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A p rocedure  is  shown for  m e a s u r i n g  the spec t r a  of ve loc i ty  and t e m p e r a t u r e  f luctuations as  
well  as  of turbulent  t h e r m a l  and m omen tum fluxes. Resu l t s  a re  shown of t e s t s  p e r f o r m e d  
at  a Reynolds  number  Re = 32,500. 

The spec t r a  of longitudinal and rad ia l  components  of turbulent  ve loc i ty  f luctuations as  well as  the 
s p e c t r u m  of t e m p e r a t u r e  f luctuat ions were  m e a s u r e d  in an a i r  s t r e a m  through a c i r cu l a r  pipe at  a re la t ive  
dis tance 2 r / d  = 0.5 f r o m  the pipe axis ,  along with the co r r e l a t i on  momen t s  v-t and u-v for  de termining  the 
densi ty  of turbulent  t h e r m a l  f luxes (CppVt) and momen tum fluxes (puv). The tes t  conditions as  well as  the 
me thod  of separa t ing  the fluctuation components  and the va r i a t ions  of co r r e l a t ions  uv, vt have been de-  
s c r ibed  in [1], while individual t e s t  r e su l t s  a re  given in [1-3]. 

The spec t r a  were  m e a s u r e d  with the aid of a bandpass  f i l ter .  This f i l t e r  was an audio and i n f r a -  
audio f requency  ana lyze r  developed at  the Lvov Polytechnic  Insti tute.  It  cons is ted  of a se lec t ive  ampl i f i e r  
with a tuning T -b r idge  c i rcu i t  in i t s  feedback loop. The re la t ive  bandwidth of the f i l t e r  was  3%. The shape 
and the width of the se lec t iv i ty  c h a r a c t e r i s t i c  had been checked aga ins t  s ignals  f r o m  an audio genera tor .  
The f i l t e red  signal was ampl i f ied  by a model  U-4  ampl i f i e r  and the d i spers ion  was de te rmined  with a c o r -  
re la t ion  me te r .  

F o r  the purpose  of low-f requency  m e a s u r e m e n t s  (below 30 Hz), the s ignals  f r o m  the t h e r m o a a e m o m e t e r  
p robe  were  p r e f i l t e r e d  in the f i r s t - s t a g e  ampl i f i e r  with a 30 Hz cutoff f requency.  The t ime for  in tegrat ing 
the s ignals  in the co r r e l a t i on  m e t e r  was se t  to 1 rain at  a quasireso*iaat  s ignal  f requency  above 30 Hz and to 
5 rain at  f requenc ies  below 30 Hz. With a one-minute  t ime in te rva l  at  low f requenc ies  there  was a la rge  
d i sc repancy  betwen r epea t ed  m e a s u r e m e n t s  of the signal d i spe r s ions  at t e s t  f requency.  

The same  c r u c i f o r m  two- f i l ament  probe  was used fo r  m e a s u r i n g  the spec t r a  of longitudinal and 
r ad ia l  ve loc i ty  f luctuations,  t e m p e r a t u r e  f luctuations,  and uv, v t  co r re la t ions .  This, p r e sumab ly ,  was 
to reduce  the e r r o r  in calculat ing the spec t r a l  co r r e l a t i on  coeff ic ients  R~v," Rfvt and to e l iminate  the e r r o r  
due to an inaccura te  de te rmIna t ion  of the t ime  constants  of d i f ferent  p robes .  The Fu and F t spec t r a  were  
de te rmined  f r o m  the sum s p e c t r u m  of s ignals  f r o m  the two probe  f i laments ,  while the Fv  spec t rum was 
de te rmined  f r o m  the i r  d i f ference  spec t rum.  The Fu r  s p e c t r u m  of the momen tum flux was calcula ted f r o m  
the di f ference between d i spe r s ions  of s ignals  f r o m  the c r u c i f o r m  probe  f i l aments  at  the ex t r ac t ed  quas i -  
r e sonance  f requency  in an i s o t h e r m a l  s t r e a m ;  the i n c r e m e n t  of this d i f ference due to noniso thermal i ty  of the 
s t r e a m  was t r e a t ed  as  a contr ibut ion by the co r re l a t ion  momen t  v-% at  this  quas i r e sonaa t  f requency,  i . e . ,  
as  a quanti ty p ropor t iona l  to Fvt" Af. Such a way of de te rmin ing  the ~ co r re l a t ion  spec t rum was jus t i f ied 
by  the r e su l t s  of spec ia l  m e a s u r e m e n t s ,  indicating that  a t  the low t h e r m a l  flux densi ty  in our  t e s t s  
(q = 0.142 k W / m  2) the in tens i ty  of ve loci ty  f luctuations and the magnitude of the uv co r re la t ion  moment  had 
been r e spec t ive ly  a l m o s t  equal  under i s o t h e r m a l  and non iso thermal  conditions of a i r  flow. The f i lament  
superhea t  op t imum for  vt  m e a s u r e m e n t s  was es tab l i shed  on the bas i s  of the cons idera t ions  given in [1]. 
The t h e r m a l  iner t ia  of a f i lament  was not fully compensa ted  and the insuff icient  compensat ion  was accounted 
for  in the calculat ion of spec t r a l  densi t ies  f r o m  m e a s u r e d  d i spe r s ions  of na r row-band  s ignals  at  f requenc ies  
300 Hz and higher.  
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Fig. 1. Spect ra l  densi t ies  of turbulent  f luctuat ions F u 
(1), Fv  (2), F t (3), of turbulent  t he rma l  f luxes F ~  (4), 
and of turbulent  momen tum f laxes  (5). 

