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UDC 537.32 + 536. 587 

A method is described of measuring velocity fluctuations by using a 
thermocouple connected to a rapid response temperature-measuring 
instrument. It is shown that the method permits investigation of velo- 
city fluctuations in a high-temperature gas stream. 

Theoretical and experimental investigations of com- 
bustion and heat - t ransfer  processes  in flucutating and 
turbulent s t reams indicate that velocity fluctuations in 
the s t ream have an appreciable influence on the inten- 
sity of these processes .  Measurement of these fluctua- 
tions at high temperature,  however, is known to pre-  
sent difficulty. Methods such as the electrical  capaci- 
tor, diffusion, anemometer  with glow discharge, etc. 
[1-3], are not sufficiently developed and are compara-  
tively ra re ly  used. The most widely employed method 
is that of the electrothermal  anemometer,  but it too 
does not permit  investigations in high-temperature 
s t reams.  

A thermoelectr ic  method of measuring velocity fluc- 
uations, permitting investigation of high-temperature 
gas s treams,  has been developed jointly in the Insti- 
tute of Technical Thermophysics of The Academy of 
Sciences of the USSR and the Kiev Polytechnic Insti- 
tute. 

The essence of the method lies in the measurement  
of the s t ream stagnation temperature by a thermocou- 
ple connected to a fas t - response t empera tu re -measur -  
ing instrument (with means for correct ing dynamic 
e r r o r s  of the thermocouple). 

It is known that the stagnation temperature  is deter-  
mined by the relation 

T' =: r + rw2/2cp. (1) 

If the instantaneous value of the velocity at a given 
point in the flow is expressed in t e rms  of the means 
velocity ~ and the flucutating component w t, Eq. (1) 
may be put in the form 

( = )  W -  t" 
r '  = T + r - w - -  + (w '2 ~ 2ww'), (2) "~Cp -~p -7" 
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where the t e rm (T + r~7--_ ) descr ibes  the general 
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(mean) temperature level Of the flow, while the ex- 

o-Sy - (w ~2 + 2 ~ w  t) represents  the flucutating pression 

addition to t~e dynamic component of stagnation tem- 
perature.  

t~N 

Fig. 1. Principal circuit  of the measur -  
ing equipment: 1) Regulator; 2) the rmo-  
couple; 3)housing; 4)fas t - response tem- 
pera ture-neasur ingins t rument ;  5) loop 
oscillograph; 6) electronic oscillograph. 

In the measuring circuit  with a fas t - response  tem- 
pera ture-measur ing  instrument (Fig. 1), the signal 
character iz ing the genral level is compensated by a 
reference voltage in the instrument control element 
[5, 6]. In this way a zero line is established on the 
oscillograph screen, and only the fluctuating compo- 
nent 

r 

i's then measured relative to this line. 
If the thermocouple junction is spherical in shape~ 

it will receive all components of the fluctuating velo- 
city vector,  and then the general level of turbulence 
and fluctuations at the point will be measured.  If the 
thermojunetion is cylindrical (bu~-welded electrodes), 
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2 ,  Oscil lograms of fluctuations at various differentiating 
circuit  values: a) RC = 0,2; b) 0.6; c) 1.0. 
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it  wi l l  r e spond  to only c e r t a i n  components  of  the v e c -  
to r ,  depending on the  o r i en t a t i on  of the  junct ion in the  
s t r e a m .  

The flow of hea t  away  f r o m  the junct ion a long the 
t h e r m o c o u p l e  waves  and leads ,  which af fec ts  the m a g -  
ni tude of  the s igna l  c h a r a c t e r i z i n g  the g e n e r a l  t e m -  
p e r a t u r e  l eve l  of  the s t r e a m ,  wi l l  a u t o m a t i c a l l y  be  
t aken  into account  in the m e a s u r i n g  c i r c u i t  by the sup-  
p ly  of  a c o u n t e r - e m f  by  the r e f e r e n c e - v o l t a g e  con t ro l  
e l e m e n t  of the i n s t r u m e n t .  

A c c o r d i n g  to r e g u l a r  t h e r m a l  r e g i m e  t h e o r y  [7], 
the  v a r i a t i o n  of t h e r m o c o u p l e  t e m p e r a t u r e  m a y  in gen-  
e r a l  be  d e s c r i b e d  by  

w h e r e  

o - ,  .... (Oo 

(3) 

r 
0 :~ ~ (w "2 + 2 ww') : :  F('~). 

