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A study has been made concerning the ef fec t  of the condensat ion mode in a fo rced  s t r e a m  of 
humid a i r  on the p r o c e s s e s  of heat  and m a s s  t r a n s f e r  in n a r r o w  channels.  

Depending on the condition of the condensat ion sur face  (wettable or  unwettable),  during the condensa-  
tion of vapor  on a cooled sur face ,  the liquid phase  will f o r m  e i the r  as  a f i lm o r  a s  d i sc re t e  droplets .  

During the condensat ion of vapor  which is  "pure"  or  has  sma l l  admix tu re s  of an ine r t  gas ,  the mode 
of condensat ion de t e rmines  the ra te  of heat  t r ans f e r .  In the case  of "pure"  vapor ,  as  has been found by 
many  r e s e a r c h e r s  [1], the heat  t r a n s f e r  coeff icient  is  by one o r d e r  of magnitude higher  in the drople t  mode 
than in the f i lm mode of condensation. 

So far ,  however ,  the mode of vapor  condensat ion f r o m  a s t r e a m  of humid a i r  in n a r r o w  channels  and 
i t s  effect  on the p r o c e s s e s  of heat  and m a s s  t r a n s f e r  have not yet  been explained. 

Resu l t s  of s tudies  concerning the p r o c e s s e s  of heat  and m a s s  t r a n s f e r  during drople t  condensat ion of 
vapor  f r o m  humid a i r  a r e  shown in Fig. 1, for  the case  of a slot  channel  with a r ec t angu la r  c r o s s  sect ion 
and a dis tance between p l a t e s  h = 1,5, 3.0, o r  8.0 ram. In o r d e r  to ensure  drople t  condensation,  the s u r -  
f aces  of  copper  p l a t e s  were  f i r s t  t r ea t ed  mechan ica l ly  (polished to a V7 finish) and then exposed  to contact  
with wa te r  for  3-4 days. The copper  p la t e s  thus became  cove red  with an oxide f i lm, which nmde them un- 
wettable.  In al l  subsequent  t es t s ,  d rople t  condensat ion o c c u r r e d  on these p la t e s  (Fig. 2). The condensa-  
tion t rends  were  o b s e r v e d  and the condensat ion su r f ace s  were  photographed through a l a t e r a l  wall of the 
channel made of ac ry l i c  g lass .  

The channel was i l luminated through the opposite wall  with a co l l imated  light beam.  
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The test procedure and the test conditions have been described earlier in [3, 4]. 

Film condensation was seen only on nonoxidized and thoroughly degreased surfaces. A very thin 
film was seen on the upper and on the lower plate, moving in the direction of the stream. According 
data, the mass transfer rate is lower during film condensation than during droplet condensation. 

Test values of the vapor flow rate are shown in Fig. 1 as a function of the difference between partial 
vapor  p r e s s u r e  in a i r  and sa tura t ion  p r e s s u r e  at  the plate  sur face  t empe ra tu r e .  The cu rves  he re  approx i -  
mate  the t e s t  points  obtained for  droplet  condensat ion f r o m  humid a i r .  

Accord ing  to the d iagram,  the vapor  flow ra te  i s  lower  (by up to !5%) during f i lm condensat ion than 
during drople t  condensation.  The ra te  of convect ion i s  ins ignif icant ly  lower  during f i lm condensation 
than during drople t  condensation. 

The lower  r a t e s  of heat  t r a n s f e r  and m a s s  t r a n s f e r  during f i lm condensat ion a re  explained by the fac t  
that the liquid f i lm of condensate  on the plate  su r f aces  p roduces  a t h e r m a l  r e s i s t a n c e  to both heat  and m a s s  
t r ans fe r .  
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Fig. 1 Fig. 2 

Fig. i. Vapor flow rate as a function of the partial-pressure difference (PV--Ps), 
for (a) droplet condensation and (b) film condensation of vapor from a humid air: 
Re = 2010 (1), 1060 (2), 790 (3), 480 (4). 

Fig. 2. Photographs of plate surfaces with droplet condensation of vapor in the 
channel: width h = 5 mm and PmixW~x/2 = 5 (a), 25 (b), 105 (c), 180 (d). 

o,2 

Therefore ,  a hydrophobic surface is most  favorable to a maximum rate of heat t r ans fe r  during the 
condensation of vapor  f rom a forced s t r eam of vapo r - a i r  mixture.  

Droplet  condensation was also seen on a rough oxidized duralumin surface,  but with a wetting angle 
somewhat smal le r  than in the case of a polished copper  plate. 

During the tes ts  we t racked the t read  of droplet  format ion on, buildup on, and drain f rom the plate 
surface,  at var ious  orientat ions of the heat exchanger  in the gravitat ional  field. 

It was noted, thus, that a p a r t i a l - p r e s s u r e  difference (Pv- -Ps )  < 400 N /m 2 there occur red  no vapor  
condensation. It was sufficient to produce on the plate sur faces  large droplets f i rs t ,  however, to have vapor 
condensation occur  then at the same p a r t i a l - p r e s s u r e  difference. 

