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Results of experimental investigation of cooling of saturated mixtures are described. On 
the basis of these are derived relationships for calculating the complete quantity of trans- 
ferred heat by means of modified equations of heat and mass exchange. 

In cooling of a saturated v a p o r - g a s  mixture the t rans fe r  of heat is dependent on both "dry" cooling 
and condensation of vapors,  in which its quantitative proport ion depends on the t empera tu re  of the mixture .  

The coefficient of heat t rans fe r ,  calculated f rom the heat of condensation, depends on the t empera -  
ture of the mixture .  At tmi x = 40 to 80~ the basic  quantity of heat (80-95~) is t r ans fe r r ed  by condensa-  
tion, and hence together with calculat ion for heat exchange it is possible to calculate the process  for  mass  
exchange. 

It is shown in [3] that it is useful to c a r r y  out calculation of the total quanti ty  of heat rejected by cool-  
ing of a sa tura ted  mixture  using modified equations of heat and mass  exchange which have the fol lowingform: 
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in calculating heat exchange 

in calculating mass exchange 

* = C~ReGReli I -t- PrD . (2) 

In calculating (I}, additional heat of mass exchange is 
taken into account by the second component in the brackets 
(sKPle) , and in the equation (2) the magnitude (I/~XPmle) 

takes into account the additional heat of dry cooling. 

The advantage of equation (2) is that the magnitude 
of the correction factor in the brackets depends signifi- 
cantly less on the temperature of the mixture. Hence by 
varying the temperature from 80 to 30~ the magnitude 
(i + ~Xme ) varies from 20.1 to 3.2 while the value of (I +[I 
/~}~4me])varies f rom 1.052 to 1.34. 

The experimental investigation was car r ied  out in 
o rde r  to verify the possibil i ty of describing the p rocesses  
of heat and mass exchange in cooling of saturated mixtures 
by means of equations (i), and (2). 

The experimental apparatus had a column of diameter 
1100mm, filled with Raschig rings of dimensions 25 x 25 
x 3 ram. The column was separated into a lower and upper 
part in each of which were arranged spray collectors. The 
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Fig.  2. C o m p a r i s o n  of. expe r imen ta l  data Of heat  exchange in cooling of sa tu ra ted  mix tu res :  a) p{' = 0.5 
a t m o s p h e r e s ,  b) 0.4, c) 0.3; 1) data  f r o m  the presen t  work, 2) data  [1]. 3) data [3]. 

Fig.  3. Compar i son  of data  of m a s s  exchange in cooling of sa tu ra ted  mix tu r e s  1) Xme = 0.05 to 0.06, 2) 
Xme = 0.18 to 0.30; a) data of the p resen t  work ,  b) data [3]. 

TABLE 1. Design Data of the Expe r imen ta l  Appara tus  and the E x -  
pe r imen ta l  Conditions 

Dimension of 
Diametercolumn, mm~ the the packing, 

mm 

300 

257 
Ii00 

Gas flow rate, 
m/see 

0,15--0,70 

0,4--1,13 
0,19--0,81 

Raschig 
rings 
25X25X3 
25X25X3 
25X25X3 

)emity of sprin. 
kling, mS/m a. 

t Initial moisture 
Height of pack Temperature of , content, kg/Nm 3 
ing layer, mm / the mixture, ~ of dry gas 

750--1000 

750--1000 
5O0 

50--80 

51--90 
55--83 

0,10--0,75 

0,10--1,7 
0,tl--0,905 

Re G Reli Literature 
reference 

5--25 

16--32 
5,0--5,15 

200--800 

550--1 i00 
150--550 

50--350 

150--200 
60--60 

[11 

[2] 
Present work 

lower  pa r t  of the column,which was sp rayed  with hot wa te r  at the t e m p e r a t u r e  of the wet t h e r m o m e t e r ,  was 
used to p r e p a r e  the gaseous  mix tu re  which is sa tura ted  with water  vapor .  The mo i s tu r e  content is r egu-  
lated by the water  t e m p e r a t u r e .  The sa tu ra ted  mix tu re  was admit ted to the upper  par t  of the column where  
the condensat ion of the vapors  of cold water  was ca r r i ed  out. 

