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A method is given for calculating the bas ic  charac te r i s t i cs  of droplet  d ispers ion  by a ro ta -  
ting per fora ted  drum.  

It is usual in spraying a liquid to at tempt to obtain droplets  of a cer ta in  optimal size, but most  sp ray -  
ing devices produce polydisperse  droplet  sys tems  with a wide side range not capable of control .  This 
gives in teres t  to rotat ing sp raye r s ,  which under cer ta in  conditions provide uniform droplet s ize [1-3]. 

Detailed studies have been made of the physical  drople t -product ion mechanism mainly for rotating 
disks .  

It has been found that a liquid directed as a continuous jet onto the center  of a rotating smooth disk, 
which it wets well, flows over  the sur face  as a thin axially symmet r i ca l  film whose pa ramete r s  can be cal-  
culated. 

If the flow rate  is ve ry  low (first state), approximately identical p r imary  droplets  a re  formed at the 
edge of the disk, together  with smal le r  satel l i te drople ts .  The proport ion of main droplets falls as the 
flow ra te  inc reases ,  while that of the satel l i te droplets  increases ,  and then the f i rs t  state is replaced by 
the second, in which continuous liquid fi laments a re  formed at the edge ra ther  than individual droplets .  
These  fi laments split up into secondary  droplets  uniform in s ize .  Any fur ther  increase  in flow rate  gives 
r i s e  to the third (polydisperse) state,  where the edge of the disk throws out not fi laments,  but a film, 
which splits up into droplets  of var ious  s izes .  

A survey of these studies has led to a method of calculation in which one can predetermine  the ap- 
proximate  values for the bas ic  pa r ame te r s  [4]. Prac t ica l  use has shown that this great ly  acce lera tes  the 
design of suitable apparatus  with appropr ia te  pa ramete r s  [5]. 

However,  rotat ing smooth disks a re  not the only sp raye r s  in common use, since others such as 
perfora ted  drums a re  a lso widely employed. 

Empir ica l  relat ionships exist for the mean d iameter  produced by these devices at high flow ra tes  
(polydisperse spraying [6]). However, a perfora ted  d rum is also of considerable in teres t  for producing 
monodisperse  sys tems .  Such devices,  if made of chemical ly res is tant  plastic,  enable one to spray any 
liquid, including cor ros ive  ones and ones that do not w e t t h e  drum. 

However, nothing has been published on the physical  mechanism for such drums,  and no suitable 
methods of calculation a re  available.  One assumes  that the process  is s imi la r  to that of droplet  forma-  
tion by a smooth disk, and the phenomena observed at the edge of the disk will occur a lso at the edges of 
the holes .  Therefore ,  at the edge of such a hole one will get the f irst ,  second, or third states in acco r -  
dance with the flow ra t e s .  One expects that the s imi lar i ty  between the p rocesses  would allow one to devise 
a method of calculating the pe r fo rmance  of a perfora ted  d rum s imi la r  to the existing method for a disk. 

We checked out these assumptions on rotating perforated drums operating with monodisperse  sys -  
t ems ;  Figure 1 shows the sys tem.  
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Fig. 1~ The appsratus .  

The center  of the perforated drum 1, which is driven by 
the synchronous e lec t r ic  motor  2 (n = 3000, 1500, 1200, 695 
rpm), is supplied with liquid f rom the needle of the syringe 3, 
whose shaft was loaded by the weight 4. To produce the very  
low flow ra tes  corresponding to the mort �9 state the 
needle was placed near the inner surface of the drum to give a 
gap of about 0.2 ram. The liquid flowing from the needle did 
not then accumulate  as large droplets at the end, but flowed 
continuously away over the inner surface.  The perfora ted  
drums were made of Lucite and had outside d iameters  of R 
= 1.1; 2.5; 3.5; 5; 7.5 em and hole d iameters  of r = 0.3; 0.65; 
0.8; 1; 2; 4 ram; the numbers of holes ranged from 1 to 70, 
and they always formed a single row. The speeds were n = 695; 
1200; 1500; 3000 rpm, and the flow ra tes  w.ere Q = 0.0008-2.5 
cm3/see.  The working liquid was t r a n s f o r m e r  oil (p = 0.892 
g/cm3; v = 0.218 cm2/sec;  r = 33 g/see2), or else Vaseline oil 
(p = 0.89 g / c m  3, v = 1.489 cm2/sec,  i f =  30 g/sec2), or lubri-  
eating oil (p = 0.897 g / c m  3, v = 2.64 cm2/sec,  ~ = 29 g/sec2).  

