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A descr ip t ion  is provided for  the instal lat ion and we give the r e su l t s  f rom exper imen t s  on the 
de te rmina t ion  of the d is t r ibut ion function for  wa te r  droplets  a tomized with a sp ray  nozzle.  The 
resul t ing  dis t r ibut ions  (accurate  to within the exper imenta l  e r ro r )  a r e  desc r ibed  by a n o r m a l -  
logar i thmic  law. It is demons t ra t ed  tha t  these r e su l t s  a r e  in sa t i s f ac to ry  ag reemen t  with those 
der ived by a capture method. 

Many industr ia l  and r e s e a r c h  insta l la t ions p resen t ly  use suspens ions  of a given substance in a gas  or  
in some liquid; this is pa r t i cu l a r ly  cha r ac t e r i s t i c  of instal lat ions involving heat  or  mass  t r a n s f e r ,  as well  
as var ious  types of heating equipment .  The ef fec t iveness  with which the p r o c e s s e s  take place within such 
instal la t ions depends signif icantly on the dimensional  d is t r ibut ion of the suspended pa r t i c l e s  [1-3]. The 
de te rmina t ion  of this p a r a m e t e r  becomes  a n e c e s s a r y  condition for a quanti tat ive analysis  of such ins ta l -  
la t ions.  

The method used to de t e rmine  the dimensional  dis t r ibut ion function for the suspended pa r t i c l e s  usually 
include, in one fo rm or another ,  an individual count, a labor ious  p rocedure  that is assoc ia ted  with a e r o -  
dynamic  d is tor t ions  [4]. 

The sma l l - ang le  method is based  on the fact  that  the suspended pa r t i c l e s  s ca t t e r  light at smal l  angles 
to the initial direction;  m o r e o v e r ,  this p rocedure  introduces no ae rodynamic  d is tor t ions ,  and the m e a s u r e -  
ments  can be accompl i shed  over  s eve ra l  seconds,  with complete ly  sa t i s fac to ry  accuracy .  The theory of 
the method has been developed in [5-7]; the exper imenta l  a spec t s  of the method have been tes ted  on non- 
moving clouds of wate r ,  and this has been  desc r ibed  in [8, 9]. 

When using this method we a s s u m e  that the sca t te r ing  pa r t i c les  a re  spher ica l  and t r anspa ren t ,  with 
the mult iple sca t te r ing  resu l t ing  f rom the l imited concentra t ion a s sumed  to be negligibly smal l .  

The angular  d is t r ibut ion of the intensity I(0) of the radia t ion  sca t t e red  on the ae ro so l s  in this  case  can 
be p re sen t ed  in the fo rm 

a~ 

I (0) =- )rio j" F(O, p)f(p)p2dp, (1) 
0 

F(0 ,p)  is a function which d e t e r m i n e s  the radia t ion  sca t t e r ing  within the angle 0by a pa r t i c le  of a given 
dimension;  f(p) is the densi ty of the d imensional  d is t r ibut ion function for  the pa r t i c l e s ;  p is a p a r a m e t e r  
cha rac t e r i z ing  the re la t ive  pa r t i c l e  d imension  and is equal to p = rD/k .  

In studying the sca t t e r ing  of compara t ive ly  l a rge  pa r t i c l e s  (p >> 1) within a smal l  angle ( 0 < 0.1) we 
have 

F (0, p) = ~ 0~J~ (p0), (2) 
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Fig. 1. Diagram of the installation to investigate the di-  
mensional spectrum of atomized par t ic les .  

TABLE 1. Basic P a r a m e t e r s  for the Dimension-  
al Distribution Functions of the Par t ic les  

Air pressure 
in spray 
nozzle, arm 

0,8 
0,6 
0.4 

D m, p m  o, p m  

small-angle capture small=angle capture 
method I method me thod  method 

2,2 i 2,4 '~,05 I '),2 
2,8 , ',,9 2,G 

I 2,8 ,i 2,5 

and inverting (1), we find 

c i d(031) 
(P) = fl~ ,." dO J~ (pO) Y, (90) dO, (3) 

o 

where c is a constant. 

We can also have other solutions which do not 
lead to the differentiation of the integrand [10]. Then 

c; 
f (p) = P h (9, 0) S (0) dO, (4) 

0 

where the kernel h =-2~Yl(x)[2xJ0(x ) - Jr(x)] - 4 ,  while S(0) = I(0) 3 _ i(fl)fl3, I(0), and I(fl) are  determined 
experimentally;  fl is a ra ther  large angle which still sat isfies the condition of applicability for the smal l -  
angle method. 

In our case fi was equal to 0.1-0.15 radians,  depending on the speed of signal reduction. 

The smal l -angle  method is used to determine the density of the dimensional distribution function for 
water  par t ic les  produced by atomization in a spray nozzle. A diagram of the installation is shown in Fig. 
1: 1) the H e - N e  laser  with a radiation wavelength of 0.6328 ~; the polarizat ion plane forms an angle of 45 ~ 
with the measurement  plane; 2) a col l imator  with an angular magnification of 11• 3) diaphragms limiting the 
beam; 4) a pneumatic spray nozzle with a nozzle d iameter  of 0.3 ram; 5) the spray-nozz le  cone; 6) an ob- 
ject ive with an effective aper ture  of 45 mm and a focal length of 400 ram; 7) a point diaphragm 0.2 mm in 
diameter ;  8) an in terference light filter; 9) an F]~U-51 photomultiplier;  10) a ca r r i age  moving along guide 
ra i ls  11, s imultaneously rotat ing about the ver t ical  axis of objective 6; 12) the drive of the movement mech-  
anism; 13) a potent iometer  connected to the moving ca r r iage  10; 14) terminal  switches to l imit  the move-  
ment of the ca r r iage .  