This could be explained as follows. The condensation p roce s s  was seen to be t r iggered  by the f o r m a -  
tion of v e r y  small  droplets  on dry sur faces  of the plate. Since the p r e s s u r e  above a droplet  was higher than 
the p r e s s u r e  above a fiat surface,  hence the difference between par t ia l  vapor p r e s s u r e  in the s t r eam and 
saturat ion vapor p r e s s u r e  above a forming droplet  (PV--Pr)  was the massmot ive  potential. The value of 
P r  follows f rom the equation 

2crp 
Pr - -  Pf = 

R (r,~ --  p) (1) 

If PV ~ Pr ,  therefore ,  then condensation will not occur  at all -- as  has also been noted in our tes t s .  

The magnitude of the p a r t i a l - p r e s s u r e  difference (PV--Ps) at which condensation will not occur  on a 
hydrophobic surface depends on the surface condition, on the kind of liquid, etc. 

The observed  t rend of the condensation p r o c e s s  at var ious  veloci t ies  of the humid a i r  s t r eam through 
the h = 5 m m  wide channel indicates that, as  the veloci ty  head of the a i r  inc reases ,  the condensate droplets  
on the plate surface decrease  in size before they are  ca r r i ed  away by the s t ream. 

Photographs  of the horizontal  sur faces  are  shown in Fig. 2 for var ious  values of the veloci ty head: 
the upper plate (Fig. 2a) and the lower plate (Fig. 2b, c, d) of a heat exchanger.  Approximate m e a s u r e -  
ments  of the droplet  dimensions have shown that, as  the veloci ty head decreases  f rom 160 to 1 N/m 2, the 
maximum droplet dimension (at the contact  between a droplet  and the solid surface) inc reases  f rom 1.5 to 
8.0 mm. The condensate droplets  are  drained f rom the lower surface while the velocity head exceeds 5 
N /m 2 at the upper surface of the horizontal  heat exchanger.  Only when the veloci ty  head is less  than 5 N/m 2 
do some l a rge r  droplets  fall f rom the upper surface,  due to their  weight, and are ca r r i ed  away by the 
s t r e a m  along the lower surface.  

A se r i e s  of tes ts  pe r fo rmed  with ver t ica l  p la tes  has shown that the rate of vapor condensation f rom an 
a i r  s t r eam is somewhat higher than in the case of horizontal  plates.  A ver t ica l  a r rangement  of plates  may 
be cons idered  preferable  to a horizontal  a r r angement  for  attaining maximum coefficients of heat and mass  
t r ans fe r  in na r row channels. 
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Fig. 3. Hydraul ic  d rag  in a two-phase  
s t r e a m  (h2~p) through n a r r o w  channels:  
h = 1.5 m m  (1), 3.0 m m  (2), 5.0 m m  
(3), 8.0 m m  (4). 

The m e a s u r e m e n t s  included also hydraul ic  p r e s s u r e  lo s ses  during drople t  condensation of vapor  f r o m  
an a i r  s t r eam.  

The hydraul ic  l o s s e s  in a two-phase  s t r e a m  through a channel cons i s t  of s e v e r a l  components:  f A c -  
tion loss  at  the in te rphase  boundary,  loss  on drople t  separa t ion  f r o m  the condensat ion sur face ,  and loss  on 
drople t  acce le ra t ion .  

By analogy to a one-phase  s t r e a m ,  the hydraul ic  p r e s s u r e  l o s s e s  were  ca lcula ted  here  accord ing  to 
the fo rmula  

AP = ~2~oPnai~" l mix 
h ' (2) 

where )~2(p denotes the d rag  coeff icient  for  the two-phase  s t r eam.  

The tes t  data on the d rag  coeff icient  a re  shown in Fig. 3 as  a function of the Reynolds number .  These 
data fit  the curve 

69 
) ~ 2 q  . . . . . . . .  . 

Remi x (3) 

The dashed line in Fig. 3 r e p r e s e n t s  the hydraul ic  p r e s s u r e  lo s ses  during a fo rced  flow of d ry  a i r .  

The tes t  data were  evalua ted  on the bas i s  of the dis tance between p la t e s  as the c h a r a c t e r i s t i c  d imen-  
sion. The t e m p e r a t u r e  of the v a p o r - a i r  mix ture  at  the ent rance  to the heat  exchanger  was r e g a r d e d  as  the 
governing  t empe ra tu r e .  

During drople t  condensat ion of vapor  f r o m  a humid a i r  s t r e a m  through a n a r r o w  channel, accord ing  
to these data, the hydraul ic  p r e s s u r e  l o s s e s  a re  much higher  than in a one-phase  s t r e am.  
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NOTA TION 

pa r t i a l  p r e s s u r e  of vapor  in a i r ;  
sa tura t ion  p r e s s u r e  of vapor  at  the plate  sur face  t e m p e r a t u r e ;  
pa r t i a l  p r e s s u r e  of vapor  above the droplet  sur face ;  
pa r t i a l  p r e s s u r e  of vapor  above the fiat  sur face ;  
densi ty of humid a i r  at  the heat  exchanger  en t rance ;  
ve loci ty  of humid a i r  at the heat  exchanger  en t rance ;  
length of channel; 
Reynolds number ;  
dynamic v i scos i ty  of the v a p o r - a i r  mixture ;  
sur face  tension in a droplet ;  
radius  of a droplet ;  
densi ty  of sa tu ra ted  vapor;  
densi ty  of liquid. 
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