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E x p e r i m e n t a l  hea t  t r a n s f e r  and  h y d r a u l i c  r e s i s t a n c e  da ta  a r e  c o r r e l a t e d  by  m e a n s  of d i m e n -  
s i o n l e s s  r e l a t i o n s h i p s .  

T h e  r e s u l t s  of i n v e s t i g a t i o n  of the  e f fec t  of a r t i f i c i a l  r o u g h n e s s  on hea t  t r a n s f e r  and  r e s i s t a n c e  in the  
cond i t i ons  of the  i n t e r n a l  p r o b l e m  have  been  f a i r l y  t h o r o u g h l y  dea l t  wi th  in the  l i t e r a t u r e .  T h e r e  a r e  no 
such  da ta  a t  p r e s e n t ,  h o w e v e r ,  fo r  a s h o r t  p l a n e - p a r a l l e l  duct ,  and  the  r e s u l t s  ob ta ined  fo r  o the r  due t s  c a n -  
not  be  u s e d  owing to the  d i f f e r e n c e  in c r o s s - s e c t i o n a l  con f igu ra t i on ,  a s  was  no ted  in [1]. 

T h i s  p a p e r  g i v e s  e x p e r i m e n t a l  hea t  t r a n s f e r  and  r e s i s t a n c e  da ta  for  a duct  of l eng th  l = 420 m m  and 
he igh t  2s = 10, 20, and  30 m m  in which  b o u n d a r y - l a y e r  t u r b u l e n c e  was  a r t i f i c i a l l y  c r e a t e d  b y  ba f f l e s  on the  
hea t ing  s u r f a c e .  The  b a f f l e s  w e r e  s e m i c y l i n d r i c a l  p r o j e c t i o n s  of he igh t  h a t t a c h e d  to the  s u r f a c e ,  t r a n s -  
v e r s e  to the  flow, a t  equa l  i n t e r v a l s  t (Table  1). The  ba f f l e s  w e r e  m a d e  of ASTT p l a s t i c .  

Hea t  t r a n s f e r  in the  duct  was  p r o d u c e d  by  dc e l e c t r i c  hea t ing  of the  duct  w a l l s  and  coo l ing  of t h e m  by  
an a i r  f low.  The  a i r  s p e e d  and t e m p e r a t u r e  in the  duct  w e r e  m e a s u r e d  wi th  a t h e r m o a n e m o m e t e r .  The  
p r e s s u r e  d rop  a long  the  duct  was  m e a s u r e d  with  P i t o t  t ubes  a t  the  i n l e t  and  ou t le t  'of the  duct .  The  hea t  
t r a n s f e r  c o e f f i c i e n t  was  d e t e r m i n e d  by the  s t e a d y  hea t  f low method ,  and  the d i m e n s i o n l e s s  r e l a t i o n s h i p  fo r  

had the  f o r m  

Nus = r(R% Kin, K~), 

where  K m = h/t  and K s = h/s  a r e  g e o m e t r i c  r oughne s s  n u m b e r s  [21. 

The  s e l e c t e d  c h a r a c t e r i s t i c  d i m e n s i o n  in the  s i m i l a r i t y  c r i t e r i a  was  the  duet  l ength  l,  and  the  c h a r a c -  
t e r i s t i e  t e m p e r a t u r e  was  the  a r i t h m e t i c  m e a n  of the  s u m  of the  l o c a l  f low and wa l l  t e m p e r a t u r e s  a long  the 
duc t .  

TABLE 1 

Surface* 

30/4,3 (tl) 
30/4,3 (t~) 
30/3,8 (tl) 
30/3,8 (t2) 
30/1,0 (fi) 
30/1,8 (tl) 
20/4,3 (tl) 
20/4,3 (ll) 
10/3,8 (fi) 

Roughness numbers 

K m Ks 

0,08 0,29 
0,054 0,29 
0,07 0,25 
0,047 0,25 
0,019 0,067 
0,033 0,12 
0,08 0,45 
0,07 0,38 
0,07 0,76 

