
E F F E C T  OF I N I T I A L  

D I S I N T E G R A T I O N  

V.  Y u .  N e z g a d a  

LIQUID PARAMETERS ON JET 

We study the dependence of the length of the continuous por t ion of a jet  on the nozzle  d i ame te r  for  
d i f ferent  initial p r e s s u r e  and t e m p e r a t u r e  of the wa te r  being sprayed .  A schemat ic  of the exper imenta l  
setup is shown and its operat ing pr inciple  is descr ibed .  

We find that  with i nc r ea s e  of the t e m p e r a t u r e  of the liquid being sp rayed  the length of the continuous 
pa r t  of the je t  d e c r e a s e s ,  while this length i nc rea se s  with i nc rea se  of the p r e s s u r e  (up to 6 atm).  When 
spray ing  superhea ted  wa te r  nea r ly  comple te  dis integrat ion of the jet  is achieved at a t e m p e r a t u r e  c lose  to 
the boiling point of the wa te r .  It is a lso  found that  in the low p r e s s u r e  range (2-5 a tm gage),  r e g a r d l e s s  of 
the p a r a m e t e r s  of the wa te r  being sprayed ,  the max ima l  length of the continuous par t  of the je t  is obtained 
for  a nozzle  d i a m e t e r  d = 1.5-1.8 m m  at t e m p e r a t u r e s  of 15-120~ and for  d = 0.8-1.2 m m  at t e m p e r a -  
t u re s  > 120~ 

The na ture  of the d is in tegra t ion  of the h igh-veloci ty  liquid je t  issuing f rom nozzles  depends on the 
fluid d i scharge  veloci ty ,  its physical  p rope r t i e s ,  r e s i s t a n c e  of the med ium into which the d ischarge  takes  
place,  the initial  p a r a m e t e r s  of the liquid, and o ther  fac to rs .  The main  fac tors  a r e  the sur face  tension of 
the liquid and the effect  of the surrounding med ium [1]. 

The je t  d is in tegra t ion  becomes  m o r e  effect ive and much f a s t e r  with inc rease  of the initial t e m p e r a -  
tu re  of the liquid being sp rayed  because  of m o r e  intense spreading  of the jet ,  m o r e  intense vapor iza t ion  
f r o m  the je t  su r face ,  and a lso  because  of reduct ion of the su r face  tension forces  and change of the nature  
of the je t  pulsat ion and of the veloci ty  potential .  Moreover ,  change of the t e m p e r a t u r e  of the sp rayed  
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liquid is associated with change of its kinematic v iscos i ty  which, in turn, determines  the degree of turbu-  
lence of the jet and also the nature and ra te  of its disintegration. In this connection there  is also a change 
of the t ime of initiation of jet disintegration, measured  f rom the moment of discharge,  which is defined by 
the ratio 

T =  l/  W (1) 

where l is the length of the continuous par t  of the jet; W is the average liquid velocity (approximately equal 
to the velocity at the moment  of discharge).  

Most invest igators  [1-4] have studied the disintegration of a liquid jet for var ious spraying tech-  
niques, basical ly  as a function of the initial p r e s su re  of the liquid being sprayed.  However the question of 
disintegration of a sprayed liquid as a function of the initial liquid t empera tu re  has received very  little 
study. 

The experimental  studies of water  jet disintegration were  made using the welt-known technique of 
[2,3] on the experimental  setup shown in Fig. 1. The experimental  setup operates  as follows. Water flows 
f rom the mains through the valve 1, check valve 2, water  mete r  3 for monitoring the amount of water ,  and 
the magnetic fi l ter  4 into the preheater  5, in which it is heated by steam by means of the open and closed 
coils 6 and 7. Water  f rom the preheater  with definite pa ramete r s  (p,t) is sprayed by the nozzle 8. The 
length of the sprayed jet is determined by the famil iar  e lect rocontact  method with the aid of the gr id  9, 
which can be moved fore and of fbythe  special  screw device 10. The centrifugal  pump 18 is connected in 
paral lel  with the main water  line to maintain the required p re s su re  in the preheater .  With the pump op- 
erating the p re s su re  in the preheater  can be regulated by the valve 17, which bypasses  par t  of the water  
f rom the pump outlet back into the drain sys tem.  In the case  in which the nozzle forms a continuous water  
jet over  the grid,  oscil lat ions with a symmet r i c  amplitudes a re  seen on the osci l lograph screen.  As the 
metal l ic  grid 9 is moved away f rom the nozzle a moment  is reached when the contiruous jet does not reach  
the grid.  On the sc reen  there  appear  new peaks and the symmet ry  of the oscil lat ion is disrupted. The 
other  elements of the setup include: 11 = manometer ,  12 = safety valve; 13 = thermometer ;  14 = re turn  to 
drain; 15 = mesh filter; 16 = condensate vessel ;  19 = thermocouple  well; 20 = mil l ivoltmeter;  21 = e lec t ro-  
contact instrument  complex. 

