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Equations are  presented for calculating the supersaturat ion in the absence of convection with 
allowance for the Stefan flow. 

The appearance of a fog during the condensation of a vapor is observed in the mos tva r i ed  industrial and 
natural phenomena. In the production of sulfuric,  phosphoric,  and other acids,  e . g . ,  a stable and corros ive  
fog forms,  a considerable pa r to f  which passes  through the fi l ters and is discharged into the a tmosphere .  The 
obtainment of fine powders of metals  by the distillation method is accompanied by volume condensation, P r o -  
cesses  of fog formation are  also used for purposes of scientific r e sea r ch .  

In the indicated cases  the jointly occurr ing p rocesses  of heatand mass  exchange are  accompaniedby a 
r i se  in the vapor p ressure  to values exceeding the saturation vapor p ressure  at the given temperature  above a 
plane surface.  The rat io S =p/p(T) is called the supersaturat ion.  Butthe supersaturat ion is lkmitedto its 
cr i t ical  value for each case.  The value of the cr i t ical  supersaturat ion depends both on the presence  of suspend- 
ed par t ic les  and on the presence of gas ions, and it can differ markedly from unity in a sufficiently purified 
medium [1]. 

When the cr i t ical  supersaturat ion is reached the process  changes qualitatively -- the fo rmat ionofa  fog 
begins -- and therefore  in an analysis of a problem concerning volume condensation one must  know whether the 
supersaturat ion has reached the cr i t ical  value. 

Let us consider  the problem of determiningthe supersaturat ion profile ina gap formed bywet  porous or  
solid wetted plane-paral le l  sur faces .  To reduce to a minimum the phenomena connected v~ith the occurrence  
of natural  convection, we place the evaporator  ontop andthe condenser  on the bottom (Fig. 1). The gap is filled 
witha gas .  The dimensions of the plates in the horizontal  directions are  so great  that the problem can be t reated 
as one-dimens ional. 

A simple solution to the problem under cons ideration was obta ined in [1] on the bas is of the equations 
D(d2p1/dx2) = 0 and a(d2T/dx 2) =0, the integrals of which have the form 

p~ = p Pe - -  Pc x, (1) 
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Fig.  1. Schematic represen ta -  
tion of the p rocess .  

Trans la ted  from Inzhenerno-Fiztcheski i  Zhurnal, Vol. 35, No. 2, pp. 303-306, August, 1978. Original 
ar t icle  submitted September 5, 1977. 
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Fig.  2. Dependence of pa ramete r s  on the dLmensionless coor -  
dinate ~ of thegap (T, ~ Pi,  mm Hg): 1) part ial  vapor p ressu re  
foundfrom Eq. (6)| 2 ) tempera ture  calculated from (3); 3) sa tu ra t -  
ed vapor  p r e s su re  determined from the tempera ture  curve 2; 4) 
saturated vapor p res su re  found from the condition of l inearity of 
the tempera ture  distribution; 5) supersaturat ion calculated from 
the equations of [1]; 6) f rom (6) and (3). 

Fig.  3. Dependence of supersaturat ion r a t l oonevapora to r  tem-  
pera ture  a ta  condenser  tempera ture  o r s~  } =0.5 ,  and 5 =12 
mm for water  vapor and a it; $1) supersaturat ion determined by 
equations of [1]; $2) supersaturat ion based on Eqs.  (6) and (3). 

Since the saturated vapor p ressu re  is a functionof the temperature ,  these two equations determine the 
supersaturat ion profiles in the gap. But Eqs.  (1) and (2) contain only those constants taken from the boundary 
conditions; i . e . ,  in the simplified variant  of the solution such proper t ies  of the med iumas  D, Cp, etc.  drop 
out of the analysis .  

In jointly o c c u r r i n g p r o c e s s e s  of heat andmass  exchange some part  of the heat flux is expended on the 
heating or  cooling of the moving vapor,  so that the temperature  profile in a medium with a s tat ionary gas is non- 
l inear in the general  case .  

Because of the small  dependence of the heat capacity of saturated water  vapor and of the heat conduction 
of a v a p o r -  a ir  mixture on the tempera ture ,  the integral of the energy equation can be written like tha tp resen t -  
ed in [2]: 

( T e - - T c  ) ( l _ e ~ ) ,  (3) 
T ---- Te--  1-- e g~ 

where g =jlCp/X = const .  

In the genera l  case the distribution of part ial  p ressures  is also nonlinear.  

In our case both the evaporation surface andthe condensation surface are  semipermeable ,  so that a per-  
meating component develops in addition to the F ick flow under the conditions of the p rocess .  This additional 
flow, or  Stefan flow, does not play an important role when the relative humidity of the gas is low, but it can have 
an appreciable value at a high vapor content and affect the l inearity of the charac te r i s t ic  curves of the p rocess .  

