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D r o p l e t  e v a p o r a t i o n  in a t u r b u l e n t  a i r  j e t  i s  c o n s i d e r e d  f o r  c o n d i t i o n s  such tha t  the  e v a p o r a -  
t ion r a t e  i s  d e t e r m i n e d  by  the  e v a p o r a t i o n  k i n e t i c s  f o r  the  i nd iv idua l  d r o p l e t s  r a t h e r  than by 
the  d i f fus ion  r a t e  of the  a i r  in the  jet .  N u m e r i c a l  so lu t i on  of the  equa t ions  by c o m p u t e r  has  
shown tha t  the  m e a n  a i r  s p e e d  in the  je t  ha s  l i t t l e  e f fec t  on the  d r o p l e t  e v a p o r a t i o n  in the  
r a n g e  c o v e r e d .  A s i m p l i f i e d  so lu t ion  is  p r e s e n t e d  f o r  the d i s p e r s a l  of an e v a p o r a t i n g  i m p u r -  
i ty  in a je t .  E x p e r i m e n t s  c o n f i r m  tha t  th i s  so lu t ion  i s  c o r r e c t ,  and they show tha t  the  t u r b u -  
l en t  p u l s a t i o n s  p lay  a l a r g e  p a r t ,  wi th  the  r e s u l t  tha t  an i n i t i a l l y  m o n o d i s p e r s e  s y s t e m  b e -  
c o m e s  m o r e  and m o r e  p o l y d i s p e r s e  away  f r o m  the  je t .  

T e c h n i c a l  s t u d i e s  on d r o p l e t  e v a p o r a t i o n  a r e  u s u a l l y  b a s e d  on m e a s u r e m e n t s  on ind iv idua l  d r o p l e t s ;  
not much  i s  known about  the  ac tua l  e v a p o r a t i o n  p r o c e s s e s  f o r  d r o p l e t  s y s t e m s ,  e s p e c i a l l y  ones  s u s p e n d e d  
in t u r b u l e n t  g a s  j e t s .  

It ha s  been  shown [1] tha t  the  e v a p o r a t i o n  r a t e  f o r  a d r o p l e t  s y s t e m  in a t u r b u l e n t  a i r  je t  may  be  d e -  
t e r m i n e d  by the  e v a p o r a t i o n  k i n e t i c s  of the  ind iv idua l  d r o p l e t s  (kinet ic  s ta te )  o r  by the  d i f fus ion  r a t c  of the  
o u t e r  a i r  into the  j e t  a s  a who le  (di f fus ion r a t e ) .  The  s t a t e  of e v a p o r a t i o n  can  be  de f ined  v ia  a c r i t e r i o n  
tha t  c h a r a c t e r i z e s  the r a t i o  of the  ind iv idua l  d r o p l e t  e v a p o r a t i o n  t i m e  T 1 to the  t i m c  ~-2 spen t  in the  i n t e r n a l  
zone ,  w h e r e  the  a i r  i s  su f f i c i en t  fo r  a l l  the  d r o p l e t s  to e v a p o r a t e  c o m p l e t e l y ,  E = 7 1 / 7 2 ;  if E >>1, one ge t s  
the  k ine t i c  s t a t e ,  w h i l e  the  d i f fus ion  s t a t e  o c c u r s  f o r  E << 1. 

H e r e  we  c o n s i d e r  e v a p o r a t i o n  in the  k ine t i c  s t a t e .  

The  d r o p l e t s  e v a p o r a t e  in a t u r b u l e n t  a i r  j e t  b e c a u s e  they move  r e l a t i v e  to the  a i r ,  on accoun t  of the  
d i f f e r e n c e  in s p e e d  be tween  the  d r o p l e t  and  the  mean  mot ion  of the  a i r ,  t o g e t h e r  with the  t u r b u l e n t  p u l s a -  
t ions .  

