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The authors report the results of an experimental study of heat trans- 
for on the initial section of a tube with uniform velocity profile at the 
inlet and a degree of flow turbulence up to 20% in the range of Rey- 
nolds numbers from 10 ~ to t05. 

The heat  t r a n s f e r  on the ini t ia l  sec t ions  of tubes in 
the p r e s e n c e  of a turbulent  a i r  flow is usual ly  ca lcu -  
lated with the aid of c o r r e c t i o n  coeff ic ients  e t and E l 
de t e rmined  as the ra t io  of the heat  t r a n s f e r  coeff ic ients  
o r  cor responding  Nusse l t  or  Stanton numbers  in a 
given c ro s s  sect ion (for local  heat  t r ans fe r )  or  on a 
given length of tube (for average  heat  t r ans fe r )  t o t h e i r  
s t ab i l i zed- f low values  (see,  fo r  example ,  [1-4]). 

It has been shown [2, 3] that the flow inlet  conditions 
have an impor tan t  influence on the coeff ic ients  e I and 
e'l, and r ecommenda t ions  have been made r ega rd ing  
some of the mos t  commonly  used inlet  devices~ 

On the bas is  of genera l  ideas concerning the m e c h -  
an ism of boundary l ayer  fo rmat ion  on the in i t ia l  s e c -  
tion of a tube it may be assumed that the geomet ry  of 
the inlet  device  affects  the r a t e  of heat  t r ans f e r  p r i -  
m a r i l y  by modifying the flow ve loc i ty  prof i le  and the 
degree  of turbulence.  

We have a t tempted to es tabl i sh  a quanti tat ive r e l a t ion  
between the init ial  l eve l  of flow turbulence and the values  
of the heat t r a n s f e r  coeff ic ients  on the inlet  section~ 

The expe r imen t s  were  conducted on the apparatus  
desc r ibed  in [4] us ing a r edes igned  in le t  device  whose 
chief e l emen t  is a Vitoshinskii  nozz le  with a con t r ac -  
tion ra t io  of 9. 

The r e su l t s  of exper iments  on heat  t r a n s f e r  in a 
tube with a smoothed ve loc i ty  prof i le  and a iow degree  
of turbulence  ( less than 0.5~0) were  r epor t ed  in [7]. The 
r e su l t s  obtained when the turbulence is v a r i e d  f r o m  1 
to 18% a re  p re sen ted  below. 

The leve l  of turbulence was contro l led  by ins ta l l ing  
in the inlet  sect ion of the header  (and not the tube as in 
[4]) a pe r fo ra t ed  plate with openings 13.5 mm in d i am-  
e te r ,  va ry ing  in number  f rom 36 to 6o 

The in i t ia l  l eve l  of turbulence was de t e rmined  in a 
sect ion at a dis tance of one d i a m e t e r  f r o m  the in le tand  
e s t ima ted  f rom the m e a n - s q u a r e  r e l a t ive  f luctuation of 
the axial  ve loc i ty  averaged  over  the a r e a  of the inlet  
c r o s s  sect ion.  This choice of turbulence c r i t e r i on  was 
conditioned by the dominant  ro le  of the longitudinal 
component  on tl~e ini t ia l  sec t ion  [5]. 

The axial  ve loc i ty  f luctuations were  m e a s u r e d  with 
a ho t -w i r e  a n e m o m e t e r  opera t ing  in the c o n s t a n t - c u r -  
ren t  mode with s i n g l e - w i r e  probes  using tungsten wi re  
5 - 6  p in d iamete r .  The a n e m o m e t e r  ca l ib ra t ion  curve  
was cons t ruc ted  as desc r ibed  in [6]~ 

As the m e a s u r e m e n t s  showed, in the inlet  c ross  
sec t ion  of the tube ( l / d  = 1) the ve loc i ty  prof i le  was 
only s l ight ly  affected by changing the number  of open- 
ings in the pe r fo ra t ed  plate.  The rat io  of the maximum 
veloc i ty  in the inlet  sect ion to the mean  f l o w - r a t e v a l u e  
was not less  than 0.9 at a boundary layer  thickness of 
the o r d e r  of 1 ram. 

K0 

Fig.  1o Typical  d is t r ibut ion of axial  
component  of ve loc i ty  f luctuations in 
the inlet  sect ion of the tube (l id = 1) 
in the p r e s e n c e  of a r t i f i c ia l ly  c rea ted  
turbulence (perfora ted  plate with 12 
openings 13.5 mm in d iameter ) :  1) 

Wma x = 5.1 m / s e c ;  2) 7.4; 3) 12.2; 
4) 17.5; 5) 23.8. 

