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The equivalent s p e c t r a l  c h a r a c t e r i s t i c  of the s enso r  of a conduction anenomete r  with externa l  
magnet ic  field is de t e rmined .  Its use  is demons t ra ted  for  the co r r ec t i on  of the s p e c t r u m  of t u r -  
bulent veloci ty  f luctuat ions.  

It  is well  known [1] that  in the m e a s u r e m e n t  of turbulence  it is n e c e s s a r y  to take  into cons idera t ion  the 
averaging  effect of the p r i m a r y  t r a n s f o r m e r  which affects  the m e a s u r e m e n t  of the mean squa re  values of the 
veloci ty  fluctuations as well  as the de te rmina t ion  of the s p e c t r a l  densi ty of  the s ignal .  This  is equally t rue  
for  conduct ion-type veloci ty  s e n s o r s .  

A va r i ab le  e lec t r ic  field appea r s  as a r e su l t  of in terac t ion  of the turbulent  flow of an e lec t r ica l ly  con- 
ducting liquid with the constant magnet ic  field; the potential  gradient  of this e lec t r ic  field is propor t iona l  to 
%he veloci ty  fluctuations [2]. Using two e lec t rodes  located at a d is tance  l ,  one can m e a s u r e  the potential  d i f -  
f e rence  (gt - -  92) and approx imate ly  ca lcula te  the potential  gradient  of e lec t r ic  field 

E ----- q%-- q~ (i) 
l 

Fo rmula  (1) is valid if l is suff icient ly s m a l l .  The fulf i l lment of this condition depends on the spa t ia l  d i s t r i -  
bution of the  e lec t r i c  field de te rmined  by the s t r u c t u r e  of the veloci ty  field. 

The  m e a s u r e m e n t  of the potential  d i f ference  at a finite length I leads to a smoothing of s m a l l - s c a l e  in-  
homogenei t ies  o f the f i e ld  and to a reduct ion of the measu red  spec t r a l  densi ty  cor responding  to la rge  wave num-  
b e r s .  This p rocess  is essen t ia l ly  the f i l t ra t ion of a r andom field with s p e c t r a l  densi ty  G(k) by a f i l ter  whose 
p a r a m e t e r s  a r e  de te rmined  by the in te re lee t rode  dis tance l [1]. In this case ,  the t r a n s f o r m a t i o n  of the s ignal  
by the s enso r  is desc r ibed  by the following express ion :  

§174 

E (l, x) = .! E (xl) h (l, x - -  xl)  dx  1. (2) 

Applying a Four i e r  t r a n s f o r m  to express ion  (2), in the s p e c t r a l  reg ion  we obtain the re la t ion  

G (l, k) = G (k) H * (l, k). (3) 

The  equivalent s p e c t r a l  c h a r a c t e r i s t i c  of the s enso r  I-l~(/, k) shows which par t  of the energy of the eddy with 
wave number  k is m e a s u r e d .  The  s m a l l e r  the in te re lec t rode  d is tance  l ,  the s m a l l e r  should be the averaging  
effect of the s e n s o r .  T h e r e f o r e ,  it is natural  to  d i s r ega rd  the smoothing effect of the p r i m a r y  t r a n s f o r m e r  
with min imum dimensions  compared  to the averag ing  act ion of the senso r  of la rge  dimensions  in a ce r ta in  range  
of wave number s .  

For  a constant  s p e c t r a l  densi ty  G(k) and different  in te re lee t rode  d i s tances ,  we obtain the following r e l a -  
%ion: 

6 (t, k) H ~ (l, k) _~ (4) 
6 (10, k) H ~ (10, k) 

The  r a t io  (4) of sp ec t r a l  densi t ies  of the s ignals  of s enso r s  with different  i n t e re l ec t r ede  dis tances  to the s ignal  
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F i g .  1. D e p e n d e n c e  of t h e  r o o t - m e a n - s q u a r e  
v a l u e  of long i tud ina l  v e l o c i t y  f luc tua t ions  u ' ,  
m / s e c  (1, 2) and s i g n a l - t o - n o i s e  r a t i o  1 ) (3,4) 
on t h e  r e l a t i v e  i n t e r e l e c t r o d e  d i s t a n c e  l / R  : 
1 ,3 )  u = 2; 2 , 4 )  1 m / s e c .  

of t h e  s e n s o r  wi th  l = l 0 is  t h e  equ iva len t  s p e c t r a l  c h a r a c t e r i s t i c  of t h e  p r i m a r y  t r a n s f o r m e r  of a conduc t ion  
a n e n o m e t e r  in t he  f i r s t  a p p r o x i m a t i o n .  

