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The dependence between the relative quantity E and the mean size d m of satellite-drops 
formed in fluid atomization by a rotating disk and the parameters of the process is investi- 
gated experimentally. Empirical formulas are obtained to permit determination of E and 
d m as a function of the rotational velocity and radius of the disk, the viscosity, density and 
surface tension of the fluid. 

It is known [1-2] that at low fluid discharges delivered to the center of a rotating disk as a continuous 
jet, approximately identical "fundamental" drops and finer "satellite-drops" formed. As the fluid discharge 
increases, the quantity of satellite-drops grows and of the fundamental drops diminishes. The atomization 
conditions at which the weight content of satellite-drops reaches 100% and the fundamental drops vanish 
can be considered the atomization corresponding to the transition from the first  mode, characterized by the 
formation of drops directly on the disk edge, to the second mode. In the second mode, not drops, but liquid 
filaments which decompose into drops at some distance from the edge [3], are ejected from the edge of the 
disk. In many cases, not only the size of the fundamental drops, but also the relative quantity and size of 
the satellite-drops must be estimated in advance. It is as yet impossible to solve this problem theoretically. 

To obtain the empirical dependences governing the quantity and size 
of the satellite-drops as a function of the values of the fundamentalparam- 
eters of the atomization process, experiments were conducted on the set-  
up shown in Fig. 1. A continuous fluid jet from the injector needle 3, 

i whose plunger was loadedbythe weight 4, was delivered to the central cy- 
lindrical recess of the smooth horizontal disk 1 set into rotation by the 
collector electric motor 2 ("Omega," N = 18,000 rpm). To measure the 
angular velocity of the disk 1, a circle 5 with cutouts to interrupt the light 
flux from the incandescent lamp 6 to the photoresistor 7 was mounted at 
the lower end of the shaft of the electric motor 2. A frequency meter 

1 regulated by a rheostat measured the frequency of the pulses generated 
by the photoresistor (i.e., the angular velocity of the disk). A horizontal 

2 sheet of paper was placed 9 cm below the plane of the disk. The deposited 
fundamental drops of tinted fluid formed a circular trace of regular shape 
on the paper. The satellite-drops were deposited principally within this 
trace.  As the fluid discharge increases, the clear ring formed by the 
fundamental drops lost color (without a change in radius) up to total dis- 

~ . ; . v  .~.~5 appearance, and the spread-out inner ring formed by the satellite-drops 
T~C became denser. 

h-7 In order to determine the relative weight of the fundamental drops, 
Fig. 1. Diagram of the ex- the increment in the weight of the paper ring sector on which the ring 

perimental apparatus, trace was formed was measured in tests with practically no.vaporizing 
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Fig .2 .  Dependence of the 
re la t ive  weight quantity of 
sa t eUi te -d rops  E, % on the 
quantity 86 (co ~ ~ 0.3~ 
(pQ/(r) 0.62 = A: curve  - e m -  
p i r i ca l  formula ;  points - ex -  
p e r i m e n t .  

fluids (mineral  oils) .  The re la t ive  weight of the fundamental  drops  
E = AG/G was de te rmined  by means  of the r e su l t s  of weighing and 
measu r ing  the total  quantity of fluid used G. A meta l  s ec to r  with 
c r i m p s  was used in place  of the paper  s ec to r  in t e s t s  with water :  the 
qumitity of fluid deposi ted within the ring was de te rmined  by co lo r i -  
m e t r y .  As a check the quantity of fluid deposited on the whole a r e a  
of the checking c i r c l e  G 1 was de te rmined  and compared  with the quan-  
t i ty G of fluid used.  

To  de te rmine  the s ize  of the s a t e l l i t e -d rops ,  m i c r o s c o p e  s l ides  
were  used which had f i r s t  been coated with a thin l aye r  of s i l icone oil .  
The s l ides  were  laid out on a horizontal  su r face  along one of the radi i  
of the disk.  The s imples t  sl i t  shut ter  with sli t  motion perpendicu la r  
to the line of s l ides  was used to l imit  the duration of the exposure .  

The deposited drops were  measu red  and counted under a m i c r o -  
scope; they were  hence sepa ra t ed  into s ize  c l a s s e s  and the a r e a  ex -  
amined was taken into account.  

In all  90 t e s t s  were  conducted in which co va r i ed  f r o m  31.4-1660 
sec  -1, R between 1 and 11 cm,  Q f r o m  0.03-1.7 cm3/sec ,  p f r o m  0.89-1 

g / c m  3, u f r o m  0.01-26.4 cm2/sec ,  and a f r o m  29-73 g / s e c  2. The measu red  values of the deposi ted drops  E 
were  f r o m  8 to 89%, the total  degree  of deposit ion of the fluid within the c i r c l e  checked E 1 = Gt /G va r i ed  
between 90 and 100% in the major i ty  of t es t s  (except for  six tes ts  with the fo rmat ion  of drops l e s s  than 100 
in s ize ,  for  which a significant pa r t  of the fluid, up to 35%, was deposited outside the l imi t s  of the c i r c l e  
checked) .  

The tes t  r e su l t s  were  p r o c e s s e d  on an e lec t ronic  computer  by leas t  squares  in the f o r m  of the de -  
pendence E = f(co, u, R, Q, (~, p). Consequently,  an empi r i ca l  fo rmula  governing the re la t ive  weight quantity 
of s a t e l l i t e -d rops  as a function of p a r a m e t e r s  of the p r o c e s s  was obtained: 

(o~ v~ (~)~ 
E = 86 Roa ~ ~ 100% . (1) 

The dependence (1) is com pa red  in Fig.  2 with exper imenta l  values of E (points).  The re la t ive  quantity 
of s a t e l l i t e -d rops  grows as the fluid d ischarge  Q, the disk angular  velocityco, and the fluid densi ty  p in-  
c r e a s e ,  depends sl ightly on the fluid v i scos i ty  u (grows slowly as the v i scos i ty  inc reases ) ,  and d iminishes  
as the fluid su r face  tension a and the disk radius  R inc rea se .  Fo rmu la  (1) can be r e c o m m e n d e d  for  app rox i -  
mate  p rac t i ca l  e s t i m a t e s .  

Taking the value E = 100% as the condition for  t rans i t ion  f r o m  the f i r s t  to the second mode of a t o m i z a -  
t ion, we obtain the following inequality to e s t ima te  the values  of the p a r a m e t e r s  cor responding  to the f i r s t  
mode 

0)~ ~~ 0,62 
0 < 86 ~ ~ -~ /  < 100%. (2) 

The empi r i ca l  fo rmula  

(3) 
(o \ RN 

is obtained for  the sa t e l l i t e -d rop  d i ame te r  for  the median m a s s .  

P r o c e s s i n g  of the tes t  r e su l t s  showed that the s ize  dis t r ibut ion of the s a t e l l i t e -d rops  is defined a p -  
p rox ima te ly  by a no rm a l  dis t r ibut ion law for  r andom v a r i a b l e s .  The re la t ive  magnitude of the r o o t - m e a n -  
square  deviation f l /d  m var i ed  between 0.08 and 0.16. 

t l ,  CO 
p, u,a,Q 
dm 

N O T A T I O N  

a re  the disk radius  and angular  velocity;  
a r e  the fluid densi ty ,  k inemat ic  v i scos i ty ,  su r face  tension and d ischarge;  
is the s a t e l l i t e -d rop  d i ame te r  for  the median mass ;  
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is the root-mean-square deviation of the drop diameter from the diameter for the median mass; 
is the relative weight quantity of satellite-drops. 
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