The  fo l lowing  f o r m u l a  i n c o r p o r a t e s  the  e f fec t s  of the  a v e r a g e  a i r  s p e e d  on the  r a t e  of r e d u c t i o n  in the  
r a d i u s  r of an e v a p o r a t i n g  d r o p  [2]: 

dr = - -  ( D / p t r ) ( e  0 -  c:r  ; -  ~l-le"~Sc"~)d~, Re = 2 ( v - -  u) r/y (1) 

w h e r e  D is  the  d i f fus ion  c o e f f i c i e n t  of the  v a p o r  in a i r ,  c o i s  the  v a p o r  c o n c e n t r a t i o n  at  s a t u r a t i o n  at  the  
t e m p e r a t u r e  at  the  d r o p l e t  s u r f a c e ,  c ~  i s  the  v a p o r  c o n c e n t r a t i o n  in the  s u r r o u n d i n g  a i r ,  Pi  is  the  d e n s i t y  
of the  l iqu id ,  R e  i s  R e y n o l d s  n u m b e r ,  Sc = ~ /D i s  S m i t h ' s  c r i t e r i o n ,  v i s  t i m e ,  v is  d r o p l e t  speed ,  u is  a i r  
speed ,  u i s  k i n e m a t i c  v i s c o s i t y  fo r  a i r ,  and fl ~ 0.30. 

The  equat ion  of mot ion  f o r  a d r o p l e t  of v a r i a b l e  m a s s  i s  

d (mv)/d~ = ~Sp2 (v - -  u)2/2 

o r  a s  fo l lows  a f t e r  the s u b s t i t u t i o n s  m = 4/37rr3Pl, S = 7rr z 

-~- Pl .\r-~- -9 dT ] = r 2 (2) 

Moscow.  T r a n s l a t e d  f r o m  P r i k l a d n o i  Mekhanik i  i T e k h n i c h e s k o i  F i z i k i ,  No. 1, pp. 112-120,  J a n u a r y -  
F e b r u a r y ,  1974. O r i g i n a l  a r t i c l e  s u b m i t t e d  May 3, 1973. 

�9 19 75 Plenum Publishing Corporation, 227 West 17th Street, New York, A t. Y. 1 O011. No part o f  this publication may be reproduced, 
stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, microfilming, 
recording or otherwise, without written permission o f  the publisher. A copy o f  this article is available from the publisher for $15.00. 

92 



g 

r, ~m //, V, sec 

12  . . . .  /r 

t ~ 

I I - 
I 2 J C X ,  M 

Fig. 1 

w h e r e  m is d r o p l e t  m a s s ,  S i s  the a r e a  of the m i d d l e  c r o s s  sec t ion ,  Pz is the dens i ty  of a i r ,  and r is  the  
d r o p l e t  r e s i s t a n c e  c o e f f i c i e n t .  

It i s  s t a ted  [3] that  the l a t t e r  f o r  6 -<Re---400 is  

, ~ 0.t2 + 37 / Re (3) 

The  fo l lowing is the a i r  speed  at the ax i s  of the i n i t i a l  p a r t  of a t u r b u l e n t  f r e e  je t  of c i r c u l a r  c r o s s  
s e c t i o n  [4]: 

u --=- const = uo (4) 

wh i l e  that  in the main  p a r t  of the je t  is  

u =- i 2 . 4 R o U o X - '  (1 - -  ~1.5)2 

w h e r e  R 0 is  the  r a d i u s  of the in i t i a l  c r o s s  s ec t i on  and x i s  the d i s t a n c e  f r o m  tha t  c r o s s  sec t ion :  

(5) 

= 4.2y / x 

y being the d i s t a n c e  f r o m  the jet  ax is .  

In the r a n g e  of ~ .empera tures  f o r  w a t e r  Tk = 283-293 ~ K 

(6) 

c o ~ 7 . 9 . i 0 - T T n  - -  2.148.10-1 

w h e r e  c o is in g / c m  3. 

Maxwel l  [2] g a v e  as  fo l lows  f o r  the q u a s i s t a t i o n a r y  evapo ra t i on  of a d rop  in i m m o b i l e  a i r :  

(7) 

Too - -  T h  = D L L  -1 (Co - -  c ~ )  

w h e r e  )t i s  the t h e r m a l  conduc t iv i ty  of a i r  and L is  the  l a ten t  hea t  of evapo ra t i on .  