We a s s u m e  tha t  t he  a v e r a g i n g  a c t i o n  of the  s e n s o r  de pe nds  on the  r a t i o  of t he  i n t e r e l e c t r o d e  d i s t a n c e  l 
t o  t h e  s c a l e  of t he  m e a s u r e d  p e r t u r b a t i o n  L, i . e ~  only on the  p a r a m e t e r  l / L .  U s i n g  T a y l o r ' s  hypo th e s i s  
abou t  f r o z e n - i n  t u r b u l e n c e ,  which  i s  c l e a r l y  s a t i s f i e d  a t  t h e  c e n t e r  of a t ube  fo r  a s m a l l  p e r t u r b a t i o n ,  i t  is  
p o s s i b l e  to  r e p r e s e n t  t h i s  p a r a m e t e r  in  t he  f o r m  ( / f / u ) .  If t he  a b o v e  a s s u m p t i o n  is  va l id ,  t hen  the  equ iva len t  
s p e c t r a l  c h a r a c t e r i s t i c s  of d i f f e r e n t  s e n s o r s  c o n s t r u c t e d  as  a func t ion  of p a r a m e t e r  ( / f /u)  m u s t  c o i n c i d e .  

In t he  p r e s e n t  i n v e s t i g a t i o n  we d e t e r m i n e  the  ef fec t  of t h e  i n t e r e l e c t r o d e  d i s t a n c e  of t he  p r i m a r y  t r a n s -  
f o r m e r  on the  m e a s u r e m e n t  of r o o t - m e a n - s q u a r e  va lue s  and the  s p e c t r a l  d e n s i t y  of t h e  e l e c t r i c  f ie ld  induced  
in  t u r b u l e n t  f low of w a t e r  in  a c i r c u l a r  t u b e .  

T h e  e x p e r i m e n t  was conduc ted  on a h y d r a u l i c  d e v i c e  of c l o s e d  t y p e  d e s c r i b e d  in  [3]. The  s e n s o r  was 
i n s t a l l e d  in  a c i r c u l a r  t ube  of d i a m e t e r  D = 94 m m  in  t he  s e c t i o n  s e p a r a t e d  f r o m  the  e n t r a n c e  by 100D. Sen -  
s o r s  wi th  i n t e r e l e c t r o d e  d i s t a n c e s  of 1.5, 3, 3.5, 5, 7, 10, 14, and 20 m m  w e r e  i n v e s t i g a t e d .  They  w e r e  i n -  
s t a l l e d  c l o s e  to  t h e  ax i s  of t he  t ube  w h e r e  t h e  t u r b u l e n c e  is n e a r l y  h o m o g e n e o u s .  T h e  a v e r a g e  v e l o c i t i e s  a t  
t h e  ax i s  of t he  t ube  w e r e  1 and 2 m / s e c  and the  Re  n u m b e r s  compu ted  f r o m  the  a v e r a g e  v e l o c i t i e s  w e r e  0.8 �9 105 
and 1.6 . 105, r e s p e c t i v e l y .  

T h e  s i g n a l  m e a s u r e d  by  t h e  s e n s o r  was fe-t to  an  a m p l i f i e r  having  a f la t  a m p l i t u d e - f r e q u e n c y c h a r a c t e r -  
i s t i c  in  t he  r a n g e  1-1000  Hz and was l a t e r  r e c o r d e d  on an  M-168  m a g n e t o p h o n e .  T h e  r o o t - m e a n - s q u a r e  va lue  
of t h e  s i g n a l  and i t s  s p e c t r a l  d e n s i t y  w e r e  d e t e r m i n e d  f r o m  t h e  r e p r o d u c t i o n  of t h e  r e c o r d  by  the  t e c h n i q u e  
d e s c r i b e d  in  [4], 

T h e  r o o t - m e a n - s q u a r e  Values of t he  v e l o c i t y  f luc tua t ions  u '  w e r e  i n v e s t i g a t e d  as  a func t ion  of t he  i n t e r -  
e l e c t r o d e  d i s t a n c e  (F ig .  1). Obvious ly,  t h e  i n c r e a s e  of t he  i n t e r e l e c t r o d e  d i s t a n c e  to  I / R  <-- 0.15 has p r a c t i -  
c a l l y  no e f fec t  on the  m e a s u r e d  r o o t - m e a n - s q u a r e  va lue s  of the  v e l o c i t y  f l u c t u a t i o n s .  T h e  d e c r e a s e  of t h e  s i g -  
na l  fo r  l a r g e  va lue s  of l shows  tha t  t h e  s e n s o r  beg ins  to  a v e r a g e  edd ies  c a r r y i n g  a s i g n i f i c a n t  p a r t  of t he  
e n e r g y .  T h e  m a g n i t u d e  of t he  s i g n a l - t o - n o i s e  r a t i o  shown in F i g .  1 i n c r e a s e s  wi th  t he  i n t e r e l e c t r e d e  d i s t a n c e  
of t h e  s e n s o r .  