The basic dimensions of the experimental apparatus and the experimental conditions are given in 
Table 1. 

Experimental results of the heat transfer are shown in Fig. i. 

The data obtained were processed by means of the equation (1) and generalized by the formula 

NU* 0-102De~176 1 + ~-~meJ" �9 " c (3) 

Analogous data for mass transfer are described by the equation 
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Nu5 = 0.15 Re;  z 1 + b.9.i0_  .0 0 j. 
5 z t m e  / 

The equations (3) and (4) a re  obtained by the density of spr inkl ing  which is L = 5 m 3 / m  2 ~h. 

Compar i son  of expe r imen ta l  data for  heat  and m a s s  t r a n s f e r  obtained in the p resen t  work with those 
of [1, 2] is  shown in F igs .  2, and 3. Here  c o m p a r i s o n  data were  reduced to unit spr inkl ing by means  of a 
co r r ec t i on  f ac to r  (2). 

The observed  d i sc repancy  between exper imenta l  data [1] and the presen t  work is explained by two c i r -  
eumstanees :  the f i r s t  is the higher  eff iciency of the dis t r ibut ion of the liquid by s p r a y e r s  in re la t ion  to jet 
spr inkl ing which was used in expe r imen t s  [1]; the second is that with a slightly lower  depth of the l aye r  of 
the packing the p roce s s  of the heat  exchange in the au thor ' s  expe r imen t s  included cooling of a r i c h e r  m i x -  
ture  of vapor .  

Data fo r  heat  and m a s s  exchange in cooling of sa tu ra ted  mix tu re s ,  obtained in the work [31, a r e p t a c e d  
on the graphs  cons iderably  higher  (2-3 t imes)  than those of [11 and of the presen t  work. So significant  a 
d i sc repancy  between exper imen ta l  data can be explained by the fact that in the work [3] higher  loading of gas 
and liquid was observed,  (ReG = 600to1100,  Rel i=  400 to 600), and the r eg ime  was a lmos t  emuls i f ied .  
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N O T A T I O N  

t s the the rrnal diffusivity, m/h; 
Ls the equivalent packing diameter, m; 
is the mean gas enthalpy; 
Ls the mean difference of enthalpies,keal/m3; 
Is the heat transfer coefficient, keal/m 2. ~ .h; 
is the density of spraying, rn3/rn 2 .h~ 
is the initial partial pressure of the water vapor in the mixture~ abs atm; 
ts the mean gas velocity m/see; 
is the mean moisture content of the gas-vapor boundary layer, kg/i:a 3 of dry gas; 
is the mass transfer eoefficient, kg/m 2 .h; 

is the heat transfer coefficient of gas, kcal/m .~ .h; 
is the diffusivity, kg/rn "h; 
are the gas and liquid viseosities, rn2/h; 
is the coefficient dependent on mixture temperature; its values are: 93 at trnix = 20~ 

and 159 at trnix = 80~ 
is the Kirpichev number; 

is the heat transfer coefficient calculated by considering the excess heat supplied by mass 
transfer; 

is the mass transfer number calculated by considering heat transfer due to mass transfer; 

is the Reynolds number of the gas; 
is the Reynolds number of the liquid; 
is the thermal Prandtl number of the Hquid; 
is the diffusion Prandtl number; 

I, 

2. 
3. 

LITERATURE CITED 

N. M. Zhavoronkov, Hydraul ic  Foundation of Scrubber  P r o c e s s  [in Russian],  Sovetskaya Nauka, 
Moscow (1944). 
T.  K h o b l e r , H e a t  T r a n s f e r  and Heat Exchangers  [tn Russian],  Goskhimizdat  (1961). 
I. A. Komarov ,  I n z h . - F i z .  Zh., No. 12 (1961). 

1419 


