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The distr ibution of the veloci ty  and t t trbulence level  and the decay of turbulence in the inlet 
regions  of channels a r e  invest igated exper imenta l ly .  A re la t ion  is obtained, genera l iz ing  the 
exper imenta l  data on decay of turbulence.  

The flow s t ruc tu re  and, p r i m a r i l y ,  such a c h a r a c t e r i s t i c  as the turbulence level  of the flow core  exer t  a 
significant  influence on the bounda ry - l aye r  r e g i m e  in the initial sect ion of a channel,  as well  as on the lengths 
of the l amina r ,  t rans i t ion ,  and turbulent  segments ;  to a g rea t  extent they also de te rmine  the h e a t - t r a n s f e r  in- 
tensity.  Consequently,  the study of the turbulence level  at the inlet to channels and the decay of a r t i f ic ia l ly  
genera ted  turbulence is a n e c e s s a r y  p re requ i s i t e  to the ana lys i s  of local heat  t r ans f e r  and the in terpre ta t ion  
of exper imenta l  data on heat t r an s f e r  in the inlet regions  of channels.  

We have prev ious ly  published exper imenta l  data  [1, 2] and genera l ized  them for  the computat ion of the 
turbulence level  at the inlet to plane and c i r c u l a r  channels with the p lacement  of definite types of turbulence 
p r o m o t e r s  at  cer ta in  dis tances  f rom the inlet. 

We now p re sen t  the r e su l t s  of an exper imenta l  s tudy of the decay of a r t i f ic ia l ly  genera ted  turbulence in 
c i rcu la r  pipes with d iamete r s  of 72 and 35 m m  and in a plane channel with a c ro s s  section of 37.5 )<212.5 mm.  
The turbulence level  was e s t ima ted  according  to the r m s  value of the longitudinal component  of the veloci ty  
fluctuations. The m e a s u r e m e n t s  were  conducted with an ]~TA-9 c o n s t a n t - t e m p e r a t u r e  ho t -wi re  anemomete r .  

The exper imenta l  a r r a n g e m e n t ,  the s t ruc tu re  of the tes t  sec t ions ,  and the expe r imen ta l  and d a t a - p r o c e s s -  
ing p r o c e d u r e s  a re  desc r ibed  in [1-3]. 

Air  was injected into the plane channel through a nozzle  with a Vitoshinskii  profile.  Turbulence  p ro -  
mo te r s  were  se t  up at va r ious  dis tances  in front  of the nozzle.  In the case  of the c i r cu la r  t es t  sec t ions ,  a noz-  
zle was not used at the inlet and the turbulence  p r o m o t e r s  were  se t  up d i rec t ly  in the entrant  c ro s s  section. 
The s t ruc tu re  of the turbulence p r o m o t e r s  used for  the plane tes t  sect ion is descr ibed  in [1], the s ame  turbu-  
lence p r o m o t e r s  as in [2] were  used for the c i r cu l a r  sect ion with a d iamete r  of 72 m m ,  and devices  s im i l a r  in 
geome t ry  to those descr ibed  in [2] were  used for the 35- ram c i r cu la r  section.  

The veloci ty  and turbulence level  were  m e a s u r e d  in the following c ro s s  sect ions:  

a) for the plane channel, x /~I=0,  1.95, 3.55, 5.15, 6.75, 9.95, 13.1, 17.9, 22.7; 

b) for  the 7 2 - m m  c i r cu l a r  channel, x / d = 2 . 3 8 ,  2.86, 3.50, 4.49, 6.80; 

c) for the 35- ram c i r cu la r  channel,  x /d  =3.83, 6.69, 10.8, 14.74. 

The f i r s t  c r o s s  sect ion for the c i r cu la r  pipes was chosen at the dis tance f r o m  the inlet where  the p ro -  
fi les of the ave rage  ve loc i ty  and longitudinal ve loci ty  f luctuations in the flow core  were  p rac t i ca l ly  uniform. 
The var ia t ion  of the ave r age  veloci ty  and longi tudina l -ve loc i ty- f luc tua t ionprof i les  along the exper imenta l  s e c -  
tions is given in Fig. 1. The data of Comte-Bel lo t  [4] for a plane channel yield a somewhat  less  rounded profi le .  
This  d i sc repancy  between the r e s u l t s  can be explained by the fact that our  m e a s u r e m e n t s  were  c a r r i e d  out at 
higher turbulence levels  in the flow core .  The veloci ty  prof i les  for  the c i r cu la r  channels a l so  turn out to be 
m o r e  rounded in compar i son  with s tabi l ized turbulent  flow data [5], not only because  of the higher core  f luctua-  
tion level  e ,  but also because  for x /d  < 15 the veloci ty  prof i le  is s t i l l  fa r  f rom the s tabi l ized state.  