F r o m  Eqs ,  (7) and (8) we  have  f o r  w a t e r  

7.9.t0 -r (T,~ -~ l)LL -lc~) - -  2.148.i0-4 
Co ~ t -i- 7-9"t0-TDL~.-I 

(8) 

(9) 

w h e r e  Too is  the  t e m p e r a t u r e  of the s u r r o u n d i n g  a i r .  

Equa t ions  (1)-(9) h a v e  bcen  s o l v e d  by c o m p u t e r  fo r  d r o p l c t s  of w a t e r  and e thanol ;  it was  a s s u m e d  
that  the d rop  m o v e s  a long the  ax i s  of a t u r b u l e n t  a i r  jeL (~ =0) f r o m  the point  x = 0 ,  w h e r e  the r a d i u s  r = r  0 
and ve loc i t y  v = 0. Solut ions  w e r e  ob ta ined  for  r 0 f r o m  10 to 55 #, and u 0 f r o m  28 to 150 m / s e e ,  wi th  R 0 
f r o m  3 to 7 cm,  c~ f r o m  0 to 9" 10 -6 g / c m  3, c o f r o m  9.4 �9 10 -6 to 53 �9 10 -6 g / c m  3, D f r o m  0.135 to 0.250 

e m 2 / s e c ,  L f r o m  222 to 591 c a l / g ,  }, =6.2  �9 10 -5 c a l / d e g  �9 cm � 9  and P2 = 1.2 �9 10 -'~ g / c m  3. 

The  so l id  l i ne  in F i g .  1 shows typ ica l  r e s u l t s  (r f o r  v a r i o u s  d i s t a n c e s  x f r o m  the nozz le ) ;  it a l s o  

shows the r e s u l t s  f o r  r =f (x)  f r o m  the s i m p l i f i e d  f o r m u l a  
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r = {ro 2 - -  Dx ~ (c o - -  coo) / t2.4p,Rouo}V, (10) 

(broken l ine) ,  a s  ob t a ined  f r o m  Eq. (1) by n e g l e c t i n g  the e f fec t s  of d r o p l e t  mo t ion  r e l a t i v e  to the  a i r  (fiRe 1/2 
Sc l /3  = 0, d z  = dx /u ) .  

The  v a l u e s  f o r  x m,  the  d i s t a n c e  t r a v e l e d  by the  d r o p  a long  the  ax i s  b e f o r e  c o m p l e t e  e v a p o r a t i o n ,  a s  
c a l c u l a t e d  f r o m  Eq. (10) a r e  l a r g e r  than  t h o s e  found by n u m e r i c a l  so lu t ion ,  but  the  d i f f e r e n c e s  w e r e  only 
1.5 to 7 ~  in the  a b o v e  r a n g e s  in the  p a r a m e t e r s ,  i . e . ,  one  can  n e g l e c t  the  d i f f e r e n c e  be tw e e n  the  d rop  s p e e d  
and m e a n  a i r  s p e e d  in a p p r o x i m a t e  c l a c u l a t i o n s  in th i s  r a n g e  and thus  u s e  Eq. (10). 

F i g u r e  2 shows  a s c h e m e  f o r  an a i r  and d r o p l e t  j e t  in the  k ine t i c  mode;  the  b r o k e n  l ine  de no t e s  the  
b o u n d a r y  be tween  the c o r e  of the  j e t  in which  the  d r o p l e t s  of i d e n t i c a l  i n i t i a l  r a d i u s  r 0 have  not c o m p l e t e l y  
e v a p o r a t e d  and the p e r i p h e r y  of the  j e t ,  w h e r e  t h e r e  a r e  no d r o p l e t s .  Th i s  b o u n d a r y  i s  de f ined  by Eq. (10) 
with r = 0: 

• / "  no,o.~,  ( t  - g'.~) = x , ,  ( t  - ~ " 9 ,  x = 3.52ro /J (co -- %) 

/= Rou ~pz 
x,~ = 3.52ro t '  79 (c'--C:-- ~-) (11) 

w h e r e  x m is  the  length  of the  c o r e .  