T h e  s p e c t r a l  d e n s i t y  of t he  s i g n a l s  m e a s u r e d  by  s e n s o r s  wi th  d i f f e r e n t  i n t e r e l e c t r o d e  d i s t a n c e s  i s  
shown in  F i g .  2. It m a y  be  noted tha t  in t he  f r e q u e n c y  r a n g e  f < 10 Hz the  c u r v e s  ob ta ined  by  d i f f e r e n t  s e n s o r s  
d i f f e r  v e r y  l i t t l e  f r o m  each  o t h e r .  F o r  f > 10 Hz a n o t i c e a b l e  d e c r e a s e  is  o b s e r v e d  in t h e  Values of the  s p e c -  
t r a l  d e n s i t i e s  wi th  t he  i n c r e a s e  of t he  i n t e r e l e c t r e d e  d i s t a n c e .  Us ing  the  s p e c t r a  shown in F i g .  2 t he  equ iva -  
lent  s p e c t r a l  c h a r a c t e r i s t i c  can  be  d e t e r m i n e d  a p p r o x i m a t e l y ;  T h e  s p e c t r a l  d e n s i t y  of s i g n a l s  m e a s u r e d  by 
s e n s o r s  wi th  l 0 = 1.5 m m  at  a v e l o c i t y  of 1 m / s e c  and l 0 - 3 m m  at  a v e l o c i t y  of 2 m / s e c  is t a k e n  as  t r u e  in  
t h e  f i r s t  a p p r o x i m a t i o n ;  t hen  H2(/0, k) = 1 in  e x p r e s s i o n  (4). H e r e  it b e c o m e s  p o s s i b l e  to  e s t i m a t e  t he  s p e c -  
t r a l  c h a r a c t e r i s t i c  of a s e n s o r  wi th  I > i 0. I t  is  c l e a r  t ha t  t h e  l a r g e r  t h e  d i f f e r e n c e  in the  v a l u e s  of t h e  i n t e r -  
e l e c t r o d e  d i s t a n c e  of t he  s e n s o r  and the  s m a l l e r  the  f r e q u e n c y ,  t he  m o r e  a c c u r a t e l y  is  t he  fo l lowing  r e l a t i o n  
s a r i s  f led : 

6(l ,  k) ~ H2(  If "] . (5) 

G fro, k) \ u /  
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F ig .  2. Dependence of the measured  s p e c t r a l  densi ty  G, m2/ 
sec ,  on f requency f, Hz: a) u = 2 m / s e c ;  b) u = l m / s e c ;  1) 
l = 1 0 m m ;  2) 7; 3) 5; 4) 3.5; 5) 1,5; 6) 3; 7) co r r ec t ed  
s p e c t r u m ;  8) s p e c t r a l  densi ty of noise .  

Fig.  3. Dependence of the equivalent spec t r a l  cha r ac t e r i s t i c s  
of the  s ens o r  H2(/f/u) on p a r a m e t e r  l/L: 1) u = 2 m / s e c ,  l = 
1 0 r a m ;  2) 2 a n d  7; 3) l a n d  10; 4) l a n d  7; 5) l m / s e c a n d  
5 m m .  

The  r a t io  of the s p e c t r a l  densi t ies  of the s ignals  of s enso r s  with different  in te re lec t rode  dis tances  to 
the  s p e c t r a l  densi ty of s ignals  of the  p r i m a r y  t r a n s f o r m e r  with min imum dimensions  is shown in Fig. 3 as  
a function of p a r a m e t e r  t/L. The  exper imen ta l  points have a tendency to group toge ther ,  which indicates the 
exis tence  of a un iversa l  dependence approximated  by curve  3a (see Fig. 3}. 

The  equivalent s p e c t r a l  c h a r a c t e r i s t i c  of the s enso r ,  which is used for  compar i son ,  has an increas ingly  
large effect on the  r a t io  of the s p e c t r a l  densi ty  as l/L i n c r e a s e s .  This  leads to ove res t ima ted  values of the 
obtained equivalent s p e c t r a l  cha r ac t e r i s t i c  for  l a rge  values of p a r a m e t e r  lf/u. Using the universa l i ty  of the 
obtained function H2(lf/u) and the fact  that  for sma l l  values of p a r a m e t e r  lf/u the ra t io  {4} approaches  (5) 
m o r e  c losely ,  we can take  into cons idera t ion  the s p e c t r a l  cha rac t e r i s t i c  of a s enso r  with in te re lee t rode  d i s -  
t ance  l 0. For  this purpose  it iS n e c e s s a r y  to find p a r a m e t e r  l of/u and the cor responding  ra t io  G ( I ,  k) /G(l  0, 
k) which is t a k e n  as the value of the cha r ac t e r i s t i c  of the s enso r  with l = l 0 at a given f requency f.  Now mul -  
t iplying (5) by the obtained value of H2(/0f/u), according to formula  (4) we obtain the second approximat ion  of 
the equivalent s p e c t r a l  cha r ac t e r i s t i c  of the s e n s o r .  The feasibi l i ty  of this approx imat ion  pe rmi t s  us to i m -  
prove  the values of H2(lf/u) for la rge  values of p a r a m e t e r  lf/u. 

