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The measurement  of veloci t ies  in s t r eams  of small  absolute dimensions is of grea t  importance in the 
experimental  study of liquid and gas flows. Quite frequently the small s t r eam dimensions (on the order  of 
a m m  or even fract ions of a ram) do not permi t  the use of the measurement  devices which are  used with 
success  in l a rge - sca l e  s t reams  (velocity tubes, hot -wire  anemometers ,  and so on). 

In these cases  the application of velocity mete rs  using l a se r s  is effective. Such velocity mete rs  do 
not introduce any disturbance into the tes t  s t r eam and may have high spatial resolution.  

Thus, [1] showed the possibi l i ty of using the frequency method for  determining liquid flow veloci t ies .  
However, the spatial resolut ion of this method is not sufficient for measur ing  local velocit ies of very  
sma l l - sca l e  flows. 

More promis ing  for these purposes is the method utilizing the Doppler effect [2, 3] which has a 
measurement  range f rom 10 -3 to 103 m / s e c  and a spatial resolut ion of less than 100 • 10 #. Here the 
local velocity measurement  is based on the Doppler shift of the l a se r  radiation sca t te red  by par t ic les  
intentionally introduced into the s t ream.  Usually polystyrene par t ic les  of dimension 0.557 # with concen- 
t rat ion 1 : 50,000 [2] are  introduced into the fluid s t r eam.  Since the specific weight of polystyrene is close 
to that of water ,  we can assume that the veloci ty of these par t ic les  is the same as the s t r eam velocity and 
their  presence  has prac t ica l ly  no effect on the nature of the flow. In the usual Doppler velocity mete r  
schemes  [2, 3] the difference of the frequencies  of the sca t te red  and direct  l a s e r  radiat ion is measured .  
Since this frequency difference is distinguished by the heterodyne method, it is neces sa ry  to align the 
two light beams in direct ion to within a few angular  seconds.  Therefore  these Doppler velocity meter  
schemes  require  careful adjustment.  

In the presen t  study we use a differential Doppler velocity meter  scheme in which the s t r eam velocity 
is found f rom the difference of the Doppler f requencies .  To this end two coherent  light beams are  directed 
at the tes t  point in the s t ream.  The observat ion is made in the sca t tered  light f rom both beams.  It can 
be shown easi ly  that in this case the difference Af D of the Doppler frequencies is independent of the d i rec -  
tion of observat ion and is defined only bythe  location of the incident beams and the project ion of the s t ream 
velocity vector  on the b isec tor  of the angle between them, i.e., 

2u s i n ~  (1) AID: )~o 2 

Here u is the project ion of the par t ic le  velocity vector  on the plane in which the two incident beams 
lie; ~0 is the l a s e r  radiat ion wavelength; and a is the angle between the two beams in vacuo. In deriving 
(1) it is assumed that the veloci ty vector  u lies in the plane perpendicular  to the b isec tor  of the angle ~x. 

In addition to the velocity, the relat ion (1) contains the quanti t ies  X 0 and ~, which are  constants of the 
l a se r  and the setup. Therefore  the velocity determinat ion reduces  to measur ing  AfD and multiplying by 
a scale factor .  We note also that in this scheme the AfD spec t rum is independent of the aperture  of the lens 
which gathers the sca t te red  light. 

F igure  1 shows a schemat ic  of the setup for measur ing  local velocit ies in s t r eams .  The light beam 
f rom the LG-75 Ne - He lase r  1 with wavelength 0.63 p and power 2 mW is ref lected f rom the pivoting 
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m i r r o r  2, s t r ikes  the dividing plate 3, and is split into two 
identical beams.  With the aid of the m i r r o r s  4 and 5, and also 
of the focusing lenses 6 and 7, the beams are  directed to the 
s t ream test  point 8. 

The l a se r  radiat ion scat tered  by the par t ic les  is 
gathered by the objective lens 9 and directed to the cathode 
of the photomultiplier 11, ahead of which there is the 100-p- 
diam. shutter  10, used to increase  the s i g n a l - n o i s e  rat io.  
The signal f rom the photomultiplier output passes  through 
the wideband amplif ier  12 with gain 200 to the panoramic 
spectrum analyzer  13. This setup made it possible to mea-  
sure  the local t ime-averaged  velocit ies in the range f rom 
0.5 �9 10 -3 to 5 �9 101 m s e c .  The upper l imit  of the measurable  
velocit ies is determined by the receiving apparatus used and 
can be extended if required.  

As an example of the use of this method, Fig. 2 shows 
the resul ts  of measurement  of the tangential velocit ies in a 

planar vortex element of a jet automatic control.  The water  s t ream enters  the vortex chamber  e of this 
element f rom the nozzle chamber  a through the tangential nozzle bo The s t r eam which has been swirled 
in the chamber  exits through the central  port  d. We investigated a chamber  made f rom plexiglass having 
thefol lowingdimensions:  vortex chamber  d iameter  D = 60 ram, outlet port  d iameter  d b = 8 ram, and height 
H = 18 ram. Par t ic les  of polystyrene of dimension about 0.5 micron  with concentrat ion 1:30,000 were 
added to the water  s t r eam to increase  the intensity of the sca t tered  light. 

The following power law [5] is usually recommended for determining the tangential velocities u(p in 
vor tex element  chambers :  

% = % R  (R/r) m (2) 

Here U~R is the tangential velocity near  the cylindrical  wall, assumed equal to the velocity at the 
nozzle exit, R is the chamber  radius,  and r is the variable radius corresponding to the point, measured  
f rom the center  of the chamber;  m is the exponent, which depends onthe fluid flow regime in the chamber  
and also on the chamber  geometr ic  dimensions.  

However, this exponent is often as signed a value of one, i.e., that tangential velocity distribution is taken 
which occurs  beyond the l imits  of the free vortex core in the fluid. 

Figure  2 shows the distribution curves for the velocit ies in m / s e c  plotted using (2) for m = 1 (curve 
1) and also the experimental  points.  

We see that the theoretical  curve differs significantly f rom the experimental  data, par t icular ly  in the 
central  par t  of the chamber .  The exponent m = 0.75 (curve 2),the value indicated by some authors f rom 
data of experiments  per formed on l a rge - sca l e  vortex chambers  [6], agrees  considerably bet ter  with 
experiment .  

The authors wish to thank V. A. Fabr ikant  for helpful discussions and his continued in teres t  in this 
study. 
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