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We examine the p roces s  of the monodisperse  disintegrat ion of a capi l lary jet of water in the 
presence  of t r ansve r se  oscil lat ions of the outlet orifice.  We have determined the values of 
the pa r ame te r s  at which this p rocess  begins; we demonstra te  the effect of individual factors  on 
the form of the d iscre te  disintegrat ion of the jet. 

The theory of the d i scre te  disintegrat ion of a liquid jet was developed by Rayleigh [1] who demon-  
s t ra ted that a moving jet of an inviscid liquid is unstable with respec t  to ro t a t iona l - symmet r i c  per turbat ions ,  
if the wavelength of this per turbat ion is g rea te r  than the c ros s - sec t iona l  pe r imete r  of the jet,  and the p e r -  
turbation that is most favorable for the format ion of drops is achieved when 7t/d = 4.42. In our investigation 
the d iscre te  disintegrat ion of a jet of water  is brought about by the forced la t ter  oscil lations of the outlet 
or if ice,  and these are  produced by placing a hollow rod over the core  of a 600 watt voice coil of a dynamic 
loudspeaker .  The investigation was per formed as a jet of water was d i scha rged th rough th ree  different outlet 
or i f ices  into an air  medium at a tmospher ic  p re s su re :  the d iameter  of the f i rs t  orif ice was 0.5025 ram; that 
of the second was 0.2165 mm; andthat  of the third, 0.072 ram. 

We determined the conditions for the d iscre te  disintegrat ion of the jet in a range of force frequencies 
f rom 500 to 104 Hz. This p rocess  was observed by means of s t roboscopic  illumination, it was photographed 
at an exposure of 0 .7 .10  -~ sec,  and the photography was car r ied  out with a high-speed motion-picture  ca-  
mera  at a filming speed of 4000 f r a m e s / s e c .  

The discre te  disintegrat ion of the jet under specific conditions occurs  over completely equal par t s  
that are  separated from each other through identical distances.  

The d iameters  of the drops that are  formed,  with a high degree of accuracy ,  are  equal to 

A = 1.145v I/3 d 2/3 v -~/3. 

Such monodisperse disintegrat ion of the jet occurs  over  the entire range of h~ employed, if 7t/d 
=3.2-10 and the oscil lat ion amplitude 5 var ies  f rom 4 to 23 #m. When 7t/d > 10 or 6 > 25 ~m, the jet d i s -  
integrates with format ion of satelli te drops ,  or with the formation of a cocurrent  flow. When 7t/d < 3.2, 
the disruption of the monodispers i ty  resul ts  f rom the merging of individual pulsating drops (see Fig. 1). 

In a regime in which the jets  being investigated experience monodisperse disintegration,  the d iam-  
e te rs  of the drops that are  formed ranged f rom 125 to 1240 #m and the frequency of drop format ion reached 
104 per  second. In the presence  of cocur ren t  flows, the d iameters  for the smal le r  drops may be 30 pm 
and smal le r .  

As a resul t  of these investigations,  we can draw the following conclusions.  

1. Monodisperse disintegrat ion is possible when 10 >Tt/d > 4.5. This fact is not considered in the 
Rayleigh theory.  At these values of 7t/d, the d i scre te  disintegrat ion of the continuous portion begins s im-  
ultaneously at several  points along the wavelength. Because the amplitudes of the force oscil lat ions are  
p r imar i ly  on the increase ,  monodisperse  disintegrat ion of the jet continues. As soon as the per turbat ions  
reach their maximum, there is a simultaneous disruption of the monodispers i ty  of the disintegration. 

2. In the case of la tera l  forced oscil lat ions of the outlet orif ice,  the jet d is integrates  in d iscre te  
fashion because of an increase  in the amplitudes of the ro t a t iona l - symmet r i c  per turbat ions  of the continuous 
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Fig. 1. The effect  of k /d  and 5 on the d is in tegra t ion  of a cap-  
i l lary  jet:  a) monod i spe r se  flow of drops  125/~m in d i ame te r ,  
X/d = 3.25; b) d is in tegra t ion  of je t  for k /d  = 4.35, 8 = 5 ~m; c) 
the s a m e ,  for  k /d  = 5.56, 5 = 20 ~m; d) fo rmat ion  of a c o c u r -  
ren t  flow for  ~,/d --- 5.56, 6 = 26 ~m; e) d is in tegra t ion  of jet  
when 7t/d = 9.1, 6 = 18~m; f) d isrupt ion of monodispers i ty  
when k /d  = 3.1; g) the s a m e ,  when X/d = 11.7; h) the s a m e ,  
for  6 < 4 pm.  

por t ion  of the jet.  With g r e a t e r  va lues  for  the ampl i tudes  of the forced osc i l la t ions ,  substant ia l  wavel ike 
"osc i l la t ions"  appear  in the continuous por t ion  of the jet ,  but the d is in tegra t ion  of the je t  is a consequence 
of the inc rease  in the ampli tude of the r o t a t i o n a l - s y m m e t r i c  per turba t ions .  

3. In the p r e sence  of wave- l ike  "osc i l la t ions"  in the continuous por t ion of the jet ,  in addition to the 
usual  pulsat ions  of the drops  that  a r e  being fo rmed ,  we find that  the drops  a r e  additionally ro ta ted  at a 
f requency of s e v e r a l  s co re  ro ta t ions  pe r  second. 

N O T A T I O N  

X 
d 
v 

p 

8 
A 

is the pe r tu rba t ion  wavelength; 
is the je t  d iamete r ;  
is the le t  velocity;  
is the osci l la t ion frequency; 
is the osci l la t ion amplitude;  
is the drop d i ame te r .  
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