F i g u r e  2 c l e a r l y  i l l u s t r a t e s  the  d i s p e r s a l  of the  e v a p o r a t i n g  d r o p l e t s ,  which d i f f e r s  f r o m  that  of c o n -  
s e r v e d  i m p u r i t y .  

In the  c a s e  of e v a p o r a t i n g  i m p u r i t y ,  the  amoun t  of l iqu id  in the  j e t  d e c r e a s e s  a s  x i n c r e a s e s  and b e -  
c o m e s  z e r o  f o r  x = Xm, ~ = 0; a c o n s e r v e d  i m p u r i t y  is  c o n s t a n t  in amoun t  at  a l l  x. In the  l a t t e r  c a s e ,  the  
d i s t r i b u t i o n s  f o r  d i m e n s i o n l e s s  c o n c e n t r a t i o n s  a r e  of the  s a m e  s h a p e  in a l l  s e c t i o n s ,  w h e r e a s  th i s  i s  not  
so f o r  an e v a p o r a t e d  i m p u r i t y .  

T h i s  m e a n s  tha t  the s o l u t i o n s  ob ta ined  in je t  t h e o r y  f o r  d i s p e r s a l  of a c o n s e r v e d  i m p u r i t y  [4] a r e  un-  
s u i t a b l e  f o r  a j e t  with a e v a p o r a t i n g  i m p u r i t y ;  the  me thod  u sed  in j e t  t h e o r y  to s o l v e  the  d i s p e r s a l  p r o b l e m  
i s  b a s e d  on r e f e r r i n g  the  d i f fus ion  equa t ion  in p a r t i a l  d e r i v a t i v e s  with v a r i a b l e s  x and ~ to an o r d i n a r y  d i f -  
f e r e n t i a l  equa t ion  with  one v a r i a b l e  ~, which i s  p o s s i b l e  on a c c oun t  of the  s i m i l a r i t y  in the  d i m e n s i o n l e s s  
p r o f i l e s .  Th i s  i s  c l e a r l y  i n a p p l i c a b l e  f o r  the  c a s e  of e v a p o r a t i o n .  

In the  l a t t e r  c a s e ,  the  d r o p l e t  c o n c e n t r a t i o n  n i s  found by s o l v i n g  the  d i f fus ion  equat ion [4]: 

3u 20u u-g~x o [ K 9  .,\,..~ ] for u = u m ( t - - ~ ' . 5 )  2, K ~ l r 2 - ~ - y ~ x  --~ 

and i s  de f ined  by Eq. (11) with the  b o u n d a r y  cond i t i on  n = 0  on the  a x i a l l y  s y m m e t r i c a l  s u r f a c e  wi th  the  g e n -  
e r a t o r  x =f (~ ) .  

As the  so lu t ion  i s  c u m b r o u s ,  we  r e s t r i c t  o u r s e l v e s  to the  fo l lowing  a p p r o x i m a t i o n .  D r o p s  d i s p l a c e d  
f r o m  the  c o r e  by the t u r b u l e n t  p u l s a t i o n s  e v a p o r a t e  and do not  r e t u r n  to the  c o r e .  

We a s s u m e  tha t  the  c o n c e n t r a t i o n  i s  not z e r o  but  has  a c e r t a i n  c o n s t a n t  v a l u e  ns  at  the  s u r f a c e  of the  
c o r e  in a je t  with the  g e n e r a t o r  of Eq. (11); then  in one  s e t  t h e r e  i s  the  fo l lowing  r e d u c t i o n  in the  n u m b e r  of 
d r o p s  in the  p a r t  of the  c o r e  of ex ten t  x in 1 s ec :  

~2~ln 

Fig. 2 
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AN = -- ns lav'2~gdx (12) 
0 

where  av'  is the m e a n  t r a n s v e r s e  ve loc i ty  of the d rop l e t s ,  which we take as  p r o p o r t i o n a l  to the mean  t r a n s -  

v e r s e  ve loc i ty  pu l sa t ion  of the a i r  v ' .  