The rad ia l  d is t r ibut ion of the r e l a t ive  m e a n - s q u a r e  
ve loc i ty  fluctuations was a lmos t  independent of the 
number  of openings in the plate  and of the absolute 
leve l  of the ve loc i ty  and the f luctuations (Fig. 1). As 
the level  of flow turbulence inc reased ,  the r e l a t ive  
ve loc i ty  fluctuations also grew both in the flow core  
and in the boundary layer .  In the exper iments  we d i s -  
t inct ly observed  a d e c r e a s e  in the r e l a t ive  f luctuations 
with i n c r e a s e  in Reynolds number  with a s imul taneous  
i n c r e a s e  in the absolute value of the fluctuation~ The 
following values  were  obtained fo r  the Karman  number ,  
averaged  over  the c ross  sect ion,  at Reynolds numbers  
of 105 and 104 , r e spec t ive ly  (in %): without the p e r f o -  
ra ted  p l a t e - - l e s s  than 0.5; with 36 o p e n i n g s - - l - 3 ;  with 
12 open ings - -4 -7 ;  with 18 openings- -6-11;  with 9 open-  
i ngs - -9 -12 ;  with 6 openings- -13-18 .  

The local  and mean values  of the heat  t r ans f e r  c o -  
eff ic ients  were  de te rmined  using the m e a s u r i n g  appa- 
ra tus  desc r ibed  in [4]. The method of analyzing the 
data is d i scussed  in [7]. 

As the exper iments  showed, in the range of Reynolds 
numbers  104-105 i nc r ea s ing  the in i t ia l  level  of turbu-  
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lence leads  to a marked  inc rease  in the ra te  of local  
heat t r ans f e r  on the ini t ia l  sect ions of the tube (Fig. 2). 

For  example,  at Re = 104 and K0 = 18% upto l / d =  35. 
the local heat t r ans fe r  coefficient  is 70% higher than 
for  a flow with Is 0 -< 0.5%, whereas at Re = l0 b andK 
K0 = 13% in the sect ion l /d = 1 the inc rease  in the local  
heat  t r ans fe r  coefficient is only 37%. This i nc rease  at 
Re = 104 is associa ted  chiefly with e l imina t ion  of the 
mixed boundary layer  as the turbulence  i nc r ea s e s  and 
the development  of turbulent  flow over  the en t i re  tube. 

The e ros ion  of the mixed boundary layer  is ind i -  
cated by the monotonic inc rease  in the wall  and a i r  
t empera tu re s  without the "maxima" and "minima"  ob- 
se rved  at a low level  of turbulence  [7]. At Re = 3.104 
the introduct ion of a r t i f i c ia l  pe r tu rba t ions  is not capa-  
ble  of completely  changing the or iginal  flow s t ruc ture ,  
and nea r  the inlet  ( l /d= 0.5-0.9)  there  is a t r ans i t ion  
with a sharp change of wall t empera ture .  However, on 
the r e s t  of the in i t ia l  sect ion the heat t r ans f e r  coeffi-  
c ients  decrease  monotonical ly  to the values co r r e spond-  
ing to s tabi l ized flow. 

On the s tabi l ized-f low sect ion (l/d > (//d)t), over the 
ent i re  invest igated range  of values  of the K a r m a n n u m -  
b e t  in the inle t  section, the Stanton number s  are  in 
good ag reemen t  with the known genera l iza t ion .  

St~ = 0.0257 Re -~ . (1) 

The exper imenta l  data, obtained with an e r r o r  of 
not more  than • are  descr ibed  by the following 
empi r i ca l  re la t ions :  

for local heat t r ans fe r  at 1 -< l/d <- (l/d)t: 

1.35 + 0,O4Ko% (2) 
e t -= ( i /d)O,17+o.oo~o % ; 

for average heat t r ans f e r  at 1 -< l/d <- 5: 

1.3 + 0.05K0% (3) 
~ l -  (i/d)0.07+0,005~oo % , 

for average heat t r ans f e r  at l /d >- 5: 

s ~ = l - k  0.8+0.15K0% (4) 
l/d 

The length of the the rmal  s tabi l iza t ion sect ion is 
then given by the following equations: 

for local  heat t r ans fe r  (when elr o = 1): 

I 

7 - o /  0/. ~oA +0 006V,;,0. (5) (l/d)t (1.35 + 0.04Ko yo) 

for  average heat t r ans f e r  (when al:r = 1.02): 

(l/d) t : 40 q- 7.5Ko %. (6) 

Thus, the exper iments  show that the in i t ia l  level  of 
flow turbulence  has an impor tan t  effect on heat t r a n s -  
fer  on the in i t ia l  sect ion of the tube. 

Fu r the r  r e s e a r c h  should be d i rec ted  toward es tab-  
l ishing a re la t ion  between the Karman  number  and the 
geometry and operat ing conditions of the inle t  device. 

NOTATION 

Re i s  the Reynolds number  based on the tube d i am-  
eter ;  Nu is the Nussel t  number;  St is the Stanton n u m -  
ber ;  K 0 = Aw/~N is the Karman  number ,  %; e l and el 
are  the cor rec t ion  coefficients for tube length; d is the 
tube d iameter ,  m; l is  the dis tance from in le t  or r e l a -  
tive length of tube for local and average heat t r ans fe r ,  
m; W is the averaged flow velocity at a given point, 
m / s e e ;  Aw is the m e a n - s q u a r e  f luctuation of axial 
velocity,  m / s e c ;  the subscr ip t  t s tands for thermal .  
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