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Resuks are presented of an exper imenta l  investigation of the heat  and mass transfer accompanying con-  
densation of water vapor from vapor-a i r  mixtures with low volumetr ic  vapor contents (go. v -< 2, i%). 
Empirical  formulas are proposed for the heat  transfer coeff icient  and the rate of condensation. 

Analysis of the l imi ted  exper imental  data [1-4] on heat  and mass transfer during vapor condensation from vapor-  

gas mixtures under free convect ion shows that a l l  the experiments were carried out: 

a) at very high vapor contents (minimum volumetric  vapor content ~o. v = 40%); 

b) on horizontal  f lat  surfaces and horizontal  pipes; 

c) at a relat ive humidi ty  of air ~0 = 100~ 

d) at a temperature  of the vapor-a i r  mixture general ly  in excess of 50 ~ C. 

Thus, the conditions in the experiments so far carried out differ markedly  from the typ ica l  conditions of conden-  
sation of water vapor from humid air, character ized by a relat ive humidi ty  of 50-90%,  temperatures up to g o ~  and 
a volumetr ic  vapor content (So.v) of less than a. a %, Accordingly,  we undertook an exper imenta l  investigation of the 
condensation of water vapor from humid air onto a f lat  ver t ica l  surface under natural  convect ion with the re la t ive  humid-  

i ty of the air in the range 50 to 90% and a maximum volumetric  vapor content So. v = 2.1%. A ver t ica l  surface was 

chosen because this is the most common condition of vapor condensation from humid air. 

The exper imenta l  heat  exchanger (Fig. 1) consisted of a ver t ica l  me ta l  box 1000 mm in height  and 410 mm wide. 
The hea t - rece iv ing  surface, made of copper sheet 5 mm thick, was careful ly  polished to min imize  radiat ive heat  trans- 

fer, and degreased and aged to ensure wettabi l i ty .  

Cooling water flowed through a s l i t - l ike  channel,  in-  

side thickness 5 ram, divided ver t ica l ly  into four equal com-  
partments by three baffles, which also acted as mixers. 

After each mixer  a thermocouple was placed in the 
flow of cooling water to measure the cooling water t emper -  
ature over the height of the heat  exchanger. In addition, 
thermocouples measured the temperature of the cooling 

water at the entrance to and exit  from the exper imenta l  
zone. The cooling water  flow rate was determined by a 
gravimetr ic  method,  and its temperature  was regulated by a 
thermostat.  The cooling water was supplied and flowed away 
through an evenly distributed series of openings 1.5 mm in 

d iameter ,  in order to obtain a more uniform distribution of 
the cooling water over the width of the heat  exchanger. To 
the underside of the exper imenta l  condenser we soldered a 
sloping gutter, which served to col lec t  condensate draining 
from the heat  exchange surface. The mean  temperature  of 
the condensate was measured by a thermocouple,  and the 
flow rate by a gravimetr ic  method. The temperature  of the 
hea t - r ece iv ing  surface was determined over the height and 
width of the plate at eight points. The exper imenta l  heat  
exchanger-condenser  was careful ly  insulated. Heat losses 
through the insulation were determined by specia l  ca l ib ra -  
tion. 

To obtain the prescribed temperature  and humidi ty  in 
in the bulk of the mixture,  the exper imenta l  heat  exchanger 

was arranged in a closed space, The distance between the 
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Fig. 1. Diagram of exper imenta l  apparatus: 1) heat  ex-  

changer; 2) mixer;  3,4) thermocouples for measuring 

cooling water  temperature ;  8) condensate col lector ;  
6) thermocouple  for measuring condensate temperature;  

7) humidif ier ;  8) water heater ;  9) heat ing e lement ;  