Then  n s is  def ined by the  n o r m a l i z a t i o n  condi t ion:  

~m 

ns ~, av'2~ydx =: No 
0 

where  N O is the total  n u m b e r  of d rops  p a s s i n g  through the in i t i a l  c r o s s  sec t ion  of the jet  in 1 sec .  

It is  found [4] that 

v' ~--~ u' ~ lT Ou/@ = Cx Ou / Oy 

(13) 

(14) 

where  l T is  the "mix ing  length" and C is a cons t an t .  

We exp re s s  v' and y in t e r m s  of the c o o r d i n a t e  x of the jet c o r e  as def ined by Eq. (11); f rom Eqs.  (5) 

and (6) we get 

- ~ / l  ~ ',:,,, 15c,~r ( l  - !5___y" 
Y -- 4.2 \ x,n/ , V' - -  

and subs t i t u t e  these  e x p r e s s i o n s  into Eq. (12) to get 

x 

AN = 2~tnsa f 'lSfiR"u~ - -  x-~zv ')'A 4-/-.T. x ( l - - : r ~ ' ~ d x x m  / = A (  2xmx*" 
0 

z3 ) 
3:cruz 

S i m i l a r l y ,  we t r a n s f o r m  Eq. (13) to N O = A x m / 6 .  

The  fol lowing is  the r e l a t i v e  n u m b e r  of d rop l e t s  pa s s i ng  through the c r o s s  sec t ion  of c o o r d i n a t e  x in 

1 sec: 

N / N 0  = t - -  A N / N  O = t - - 3 ( x / z m )  z - ! -  2 ( x / x ~ )  ~ (15) 

Thi s  f o r m u l a  ind ica te s  that the flux N of d rop l e t s ,  which equals  N O in the in i t ia l  c r o s s  sec t ion ,  fa l l s  to 

ha l f  a t  x : X m / 2  and  v a n i s h e s  a t  x = x  m -  

Our e x p e r i m e n t s  w e r e  des igned  to e s t ab l i sh  the effects  of a m a j o r  f ac to r  not i n c o r p o r a t e d  in d rop le t  

evapora t ion  theory ,  n a m e l y  the t u rbu l en t  ve loc i ty  pu l sa t ion  in the jets .  

The  appa ra tu s  was in a room of s i ze  10 • 5.7 • 2.8 m3; the a i r  was blown in by a fan through a m e t e r  
to a c i r c u l a r  nozz le ,  whose  axis  was ho r i zon t a l .  Drop le t s  of un i fo rm s ize  w e r e  produced f rom d i s t i l l ed  
w a t e r  by a ro ta t ing  s y s t e m  (an a i r  t u r b i n e  with an a i r  b e a r i n g ,  having the l iquid fed via a needle  to the c e n -  
t e r  of the r o t o r  and a s m a l l  ad ju s t ab l e  gap be tween  the needle  and the r o t o r  [51). This  s o u r c e  was  be fo re  
the nozzle .  The  d r o p l e t s  w e r e  thrown ou twards  f rom a s lot  in the body as a f lat  d i ve r ge n t  s t r e a m  d i r e c t e d  
away f rom the jet axis ,  i .e . ,  u n s y m m e t r i c a l l y .  We found that the d i s t r i b u t i o n  b e c a m e  axia l ly  s y m m e t r i c a l  
at x = 50 cm for  d rop le t s  of i n i t i a l  r ad ius  r 0 = 14 /~, the d i s t r i b u t i o n  be ing  c l o s e  to the t heo re t i ca l  one for  
a c o n s e r v e d  impur i t y .  The  in i t i a l  d rop le t  s i ze  was d e t e r m i n e d  by ex t r ac t ion  into a ce l l  con ta in ing  an i m -  
m e r s i o n  m e d i u m  (a m i x t u r e  of sp indle  and o t he r  oils) at x = 30 cm f rom the nozz le ,  with subsequen t  m e a -  

s u r e m e n t  of the d r o p l e t s  u n d e r  the m i c r o s c o p e .  

