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Exper imen ta l ly  conf i rmed theore t ica l  re la t ions  a r e  obtained for  the ra t io  of the coefficients  of 
heat  and m a s s  t r a n s f e r  (the Lewis number) ;  an example  of a i r  and wa te r  in contact  is given. 

At p r e s e n t ,  exp re s s ions  giving the Lewis number  Le = a/(Cpa) as dependent on other  quanti t ies  descr ib ing  
heat  and m a s s  t r a n s f e r  during contact  between a gas and liquid a re  not known. 

A method for  obtaining such re la t ions  is shown by using the following theore t ica l  conditions. 

The hea t -ba lance  equations given sepa ra te ly  for  the cr i t ica l  and final s ta tes  of in te rac t ing  med ia ,  for  
example ,  in the case  of lowering the gas enthalpy, can be wri t ten  as follows: 

i I - -  iwt = Cp (ti  - -  twi) + r (d i -  dwl ), 

is - -  iwz : c .  (t2 - -  t~2) + r (de - -  dw2 ). 

The heat  due to overhea t ing  the liquid vapors  is ignored as a negligible quantity compared  with the en-  
thalpy difference.  

If the f i r s t  equation is divided by the second and s imple  t r ans fo rma t ions  a re  c a r r i ed  out, one obtains 

i i  - -  i w i  tl - -  t~t ~ t  
i2 - -  i~z t~ - -  tw~ ~ (1) 

where  

~ w t :  1 +  r d l - - d w t  , ~0 ,2:  1 +  r___ de7"d~z 
cp tt - -  twi cp t2 - -  twz 

Having taken the l oga r i t hms ,  re la t ion  (1) becomes  

In i t - - iwi  In t t - - twi  
iz - -  iw~ tz - -  twz 

+ I n  [wi (2) 
[wZ 

The individual t e r m s  of (2) a re  analyzed in more  detail .  
balance (no ex te rna l  heat  losses )  

Gdig + IVc w diw --Or 
m 

the following exp res s ions  a re  obtained: 

Using the Merckel  equation and the total  heat  

dQ = a ( ig--  iw) dF (3) 

Gdi g i g =  iw 2_ Wcwdiw i w = i g +  (4) 
' m a d F  ' odF  

The t e m p e r a t u r e  change of wa te r  in (3) was e x p r e s s e d  by the propor t ional i ty  coefficient  m = diw/dt w in 
t e r m s  of the cor responding  enthalpy change of sa tu ra ted  a i r  dt w. 

Rela t ions  (4) is d i f ferent ia ted with r e s p e c t  to dF,  

dig di  w , W c w # i  w di w dig , GdZig (5) 
dF dF m a d F  z dF dF c d F  "z 
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and by substituting into the t r ans fo rmed  equation (3) ,  

Gdig jr WCwdi w = 0 
6dF mtrdF 

the values of dig/dF and diw/dF f rom (5), one finally obtains 

d2ig + A dig = 0 ,  dZiw + A diw = 0 ,  (6) 
d P  dF dF ~ dF 

where  A = ~ [(m/cwW ) +( l /G)] .  

The derivat ion of (4)-(6) was ca r r i ed  out under the usual assumption for  this kind of problem - namely,  
that the coefficient  of mass  t r ans fe r  a is constant over  the contact surface  [1, 2]. 

The solution of (6) was obtained by a method s imi la r  to that used in the design of surface  heat  exchangers  
[3]. 

One of the possible resu l t s  is 

In i,--i~, = o f F [ l +  m ~. (7) 
i2-- iwz G k c~B ] 

The method for  obtaining an express ion  for  the f i r s t  t e rm on the right of Eq. (2) which agrees  with the 
above is 

, (1 .  ) (s) 
t2 - -  tw2 Gcp ' CwB ' 

where ~ = ( i l - i2) /cp( t l - t2)  is the coefficient of mois ture  loss obtained f rom the cur ren t  values of the a i r  
p a r a m e t e r s .  