In o rde r  to see the effect of t empera tu re  on the disintegrat ion of the liquid jet more  c lear ly ,  we used 
a s t ra ight - through nozzle of the P-3 type with different d iameters  of the exit port  and without the helical 
(internal) part ,  since otherwise the ve ry  short  undisintegrated jet segment  makes it very  difficult to evalu- 
ate the influence of t empera tu re  on jet disintegration.  

The experiments  showed that not only the initial pa rame te r s  (p,t) of the water  being sprayed,  but 
also the d iameter  of the exit port  and the pa ramete r s  of the surrounding a i r  have considerable  effect on 
the length of the undisintegrated liquid jet. 

Figure  2 shows the continuous jet segment length l (ram) as a function of the p re s su re  p (arm gage) 
of the water  being sprayed l = f(p) for different water  t empera tu res  for the nozzle diameter  d = 1.7 ram. 

We see f rom the figure that when spraying water  with t empera tures  f rom 15 to 100~ the length of 
the continuous par t  of the jet is compara t ive ly  large and with increase  of the initial water  p r e s su re  this 
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length increases  only slightly, and increase  of the tempera ture  f rom 15 to 100~ also has ve ry  little effect 
in reducing the length of the continuous par t  of the jet. 

With increase  of the sprayed water  t empera tu re  above 100~ - in the range f rom 100 to 120~ - we 
note more  marked reduction of the length of the continuous part  of the jet. However, as a resul t  of slight 
superheating of the water  (moreover ,  there  is some decrease  of the tempera ture  and p ressu re  in the 
nozzle itself) we see f rom Fig. 2 that the magnitude of the length of the continuous part  of the jet has a 
t ransi t ional  nature.  A marked reduction of the length of the continuous part  of the jet is noted with ap- 
proach of the water  t empera tu re  to the boiling point (although the other conditions remain unchanged). 
However,  increase  of the p re s su re  of the sprayed water  in these cases  has more  effect (for t w = 130- 
140~ in increasing the length of the continuous part  of the jet than when spraying water  with tempera tures  
up to 120~ The experiments conducted showed that the nozzle diameter  does not have the same effect on 
the length of the continuous par t  of the jet for different t empera tures  of the sprayed water .  

Figure  3 shows the effect of nozzle diameter  on the length of the continuous part  of the jet  for differ-  
ent p res su res  (2-5 atm gage) for different t empera tures  of the sprayed water .  We see from Fig. 3 that the 
previous s ta tement  is confirmed,  that up to a t empera tu re  of 90-100~ the jet length has its maximal  value 
for a nozzle exit port  d iameter  d = 1.5-1.8 mm and for water  t empera tu re  above 120~ i.e., when spraying 
superheated water  with large superheat ,  the overal l  jet  length decreases  sharply and has its maximal  
value when the nozzle d iameter  is reduced, i.e., for d = 0.8-1.2 mm. 

As the superheated water  t empera tu re  approaches the boiling point the maximal length of the continuous 
par t  of the jet shifts still fur ther  toward the coordinate origin and its maximal  value decreases  still further.  

Summarizing the tes t  resul ts ,  we note that disintegration of the sprayed water  jet depends to a g rea t  
degree  on its initial t empera ture .  The tes ts  also established that in the low p res su re  range (2-5 atm gage) 
the length of the continuous par t  of the jet increases  slightly with increase  of the p ressure ,  however the 
minimal  length is reached only for a definite nozzle diameter  and when spraying superheated water  whose 
t empera tu re  is close to the boiling point. 

We see f rom Fig. 3 that the p res su re  of the water  being sprayed in the range f rom 2 to 5 atm gage 
has no significant effect, therefore  this factor  can be ignored in calculations in par t icular  cases .  

498 



Using the relat ions found for the different  p a r am e te r s  of the liquid being sprayed and knowing the ex- 
per imenta l  conditions, we can find the connection between the nozzle  d iamete r  and the length of the con- 
tinuous par t  of the jet.  
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