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Results  of a compar i son  between the readings  f r o m  a l a s e r  Doppler  ve loc ime te r  and a hot-wire  ane-  
m o m e t e r  in the wake behind a cyl inder  in a fluid flow a re  descr ibed.  A way to e l iminate  ins t rumenta l  b road-  
ening of the Doppler  spec t rum in m e a s u r e m e n t s  of s ta t i s t i ca l  c h a r a c t e r i s t i c s  of turbulent flow is indicated. 
The ag reemen t  between the exper imenta l  r e su l t s  f r o m  the two devices  is good. 

The hot -wire  a n e m o m e t e r  is  at the p re sen t  one of the pr incipal  means  for  obtaining informat ion on the 
p a r a m e t e r s  of turbulent flow. Unfortunately,  its shor tcomings  such as  the dis turbance of the invest igated 
flow, nonlinear  re la t ion between the output voltage and the flow velocity,  low spat ial  resolution, l imi ted speed 
of response ,  s t rong sensi t iv i ty  to the flow t empera tu re ,  and finally the effect  of impur i t i e s  in studying liquid 
flows, have forced  the spec ia l i s t s  to look for  new ways to study turbulence exper imenta l ly .  

The appl icat ion for  this  purpose  of the Doppler  effect  using coherent  l a s e r  light sca t t e red  by impur i ty  
pa r t i c l e s  is being intensively  studied at p resen t .  Although mos t  pape r s  on the subject  [1-4] consider  only 
the pr inc ip les  of operat ion of Doppler  m e t e r s  or  the i r  applicat ion to the m e a s u r e m e n t  of ave rage  velocity,  
we can say with confidence that the  developed method p r o m i s e s  to be f r ee  in many r e spec t s  of the above men-  
tioned shor tcomings  of the hot -wire  anemomet ry .  It is a l ready  c l ea r  that the main obstacle  to be solved in 
measu r ing  the p a r a m e t e r s  of turbulent  flow with l a s e r  Doppler  v e l o c i m e t e r s  (LDVM) is the ins t rumenta l  
broadening of the s p e c t r u m  of the Doppler  signal.  The authors  developed a LDVM whose optical  scheme and 
e lec t ron ics  reduced this spec t ra l  broadening to a min imum.  Suffice it to say that the noise level  of this in- 
s t rument  at low ve loc i t ies  (i.e., in the mos t  unfavorable  conditions) is  equivalent to 1% of the turbulence in 
the f requency range  0-400 Hz. The m e t e r  has a digital output of the ave r age  veloci ty  and an analog output 
signal propor t ional  to the instantaneous flow velocity.  As an example,  the resu l t s  of m e a s u r e m e n t s  made 
in the wake of a cyl inder  in wa te r  flow using this LDVM a re  compared  with those obtained with a ho t -wi re  
a n e m o m e t e r  developed by us e a r l i e r  [5]. 
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The experimental  a r rangement  is shown in Fig. 1. The hydrodynamic sys-  
tem consis ts  of a p re s su r i zed  tank 1, an acce l e ra to r  2, a working channel 3, a 
valve 4 which regulates the velocity, and a lower tank 5. The pump 6 forces  the 
water  (with Teflon added in suspension as the scat ter ing medium) into the p re s -  
sur ized tank, in which a constant level is maintained by means of a part i t ion and 
an additional drain. F r o m  the p re s su r i zed  tank the liquid passes  through the work- 
ing par t  of the rec tangular  channel of c ro s s  section 16x 16 mm 2. The channel 
side walls  a re  made of optical glass,  through which beams f rom the l a se r  7 a re  
focused into the flow by the glass  plate 8 and lens 9, and the scat tered  beam flux 
emerges  onto the photodetector  10. The fi lm sensing element of the hot-wire an- 
emomete r  11 is located in the working par t  of the channel such that i ts sensitive 

axis is in the immediate vicinity of the focus of the laser beams. A cylinder 5 mm in diameter is located 
vertically upstream (40 mm from.the focus), and its wake was studied with both instruments. The sensitive 
edge of the sensor was oriented parallel to the cylinder axis. The flow velocity was measured with a mea- 
suring container and a stop watch. The average flow velocity at that point in the direction of the channel 
axis was determined from the average Doppler frequency measured on the digital readout of the LDVM from 
the well-known expression 

V ~ ~ s i n  I/~0 s in  cp" 

Here X is the l a se r  radiation wavelength; f is the Doppler frequency; 0 is the angle between the re fe r -  
ence and scat tered  beams;  and q~ is the angle between the veloci ty vector  and the b isec tor  of the angle formed 
by the direct ions of the incident and the separated scat tered  beams.  

A photograph of the LDVM osci l lograph sc reen  in shown in Fig. 2 (upper t race  is the hot-wire  ane- 
momete r  signal, lower  t race  is the LDVM signal). It i s  evident f rom the f igure that the signals agree well. 
The cor re la t ion  functions of the signals f rom the two devices were calculated on a specia l -purpose  Didak 800 
computer .  The corre la t ion  functions for  average  veloci t ies  0.9 c m / s e c  and 1.1 c m / s e c  a re  presented in 
Fig. 3. (The curves  a and b a re  for  the LDVM and hot-wire  anemometer ,  respectively.)  

The shapes of these functions show that the studied p rocess  has a significant regular  pulsating veloc-  
ity component. F r o m  its per iod we can compute the vor tex  dimensions.  Thus, for  example, at the velocity 
v= 0.9 c m / s e c  we have a period T= 0.5 sec, and the effective vor tex  dimension is 

r ~ V T  = 0 .45  crrl 

The agreement between the curves for both devices is nearly complete. The initial portions of the cor- 
relation functions are an exception. This difference is due to the LDVM noise caused by the instrumental 
broadening of the Doppler spectrum mentioned previously. If we assume the LDVM noise and the studied 
process to be statistically independent, then the correlation function of the output signal from the LDVM 
processor is a sum of the correlation functions of the noise and of the process. The latter can be obtained 
by computing the noise correlation function from the correlation function of the output signal from the proc- 
essor. 

Figure 4 shows the LDVM noise correlation function for laminar flow. It is natural that the variable 
component of the hot-wire anemometer output signal was at that time nearly zero, whereas the effective 
noise voltage at the LDVM output was 50 mV (1% of turbulence). The scale of the function was chosen for 
convenience 2.25 times coarser than in the preceding figure. 
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The co r r e l a t i on  functions of the p r o c e s s  obtained by subtract ing the curve in Fig. 4 f r o m t h o s e  inFig.  3 
a re  shown in Fig. 3 by c r o s s e s  on the curves  of the co r re l a t ion  functions of the h o t - w i r e a n e m o m e t e r  s ignals .  

The r e su l t s  thus show a complete  ag reemen t  between the s ta t i s t ica l  cha r ac t e r i s t i c s  of the p r o c e s s  
obtained with the l a s e r  Doppler  v e l o c i m e t e r  and with a hot -wire  a n e m o m e t e r .  Consider ingthe  advantages  
of the LDVM, we can expect  that  i t  will become a se r ious  contender  to the hot -wire  a n e m o m e t e r  in the nea r  
future.  

The authors  thank Yu. F.  Nester ikhin  fo r  his continuous in te res t  and useful  d iscuss ions .  
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