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The r e su l t s  of an invest igat ion into the f rac t iona l  composi t ion and mean  s ize  of a s y s t e m  of 
liquid drops with a wide range  of pa r t i c le  s ize  a r e  p resen ted .  The drops  a r e  produced by 
means  of a centr i fugal  disc s p r ay .  

In recen t  yea r s  cons iderab le  in te res t  has  a r i s en  in connection with sp rays  having a wide range  of p a r -  
t ic le  (drop) s ize .  In p rac t ica l  calculat ions and operat ions  based on spray ing  p r o c e s s e s ,  it is usual t o r e -  
p lace  the actual s y s t e m  of drops  in the jet by one with a single drop s ize ,  s imply  matching  the total  volumes 
and total  drop sur face  a r ea s  of the two s y s t e m s  [1]. However ,  any pa r t i cu la r  mean  v o l u m e - s u r f a c e  d i a m -  
e t e r  may cor respond  to a whole range  of s y s t e m s  with ve ry  different d r o p - s i z e  d is t r ibut ions .  This has a 
m a j o r  effect  when discuss ing the p r o c e s s e s  taking place  in different p ieces  of appara tus ,  s ince the conditions 
of evaporat ion applying to l a rge  and sma l l  drops  d i f fe r  substant ia l ly  [2]. 

In this pape r  we shall  t r y  to d i scover  the effects  of var ious  spraying  f ac to r s  on the f rac t ional  c o m p o s i -  
t ion of drop sy s t em s  and the mean  drop s ize  when spraying  liquids with a centr i fugal  disc sp ray .  In our 
exper iments  we used a centr i fugal  disc sp r ay  with a pneumatic  dr ive  and a disc d i ame te r  of 50 m m .  The 
flow of liquid lay  within the r ange  1.5-4.5 kg/h .  

The s ize  of the drops  was de te rmined  by  a method based  on the m e s h  (sieve) analysis  of solidified 
drops  [3]. The accu racy  of the method was inc reased  by washing the res idue  in the m e s h  with a wa te r  jet .  
Spraying was c a r r i e d  out with aqueous solutions of the products  of chemica l  in teract ion between phenol and 
fo rmaldehyde  ( the rmoreac t ive  p h e n o l - f o r m a l d e h y d e  res ins )  produced by Soviet indust ry  and having a wide 
range  of phys icochemieal  p rope r t i e s .  A specif ic  cha rac t e r i s t i c  of the hardened pa r t i c l e s  of these  products  
is thei r  spher ica l  shape,  together  with the i r  monoli thic or  hollow s ingle-ce l l  s t ruc tu re ,  having no openings 
in the s ides  (walls). The method of conducting the exper iments  and a lso  the r e su l t s  of a study of drop s ize  
distr ibution (for pneumatic  spray ing  of the liquid) as a function of the v i scos i ty  of the liquid, the ra t io  of the 
f low of liquid to the flow of a i r ,  and the a i r  t e m p e r a t u r e  we re  se t  out in the f i r s t  pa r t  of our invest igat ion 

[61. 
The exper iments  with the centr i fugal  disc sp r ay  were  a imed at studying the drop spec t rum as a func-  

t ion of the v i scos i ty  of the liquid, its su r face  tension,  and the angular  veloci ty and output of the disc .  The 
exper imenta l  r e su l t s  we re  analyzed in the s a m e  way as in the ca se  of pneumatic  spraying ,  by using the 
R o s i n - R a m m l e r  equation for  the total volume distr ibution of sy s t ems  with a wide sp read  of drop s izes  [4] : 
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Fig. I. Total size distribution of the drops on 
spraying liquid by means of a centrifugal disc: 
I) ~ = 0.09 N.sec/m2; ff = 0.027 N/m; 2) re- 
spectively 0.05 and 0.042; 3) 0.05 and 0.051; 4) 
0.75 and 0.030; 5) 2.90 and 0.031; 6) 5.20 and 

0.031. 
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Fig. 2. Coefficients of the total drop distribution equation K (I) and a m (2) and the mean 
volume-surface diameter d32 (3) as functions of: a) the viscosity of the liquid/~; b) the sur- 
face tension of the liquid or; e) the angular velocity of the disc n. 

T A B L E  1. D e p e n d e n c e  of K, a m ,  and 
d32 on t h e  Output  G. 
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100 
V -  100 (1) 

exp bd K ' 
w h e r e  b - l/aK m. The  c u r v e s  d e r i v e d  f r o m  the  e x p e r i m e n t a l  
data agree closely with Eq. (1) on making a propel" choice of the 
coefficients K and am. 

In order to determine the role of the coefficients K and 
am in the drop size spectrum, let us consider the total drop 
distribution curves obtained for various values of the surface 

eters. The degree of dependence 
conversion into logarithmic form. 
equations take the form 

t e n s i o n  and v i s c o s i t y  of t he  l i qu id  ( F i g .  1), C u r v e s  1, 2,  3 r e -  
f l e c t  the  i n f luence  of s u r f a c e  t e n s i o n  ( v a r y i n g  be tw e e n  0.027 and 0.051 N / m ) ;  c u r v e s  4, 5, 6 r e f l e c t  the 
i n f l uence  of v i s c o s i t y  o v e r  t he  r a n g e  0 .05-5 .20  N �9 s e e / m 2 .  The  l a w s  g o v e r n i n g  the  c h a n g e s  t a k i n g  p l a c e  in 

t h e  c o e f f i c i e n t s  K and a m  of Eq.  (1) a s  a r e s u l t  of c ha nge s  in the  s a m e  f a c t o r s  ( v i s c o s i t y  mad s u r f a c e  t ens ion )  
varying over the same ranges are illustrated in, Fig. 2a, b. On comparing Figs. I and 2a, we see that a 
change in viscosity over the range indicated causes fairly considerable changes in K (2.5-3.81 absolute) and 
a m (50.6-74.5). 

