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The r e su l t s  of an invest igat ion of the s ize  dis tr ibut ion of pa r t i c les  suspended at var ious  
points in an a x i s y m m e t r i c  sp ray  jet  a re  p resen ted .  

Despi te  that extensive use  of var ious  f o r m s  of s p r a y e r s  in modern  technology, many p r o c e s s e s  oc -  
cur r ing  in their  je ts  a r e  st i l l  not c l e a r .  In pa r t i cu la r ,  the kinet ics  of pa r t i c l e  growth and breakup in var ious  
jet  zones is not c l e a r .  In e a r l i e r  expe r imen t s ,  groups of pa r t i c les  were  introduced into the flow [1], which 
significantly d is tor ted  the ae rodynamics  of the flow and which would lead to cons iderab le  change in the local  
p a r a m e t e r s  of the dis tr ibut ion function of the pa r t i c l e s  in the suspension.  

We used the so -ca l l ed  s m a l l - a n g l e  method [2, 3] to de te rmine  the p a r a m e t e r s  of the dis tr ibut ion 
function. This  method, which is based  on m e a s u r e m e n t s  at smal l  angles of the curve  for  light sca t t e r ing  
by the pa r t i c l e s ,  introduces no dis tor t ions  in the flow and allows one to obtain d i rec t ly  the pa r t i c l e  s ize  
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Fig. 1. Distr ibut ion of intensi ty of light s ca t t e r ed  by jet  sp ray  
a s  a function of: a) s ca t t e r ing  angle for  r ays  pass ing  at dif ferent  
d is tances  f r o m  the jet  axis;  b) dis tance f r o m  jet  axis for  var ious  
sca t t e r ing  angles (N is zone number) ;  c) sca t t e r ing  angle for  
var ious  jet  zones (1-8) a f t e r  convers ion  in accordance  with Eq. 
(1). a: 1) y = 0 ; 2 ) y = 1 0 ;  3) y = 2 0 ; 4 ) y = 3 0 ;  5) y = 4 0 m m ; b :  
1) 0 = 1~ 2) 0 = 2~ 3) 0 = 3~ 4) 0 = 3~ 5) 0 = 4~ 6) 
0 = 5~ 7) 0 = 6~ 8) 0 = 6~ 0, t ad .  
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Fig. 2. Scheme for  subdivision of jet  regions  into annular  zones 
([ and II a r e  the planes in which m e a s u r e m e n t s  were  made.  L 
is the dis tance f r o m  nozzle  tip to the pa r t i cu la r  plane.  1, 2, 3,n 
a re  numbers  of jet  zones).  
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Fig. 3. Pa r t i c l e  s ize  distr ibution for  var ious  jet zones on l inear  
(b, d) and log -norma l  (a, c) sca les  (Er f (e ) ,Kramp function of D): 
a: 1) k = l ;  2) k = 2 ;  3) k = 3 ; b :  1) k = 1 ; 2 )  k = 2 ;  3) k = 3 ; 4 )  k 
=4 ;  5) k = 5 ;  6) k = 6 ; c :  1) k = l ;  2) k = 2 ;  3) k = 3 ;  d: 1) k = 1 ;  2) 
k = 2 ;  3) k =  3; 4) k = 4 ;  5) k = 5 ;  6) k = 6 ;  7) k = 7 ;  for  a) andb) ,  
L = 4 0 m m ; f o r  c) a n d d ) , L  = 8 0 m m ,  Din /~ .  

distr ibution function with averag ing  taking place over  a cons iderable  set  of pa r t i c l e s .  It is shown below 
that this method can be used to de te rmine  the distr ibution function in a compara t ive ly  smal l  annular  zone. 
The exper iments  we re  p e r f o r m e d  on the appara tus  descr ibed  in [5]. We used  as a s p r a y e r  a pneumatic  jet  
with a i r  and liquid nozzle d i ame te r s  of 2.6 and 4 m m  respec t ive ly .  When spray ing  water ,  the a i r  p r e s s u r e  
was 0.7 a tm.  The intensity Gy(0) of the sca t t e red  light was found exper imenta l ly  as a function of the s c a t t e r -  
ing angle 0 a t v a r i o u s  dis tances  y f rom the axis of the jet  (Fig. la);  the re la t ive  location of jet,  coordinate  axes,  
and planes in which m e a s u r e m e n t s  were  made is c l ea r  f rom Fig. 2. 
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F i g . 4 .  P u l s e  p h o t o g r a p h  of s p r a y  j e t .  

B 

0,8~ 2 ~' 6 at 

F i g .  5. M e d i a n  p a r t i c l e  d i a m e t e r , D ,  fo r  v a r i -  
ous j e t  zones  (N is  zone n u m b e r ) .  1) L = 40 
m m ; 2 )  L =  8 0 r a m .  D i n / ~ .  