We d e t e r m i n e d  r and n 1 at points  1.9 to 7 m f rom the nozzle ,  us ing  depos i t ion  in s t r i p s  coa ted  with a 
f i lm of 1A'J~-/c so lu t ion  of Co l l a rgo l  in w a t e r  [6]. The d r o p l e t s  f o r m e d  l ight  c i r c u l a r  i m p r e s s i o n s  on the f i lm,  
which w e r e  m e a s u r e d  u n d e r  the m i c r o s c o p e .  We found that the s p r e a d i n g  f ac to r  was  2.44 for  rad i i  of 13-  
43 g at speeds  of 1-6 m / s e e  (coeff ic ient  of va r i a t i on  3.5%). The  t r app ing  f ac to r  was  ca l cu l a t ed  f rom the 
data  of [7]. The  exposure  t i m e s  var ied  f r o m  60 to 1320 sec .  We a l so  ca l cu l a t ed  the theore t i ca l  c o n c e n t r a -  
t ions  n 2 f rom the f o r m u l a s  for  t u r b u l e n t  je ts  with c o n s e r v e d  m a t e r i a l s .  

C a s c a d e  i m p a c t o r s  [8] w e r e  a l so  used to s a m p l e  the d rop le t s  at the axis ,  us ing  g lass  p la tes  coated 

with Co l l a rgo l .  
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The  e x p e r i m e n t a l  je t  c o e f f i c i e n t  [4] w a s  found a s  0.0764 f r o m  the  ve loc i t y  p r o f i l e s ;  the  i n i t i a l  d r o p l e t  
c o n c e n t r a t i o n s  w e r e  ve ry  s m a l l  ( l e s s  than 1 cm-3) ,  wh i l e  E was  l a r g e  (about 108), i . e . ,  the  mode  of e v a p o r a -  
t ion was  k ine t i c .  

T a b l e  1 g i v e s  r e s u l t s  f r o m  the  d e p o s i t i o n  on the s t r i p s ,  which  a r e  a l s o  r e p r e s e n t e d  by the t y p i c a l  
c u r v e s  of F ig .  3, which g ive  the  r e l a t i v e  d r o p l e t  c o n c e n t r a t i o n s  (n l /n  2) a t  v a r i o u s  d i s t a n c e s  f o r  r 0 = 20 #.  
T h e  po in t s  deno ted  by 1 in F ig .  3 r e l a t e  to x = 3.5 m, wh i l e  those  deno ted  by 2 r e l a t e  to 5.0 m, and those  by 

3 to 6.0 m. 

T h e  v a l u e s  found f o r  n 1 w e r e  much l e s s  than f o r  n2; n l / n  2 d e c r e a s e d  r a p i d l y  away f r o m  the  n o z z l e  (as 
x i n c r e a s e d )  and a l s o  away  f r o m  the  ax i s  (as y i n c r e a s e d ) .  

The  v a l u e s  of N/N 0 c a l c u l a t e d  f r o m  Eq. (15) w e r e  c o m p a r e d  with t h o s e  found by e x p e r i m e n t ,  and i t  was  
found tha t  m o s t  of the  o b s e r v e d  po in t s  lay  be low the  t h e o r e t i c a l  c u r v e ,  which  was  due to the  e x c e s s i v e  va lue s  
a s s u m e d  f o r  N O in the  c a l c u l a t i o n s  ( s o m e  of the  d r o p l e t s  f o r m e d  by the s o u r c e  did  not e n t e r  the  jet) .  T h e  
a g r e e m e n t  be tween  t h e o r y  and e x p e r i m e n t  i s  to b e  c o n s i d e r e d  s a t i s f a c t o r y  in view of the  a c c u r a c y  of the 
m e a s u r e m e n t s .  