The effect of the s p e c t r a l  cha r ac t e r i s t i c  of a s enso r  with l 0 = 1.5 m m  on ra t io  (5) was improved by the 
method indicated above.  The  equivalent s p e c t r a l  cha rac t e r i s t i c  thus obtained is shown by curve  3b (Fig. 3). 
The  theo re t i ca l  cu rve  3c, computed for  t r a n s v e r s e  or ientat ion of the  s enso r  under the assumpt ion  that  the 
s p e c t r a l  densi ty  va r i e s  accord ing  to the " - -5 /3"  law [1], is a l so  shown the re  for  compar i son .  The  d i s a g r e e -  
merit between curves  3c and 3b can be explained by the fact  that the r e a l  s p e c t r u m  of the veloci ty  fluctuations 
somewhat  deviates  f r o m  the above law. 

The  obtained equivalent s p e c t r a l  cha r ac t e r i s t i c  of the s enso r  of the conduction anenomete r  can be de -  
sc r ibed  by the following expression~ 

Knowing the mean  flow veloci ty  at a point and the in te re lec t rode  d is tance  of the s enso r ,  we can c o r r e c t  the 
effect of p r i m a r y  t r a n s f o r m e r  on the measu red  s p e c t r u m :  

9 0 6  



(if) 
Gc(f)=G(l, f) .exp ~ (7) 

and increase  the accuracy  of measurement  of the spec t ra l  density by a conduction anenometer .  Thus, we 
cor rec ted  the spec t rum of the signal of a sensor  with l 0 = 1.5 mm (see Fig. 2). 

The present study permits us to give a quantitative est imate of the optimum intere lec t rede  distance of 
a s enso r .  In order  to improve the s igna l - to -no ise  rat io,  it is necessa ry  to increase  l .  However, this is pos-  
sible only up to a cer ta in  value of the in tere lect rode distance which, for the core  of the flow in a c i rcu la r  
tube, comes out to be equal to l / R  = 0o15, s ince for large values of l the averaging action of the sensor  be-  
gins to appear .  The in tere lec t rode distance is r e s t r i c t ed  sti l l  more  by the minimum scale  of turbulence,  
which must  be measured under the conditions of the experiment .  The obtained resul ts  point out the feasibility 
of cor rec t ion  of spec t rum if l / L  <- 1~ 

NOTATION 

l ,  in tere lec t rode distance;  q0, potential; G, spec t ra l  density; k, wave number;  h(x), equipment func- 
t ion of the sensor ;  H 2, equivalent spec t ra l  charac te r i s t i c  of the sensor ;  L, eddy scale ;  u, mean velocity; 
f, frequency; D, tube d iameter ;  u ' ,  r oo t -mean - squa re  value of longitudinal velocity fluctuations; R, radius 
of the tube; P, s ignal - to-noise  ratio.  

1. 

2o 

3. 
4. 
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INVESTIGATION OF THE EFFICIENCY OF A 

"JET DIFFUSER" 

M. O. F r a n k f u r t  UDC 532.556.4 

The power charac te r i s t i cs  of a diffuser device formed by a fine turbulent jet blown f rom an an-  
nular conical nozzle in the outlet sect ion of a cylindrical  channel were investigated exper imen-  
tally.  

In order  to reduce the loss of dynamic p re s su re  during discharge  of the flow from the channel into free 
space,  diffuser sections a re  usually used. Many methods a re  known for increasing the p re s su re  r ecove ry  in 
these  seetions,  including the method of drawing off or tangential  blowing of the boundary layer .  In the latter 
case ,  the let is blown out along the surface  of the expansion channel and ass is ts  stabil ization or  pers is tence  
of breakawayo 

A scheme with d i rec t  injection of such a jet in the outlet sect ion of a s t ra ight  channel may be of indepen- 
dent in teres t .  Jet devices of s imi la r  type have been suggested,  for example, for increasing the thrust  of p ro-  
pulsion sys tems [1]~ They may be usr~ also for reducing losses of dynamic p re s su re  in installations with 
h igh- tempera ture  flows or co r ros ive  media,  where the use of the normal  diffusers with impermeable  walls 
in cer ta in  cases is difficult. 
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