In the g e n e r a l  c a s e ,  a r a y  p a s s e s  t h rough  v a r i o u s  
zones  in the  j e t  and the r e s u l t a n t  c u r v e  is an  a v e r a g e  
o v e r  t h e s e  z o n e s .  To d e t e r m i n e  the l o c a l  v a l u e  of the 
d i s t r i b u t i o n  func t ion ,  it  is  n e c e s s a r y  to f ind the  quant i ty  
G(@ r e l a t e d  to s o m e  one zone .  The  j e t  can  be  c o n s i d e r e d  
a x i s y m m e t r i c  a t  s m a l l  d i s t a n c e s  f r o m  the n o z z l e ;  one 
can  t h e r e f o r e  u s e  an  A b e l i a n  t r a n s f o r m  [6]. In do ing  th i s ,  
the f a m i l y  G0(Y ) (y is  the a r g u m e n t  and 0 a p a r a m e t e r )  
is  d e t e r m i n e d  f r o m  the f a m i l y  C~ (0) (0 is  the a r g u m e n t  
and y the p a r a m e t e r ) .  In add i t i on ,  the  j e t  is  s u b d i v i d e d  
into n a n n u l a r  zones  ( F i g .  2) such  tha t  r k < r k +  1 << rn ,  
w h e r e  r k is  the  r a d i u s  of the  zone n u m b e r e d  k and 0 -< k 
-< n - 1. It is  u s u a l l y  a s s u m e d  that  the  d e s i r e d  func t ion  
is  c o n s t a n t  wi th in  an a n n u l a r  zone;  in ou r  c a s e ,  the r e l a -  

l ive  e r r o r  would  then be  15-20%. The t r a n s f o r m a t i o n s  u s e d  l a t e r  on a r e  s e n s i t i v e  to s m a l l  d e v i a t i o n s  in 
the quant i ty  Gk(0 ) a n d  the r e s u l t i n g  e r r o r  b e c o m e s  even  l a r g e r .  It is  t h e r e f o r e  a s s u m e d  that  the i n t e n s i t y  
of  s c a t t e r e d  r a d i a t i o n  v a r i e s  l i n e a r l y  wi th in  each  zone .  In th is  c a s e ,  the equa t ion  fo r  the  A b e l i a n  t r a n s -  
f o r m a t i o n  has  the  f o r m  

n--i 
2 Go (k + 1) - -  60 (k) 

6o (k) = ~ T ~ '  [(k + 1 7 -  i~l ~/~ + (k~ --i~) ~/~ ' 
k = l  

O--~..i-~k, g = kAl, R = nAl, 

(i) 

w h e r e  Al  is  the s i z e  of a j e t  s u b d i v i s i o n ,  which  was  5 m m  in ou r  e x p e r i m e n t s ;  R is the r a d i u s  of the j e t ;  and 
G0(k ) is  the  i n t e n s i t y  of the  l i gh t  s c a t t e r e d  a t  an ang le  0 a s  a func t ion  of  the  zone I m m b e r  k .  

Wi th  equal  m e a n  s q u a r e  e r r o r s  a fo r  a l l  m e a s u r e m e n t s  a long  c h o r d s  of the j e t ,  the  r e s u l t a n t  e r r o r  
s k in the  d e t e r m i n a t i o n  of the i n t e n s i t y  of r a d i a t i o n  s c a t t e r e d  at  a g iven  angle  in the k - t h  zone w i l l  be  

2 V ~ 5  
e~ = ~ (2k + 1) s2 

In ou r  c a s e ,  ek was  l e s s  than 3-4%. 

The  func t ions  G0(k ) o b t a i n e d  f r o m  Eq.  (1) w e r e  r e p l o t t e d  as  Gk(0 ). The  f a m i l y  of Gk(6 ) c u r v e s  fo r  
zones  1 -8  a r e  shown in F ig .  l c .  The  p a r t i c l e  s i z e  s p e c t r a  w e r e  d e t e r m i n e d  by  the equa t ion  p r o p o s e d  in [3] 

~. d [0~6~ (0)l ]~ (oo) Y (oo) 
N (,o) p2 C pOdO, 
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w h e r e  c is  a cons tan t ;  N(p) is  the  s i z e  d i s t r i b u t i o n  funct ion;  p is  a d i f f r a c t i o n  p a r a m e t e r ,  p = ~rD/X; D is  the 
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par t i c le  diameter ;  ~ is wavelength; JI(P6) and Y(po)  a re  BesseI  functions of f i r s t  and second o rde r  r e s p e c -  
tively; k(p,  m) is the effective par t ic le  c ross  section and m is the index of re f rac t ion .  

The par t ic le  s ize distr ibution in the var ious  zones of the jet is shown in Fig. 3. It is c lea r  that par t ic le  
concentrat ion is g rea te r  near  the axis of the jet and the dispers ion of the distr ibution increases  toward the 
per iphery .  Considerable turbulence a r i ses  at the boundary of the jet (this is also c lea r  f rom Fig. 45 and the 
indicated behavior  is not rea l ized .  The average par t ic le  d iameter  40 mm f rom the nozzle tip is in the range 
2.2-4 ~; at 80 ram, it is in the range 2.9-3.8 p. 

The par t ic le  size distribution was also measured  in an axial section of the jet  at various distances 
f rom the nozzle tip. The spec t ra  obtained a re  sa t i s fac tor i ly  descr ibed  by the log-normal  law. At small  
distances f rom the end of the nozzle (out to 40 mm),  the par t ic le  density distr ibution is approximately iden- 
tical; the average  dimension then increases  (in the range 40-100 mm) and finally fails with a fu r ther  in-  
c r ea se  in distance (Fig. 5). The mass flow ra te  along var ious zones of the jet  is descr ibed by a more  com-  
plex behavior  that proposed in [1] which is evidently associated with the considerable  increase  in turbulence 
at the per iphery  of a f ree  jet .  
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