Equations (7) and (8) a re  now inser ted  into (2): 

~ ( 1 +  c - - ~ ) =  ~ ( l +  + l n  
O Gc----~ cwB ] ~w~ (9) 

F r o m  (9) the ra t io  of the coefficients of heat and mass  t r ans fe r  is found: 

m + %B In (~wi/~w2) 
Cpa cp~+cwB o'F ( 1 +  cv~ ) 

(lO) 

Equation (10) can be rewr i t t en  as 

(m + %B) ln t , - - tw,  
a t2 - -  tw2 

c ~  (cp~ + %B) In h. - -  tw,. 
~2 - -  ~w2 

(11) 
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The same resul t  can also be obtained in another way - by t ransforming  the heat balance expressed  with 
the aid of average logar i thmic differences of enthalpy and tempera ture  potentials of the media and by means of 
the coefficients cx and a: 

[c~Atm.LF = aAim.LF. 

Equation (11) can be wri t ten in the fo rm 

= m + c~,B 1 + ~wt (12) 
cpa cp~ + cwB In ii ~ iwt . " 

i~ - -  iu ,  z / 

The numerical  value of the logar i thmic t e rm in (12) for polytropic p rocesses  of the change in the state 
of the air  approaches zero and can be neglected, since ~wl ~ ~w2; the lat ter  follows f rom the analysis of the 
operation of reheating chambers  for a ir  conditioning setups [1, 4]. 

Consequently, 

r m + cwB 
cp~ cv~ + cwB (13) 

For  isoenthalpic p rocesses  the original express ion (1) simplifies to 

tt - -  t~l dt - -  dto t 
t2 - -  t ~  d~ - -  d ~  

which implies that oO/Cpal = 1, where ~1 is the hea t - t r ans fe r  coefficient due to the difference in the mois ture  
content, which, in turn,  is due to the dry and saturated air  at water  tempera ture .  

A s imi la r  resul ts  can also be obtained f rom (13} (for i 1 = i 2, m = 0, and ~ =0): 

It is found by t ransforming  (13) that 

For  ~wl = ~'2 it becomes 

~wi(1 i_~-- i~2 1 
_ $ t  - -  l : w t  

cv~ ~ ( 1 tz--tw2 
t i - - tw t  ) 

~lc~a = ~-wd~. (14) 

The relat ions (13) and (14) are  satisfied in p rocesses  in which the change of t empera ture  fields and 
part ia l  p r e s s u r e s  is s imilar .  In actual p rocesses  there is no equality between the corresponding moving 
forces  and the boundaries of the flows, since in the case of nonstat ionary motion of the liquid drops they are  
real ized on a d iscre te  surface of inhomogeneous and mul t id isperse  s t ruc ture .  

Never the less ,  qualitatively they cor rec t ly  ref lect  the charac te r  of the changes of the rat io of the coeffi-  
cients of heat and mass  t ransfer .  Thus,  it follows f rom (14) that for tl = twi [the pa ramet r i c  tes t  being T = 
( tMi-twl)/( t l - tM1) = -1 )  ~vl assumes  an infinite value; if ~wl = ~w2, then ~ is also infinite. Tobe able t oe l im-  
inate the ratio of two infinitely great  quantit ies,  one uses experimental  data according to which for T = - 1  
one has odor = 1, a negative value of ~ corresponding to the change of direct ion of the curve f rom a growing ratio 
a/a to a decreas ing  one [2]. 

It should be noted here  that (13} and (14) imply that 

~-~i =/= m + cwB, ~ ~ cp~ + cwS. 

An experimental  checkup on the relat ions (13) and (14) was car r ied  out on a setup whose diagram was shown 
in [5]. Air  and water  were used as media. It can be seen f rom the obtained resul ts  shown in the Fig. l a ,  b 
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that the experimental points are satisfactorily concentrated close to the straight line (the scatter is +30%). The 
greatest  deviation is observed in the isothermic process of changing the air state or close to it. 

It is our view that the above analysis can be used in the study of contact heat exchangers and in develop- 
ing new methods for their design. 
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N O T A T I O N  

is the enthalpy; 
is the temperature;  
are the specific heats of gas and liquid, respectively; 
is the specific heat of liquid evaporation; 
is the heat- t ransfer  coefficient; 
is the mass- t ransfer  coefficient; 
is the flux; 
is the contact surface; 
is the mass flow rate of liquid. 
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is the initial state; 
is the final state; 
is the liquid; 
is the gas; 
is the average logarithmic value; 
is the parameter  difference; 
is the wet-bulb temperature.  
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