The signal taken from thephotomult ipl ier  is applied to the dc amplif ier  15 (type F-359) (the amplification 
used here went as high as 105), and the amplified signal is t ransmit ted to a two-coordinate automatic r e -  
corder  of the N-359 type (16). The moving car r iage  sets the angle of r eco rde r  drum rotat ion through po- 
tent iometer  13 and the angle and the intensity of the sca t tered  light are  thus simultaneously recorded.  

The operations were  car r ied  out in the following sequence: with the spray nozzle disconnected,we r e -  
corded the signal from the light sca t tered  by the lens; the spray nozzle was then cmmected [sic] and we 
recorded  the light scat tered from the lens and the nozzle cone. The magnitude of the light sca t tered  by the 
cone was found by substrat ing the f i rs t  f rom the second. 

Figure 2 shows a typical resul tance whose ordinates are  proport ional  to the radiation sca t te red  by the 
nozzle cone. In process ing  the experimental  resul ts  in accordance  with (3), in cer ta in  cases ,  we found a 
"negative" concentrat ion in the region of large 0. Repeated process ing  of the curve did not markedly alter  
the resul ts .  This phenomenon is apparently associated with the excessive simplification employed in the 
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Fig. 2, Angular dis t r ibut ion of the intensity of the light s ca t t e r ed  by 
the nozzle cone (E in conventional units and 0 in radians) .  

Fig. 3. Accumulated d i a g r a m s  of the dis t r ibut ion functions der ived 
by the s m a l l - a n g l e  method (solid lines) and by the capture  method 
(dashed lines) for  the following excess  a i r  p r e s s u r e s  at the inlet to 
the sp ray  nozzle:  1) 1 ) = 0.8 atm; 2) 0.6 atm; 3) 0.4 a tm.  

se lec t ion of the function F (0, p) for  l a rge  O. With a reduct ion in the l imi t  reckoning angle (in our case ,  
f rom 0.175 to 0.113 radians)  the d is t r ibut ion functions a r e  smoothed and the "negative" concentrat ions d i s -  
appear .  When p roces s ing  the signal  in accordance  with (4), we find that no "negat ive"  concentra t ions  a re  
obse rved .  

The pa r t i c l e  d is t r ibut ion in the nozzle cone was a lso  studied by captur ing pa r t i c les  on g lass  p la tes ,  
and these  were  subsequent ly  microphotographed.  A shut ter  is se t  up in front  of the pla tes  and the exposure  
i s o f  the o rde r  of 10 -2 sec; the p la tes  we re  covered  with a mix ture  of t r a n s f o r m e r  oil and gasol ine,  in a 
r a t io  of 3 : 1; the reso lu t ion  of the mic roscope  was 0.8 tzm. The overa l l  magnif icat ion was 700• and an 
e lec t r i ca l  sl ide ru le  was used to count the pa r t i c l e s .  

The dis tr ibut ion functions der ived  with these  two p rocedu re s  a re  sa t i s fac to r i ly  desc r ibed  by the n o r -  
mal  logar i thmic  law 

[ 1 N (D) dD --= 1 exp Ig D - -  lg Dm d lg D. 
lg a V2-~ 2 (lg a)" 

The accumulated d i a g r a m s  of the dis t r ibut ion functions der ived  by the two methods for  var ious  a i r  
p r e s s u r e s  within the sp ray  nozzle a r e  shown in Fig. 3. 

As we can see f rom the f igure ,  the d is t r ibut ions  a r e  fa i r ly  close to each other;  we can see the s ame  
thing f rom the table ,  which g ives  the i r  bas ic  p a r a m e t e r s .  

The slightly h igher  values  of Din, der ived  by the capture  method,  can be explained by the re la t ive ly  
l imited capture  eff iciency for  smal l  pa r t i c l e s .  When P = 0.2, the sma l l - ang le  method produced a d i s t r ibu-  
t ion substant ia l ly  di f ferent  f rom the normal  logar i thmic  dis t r ibut ion obse rved  for  the same  p r e s s u r e  in the 
capture  method. This  d ivergence  can be explained by the unstable operat ion of the sp ray  nozzle at low p r e s -  
su r e s .  

These  r e su l t s  thus indicate the poss ib i l i ty  of re l iab ly  using the sma l l - ang le  method to m e a s u r e  the 
d imens ional  spec t rum  of pa r t i c l e s  moving in a s t r e a m .  

I 0 
I 

N O T A T I O N  

is the intensity of the incident radiat ion;  
is the intensi ty of the sca t t e r ed  radiat ion;  
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D 
N(D) 
P 
J,(po) 
Yi(P85 
Dm 

P 
erf(~) 

Ls the wavelength of the light used; 
~s the sca t te r ing  angle; 
Is the maximum theore t ica l  sca t te r ing  angle; 
is the par t ic le  d iameter ;  
is the density of the dimensional  par t ic le  distr ibution function; 
~s a d imensionless  p a r a m e t e r  charac te r iz ing  par t ic le  magnitude; 
~s a Bessel  function of the f i r s t  kind; 
is a Besse l  function of the second kind; 
LS the mean geomet r i c  par t ic le  diameter ;  
is the s tandard geomet r ic  deviation; 
m the a i r  p r e s s u r e  in the spray nozzle; 
is the Kramp function of D. 
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