of the channels, we used heat exchangers  with a different length of the channels 

(//d =40, 75, 95, 145, and 200). 

In conducting the experiments  the regime pa ramete r s  of the mixture were varied with the following 
range: tempera ture  of moist  a i r  tmi x = 20-60~ a i r - w a l l m e a n  tempera ture  difference At = 11-50~ 
volume content of vapor in moist  a i r  

e Pv 0.05 to 0.5; 

Reynolds number 

Re -- (VmixPmix) d 100 to 2400. 
~lmix 

The total hea t - t r ans fe r  coefficient during cooling of the v a p o r - a i r  mixture can be calculated f romthe  

equation 

r __-- ac ~_ ~d r Pv--Pw 
~ - t w  

The convective component of the total hea t - t r ans fe r  coefficient c~ c, just  as for heat t r ans fe r  of "dry" gas, 
was calculated f rom the difference of enthalpies of the a i r  between the inlet and outlet of the heat exchanger.  
As a resul t  of t reat ing and analyzing the experimental  data the process  of heat and mass  t r ans f e rdu r ing  
cooling of a v a p o r - a i r  mixture in narrow channels can be descr ibed by the equations: 

for convective heat t r ans fe r  

Nu = 0.12 Re~ 

for mass  t r ans f e r  

Ol07Re~176 ~ l  -0,5 NUD= . 

All physical  quantities figuring in the Nusselt and Reynolds numbers  were determined from the param-  
e ters  of the v a p o r - a i r  mixture at the inlet of the experimental  heat exchanger.  

The data obtained show that the mass  flow directed perpendicular  to the main direct ion of motion in- 
tensifies considerably convective heat and mass  t ransfer .  For  the t r ansver se  vapor flows that occurred  
in the experiments  (g < 2.0 �9 10 -2 kg /m 2 �9 the hea t - t r ans fe r  coefficient, as we see from Fig. 1, is con- 
s iderably higher (by about 50%) than the hea t - t r ans fe r  coefficient during cooling of "dry" a i r  [6]. 

We also see from the experimental  data that the intensity of mass  t r ans fe r  depends on the velocity of 
forced motion to a g rea te r  degree than the intensity of heat t ransfer ,  i .e . ,  in our case a complete analogy 
is not observed between the p rocesses  of heat and mass  t rans fe r .  

The intensity of mass  t r ans fe r  increases  considerably with a decrease  of the total p ressu re  of the 
v a p o r -  a i r  mixture. 
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Experiments  conducted at different relative lengths of the channels enabled us to establish the depen- 
dence of heat and mass  t r ans f e r  on the length of the channels. With a decrease  of the length of the channels 
an intense increase  of heat and mass  t r ans fe r  is observed.  This marked increase  of heat and)mass  t rans -  
fer  can be explained by the considerable drop of the part ial  p ressu re  at the initial section of the channels. 
Asthe v a p o r - a i r  mixture advances over the channel length the res is tance increases ,  preventing condensa- 
tion of the vapor  both due to an increase  of a i r  concentrat ion near  the condensation surface and due to a 
decrease  of the part ial  p re s su re  gradient between the flow core  and the condensation surface.  

The cha rac t e r  of condensation of the vapor f rom the moving v a p o r - a i r  mixture also has a consider-  
able effect on heat and mass  t rans fe r .  A visual observation of condensation in sma l l -d i ame te r  glass tubes 
showed that for all reg imes  that occur red  in the experiments  dropwise condensation was observed,  which 
is confirmed also in [4, 5, 7]. During condensation of vapor f rom the v a p o r - a i r  mixture in channels individ- 
ual drops form on the walls, which on reaching a cer ta in  size a re  removed as individual s t r eams  under 
the effect of the dynamic head of the flow. With an increase  of the flow velocity the size of the condensate 
drops,  which remain s ta t ionary on the surface for a cer ta in  t ime, dec reases .  At flow velocit ies at the in- 
let g rea te r  than 5 m / s e c  their  part ial  separat ion from the condensation surface and removal  into the flow 
core ,  as well as fractionation into smal le r  parts  along the course  of the flow, a re  observed.  

The aforesa id  permits  the assumption that in the general  case during cooling of a v a p o r - a i r  mixture 
the intensity of the process  is affected also by iuterphase heat and mass  t r ans fe r  between the condensate 
drops and v a p o r -  a i r  mixture. 

Comparing our data with the data in [7] obtained inan investigation of cooling of a v a p o r - a i r  mixture 
at a tmospher ic  p ressu re  in slit channels for the laminar  flow region, we see that the heat- and m a s s - t r a n s -  
fer  coefficients obtained from our experimental  data are  considerably lower than in [7]. The lower results  
in this case can be explained by the absence of developed free convection in narrow channels, which under 
the experimental  conditions of the author of [7] had a considerable effect on heat and mass  t rans fe r .  

Pv '  Pmix 
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Umix, Pmix, ~mix 

N O T A T I O N  

Nu D = fldd/D d 
D d =2.11 [(tmi x +273)/273 t.82] [1/(Pmix Rv (tmi x +273)] 
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a r e the  partial  p re s su res  of vapor and mixture,  
respective ly; 
is the part ial  p ressu re  of vapor at  wall temp- 
e rature;  
is the specific heat of condensation; 
is the m a s s - t r a n s f e r  coefficient re fe r red  to 
difference of part ial  p ressure ;  
is a complex taking into account the mola r  flux 
of mater ia l ;  
a re  the velocity, density, and dynamic visco-  
si ty coefficient of the v a p o r - a i r  mixture, re-  
spective Iy; 
is the diffusion Nusselt number; 
is the coefficient of molecular  diffusion of 
water  vapor into the air ;  
is the tempera ture  of the mixture at the inlet 
of the heat exchanger;  
is the vapor constant of vapor; 
is the length and d iameter  of the channel, re-  
spective ly. 
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