The funct ion F(T) h e r e  is  not known a p r i o r i .  In 
addit ion,  (3) conta ins  the  t h e r m o c o u p l e  t i m e  cons tan t  
e = 7Vcp/S~ ,  wMch a l so  v a r i e s  in a f luc tua t ing  s t r e a m ,  
s ince  the  h e a t - t r a n s f e r  coe f f i c i en t  be tween  the t h e r m o -  
junct ion  and the s t r e a m  wash ing  i t  i s  p r o p o r t i o n a l  to 
v e l o c i t y  w ~ . An exac t  a n a l y s i s  of  (3) i s  d i f f icul t  for  
th i s  r e a s o n .  

In a f luc tua t ing  s t r e a m  the v a r i a t i o n  of  the  f lucu ta t -  
ing v e l o c i t y  componen t  i s  d i scon t inuous .  The na tu r e  
of  t h e s e  f luc tua t ions  m a y  be  r e p r e s e n t e d  g r a p h i c a l l y  
in  the  f o r m  of a r e c t a n g u l a r  h a r m o n i c ,  in  which the  
in s t an taneous  va lue  of v e l o c i t y  dur ing  t i m e  T - T 0 = 
= f -  1 r e m a i n s  cons tan t .  

Then fo r  a s ingle  step,  e x p r e s s i o n  (3), with the  
condi t ion F '  (T) = cons t  and T O = 0, m a y  be w r i t t e n  in 
the f o r m  

- -  t = (0o - -  to) exp (- -  ~/~). (4) 

Rep lac ing  the t e m p e r a t u r e s  in (4) by  c o r r e s p o n d i n g  
va lue s  of  the  t h e r m o - e m f ,  and a s s u m i n g  the t h e r m o -  
e l e c t r i c  c h a r a c t e r i s t i c  of the  t h e r m o c o u p l e  to  be l i n -  
e a r  within the l i m i t s  of  m e a s u r e m e n t ,  we m a y  wr i t e ,  
fo r  a s ingle  step,  

u = U [1 - -  exp ( - -  "~/e)l. (5) 

Thus,  wi thout  a c o r r e c t i n g  i n s t rumen t ,  the  t h e r m o -  
couple  emf  would r e a c h  a va lue  c o r r e s p o n d i n g  to the 
t e m p e r a t u r e  of  the  m e d i u m  a f t e r  some  f in i te  t i m e  in -  
t e r v a l ,  which would depend on the t i m e  cons tan t  of  the  
t h e r m o c o u p l e .  

In a f luc tua t ing  s t r e a m  with a r ap id  sequence  of  
s teps ,  the  t h e r m o c o u p l e  emf,  b e c a u s e  of the i n e r t i a  

o f  the  t he rmocoup le ,  cannot  follow the  s t r e a m  te rn-  
p e r a t u r e ,  and sends  out a s ignal  c o r r e s p o n d i n g  to 
some  m e a n  t e m p e r a t u r e  l eve l .  

When a m e a s u r i n g  c i r c u i t  with c o r r e c t i o n  fo r  the  
dynamic  e r r o r s  of  the  t h e r m o c o u p l e  i s  u sed  (as shown 
in [6]), any v a r i a t i o n  in s t r e a m  t e m p e r a t u r e  wi l l  p r o -  
duce a p r a c t i c a l l y  ins t an taneous  e l e c t r i c a l  s ignal ,  
whose  b u i l d - u p  with t i m e  wi l l  depend on t h e  r a t i o  of  
RC and e in a c c o r d a n c e  with  the  e x p r e s s i o n  

( - )  u = u + u R C - - ~  exp "~ 
8 . g 

When the i n s t r u m e n t  o p e r a t e s  under  condi t ions  of 
o v e r c o r r e c t i o n  (RC > e), a l a r g e  s igna l  pu l se ,  and 
t h e r e f o r e  a mp l i f i c a t i on  of  it, o c c u r .  

E x p e r i m e n t s  on v e l o c i t y - f l u c t u a t i o n  m e a s u r e m e n t  
us ing  the method  d e s c r i b e d  w e r e  c a r r i e d  out  with 
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Fig .  3. I n t ens i t y  of  t u r b u l e n c e  (7o) at  v a r i o u s  s e c t i o n s  ( sec t ion  I) 
5 ram;  II) 45; III) 85): a) In t ens i ty  of  t u r b u l e n c e ;  b) b o u n d a r y  of  