Ln the graphical interpretation of the total distribution, this effect appears as a change in the radius 
of curvature of the curve and also in the distance of the inflection on the curve from the vertical axis (Fig. 
I). The physical meaning of the change in the coefficients K and am with increasing viscosity of the liquid 
arises from the fact that the degree of variation in the drop size and also the most probable diameter of a 
drop both increase. 

A slightly different picture is obtained on varying the surface tension of the liquid (Figs. 1 and 2a). 
A reduction in surface tension from 0.051 to 0.27 N/m causes no appreciable change in a m (50.6-52.0), but 
produces a considerable rise in K (1.80-3.81). Graphically, curves 1, 2, 3 are distinguished by the fact 
that they have different radii of curvature, but almost identical distances of the inflection from the V axis, 
i.e., as the surface tension diminishes, the drop spectrum approaches the state of being represented by a 
single particle size, while the most probable drop diameter remains constant. 

In order to compare the laws governing the changes which take place in the characteristics of many- 
size and nominally single-size systems when the properties of the liquids vary, we show in Fig. 2a, b how 
the coefficients of the distribution equation K and a m and the mean volume-surface diameter d32 vary with 

and or. As is evident from Fig. 2a, b, the mean diameter of the particles cannot serve as a genuine in- 
dieator of the spread in the particle size of a system, since the behavior of the distribution coefficients and 
the mean volume-surface diameter as functions of one spraying factor or the other is completely different. 

The effect of the angular velocity of the disc (267-400 rps) on K, am, and d~2 during the spraying of a 
highly viscous liquid (dynamic viscosity at 293~ 2.9 N .sec/m 2) is indicated in Fig. 2e. We see from Fig. 
2c that the rate of rotation of the disc has a considerable influence on the particle-size distribution param- 

may be estimated quantitatively by examining the equations after their 
On spraying liquid with a viscosity in the range 0.05-5.20 N .sec/m 2 the 

K = - -  2,90. ~t -~176 

a m = 64.95. tto,0s4, (3) 

da~ • 53.50. ~t 0'132. (4) 
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In the h igh-viscos i ty  range (0.75-5.20 N �9 s e c / m  2) the power indices of p are  still lower 

K --- - -  2.62.~-5'~176 (5) 

d32 = 56.50.~ ~176 (6) 

The express ion for  am in this range of v iscos i ty  coincides with Eq. (3). 

The equations relat ing K, am, and d32 to the sur face  tension ~ and the number  of rotations of the disc 
take the fo rm 

K = - -  49.72.10 -3-(~-i,l'~, (7) 

a m = 59.20.a~ ~ (8) 

d3~ = 133,20.~o ,an, (9) 

K = - -  50.65.10-3.nO, 65s, (10) 

am = 300.n-0,24~, (11) 

d82 = 28.15. l02 .n -~176 (12) 

It  is well known [5] that the output of the disc has a fa i r ly  substantial influence on the size of the drops.  
The l abora to ry  installation with which we were  working enabled us to determine the par t ic le-dis t r ibut ion 
indices of the drops for  a fa i r ly  wide range of m a s s  flow of the disc G. The resul ts  of these determinations 
appear in Table 1. The change in the coefficients K and am over this range of outputs shows that,  with in- 
c reas ing  flow of liquid, the mos t  probable diameter  of the drops increases ,  the volumetr ic  proport ion of 
drops of this diameter  remaining pract ica l ly  constant .  

Generalizing all the foregoing, we may  conclude that different physicochemical  and technological 
spraying pa ramete r s  have different effects on the fract ional  composit ion of a sys tem of drops with a wide 
range of s izes ,  and also on its mean v o l u m e - s u r f a c e  d iameter .  Of the several  fac tors  considered in the 
present  investigation (within the l imits  a l ready indicated), the surface  tension of the liquid and the angular 
veloci ty of the disc exert  the greates t  influence on the dispers ion pa rame te r s  K and am.  

The foregoing  data enable us to make a m o r e  reasoned approach to the mat te r  of est imating the effects 
of various spraying pa ramete r s  on the drop size spect rum,  and may  be used in a number of practical  con-  

nections.  

V 
d 

d32 

ff 

n 
G 
K and a m 

N O T A T I O N  
is the number of drops with l a r g e r  dimensions,  %of volume; 
is the diameter  of drops,  ~; 
is the v o l u m e - s u r f a c e  diameter  of drops,  ~; 
is the dynamic viscos i ty  of liquid at 293~ 
is the surface  tension of liquid at 293~ 
is the ra te  of rotat ion of disc,  sec-1; 
is the output of disc,  kg / sec ;  
a re  coefficients of the R o s i n - R a m m l e r  equation. 
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