The data in Fig. l c  on the m eas u red  longitudinal component  of the veloci ty f luctuation in a plane channel 
indicate that the turbulence decays downst ream,  mos t  rap id ly  in the cen t ra l  pa r t  of the channel. Tile intensi ty 

T rans l a t ed  f r o m  Inzhenerno-Fiz ichesk i i  Zhurnal ,  Vol. 33, No. 5, pp. 816-821, November ,  1977. 
a r t i c l e  submit ted  November  17, 1976. 

Original 

1296 0022-0841/77/3305-1296 $07.50�9 1978 Plenum Publishing Corpora t ion  



I 481 . - 7  
~ - - 2  
,.-, --,7 
x - z /  

- -  &- 46 
o 4<t 4~ rtro 

u 

uo i,o 
4# 

48 

4,1 

b 

o - 7  
E ] - #  

+ - 8  
I0 

20 

�9 - - I I  

o - - H  
ra --15" 

L 
+ --18 

--17 

8 - - ~ . . ~ _  

u 
#,~ 4o ~itk o 4z o,4~ 46 #/h 

Fig. 1. Variation of the average-ve loc i ty  profi le  along a c i rcu-  
lar  channel of d iameter  d =35 mm (a) and a plane channel (b), 
and of the veloci ty-f luctuat ion profi le  e ,  %, along a plane chan- 
nel (c). 1) x /d=3 .83 ;  2) 6.69; 3) 10.81; 4) 14.74; 5) data of [5]; 
6) x /H=3 .55 ;  7) 6.75; 8) 9.95; 9) 22.7; 10) data of [4]; 11) 0; 
12) 1.95; 13) 3.55; 14) 6.75; 15) 9.95; 16) 22.7; 17) data of [5]. 
1-4) Re=8-103;  6-9, 11-16) ReH=28.7 .103  . 
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Fig. 2. Variation of the turbulence level  in the flow core  
in the inlet regions of plane and c i rcu la r  channels. 1) 
ReH=12 .4 .  103; 2) 35.9. 103; 3) 28.7.103; 4 ) R e = 8 - 1 0 3 ;  5) 
6 �9 104; 6) 10 '~. 1, 2) Identical t u rbu lence -gene ra t ingsys -  
tern (promoter  No. 2), •  [1]; 1-3) plane channel; 4, 5) 
c i rcu la r  channel, d =35 ram; 6) the same,  d =72 ram. 
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Fig. 3. Decay of turbulence along the channels.  1) Re H = 
35.9" 103; 2) 28.7. 103; 3) 36.2" 103; 4) Re =104; 5) 105 . 1-3) 
plane channel; 4) c i r cu l a r  channel ,  d =72 mm;  5) the s ame ,  
d =35 mm.  
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Fig. 4. Influence of initial turbulence 
level  on the power exponent in re la t ion  
(1). 1) Plane channel; 2) c i r cu l a r  chan-  
nels .  

of the wall  ve loc i ty  fluctuations also diminishes  in this case .  Consequently, the degree  of turbulence in the 
core  c h a r a c t e r i z e s ,  to a cer ta in  extent,  the intensi ty of momen tum t r a n s f e r  (and, hence,  heat  t rans fe r )  at  the 
wall.  

A compar i son  of our data in Fig. l c  with those published in [5] for s tabi l ized flow leads to the conclusion 
that the veloci ty-f luctuat ion intensi ty is g r ea t e r  in the inlet region than where  the flow is s tabil ized.  This  con- 
clusion is fu r ther  suppor ted  by the r e su l t s  of Barbin and Jones  [6]. The lengthwise var ia t ion  of the prof i le  has 
quite a different  cha rac t e r  in the case  of c i r cu l a r  channels.  