cons t an t  ve loc i t y ;  c) l ine  of z e r o  v e l o c i t y .  
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equ ipment  whose  p r i n c i p a l  c i r c u i t  is  i l l u s t r a t e d  in F ig .  
1. A t h e r m o c o u p l e  with a c y l i n d r i c a l  junct ion  (the jo in t  
was  but t  welded)  was  mounted  on a spec i a l  t r a v e r s i n g  
m e c h a n i s m ,  in the  t u rbu len t  wake  behind a p o o r l y  
s t r e a m l i n e d  body loca ted  in a h i g h - s p e e d  gas  s t r e a m .  
A f a s t - r e s p o n s e  t e m p e r a t u r e - m e a s u r i n g  i n s t r u m e n t  
was  inc luded in the  t h e r m o c o u p l e  c i r c u i t ;  t h i s  con-  
s i s t e d  of a l o w - i n e r t i a  a m p l i f i e r  wi th  a b a t t e r y  of d i f -  
f e re r i t i a t ing  RC c i r c u i t s  (giving 22 se t t ings  f r o m  0 .2  
to  3 .5  see) .  

The output  s igna l  f r o m  the i n s t r u m e n t  was fed into 
a loop o s c i l l o g r a p h .  An e l e c t r o n i c  o s c i l l o g r a p h  was  
used  for  a d j u s t m e n t  of  the s y s t e m  to p a r t i c u l a r  ope -  
r a t i n g  cond i t ions  and for  v i s u a l  o b s e r v a t i o n  of  the  
even t s .  In the  m e a s u r e m e n t ,  the  t h e r m o c o u p l e  t i m e  
cons tan t  (in ou r  c a s e  e = 0 .2  sec )  was  f i r s t  d e t e r m i n e d  
t en ta t ive ly ,  and then a va lue  was  s e t  up on the b a t t e r y  
of c i r c u i t s  such tha t  the  RC va lue  of the  d i f f e r e n t i a t i ng  
c i r c u i t  gave the  s h a r p e s t  and m o s t  p r o m i n e n t  f luc tu-  
a t ing  s i g n a l s .  It was  found (Fig.  2) tha t  the  b e s t  r e -  
co rd  was  obta ined  with  R C / e  = 3 - 5 .  

The o s c i l l o g r a m s  w e r e  r e a d  by  a method deve loped  
in the  A l l - U n i o n  E l e c t r o t e c h n i e a l  Ins t i tu te ,  and m e a n  
s q u a r e  v a l u e s  of  the  amp l i t ude  of  the  f lu~uta t ing  v e l o -  
c i ty  componen t  w e r e  d e t e r m i n e d  for  e ach  point  of the  
flow. 

In o r d e r  to v e r i f y  the  v a l i d i t y  of  the  method  d e -  
c r i b e d  fo r  m e a s u r e m e n t  of  i n t e n s i t y  of  v e l o c i t y  f luc t -  
ua t ions ,  s p e c i a l  i n v e s t i g a t i o n s  w e r e  c a r r i e d  out in a 
cold  ( i s o t h e r m a l )  s t r e a m ,  and the  r e s u l t s  w e r e  c o m -  
p a r e d  with  da ta  ob ta ined  b y  o t h e r  m e t h o d s .  The c i r -  
cu la t ion  r e g i o n  behind a U - s h a p e d  s t a b i l i z e r  was  cho-  
sen  a s  a t e s t  r eg ion ,  s ince  th i s  p r o b l e m  has  r e c e i v e d  

m o s t  a t t en t ion  in the  l i t e r a t u r e  [9. 3, e tc .  ]. The angle  
of opening  of  the  s t a b i l i z e r  was /3  = 90~ and i t s  width 
v a r i e d  f r o m  20 to 60 m m .  The i nves t i ga t i ons  w e r e  
c a r r i e d  out in the  f low v e l o c i t y  r ange  2 5 - 5 0  re~see. 
(ve loc i ty  at  the  s t a b i l i z e r  sec t ion)  a t  a flow t e m p e r a -  

t u r e  t b = 50 ~ C. 
F i g u r e  3 shows the  n a t u r e  of  the  m e a s u r e d  t u r b u -  

l ence  i n t e n s i t y  Kr--Vf~-c/~ , at  v a r i o u s  po in t s  on the 
s ec t i on  of the  c i r c u l a t i o n  zone beh ind  the  U - s h a p e d  
s t a b i l i z e r  of width  B s t  = 32 m m  and 3 = 900. t t  m a y  be 
s een  tha t  the  i n t e n s i t y  of  t u r b u l e n c e  in  the  f lowing 
s t r e a m  is  of  the  o r d e r  of 2 -5% ( s o - c a l l e d  p ipe  t u r b u -  
l ence) .  I t  i n c r e a s e s  s h a r p l y  in the  c i r c u l a t i o n  zone,  
r e a c h e s  a m a x i m u m  in the  b o u n d a r y  l a y e r  (point 2), 
and then  d e c r e a s e s  s o m e w h a t  t o w a r d s  the  c e n t e r  o f  
the  c i r c u l a t i o n  zone (point  1). 