Visual observations were made with an ST-5 s t robotachom- 
eter  and confirmed our assumption that the droplets were p ro -  
duced at the edge of each hole in the way previously observed 
on a disk in the f i rs t  state, i .e . ,  the individual droplets were 
produced direct ly  at the edge and broke away. Fur ther ,  the 
second state could be observed on increasing the flow rate,  
with the formation and breakup of liquid f i laments.  

In the f i rs t  state,  as with a disk, the liquid accumulated along the edge as a ring, which was un- 
stable and was dis tor ted by random per turbat ions .  The wavelength h (distance between adjacent deformed 
parts)  was measured  in the visual observat ion and was close to the values calculated for disks [2]. In the 
second state,  the number of fi laments a lso was close to the value z = 2~tr/;( ealeulated for a disk. 

As in the case of the experiments  with the smooth disk, the main droplets of colored liquid produced 
a narrow ring of regula r  shape on a horizontal  sheet of white paper,  which showed that the main droplets  
were uniform in s ize .  The smal le r  satel l i te droplets were deposited within the lat ter .  As in the case of 
the smooth disk, the sharp ring formed by the main droplets  became paler  as the flow rate increased (with- 
out change of radius) till it ul t imately vanished, i .e . ,  the proport ion of main droplets  fell. The inner ring 
formed by the satell i te droplets became denser ,  i .e . ,  the propor t ion of satel l i tes increased .  The mean 
radius of the inner ring gradual ly increased ,  i .e . ,  the mean size of the satell i te droplets rose .  

In exact measurements  on the above states,  we determined the ar i thmet ic  mean d iameter  of the main 
droplets  d, the outside and inside radii  of the ring of droplets Rdr, and the amount (by weight) of the sa te l -  
lite droplets .  

To determine the proport ion by weight of the main droplets  with a virtually nonvolatile liquid, we 
measured  the increase  in weight AG of the paper ring 5 (Fig. 1) on which they were deposited. The total 
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Fig. 2. The values of C for: 1 and 2) smooth disk 
with transformer oil and lubricating oil, respectively; 
3 and 4) drum with the same. 
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Fig. 3. Dimensionless  s tandard deviations of main 
drops from the mean for disk and drum. Symbols as 
in Fig. 2. 

amount  of liquid supplied was determined f rom the inc rease  in weight G o of the ring 6. The proport ion by 
weight of main droplets  was E = AG/G 0. The resul t  for G o was checked f rom the amount of liquid leaving 
the syr inge  3. We also measured  the outside and inside radii  of the ring formed by the main droplets .  

The s izes  of the main droplets  within the ring were determined with glass  slides 7, which were ex- 
posed during the experiment  for severa l  seconds.  The glass  had previously  been coated with a layer  of 
.silicone to provide a constant wetting angle for the drople ts .  The droplets were examined and counted 
under the mic roscope .  Figures  2-5 give the resu l t s .  

The resu l t s  were  p rocessed  to show that the d iamete r  of the main droplets  in the first  s tate  is given 
by the following formula:  

e = c (1) 
o \ R p )  ' 

where the values of the constant C in this formula were s imi la r  for drum and disk throughout the range in 
the pa rame te r s  (n = 1200-3000 rpm, R = 1.1-5 em, hole d iameter  0.8-4 mm, a = 29-33 g / s e c  2, v = 0.218- 
2.64 cm2/sec) (Fig. 2). The values of C for disk and drum were s tat is t ical ly identical: C = 2.8. 

Figure  3 shows the dimensionless  s tandard deviations of the droplet d iameters  d: 
= [~/~. (2) 

The values of ~ for  a smooth disk and for a perf(lrated drum were  s tat is t ical ly the same.  

The d rum and disk were compared as r ega rds  propor t ion of satell i te droplets  using the resul ts  for 
the d rum and calculations f rom our empir ica l  formula [7] for a smooth disk: 

( pQ io-o-  (3) 
E =  86 \ff~-] ~ 100%. 

Visual observat ion indicated that the p rocesses  in the two eases were identical, and so the R for the 
disk in the quantity in parentheses  on the r ight in (3) was replaced by the product of the number of holes n 

and the radius of a hole r .  

Figure  4 shows the calculated E plotted horizontal ly and the observed ones, ver t ica l ly .  The number 
of satel l i te droplets  formed per  unit length of edge under identical conditions was somewhat g rea te r  than 
that for a smooth disk. 

The fo rm taken by (3) for a per fora ted  drum is 

lo0 OO.~8vo..,2RO.32 / pQ \ore (3a) E =  

Formulas  (1) and (3a) can be recommended for calculating a perforated drum for the f i rs t  mode of 

spraying.  

