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The re su l t s  of an expe r imen ta l  invest igat ion of convective heat  t r a n s f e r  in nar row s l i t s  a r e  
p resen ted .  It is shown that  the length of the t r ans i t i on  region depends cons ide rab ly  on the 
height of the channel b (for s m a l l  b). 

Narrow s l i t  channels  of heat  exchangers  a r e  used widely in var ious  b ranches  of technology - power 
engineer ing,  chemi s t ry ,  food indus t ry ,  e tc .  Calculat ion of convective heat  t r a n s f e r  for such channels  in 
the t r ans i t ion  zone of Reynolds numbers  (Re =2000-10,000) continues to r ema in  the leas t  inves t iga ted  region.  
Narrow s l i t s  with a channel height of the o r d e r  of a m i l l i m e t e r  were  not inves t iga ted  in the known s tudies  
[1, 2]. In the p re sen t  study we inves t iga ted  r ec t angu la r  s l i t  channels  with a constant  r a t io  of s ides  r = a / b  

=20 and channel height b =1 mm (//d e =165), b =2 mm (//d e =175), b =3.4 (//d e =100), and b =4 mm (//d e 
= 90 mm), where l is  the channel length. Thus the re la t ive  length of the channel in these  expe r imen t s  does 
not effect  heat  t r a n s f e r ,  s ince l / d  e > 50, which prov ides  s tab i l i za t ion  accord ing  to [4]. The cons tancy of 
the p a r a m e t e r  ~b was maintained to e l imina te  i ts  s e p a r a t e  effect  on heat  t r a n s f e r .  When ~ =20 the channels  
can be r ega rded  as  p r a c t i c a l l y  plane. The channels were  inves t iga ted  on a i r  ins ta l la t ion  by the method 
p resen ted  in [3]. 

The channel wal l s  were  heated by boi l ing wa te r ,  which provided constancy of t h e i r  t e m p e r a t u r e .  The 
expe r imen t a l  data were  r e f e r r e d  to the mean logar i thmic  t e m p e r a t u r e  d i f ference  and the phys ica l  p r o p e r t i e s  
were  ca lcula ted  on the b a s i s  of the flow t e m p e r a t u r e .  The data on the hydraul ic  r e s i s t a n c e  of the channels  
a r e  p resen ted  in Fig.  1. As follows from the graphs ,  in the l amina r  region the points p r a c t i c a l l y  c o r r e -  
s p o n d t o t h e t h e o r e t i c a l  re la t ion  for  r =20, having the f rom ~ = 96/Re.  In the turbulent  region the points 
sa t i s fy  the Blas ius  equation (~ = 0.316 Re -0"25). The length of the t r ans i t ion  zone is not the s ame .  F o r  a 
channel with b =2 mm the t r ans i t i on  ends a t  Re2~ 8000 and for the channel with b =4 mm at  Re 2 =4500-5000. 
This  means  that  for  n a r r o w e r  channels  the turbulent  flow reg ime  occurs  at  l a r g e r  Reynolds numbers  (the 
t r ans i t ion  is p ro t rac ted) .  This is  c l e a r l y  conf i rmed by the data on heat  t r a n s f e r  shown in Fig.  2. 

F o r  the channel with b =4 mm the t rans i t ion  ends at  Re 2 ~5000,  for  b =3.4 mm at Re2~ 5000, for  b 
= 2 at  Re 2 ~ 9200, and for  b = 1 at  Re 2 = 16,000. We note that  the values  of Re 2 for  hydrau l i c s  and heat  t r a n s -  
fe r  coincide.  F o r  a turbulent  flow reg ime the expe r imen ta l  points on heat  t r a n s f e r  c o r r e s p o n d  to the known 
equation Nu = 0.018 Re ~ [4]. Thus the data on heat  t r a n s f e r  and hydraul ic  r e s i s t a n c e  indicate  that  for  sma l l  
channel  heights  the turbulent  flow reg ime  occurs  l a t e r  with r e s p e c t  to Reynolds number  with a d e c r e a s e  of 
height and the t r ans i t ion  region is p ro t r ac t ed .  This  c i r c um s t a nc e  is  conf i rmed by the p a r t i c u l a r  data of 
[5] denoted by a dashed line in Fig.  2. 

Heat t r a n s f e r  in the mounting gaps of blade roots  having a shape c lose  to a s l i t  and p a r a m e t e r  b less  
than a m i l l i m e t e r  was inves t iga ted  in [5]. 

F igure  3 shows the re la t ion  Re 2 = f{b) plotted on the b a s i s  of the graph in Fig.  2. The curve can be 
approx imated  by the r e l a t i onRe  z = ( l l ,300/b  1.83~) +4700, where -b =b/b0, b0 = 1 mm is  the min imum gap 
inves t iga ted  in the expe r imen t s .  

The value Re 2 ~ 4700 is the asymptote  of the function. This  means  that  with a fu r the r  i n c r e a s e  of b 
the t r ans i t ion  will  end at  Re 2 ~4700.  The graph does not have an asymptote  for  s m a l l  b .  Apparent ly  a de-  
c r e a s e  of b to f rac t ions  of a m i l l i m e t e r  wil l  lead to fur ther  p ro t r ac t ion  of the t r ans i t i on .  The noted damping 
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Hydraulic  r e s i s t ance  in s l i t  channels:  1) b =2 ram; 2) 4 mm; 3) ~ =96 Re- l ;  4) 

Fig. 2. Heat  t r a n s f e r  in r ec tangu la r  channels:  1) b = 1 ram; 2) 2 mm; 
4 ram; 5) Nu =0.018 Re ~ Dashed line: according  to the data in [5]. 
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mea t  of the boundary layer ,  we can conjecture  that ~ will not dec rea se  with inc rease  of Re. 
fact that  ~ does not depend on Re is ind i rec t  conf i rmat ion  of T a y l o r ' s  hypothesis .  

act ion of nar row sl i t  channels on the t rans i t ion  region is re la ted  with the 
fact that the development  of fluctuations is hampered  with a dec r ea se  of the 
gap. According to [7], an inc rease  of the p a r a m e t e r  ! / d  e in the t rans i t ion 
region leads to an i nc rea se  of the port ion of turbulent  flow ( intermit tence 
coefficient) .  However,  the effects  noted cannot be explained by the indicated 
c i r cums tance ,  since for  channels with b =4 and 2 mm,  converse ly ,  a more  
p ro t r ac t ed  t rans i t ion  co r re sponds  to a g r e a t e r  value of l /d e. 

According to T a y l o r ' s  hypothesis  [6], local flow separa t ions  occur  
in the t rans i t ion  region as a consequence of local p r e s s u r e  gradients  caused 
by fluctuations.  Apparent ly  this c i r cums tance  can explain the fact that the 
r e s i s t ance  coeff icient  ~ does not depend on the Reynolds number  in the t r an -  
sition region in conformi ty  with Fig. 1. 

As is known, the flow in separa t ion  regions is p rac t i ca l ly  s e l f - p r e -  
se rv ing  with r e spec t  to the Reynolds number .  Represen t ing  the flow la the  
t rans i t ion region as a s y s t e m  of mic rosepa ra t i ons  with subsequent  a t t ach-  
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