F i g u r e  4a shows how the i n t e n s i t y  of  t u r b u l e n c e  
v a r i e s  a s  a funct ion of  s t a b i l i z e r  width .  I t  m a y  be 
s een  tha t  da ta  ob ta ined  by  v a r i o u s  m e t h o d s  of  m e a s u r e -  
men t  ( t h e r m a l  a n e m o m e t e r ,  d i f fus ion,  and t h e r m o -  
e l e c t r i c  me thods )  show good a g r e e m e n t  in s i m i l a r  

cond i t i ons .  
F i g u r e s  4b and 4c show a c o m p a r i s o n  of  the  v e l o -  

c i t y - f l u c t u a t i o n  o s c i l l o g r a m s  ob ta ined  b y  the e l e c t r o -  
t h e r m a l  a n e m o m e t e r  me thod  (b) and the  t h e r m o e l e c -  
t r i c  me thod  (c). I t  m a y  be  s een  tha t  the  n a t u r e  of  the  
v e l o c i t y - f l u c t u a t i o n  r e c o r d  i s  i d e n t i c a l  in the  two 

cases. 

The p o s s i b i l i t y  of  m e a s u r i n g  ve loc i t y  f luc tua t ions  
by us ing  the method d e s c r i b e d  was  a l so  v e r i f i e d  in a 
hot  s t r e a m  whose  mean  t e m p e r a t u r e  r e a c he d  800 ~ C. 
The i n v e s t i g a t i o n s  showed tha t  the  uppe r  l i m i t  of  t e m -  
p e r a t u r e  l eve l  of the  flow inve s t i ga t e d  by the given 
method  m a y  be  even h ighe r ,  s ince  i t  i s  d e t e r m i n e d  
only  by  the l e a s t  r e s i s t a n c e  of  the t h e r m o c o u p l e  used .  

The o s c i l l o g r a m s  obta ined  r e p r e s e n t  g r a p h s  of the 
v a r i a t i o n  of  the  f l u c t u a t i n g - v e l o c i t y  componen t  with 
t i m e ,  and give a qua l i t a t ive  p i c t u r e  of the  i n t ens i t y  of  
the  ve loc i t y  f luc tua t ions  in the s t r e a m .  To ob ta in  quan-  
t i t a t i ve  data ,  the  m e a s u r i n g  s y s t e m  was  p r e v i o u s l y  
c a l i b r a t e d  us ing  a m e s h  with  known leve l  of t u r b u -  
l ence  ( f luc tuat ions) .  

Kr ' ..... 

tO 20 30 4,0 50 60 st 
0.I sec O. 1 sec 

Fig .  4. C o m p a r i s o n  of e x p e r i m e n t a l  r e s u l t s  
ob ta ined  b y  v a r i o u s  m e t h o d s :  1) d i f fus ion  
method  [3]; 2) t h e r m a l  a n e m o m e t e r  method  

[2]; 3) t h e r m o e l e c t r i c  me thod .  

The  m e a s u r i n g  s y s t e m  could inc lude  an e l e c t r o n i c  
uni t  y i e l d i n g  an a v e r a g e  va lue  of  the  changing  s igna l s ,  
and having  a s  i t s  output the  l eve l  of t u r b u l e n c e  in t en -  
s i ty  ( f luctuat ions)  a t  each  poin t  of the  s t r e a m ,  to  s o m e  

def in i te  s c a l e .  

NOTATION 

T' and T) stagnation temperature and thermodynamic temperature 
of the stream; ~) instantaneous velocity at a given point; E and w') 
mean and fluctuating velocity components; r) recovery factor; ep) 
specific heat; ~,, V, S) specific weight, volume, and surface area, 
respectively, of the thermocouple junction; a) heat transfer coeffi- 
cient between the thermocouple junction and the stream washing it; 
f) frequency of fluctuations; r0 and 7") initial and variable time of the 
process; u) output signal of the measuring equipment; U) emf corre- 
sponding to the fluctuating term in expression (2); RC) parameter of 
the differentiating circuit; Kr = r  ) intensity of velocity fluct- 
uations (Karman number); Bst) width of the stabilizer; B) opening angle 
of the stabilizer. 
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