With allowance for the Stefan flow [3], we have 

] i - -  

where T is a function of the coordinate.  

Pmix D dP2 
RiTP2 dx 

Equation (4), af ter  the substitution into it of T(x) in accordance with (3), is easily integrated with the fol- 
lowing boundary conditions: x =0, P2 =P2e; x =6, P~ = P2c. 

(4) 

In the general  form we will have 
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]~ = PmixD In P2_.&. (5) 
P~e 

Ri .I Tdx 
0 

The distr ibution of p a r t i a l p r e s s u r e s  of water  vapor can be obtained ingenera l  f o r m b y  integrating Eq. (4), 
r e m e m b e r i n g  that Jl is e x p r e s s e d  by Eq. (5) while Pmix =Pl +P2: 

' i  - Tdx 
Pl = Pmix-P"eexp  ~ In P-A2c (6) 

" I 6 p2e ~ Tdx 
~ 0 ~ 

The integrals  inside the exponential  a re  of the same kind anddi f fe r  only in the integration l imi ts .  It 
follows f rom (3) that  

5 

r e -  rc~ re - r~ 
f Tdx=6 Te ~ - e -  ~ ]  (7) 
,J g 
0 

Thus,  a sufficiently exact  solution is obtained for  the problem of determining the supersa tu ra t ion  profi le  
in a gapwith allowance for  the Stefan flow. 

Equations (3), (5), and (6)presented  show that the supersa tura t ion  depends on a complex of p a r a m e t e r s .  

The resu l t s  of a calculation based  on the functions given in the p resen t  pape r  in compar i son  with the r e -  
suits of [1] for  a v a p o r - - a i r m i x t u r e  at a p r e s s u r e  of 760 m m  Hg, an evapora to r  t empera tu re  of90~ anda  
condenser  t e m p e r a t u r e  of 5~ a re  p resen ted  in Fig .  2. The calculat ion was c a r r i e d  out for  three  s izes  of the 
vapor  -- gas gap: 3, 12, and 60 m m  [herethe vaporf low was de te rmined  f rom Eqs ,  (5) and (7)]. F o r t h e  f i r s t  
two gap s izes  the values of the supersa tu ra t ion  calculated f rom (3), (5), and (6) as a function of the dimension-  
less  coordinate p rac t ica l ly  coincide.  The supersa tura t ion  prof i les  in the 60-ram gap is shown by the dashed 
curve in Fig.  2. The o t h e r c h a r a e t e r i s t i c  curves  of t h e p r o c e s s  presented  in the f igure per ta in  to gaps of 3 
or  12 m m  and also prac t ica l ly  coincide.  

As seen f rom Fig.  2, the supersa tura t ions  found f rom the approximate  and the ref ined equations can differ  
by 1.5 t imes ,  i . e . ,  al lowance for  the Stefan cor rec t ion  and for the corresponding flow component  on the cooling 
of the vapor  has a m a r k e d  effect  on the supersa tu ra t ion .  

The resu l t s  of a calculat ion of the ra t io  of the supersa tura t ion  computed f rom the resu l t s  of [1] to the 
supersa tura t ion  found f rom the equations given in the p resen t  paper ;  as a function of the evapora to r  t e m p e r a t u r e  
at a condenser  t e m p e r a t u r e  of 5~ a gapof  12 ram,  and }=0.5 ,  a r e  p resen ted  in Fig .  3. 

As s e e n f r o m  the curve presen ted  in Fig.  3, a t e v a p o r a t o r  t e m p e r a t u r e s  on the o rde r  of 40~ onehard ly  
obse rves  a difference between the supe r sa tu ra t ions .  Inthe reg ionof  h i g h e r m a s s  fluxes it is be t te r  to use  
equations with al lowance for  the additions suggested in the p r e sen t  pape r  as descr ib ing  the p r o c e s s  "more p r e -  
c ise ly  and ca r ry ing  ful ler  information about it. 

N O T A T I O N  

S, supersa tura t ion;  D, coefficient of mo lecu l a r  diffusion; Pl,  vapor  p r e s s u r e ;  P2, gas p r e s s u r e ;  Pmix,  
p r e s s u r e  of mixture ;  x, coordinate;  5, thickness of gap; T,  t empera tu re ;  1~, gas constant  of vapor;  Jl, vapor  
flux density; k, t he rma l  conductivity of v a p o r -  gas mixture ;  Cp, heat  capaci ty  of vapor;  ~ =x/5,  d imensionless  
coordinate .  Indices: e,  at evaporat ion sur face ;  c, at condensa t ionsur faee .  
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