The var ia t ion  of the turbulence level  along plane and c i r cu la r  channels is shown in Fig. 2, f r o m  which we 
draw the following conclusions.  The decay of a r t i f ic ia l ly  genera ted  turbulence is rapid  and becomes  more  so 

the higher the value of a at the inlet. For  ~ ~ 15 , a a t ta ins  roughly the s a m e  value r e g a r d l e s s  of the level  

of the initial d is turbances .  The geomet r i c  p a r a m e t e r s  of the turbulence p r o m o t e r s  a r e  not found to have any 
apprec iab le  effect on the na ture  of the decay of a.  

In o rder  to der ive  genera l iz ing  re la t ions  for  the decay of e we use  the cha r ac t e r i s t i c  f o r m  of the graphs  
a =f(x/It)  and ~ =f(x/d),  which evinces a power- law behavior .  We the re fo re  r e p r e s e n t  the m e a s u r e m e n t  r e su l t s  
by the express ion  

in which l -  tt for a plane channel,  l-=-d for  c i r cu l a r  channels ,  and a0 is the turbulence level  tn the flow core  at 
the channel inlet. 
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The r e su l t s  of p roces s ing  of the data f r o m  seve ra l  s e r i e s  of tes ts  a r e  given in Fig. 3. It is evident in 
the f igure that all the exper imenta l  data can be approximated  by power - law re la t ions ,  for which the deviation of 
the ma jo r i t y  of the exper imen ta l  data is not g r e a t e r  than =~ 15%. It is impor tant  to mention the fact  that  ~ 0 
was de te rmined  f r o m d i r e c t  m e a s u r e m e n t s  for  the plane channel. The value of ~0 for the c i r cu la r  channels 
with turbulence p r o m o t e r s  s i tuated d i rec t ly  in the entrant  c ro s s  sect ion was in te rpre ted  as the value that 
would occur  at the pipe inlet if it were  a s s umed  that the power - law dependence ~ =f(x/d) does not change as the 
entrant  c ro s s  sect ion is approached.  Judging f r o m  the data obtained for the plane channel, this assumpt ion  is 
en t i re ly  justif ied.  

An inspection of Fig. 3 r e v e a l s  that the power exponent for e = f ( ~ -  -r e0! is a s ingle-va lued  function of 

the turbulence level  at the channel inlet, as is postulated in the genera l iza t ion  of the resu l t s .  The fundamental 
analyt ical  re la t ion  has the f o r m  

I X t -n 
�9 (1) 

To de te rmine  the exponent n for  plane channels it is n e c e s s a r y  to use the dependence n =f(e0) given in Fig. 4. 
The a c c u r a c y  of approximat ion  can be inc reased  by genera l iz ing  the exper imenta l  data in in tervals  

n = 3.71.10-a(e0) TM, 5% ~ e o ~ 3 5 % ,  (2) 

n=0.113(e0) ~ % ~ 3 5 % .  (3) 

In the in terval  e0 > 35% the computat ion of the turbulence decay according  to express ions  (1) and (3) in plane 
and c i r cu la r  channels  must  be r ega rded  as approx imate  only. The t rouble  is that,  for l a rge  f low-veloc i ty  
fluctuations,  automat ic  compensa t ion  of the t ime  constant  and compensat ion of the dis turbance assoc ia ted  with 
the nonl inear i ty  of the wi re  cal ibrat ion curve  in ho t -wi re  a n e m o m e t e r s  with a constant  wire  t e m p e r a t u r e  is un- 
re l i ab le  [7]. The values of e0 at the inlet can be calcula ted , for  example ,  accord ing  to [1, 2] or  other data. 

Relat ion (1) involves only the value of the turbulence level  ~0 at the channel axis in the entrant  c ro s s  
section.  Consequently,  this  re la t ion  can be used for  computat ions in eve ry  case  where  the value of ~0 exis ts  
independently of the tu rbu lence-genera t ing  configurat ion for  the invest igated turbulence p r o m o t e r s .  

N O T A T I O N  

u, u ' ,  ave r a ge  and fluctuation values of longitudinal veloci ty  component; e =~"~-/u, re la t ive  r m s  value of 
longitudinal component  of veloci ty fluctuation; u0, ve loc i ty  at channel axis;  r ,  va r i ab le  radius;  r0, rad ius  of pipe; 
y, coordinate  no rm a l  to channel walt; H, height of channel; h =H/2;  x, longitudinal coordinate;  Re = u d / u ,  Re H = 
uH/v ,  Reynolds number s  for  c i r cu l a r  pipes and plane channel. 
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