We w e r e  a b l e  to r e l a t e  the  s t a n d a r d  dev i a t i on  cr of the  d r o p l e t  r a d i i  at  a p a r t i c u l a r  poin t  to the  mean  r 
f o r  v a r i o u s  d i s t a n c e s  f r o m  the  n o z z l e  f o r  r 0 of 14 and 20 /~; the  va lue  of ~r n e a r  the n o z z l e  was  about  5Yc, 
but  away  f r o m  i t  i t  r o s e  r a p i d l y  and v a r i e d  f r o m  8.5 to 17.5% a t  1.7 m and f r o m  23.2 to 28% at  4.7 m. Then  
an i n i t i a l l y  m o n o d i s p e r s e  d r o p l e t  s y s t e m  e v a p o r a t i n g  in a t u r b u l e n t  j e t  b e c o m e s  m o r e  p o l y d i s p e r s e  a s  the 
n o z z l e  i s  l e f t  behind;  t h i s  i s  due  to the  t u rbu l en t  v e l o c i t y  p u l s a t i o n s ,  which a r e  not i n c o r p o r a t e d  in Eq. (1), 
which would  i n d i c a t e  that  an i n i t i a l l y  m o n o d i s p e r s e  a e r o s o l  would  r e m a i n  the  s a m e  if only the  m e a n  a i r  
s p e e d s  w e r e  involved .  

F i g u r e  4 shows  the  v a r i a t i o n  i n t h e  m e a n  d r o p l e t  r a d i u s  r a long  the  ax i s  g i v e n b y  the  m e a s u r e m e n t s  (1 fo r  

t o =  14/~, 2 f o r  r 0 = 2 0 / ~ ,  and 3 fo r  r 0 = 25 /D.  The so l id  l i n e s  r e p r e s e n t  n u m e r i c a l  s o l u t i o n s  f r o m  Eqs .  (1)- 
(9). I n i t i a l l y  the m e a s u r e d  r f a l l  m o r e  r a p i d l y  than the t h e o r e t i c a l  ones ,  w h i c h i s  a s c r i b e d  to the n e -  
g l e c t e d  e f fec t s  of the  t u r b u l e n t  v e l o c i t y  p u l s a t i o n s .  Then  at  l a r g e  d i s t a n c e s  f r o m  the  n o z z l e  the  m e a s u r e d  
and t h e o r e t i c a l  r b e c o m e  i d e n t i c a l ,  a f t e r  which the  t h e o r e t i c a l  r d e c r e a s e  m o r e  r a p i d l y  than the  m e a s u r e d  
ones  down to c o m p l e t e  e v a p o r a t i o n  ( r = 0 ) .  T h e  r e a s o n  f o r  th i s  wi l l  be  c l e a r  f r o m  F ig .  5, which shows  the  
f a l l  in n l / n  2 a long  the ax i s  (points  1 c o r r e s p o n d  to r0 = 14/~, 2 to 20/1, and 3 to 25 #) .  

T h e  d r o p l e t  c o n c e n t r a t i o n  at  the  ax i s  was  about  30% of the  t h e o r e t i c a l  va lue  n~ [ o r  a c o n s e r v a t i v e  m a -  
t e r i a l  at  x = 1.9 m,  and the  va lue  a t  l a r g e r  x fe l l  r a p i d l y  to 1 ~Yc o r  l e s s  of n~. Th i s  h a s  been  exp la ined  above  

r, 
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in deriving Eq. (15); there is i r r eve r s ib l e  loss of droplets f rom the core ,  which is reflected in Eq. (15), and 
this is ace entuated by the s tat is t ical  c h a r a c t e r  of evaporation ar is ing f rom the turbulent velocity fluctua- 
tions, though droplets  identical in r 0 in the initial c r o s s  section move to point x along different paths and 
therefore  different radii at that point. The measured  values for  the mean r shown in Fig. 4 for large  x con-  
sequently represen t  not the original set of droplets  but some small number  of droplets  of elevated initial 
radius,  which have passed through conditions least  favorable to evaporation. 

Then the curves  of Figs.  3-5 not only confi rm the proposed theory for an evaporating impurity in a 
turbulent jet (dispersal accelera ted  relat ive to that for a conserved impurity) but also i l lustrate  an impor t -  
ant feature of droplet evaporation in a turbulent jet: the stochastic cha rac t e r  of the process ,  which t r ans -  
forms a monodisperse  system into a polydisperse  one not only over  the c r o s s  section of the jet as a whole 
but also at each point. 
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