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We have studied the vapor iza t ion  of 2 m m  drops  of benzene,  C6Hs, methanol ,  CH3OH, and t r i e t hy l a -  
mine ,  (C~Hs)3N, in a i r  and in the sa tu ra t ed  vapors  of a 98% solution of n i t r ic  acid,  HNO 3. 

Exper iments  were  c a r r i e d  out in a g lass  chamber  containing a t w o - d e g r e e s - o f - f r e e d o m  sample  
manipula tor  equipped with g lass  drop suppor t s .  The d is tance  between drops  was va r i ed  f r o m  10 -4 m to 
5" 10-3m. The r a t e  of vapor iza t ion  was de te rmined  e i ther  by d i rec t  m i c r o s c o p i c  m e a s u r e m e n t  of the drop 
d iamete r ,  or  by photographing.  The exper imen t s  in HNO 3 vapors  we re  c a r r i e d  out with f r ee  evapora t ion  
of the acid f rom s eve ra l  Pe t r i  dishes p laced in the bottom of the chamber .  Vapor sa tura t ion  was a s s u m e d  
when drops  of the acid no longer  evapora ted .  

Exper iment  showed that  drop vapor iza t ion  kinet ics  followed the Sreznevski i  law, dS/dt  = K = const,  
in both neutra l  and chemica l ly  act ive  med ia .  For  each liquid, the r a t e  constant  for  individual drop v a p o r -  
izat ion in sa tu ra ted  HNO 3 vapor s  K X was g r e a t e r  than the r a t e  constant for  vapor iza t ion  in a i r  K H (Table 
1). The high r a t e  of individual drop vapor iza t ion  in the chemical ly  act ive  med ium can be unders tood if the 
assumpt ion  is made  that a reac t ion  zone is se t  up around the drop, the reby  diminishing the depth of the 
vapor  l aye r  around the drop and inc reas ing  the vapor  concentrat ion gradient  at the drop su r face .  

Exper imen t s  on the vapor iza t ion  of two-drop  s y s t e m s  (C6HG--HNO3, CH3OH--HNO3, (C2Hs)3N--HNO3) 
in a i r  showed the r a t e s  of evapora t ion  f rom benzene,  methanol ,  and t r i e thy lamine  drops  to i n c r e a s e  as the 
drop separa t ion  was diminished,  the tendency being to approach the r a t e  of evaporat ion of the individual 
drop in sa tu ra ted  n i t r ic  acid vapors  (Fig. 1). The vapor iza t ion  kinet ics  followed the Sreznevski i  law when 
the dis tance of sepa ra t ion  was g r e a t e r  than the drop rad ius .  Depar tu res  f rom this law were  obse rved  when 
the d is tance  of separa t ion  was less  than the drop rad ius ,  the t ime  var ia t ion  of the drop radius  being then 
covered  by a power  law, the exponent fall ing off f r o m  2 to 1 as the d is tance  of separa t ion  was reduced  to 
eventual contact .  

The burning of drop s y s t e m s  in a i r  has  been d i scussed  in [1-3]; t he r e  it was shown that  the combus-  
tion ra t e  is a non-monotonic  function of the d is tance  of drop separa t ion ,  being a m a x i m u m  when the drop 
f lames  touch and a min imum when the drops  t hemse lves  a r e  in contact .  

The k inet ics  of two-dro  p s y s t e m  vapor iza t ion  in a i r  and in sa tu ra ted  n i t r ic  acid vapor s  follow the 
Sreznevski i  law. Drop in te rac t ion  in such s y s t e m s  can t h e r e f o r e  be c h a r a c t e r i z e d  by express ing  the va -  
por iza t ion  r a t e  constant  as a function of drop separa t ion ,  i . e . ,  by wri t ing K(r).  F igure  2 shows the K(r) 
function for  the var ious  liquids studied he re .  It is seen  that  the vapor iza t ion  ra t e  constant  for  methanol  