10) thermocouples for measuring air temperature  
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working surface of the condenser and the opposite wal l  was chosen so that the boundary layers near the surface of the 
condenser and near the wall  did not exert any influence on each other or on the progress of free convection between 
them. The surface of the walls facing the working surface 
of the exper imenta l  condenser had aluminum foi l  stuck to 
them to min imize  radiat ive heat  exchange between these 
walls and the surface of the condenser. A humidifier ,  f i l led 
with water, was placed beneath the exper imenta l  chamber, 
Air was humidif ied partly by passage over the water and 
partly by being bubbled through it. The water was heated 
by means of an e lec t r ic  heater  mounted in the humidifier .  
The air was heated by means of a heat ing e lement  and 
bubbled through the water by means of a blower. The quan- 
t i ty  of air supplied was regulated in accordance with the 
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Fig, 2. Experimental  data on heat  transfer 

required humidi ty  in the working space. The temperature  and par t ia l  pressure fields in the boundary layer and in the 
working space were measured by means of movable ,  connected thermocouples,  d iameter  0.1 mm,  located at three 
equidistant points over the height of the plate. The connected thermocouples were constructed as follows. To the end 
of a coordinate- regulat ing tube we soldered three holders, spaced 40 m m  apart, on which were mounted two copper-  
constantan thermocouples a l l  in a l ine and para l le l  to the plate. One thermocouple  served as a wet bulb thermometer  
and was wrapped in thin f i l ter  paper, to which dist i l led water was fed. The thermocouples were moved by a micromet-  
er screw. 

The average heat  transfer coefficient  over the plate was ca lcula ted  from the formula: 

a v  
a = Q / ( t  h - t  w ) F .  

The quantity of heat  Q includes the heat  that went into the cooling of the air in the boundary layer  and the heat  

given out on condensation of the vapor. It is determined from the flow of cooling water  and the difference in its en-  
Sg tU ~ , ~ thalpy on entering and leaving the exper imenta l  condenser. 

$r~- " / '  In determining Q a correction was introduced for the 
I ~ "  inflow (or loss) of heat  through the insulation, for which a 

40 / Z  prel iminary ca l ibra t ion  was spec ia l ly  made ,  and for radia-  
8 / /  t ion, which, because of the precautions taken,  did not ex-  

70 o , /  ceed 1% of the to ta l  quantity of heat. 

. ~ / ~ /  The temperature  of the  humid air outside the l imits of 20 
% o ~0 the boundary layer was taken as the mean  of the thermo-  

~ " ~ ' o  couple readings, The max imum difference between these 

Qg 0 t.7 t.5 /.7 t9 S o . v  readings was 0.5~ 

Fig. 3. Experimental  data on rate of The mean temperature  of the hea t - r ece iv ing  surface 
condensation t~  v was already averaged by the thermocouples applied to 

the surface of the condenser. 

In the experiments the basic parameters that  de termine  heat  and mass transfer  during condensation of water vapor 

from humid air under free convection conditions were varied over the ranges: tempera ture  of humid air t h = 8-30 ~ C: 
re la t ive  humidi ty  of air ~0 = 50-90%; temperature  difference a i r -wal l  At = 7-25"  C, volumetr ic  vapor content of hu-  

mid air So, v = PPs /Ph  = 0.8-2.1%; Grashof number Gr = (0.8-3.5) X 10 9 . 

From an analysis of the exper imenta l  data empi r i ca l  relations were obta ined.  In specific cases, these permit  the 

ca lcula t ion  of the heat  transfer coeff ic ient  to the surface (1) and the rate of condensation (2) 

Nu --= 0.16 Gr ~ exp (0,45 So. v ), (1) 

S g = 8 .5 .  !0-SGr~ v , (2) 
k 

where Sg = gk / / D p P  h character izes  the rate of condensation;:  

DP = 7 " 9 2 X  10-2 ( t h + 2 7 3  )1,75 1 
273 Rv(th+273) 

and is the molecular  diffusion coeff ic ient  of water vapor in air ( m / h r ) .  

The character is t ic  dimension l appearing in equations (1) and (2) is assumed to be the height of the working sur- 
= t av- {ace. The physical parameters of the humid air were taken as t T 0. 5(t h + w )" 
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In Fig. 2 the experimental heat transfer data and the empirical relation (1) are compared. The mean square 
deviation of the experimental points from the average curve is 4-20%, 

The experimental mass transfer data (rate of condensation) are compared with the empirical relation (2) in Fig. 
3. The mean square deviation of the experimental data from the mean curve is ~25%. 

NOTATION 

Ps - saturation vapor pressure of water at temperature of humid air; Ph - pressure of humid air (atmospheric 
pressure); gk - rate of condensation (kg �9 m ' 2 .  hr-1 ); Rv - gas constant for water vapor; t T - - m e a n  temperature o f  
boundary l aye r .  
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