One can assume,  as for a smooth disk, that the condition for t r ans fe r  f rom the f i rs t  state to the 
second is E = 100%, in which case one can use (3a) to determine the range of pa ramete r s  corresponding 
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Fig. 4. Calculated and measured  proport ions of auxil iary drops at n of 1500- 
3000 rpm for perforated d rum:  1) t r a n s f o r m e r  oil; 2) lubricating oil. 

Fig. 5o Observed and calculated d rop-s ize  distributions for disk and drum at 
0~ =314 sec -1, n = 7 0 h o l e s ,  r =0o05 cm, R =3 .5  cm, nr =I~: l a n d 2 )  Q 
= 0.97 cm3/sec for disk and drum, respect ively;  3 and 4) Q = 0.1 cm3/sec 
for the same.  dma x in #m, Eg in %. 

to the f i rs t  state (E -< 100%) and the second one (E > 100%); this was confirmed in tests  on the size dis-  
tr ibutions of the droplets  f rom disk and drum; vir tually identical distributions were obtained (Fig. 5) at a 
given flow ra te  per  unit length of edge in the f i rs t  state (E = 25%) and in the second one (E > 100%), 

It follows f rom (3a) that one can reduce the number of satell i te droplets by increas ing the number of 
holes or  the size of the holes.  This is one of the advantages of a drum sp raye r .  

A considerable inc rease  in output could be obtained by increasing the number of rows of holes,  but 
this would requi re  identical flow rate  through each individual hole, which would lead to design difficulties.  
If measures  a re  not taken to provide identical flow ra tes ,  we found that there was no point in using more  
than two rows of holes,  since even the third row (with 70 holes in each row) produced a propor t ion of main 
droplets  much less than for two rows.  

The mean droplet  d iameter  for a liquid of low viscosi ty  d ispersed by a smooth disk in the second 
state is [2] 

d~=1 ,48  ( Q~ ) -0/7 " 
p~o2R5: (4) 

The following formula is applicable for ve ry  viscous liquids: 

oo.27Qo,3o%o. ~ t 

d~, = 2~ 12 pO.27RO.725coo.s 4 . (5) 

Calculations f rom these formulas  can be compared with experiment  by replacing Q/R by Q/nr ,  and 
we found that the formulas  a re  applicable to a perfora ted  d rum in the second state.  

Figure  5 compares  the observed size distributions and the calculated mean dcalc.  

The formulas  for the paths taken by drops f rom the edge of a smooth disk [1] a re  also applicable to 
a per fora ted  drum.  

Visual observat ions indicate that the mechanism of t ransi t ion f rom the second state to the third 
(polydisperse state) is that the individual liquid filaments fuse into a cylindrical  film, which is analogous 
to the planar  film produced by a disk. The condition for t ransi t ion to the third state has not yet been 
examined quantitatively. 

As regards  the visual observat ions,  we may note that at very  low drum speeds one gets the following 
effect:  the droplets a re  formed not at the edges of the holes,  but below the edges, in the lower part  of the 
outer cyl indrical  sur face ;  it is c lear  that in this case,  where the centrifugal forces a re  small ,  g rav i ta -  
tional forces  come to predominate .  
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One can use the rat io of the centrifugal and gravitat ional  forces  K to cha rac te r i ze  this s ta te :  

K= ~2/~ (6) ) 
g 

and then observations would indicate that the gravitational state (droplets formed below the edge of the 
holes) occurs for K <- 10, while droplets are formed all along the edge (first state) for K >- 50; the region 
10 < K < 50 is transitional. 

It follows from (1) and (6) that 
' O" \I/2 

d~rav= C { ~ ~ (7) 
~, Kpg Y 

The minimum values of d for the gravitat ional  state (K = 10) a re  about 1.7 mm for  oils, i . e . ,  the 
gravi ta t ional  s tate  produces  ve ry  large  drople ts .  

I~,  h0 

n ,  r 

Q, P, v, r 
E 
C 
g 
r162 

d 

dm 

11 

2. 
3. 
4. 
5. 
6. 
7. 

N O T A T I O N  

a re  the radius and angular  velocity of drum;  
a r e  the number and radius of holes;  
a r e  the flow rate ,  density,  kinematic  viscosi ty ,  and sur face  tension; 
ts the propor t ion  by weight of auxi l iary droplets ;  
~s the dimensionless  constant;  
is the acce le ra t ion  due to gravi ty;  
~s the coeff icient  of variat ion;  
~s the s tandard deviation; 
ts the mean d iamete r  of main  drople ts ;  
is the m a s s - m e d i a n  d iameter  of secondary  droplets  (second state).  
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