The noise s pec t rum  was also evaluated.  It appea red  insignif icant  within the t es t  range of f requencies ,  
but neve r the l e s s  it  was c o r r e c t e d  for  in the de te rmina t ion  of the Fu, Fv, and Ft spec t ra .  In this way, the 
effect  of noise became  se l f - compensa t ing  in the spec t r a l  densi t ies  Fu r  and Fvt. The resu l t ing  values  of 
spec t r a l  densi t ies  were  no rma l i zed  into u 2, v 2, }2, ~-~, and ~ respec t ive ly .  

A lmos t  nowhere along the cu rves  of spec t r a l  densi t ies  (Fig. 1) does a fluctuation spec t rum v a r y  a c -  
cording to the Kolmogorov (--5/3 power)  law, which desc r ibe s  the ine r t i a l  range of a spec t rum.  At f > 300 
Hz the spec t r a l  densi ty  d e c r e a s e s  f a s t e r  than accord ing  to the - -5 /3  power  law. This is ,  evidently,  due to 
the low Reynolds number  (Re = 32,500) and, consequently,  the fact  that  the ra te  of iner t ia l  cascading  t r a n s -  
f e r  of turbulence energy  a c r o s s  the vor tex  s p e c t r u m  is comparab le  with the diss ipat ion of this ene rg y  in 
turbulent  pe r tu rba t ions  on the same scale .  

The energy density spectrum of temperature fluctuations runs at an intermediate level between those 
of F u and F v, but the frequency spectrum of temperature fluctuations comes closest to the frequency 
spectrum of longitudinal velocity fluctuations (Fig. i). 

The correlation uv and vt spectra have a narrower frequency band with respect to energy than their 
component spectra of longitudinal and transverse velocity fluctuations (Fig. 1), which indicates a predomi- 
nant effect of the large-scale component of turbulence in the transfer processes. 

In order to compare the contributions of turbulent fluctuations at various frequencies to the momentum 
transfer and to the heat transfer, we have calculated the spectral coefficients of correlation between compo- 
nents u and v on the other:  

(J~)o.5 (Jt~f)o,5 
The correlation coefficients of turbulent fluctuations vary widely within the frequency range under 

study here. At low frequencies (5-20 Hz) the correlation between velocity and temperature fluctuations is 
very high, coefficient Rvt (its absolute value) is near its maximum possible value equal to unity and is 
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Fig. 2. Spectral  coefficients  of 
cor re la t ion  between veloci ty  and 
t empera tu re  fluctuations: Rfvt (1), 

t 

' R f  v (2). 

more  than 1.5 t imes  Mgher than Ruv. At higher  f requencies  the cor re la t ion  between fluctuations becomes  
lower,  with the values of both coefficients  Ruv and Rvt  converging (Fig. 2). 

Inasmuch as l a rge - sca le  turbulent  vor t i ces  contribute most  in low-frequency spec t ra l  measurement s  
and smal l - sca le  turbulent  vor t i ces  contribute most  in h igh-f requency spec t ra l  measurement s ,  this re la t ion 
between the spec t ra l  cor re la t ion  coefficients  indicates  that l a rge - sca le  anisotropie  turbulence, which 
produces  bulk convection, contr ibutes  more  to the heat t r ans fe r  than to the momentum t ransfer .  

The dec rease  of R f  v_ and R f.. with decreas ing  f requency indicates that the smal l - sca le  turbulence 
component tends to become isot ropic  in a turbulent  shear  flow even when the Reynolds number  is low. 

Measurements  of Ruv in a flat  channel [4], in a boundary layer  at a flat plate [5], and in a je t  [6] 
have also shown that in all such anisotropic  modes of shear  flow the cor re la t ion  between veloci ty  fluctuations 
dec r e a se s  fas t  with r i s ing  frequency.  

The spec t rum of turbulent  t r ansve r se  heat flow was de termined  in [7] only for  the case of a tmospher ic  
turbulence.  The resu l t s  of this study (measurements  under var ious  conditions of s t ra t i f icat ion and at 
var ious  al t i tudes above ground level) have shown that the cor re la t ion  between veloci ty  and t empera tu re  
fluctuations is high (~ 0.7) witMn the range of low wave numbers  and dec reases  at higher  wave numbers ,  
i. e . ,  R~t va r i e s  with r i s ing  f requency  in the same manner  as in a channel flow. 
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NO TA T I O N  

is the pipe d iameter ;  
is  the distance f rom the pipe axis;  
is the longitudinal component of turbulent  veloci ty  fluctuation; 
is  the radia l  component of turbulent  veloci ty  fluctuation; 
is  the t empera tu re  fluctuation; 
are  the d ispers ions  of turbulent  longitudinal and radial  fluctuation; 
is the dispers ion of turbulent  t empera tu re  fluctuation; 
is  the co r re la t ion  moment  between longitudinal and radial  veloci ty  fluctuation; 
is  the cor re la t ion  between radia l  veloci ty  and t empera tu re  fluctuation; 
are  the d ispers ions  of turbulent  fluctuations and of cor re la t ion  moments  at a quasi-  

resonant  f requency f; 
is the pass  band of the f i l ter ;  
a re  the respec t ive  spec t ra l  densi t ies  of turbulent  fluctuations and of cor re la t ion  

moments ;  
is the spectral coefficient of correlation between longitudinal and radial fluctuation; 

is the spectral coefficient of correlation between radial velocity and temperature 
fluctuation; 

is  the thermal  flux density at  the pipe wall; 
i s  the specif ic  heat of a i r ;  
is  the densi ty of a i r ;  
is  the Reynolds number.  
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