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A holographic method is shown by which the veloci t ies  of drople ts  in a two-phase  s t r e a m  a r e  
de te rmined  with the aid of a ruby l a s e r  as  the light source  opera t ing in the mode of two s u c -  
c e s s ive  monopulses .  

The m e a s u r e m e n t  of pa r t i c l e  or  drople t  ve loci t ies  in a two-phase  s t r e a m  is ve ry  difficult.  At the 
s a m e  t ime ,  the use  of s i ng l e -beam holography in the fa r  field of an  object  makes  it poss ib le  not only to 
r a t h e r  s imply  de t e rmine  the s ize  and the concentra t ion of pa r t i c l e s  in any locat ion within the volume but 
a l so  to m e a s u r e  the ac tual  magnitude and d i rec t ion  of the i r  veloci ty .  If the ve loc i ty  of an object  is suf f i -  
cient ly sma l l ,  then s eve ra l  ho lograms  can be obtained on dif ferent  photographic pla tes  a t  definite t ime  in-  
t e rva l s .  By sequent ia l ly  r econs t ruc t ing  these h o l o g r a m s ,  one can t r ack  the mot ion of the object  in t ime.  
When the veloci ty  of an object  is high, then it  becomes  p rac t i ca l ly  imposs ib le  to obtain s eve ra l  ho lograms  
within the insuff icient  length of t ime.  

In this s tudy the au thors  used the holographic  method for de te rmin ing  the ve loc i t ies  of wa te r  drople ts  
in the co re  of a d i s p e r s i v e - a n n u l a r  a i r - w a t e r  s t r e a m ,  based  on the feas ib i l i ty  of r ecord ing  s e v e r a l  ho lo-  
g r ams  on the s a m e  photographic  pla te .  This  p rob lem has been  d i scussed  m o r e  thoroughly in [1]. 

L e t  us cons ider  a plane wave f ront  with the ampli tude A o. When this wave impinges  on a f ia t  opaque 
object ,  the  ampl i tude of the r e su l t an t  pe r tu rba t ion  A in the ho logram plane is 

A = A 0 - -  Ap, (1) 

where  Ap denotes  the pe r tu rba t ion  in the ho logram plane produced by the object .  In the case  of two expo-  
s u r e s ,  the ampl i tude  of the r e su l t an t  v ib ra t ion  in the ho logram plane is ,  by v i r tue  of the l inear  s u p e r p o s i -  

tion pr inc ip le ,  

".4 = A01 + A0~ - -  Apl - -  Apz, (2) 

where  subsc r ip t s  i and 2 r e f e r  to the succes s ive  exposures  r e spec t ive ly .  

The l ight  intensi ty  I r eco rded  on the ho logram is 

I = AA* = [Ao1[ 2 + !A0~/2 + lApel 2 + [Ap212 + AoIA~I+ A*, Ap~ + Ao~A~ + Ao2 p2" (3) 

Within the l inea r  range  of the photoemuls ion c h a r a c t e r i s t i c ,  the t r ansmi t t iv i ty  of such a ho logram is 

T = 1- - f t .  

When the ho logram is exposed to a plane wave with the ampli tude A00, then the ampli tude of the reproduced  

wave will be 

A' = A00 [I - -  y (IAoiI z § IAo21 ~ + lApel'- -~ Apz!~)l § yAoo ( AoIA~ + Ao2A~ 2) -b 7Aoo ( A*tAp~ § Ao~Ap2) . r 

The f i r s t  t e r m  in this exp re s s ion  r e p r e s e n t s  a pa r t i a l ly  modulated plane wave,  the second t e r m  r e p r e s e n t s  
a r ea l  image of the  object ,  and the th i rd  t e r m  r e p r e s e n t s  a v i r tua l  image  of the object .  When the fa r - f i e ld  
condition is sa t i s f ied ,  then the ef fec t  of the v i r tua l  image on the focused rea l  image becomes  negligible.  
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Fig.  1. Reproduced image of an a i r - w a t e r  s t r e a m  segment :  
double -exposure  ho logram (A), t r i p l e - e x p o s u r e  ho logram (B). 

An ana lys i s  of the second t e r m  in (4) shows that  wave fronts which co r respond  to the object  locat ion 
dur ing the t ime  of the f i r s t  and the second exposure  r e spec t ive ly  a r e  reproduced  without dis tor t ion.  I f  one 
or  a few objects  a r e  holographed twice on the s a m e  photo p la te ,  t he re fo re ,  then on the reproduced  ho logram 
there  will appea r  undis tor ted rea l  images  of these objects  which co r respond  to the i r  locat ion in space  a t  
the t ime of each exposure .  

