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A l a s e r - t y p e  a n e m o m e t e r  is desc r ibed  which m e a s u r e s  the mean  veloci ty  and veloci ty  f luc -  
tuat ions in turbulent  s t r e a m s .  

L a s e r  methods ,  e spec ia l ly  those based  on the ana lys i s  of Doppler  s ignals  genera ted  when light is 
s ca t t e r ed  by pa r t i c l e s  in mot ion [1, 2, 3], r ank  highly among the va r ious  method of de te rmin ing  the v e l o c -  
i t ies  of gas  s t r e a m s .  

Such a l a s e r  a n e m o m e t e r  will  be desc r ibed  here  and the r e su l t s  of veloci ty  m e a s u r e m e n t s  (mean v e -  
loci ty and veloci ty  fluctuations) in a f ree  turbulent  je t  will  be shown. 

The bas ic  schemat ic  d i ag ram  of such an a n e m o m e t e r  with two beams  is shown in Fig. ! .  The ins t ru -  
men t  cons i s t s  of an LG-36 l a s e r  as  the light source ,  a photoelec t ronic  mul t ip l i e r  (FEU). a model  ASSh-4 
s p e c t r u m  ana lyze r ,  and a s y s t e m  of l enses  and m i r r o r s .  The l a s e r  beam,  a f t e r  ref lec t ion f rom the plane 
m i r r o r s  M i and M 2, is spli t  into two beams  by the s emi t r ans lucen t  plate  M 4. The two pa ra i l e l  beams  a re  
then focused by lens Li (focal d is tance  f = 20 cm) on a given point in the jet. The angle between the l a t t e r  
two beams  is var ied  by rota t ion of the s em i t r ans lucen t  m i r r o r  M 4, i. e . ,  by regulat ing the d is tance  between 
the or iginal ly  pa ra l l e l  b e a m s  incident on lens L i. The spat ia l  resolu t ion  of the ins t rument  (especial ly at 
sma l l  angles  ~ _< 10 ~ is improved  by the inser t ion  of lens L 2 with a s h o ~  focal  length (f = 10 cm). The 
s y s t e m  of lenses  L 2 and L 3 is designed so that  an image  of the point where  the two beams  in te r sec t  a p p e a r s  
on the d iaphragm D 2 and this m a k e s  it much  e a s i e r  to adjust  the ins t rument .  The purpose  of d iaphragm 
D i (4 m m  in d iamete r )  and the red f i l t e r  (CF) is to reduce  the amount  of s t r ay  s ca t t e r ed  light. 

With the aid of this l a s e r  a n e m o m e t e r ,  the au thors  have made  veloci ty  r a e a s u r e m e n t s  in the flow 
field of a f r ee  turbulent  jet.  The choice of a f r ee  jet  as  the t es t  object  was  dic ta ted by our  thorough enough 
f ami l i a r i t y  with such a flow and, t he re fo re ,  by the poss ib i l i ty  of compar ing  the r e su l t s  of these  m e a s u r e -  
men t s  with well  known data on the s t ruc tu re  of turbulent  j e t s  [4, 5]. 

M~ I M. M,, L 1 ~ L~ [ D, CF L, /2, I ~  . . . . .  . '  
I I I 

" L 4 
i l l  t I 

L__ML J 1 _ .~ 

Fig.  1. Schematic  d i a g r a m  of the l a s e r - t y p e  a n e -  
m o m e t e r .  

The veloci ty  at  va r ious  points  of a c r o s s  s e c -  
t ion was  m e a s u r e d  by moving the s y s t e m  of l enses  
L 1 and L 2, by moving the comple te  units I I  and III, 
and by moving the opt ical  pa r t  of the record ing  
unit IV along the axis.  

F o r  a veloci ty  m e a s u r e m e n t ,  fine p a r t i c l e s  
(d ~ l # m )  were  injected into the jet.  The waves  
s c a t t e r e d  by the solid p a r t i c l e s  with Doppler  f r e -  
quency shif ts  were  mixed at  the photocathode of 
the e l ec t ron  mul t ip l ie r .  A signal  f rom this m u l t i -  
p l i e r ,  c a r ry ing  informat ion about the veloci ty  d i s -  
t r ibut ion of the p a r t i c l e s ,  was  then r eco rded  on 
the s c r e e n  of the spec t rum analyzer .  The d e t e r -  
minat ion  of mean  ve loc i t i es  and velocikv f luctuations 
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Fig. 2. Velocity distr ibution along the axis and c r o s s  
sect ions of an axially symmet r i c  jet: (A) velocity d i s -  
tr ibution a c r o s s  jet sections at 1) x /d  = 5, 2) x/d = 9, 
3) x /d  = 15, 4) x /d  = 20, measured  a) with the l a s e r -  
type anemomete r ,  or  with a Pitot  tube (solid line): (B) 
distr ibution of mean velocity and of V~  -w-~ along the jet 
axis ,  measu red  with b) a Pitot  tube, c) with a t he rmo-  
anemometer ,  and d) with this l a se r - type  anemometer .  

included a co r rec t ion  for the signal bandwidth due to the inst rument  charac te r i s t i cs .  This cor rec t ion  was 
found by measu remen t s  in a laminar  s t r eam with fixed inst rument  pa ramete r s .  The true velocity d is t r ibu-  
tion was then found by subtracting the background noise f rom the signal recorded  in the turbulent s t ream.  
The mean velocity was calculated according to the relat ion 

i P (u) udu 
< u > =  0 

i P (u) du 
0 

with P(u) denoting the probabil i ty density of the velocity distr ibution of par t ic les .  

In o rde r  to determine the d ispers ion (the turbulence intensity), we approximated the function P(u) 
by the Gauss--distribution curve.  

In Fig. 2 are  shown some data pertaining to such velocity measurements  along the axis and c r o s s  
sections in a turbulent jet. F o r  compar ison ,  we show also mean veloci t ies  and velocity fluctuations m e a -  
sured with a Pitot  tube o r  with a the rmoanemometer .  The graphs indicate an entirely sa t is factory a g r e e -  
ment  between the resul ts  of measu remen t s  made by these var ious  methods. Thus, we have demonstra ted 
the effect iveness of the proposed l a se r - type  anemomete r  and the feasibility of using it for  measurements  
in a turbulent s t ream.  

N O T A T I O N  

u is the s t r eam velocity; 
u' is the velocity fluctuation; 
u m is the maximum velocity; 
u 0 is the velocity at  the nozzle throat;  
r 0 is the nozzle radius; 
d o is the nozzle diameter ;  
x is the axial coordinate along a jet; 
y is the t r ansve r se  coordinate ac ro s s  a jet; 
P (u) is the probabil i ty density of the velocity distribution; 
c~ is the angle between both l a s e r  beams.  
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