TABLE 1. Vaporizat ion Rate  Constants ,  K .  108, m 2 
/ s e c ,  and The i r  Rat ios  

Compound /'.',, Kx Kx;' ~':t, 

Benzene 
Methanol 
Triethylamine 

5,74 
3,73 
4,72 

6,12 
5,03. 
6,58 

t,10 
1,33 
1,40 
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R e l a t i o n  b e t w e e n  the  v a p o r i z a t i o n  r a t e  c o n s t a n t ,  K �9 108, 
m 2 / s e c ,  fo r  t r i e t h y l a m i n e  d r o p s  and the  d i s t a n c e  of s e p a r a t i o n ,  
r �9 103, m,  f r o m  a d r o p  of 98% n i t r i c  ac id ,  fo r  v a p o r i z a t i o n  in a i r .  

F ig .  2. R e l a t i o n  b e t w e e n  the  v a p o r i z a t i o n  r a t e  cons t an t ,  K �9 108, 
m 2 / s e c ,  and the  d i s t a n c e  of d r o p  s e p a r a t i o n ,  r �9 103, m,  fo r  v a p o r -  
i z a t i o n  in s a t u r a t e d  n i t r i c  ac id  v a p o r s :  1) t r i e t h y l a m i n e ;  2) b e n -  
zene ,  3) m e t h a n o l ,  4) v a p o r i z a t i o n  of a t w o - d r o p  m e t h a n o l  s y s t e m  
in a i r .  

p a s s e d  th rough  a m i n i m u m  at  r : 10 -4 m ,  and then  s t e a d i l y  i n c r e a s e d  with  i n c r e a s i n g  d i s t a n c e  of s e p a r a -  
t ion ,  a p p r o a c h i n g  KX a s  a l i m i t .  The  v a p o r i z a t i o n  r a t e  c o n s t a n t s  fo r  b e n z e n e  and t r i e t h y l a m i n e  d r o p s  
were not monotonic functions of the distance of drop separation, being a minimum at r = 10 -4, rising with 

increasing separation to a value in excess of K X at r ~ 2 �9 10 -3 m, and then falling gradually to K x. 

The observed alteration in the rate of drop evaporation with increasing distance of drop separation 

can be explained in terms of the interaction of two factors : reaction zone overlap, which tends to diminish 

the vaporization rate, and natural convection around the drop system which tends to increase it. The 

effect of natural convection can be neglected in the case of methanol where the molecular weight of the 

vapors is close to the molecular weight of air (32 and 29, respectively). Schlieren photographs showed 

the vapor layer around the methanol drop to be more nearly spherical than the vapor layers around drops 
of the other liquids. Change in the distance of separation of methanol drops should therefore do no more 
than alter the degree of reaction zone overlap, thus leading to a monotonic variation in the vaporization 
rate. 

The fact that K(r) proves to be a non-monotonic function of r under natural convection can be under- 
stood by considering the effect of increasing drop separation on the type of streamline flow established 
around the drop system. At close approach, natural convective streaming occurs around the drop pair as 
a single system. The diameter of the entire system, a quantity which increases with increasing distance 
of drop separation, is therefore the diameter to be substituted into the expression for the Archimedian 
number, Ar, which characterizes natural convective flow [4]. K should then increase with increasing r. 
Streaming occurs around each drop separately at greater distances of separation, and the diameter to be 
substituted in the expression for Ar will then be that of the individual drop. There should, therefore be 

a certain distance of separation at which Ar and the vaporization rate constant K assume maximum values, 

just as observed experimentally. 

r i s  the  d i s t a n c e  b e t w e e n  d r o p  edges ;  
S i s  the  d rop  s u r f a c e ;  
t i s  the  t i m e ;  
K i s  t he  r e a c t i o n  r a t e  cons t an t ;  
A r  i s  A r c h i m e d e s  n u m b e r .  

NOTATION 
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S u b s c r i p t s  

H refers  to neutral medium; 
X refers  to chemically active medium. 
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