The object  in this s tudy was an a i r - w a t e r  s t r e a m  a t  an a i r  ve loc i ty  within the 20-100 m / s e c  range .  
Suspended wa te r  d rople t s  10-200 #m in s ize  w e r e  holographed in the far  field. The i r  concentra t ion in the 
s t r e a m  did not exceed 0.1 k g / m  3. The holography was p e r f o r m e d  with a s ingle beam accord ing  to Thompson 
[2]. During s ing le -beam holography the m a x i m u m  concentra t ion of drople ts  in a gas depends on the depth 
of the holographed volume and is de te rmined  f r o m  the r e q u i r e m e n t  that sufficient  intensi ty of the r e f e r e n c e  
beam be mainta ined,  i .e . ,  that ~ F D / F  H _< 1 (~,F D denoting the pro jec t ion  of all  drople ts  within the ho lo -  
graphed volume on the ho logram plane and F H denoting the a r e a  of the hologram).  The ho logram was r e -  
corded on a P a n c h r o m e  T-18 f i lm.  Af te r  reproducing  the image  which had been r eco rded  on the hologram,  
we de te rmined  the s ize  of drople ts  and the i r  veloci ty  dis t r ibut ion in the s t r e a m  within the en t i re  holographed 
volume of 36 x 24 x 30 m m  3. With an  optical  quantum genera to r  and a pa s s ive  shut te r ,  i t  was  poss ib le  to 
obtain two or  m o r e  monopulses  within definite t ime in te rva l s .  Near  the generat ion threshold the osc i l l a to r  
opera tes  in the s table  monopulse  mode.  F a r t h e r  above the threshold one obtains 2, 3, e tc . ,  monopulses .  
By a change of the pumping level  in such a pulse  tube, one can adjust  the t ime interval  between individual 
monopulses .  The p r o p e r  length of this in terval  depends on the s t r e a m  veloci ty  and, in the general  case ,  
on the ho logram s ize .  In holography of m i c r o s c o p i c  ob jec t s ,  the p rope r  in terva l  between pu lses  is dictated 
by the magnitude of the m a x i m u m  field of v is ion in the m i c r o s c o p e .  Thus,  for a 100 m / s e c  s t r e a m  v e l o -  
city and a 5 m m  field of vis ion,  for  instance,  the in terval  between pu lses  should not exceed 50 ~sec.  If  a 
d rop le t  l eaves  the field of vis ion d u r i n g t h i s  t ime ,  it can st i l l  be identified, in p r inc ip le ,  but with g rea t  d i f -  
f icul t ies .  In our  t e s t s  the in terva l  between pulses  was v a r i e d  f rom 3 to 40 ~sec .  

In some  ca se s  it is m o r e  convenient to opera te  with th ree  monopulses .  The behavior  of a d rop le t  
during the exposure  per iods  can then be m o r e  accura te ly  t racked.  The re la t ive  br igh tness  of a d rop le t  
image  during each exposure  is p ropor t iona l  to the ampli tude of the r e spec t ive  monopulse .  T h e r e f o r e ,  if 
the monopulses  d i f fer  in ampli tude - and this happens m o s t  often in opera t ion  with th ree  monopulses  - then 
the d i rec t ion  of a d rop le t  ve loc i ty  can be eas i ly  de te rmined .  

The number  of monopulses  and the i n t e r v a l s  of  t ime between them were  m e a s u r e d  with a model  Fl~U- 
12A photomul t ip l ie r ,  the s ignals  f rom which were  r eco rded  on a m o d e l  S1-13A osc i l lograph.  During o p e r a -  
tion with s eve ra l  exposures  the i l lumination power  mus t  be control led m o r e  s t r i c t ly .  The total blackening 
of the ho logram mus t  not exceed the l i nea r  range  of the photoemuls ion c h a r a c t e r i s t i c .  Otherwise ,  the 
image  of the s m a l l e s t  d rople t s  will not r eproduce  in the case  of ove rexposure .  

In Fig.  1A a r e  shown two images  of an a i r - w a t e r  s t r e a m  segment ,  these images  having been taken in 
success ion  along the l ight beam.  The a i r  was  d i scharg ing  a t  a mean  veloci ty  of 59 m / s e c .  The in terva l  
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between pulses was 3 #sec long. The velocity of individual droplets, as determined from the hologram, was 
51-57 m/sec. If the local air velocity is known, then the slip between droplets and air S = VD/VA can also 
be found. A comparison with earlier measurements of the air velocity profile in the core of a dispersive- 
annular air--water stream [3] indicated, depending on the droplet size and distance from the stream 

center, a relative slip within the 0.70-0.95 range. 

In Fig. IB is shown a stream image reproduced from a hologram with exposure to three monopulses. 
The interval between pulses was 15 #sec and i0 #sec. The stream velocity was 32 m/sec, The third image 
appears much weaker than the preceding two, and the direction of droplet flow is thus determined uniquely. 
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