Cexp 

0,049 
0,052 
0,052 
0,057 
0,048 
0,055 
0,044 
0,048 
0,043 

CmC s 

0,047 
0,056 
0,0526 
0,0566 
0,0482 
0,0548 
0,0449 
0,0509 
0,0435 

cexp 
%c~ 

1,0425 
0,93 
0,99 
1,0 
1,0 
1,0 
0,982 
0,943 
0,989 

*Symbols denote ducts of height 10, 20, and 30 mm with baffles h = 4.3-1.0 mm at 
intervals t 1 = 54 ram, t2 = 81 mm. 
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Fig. 1. Correlat ion Nu--f = f(Ref) for ducts with baffles on heating 
surface  with K s = const: 1)K m = 0.047; 2) 0.033; 3) 0.07; 4) 0.018; 
5) 0.08; 6) K m =  0 (smooth-walled duct). 

Fig. 2. Correlat ion N'uf/C m = f(Ref)for differentKs: 1)K s = 0.25; 
3) 0.45; 4) 0.76. 
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Fig. 3. Resis tance in duct with 2s = 30 mm 
and baffles on the heating surface,  K s = const: 
1) K m = 0.08; 2) 0.054; 3) 0.047; 4) 0.033. 

The effect of K m on the heat t ransfer  rate in the 
channel is shown in Fig. 1. As this graph shows, c o r -  
relation of the resul ts  Nuf = f(Ref) in a logari thmic ana- 
morphosis  with Ref = 3.  104-3 �9 l0 b gives straight  lines 
with a gradient determined by the exponent n = 0.8 of 
the Reynolds number .  Thus, the strat if icat ion of the 
experimental  data for K m and K s is determined entirely 
by the proportionali ty factor  

c0 = f [c~ (K~), c~ (t<~)1, 

which for K s = const is given fair ly accura te ly  by the 
relationship 

C,~ = - -  1.04Km --  10.4K~. 

The proport ional i ty  factor  C s = f(Ks) is determined 
f rom the corre la t ion  of the resul ts  N-uf/C m = f{Ref)in 

Fig. 2, which shows that the experimental resul ts  a re  interpolated by straight  lines paral le l  to one another.  
The exponent of the Reynolds number here  is 0.8, and the proport ional i ty  factor  C s = f(Ks) is given by the 
expression 

C 8 = 1.029 -- 0,07K~ - -  0.26K~. 

Thus, the dimensionless  equation for heat t r ans fe r  in the investigated duct with baffles on the heating su r -  
face with 0.78 > K s > 0.25 and 0.08 > K m > 0.019 has the form 

N~f=(0,03 + C.,q) Re# S. (1) 

When h = 0 the resul ts  of this equation agree  with the experimental  data for a p lane-para l le l  duct with no 
roughness on the heating surface.  

The hydraulic res is tance,  in the form of the dimensionless number  Euf, for the investigated duct is 
shown as a function of Ref in Fig. 3. This figure shows that the distribution of the experimental  data de- 
pends on the geometr ic  roughness numbers .  When K s = const,K m determines  not only the increase  in r e -  
sistance in the duct, but also the change in the relationship Euf = f(Ref): with inc rease  in K m the slope of 
straight  lines in Fig. 3 dec reases .  The value of Ks affected only the magnitude of the res is tance  in the 
duct. 

Hence, the expression for the res is tance  in the investigated duct is represented  by the relationship: 

( l -}- C1) Re]-'~~ , Euf = C o ~-  
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where Euf = C O (//s)Ref n~ is the relationship for a duct with no roughness on the heating surface; C i = C~nC ~ 
is a proport ional i ty  factor  which determines  the effect of K m and K s on Euf. 

Proceeding in the same way as in the determination of Eq. (1) we obtain for C~n and C~ 

C~ : 1.22K~ ~ 

C: = 0.37 + 2.61Ks - -  1.68K~. 

The final equation for the res i s tance  in a p lane-para l le l  duct with baffles on the walls has the form 

EuI : [O.O67 (+)~ + C'~C',I Rey~ (2) 

When the relat ionships given here  a re  applied to baffles with a different configuration f rom those in- 
vest igated the res is tance  of the baffles must  be taken into account, since in the general  case  it affects the 
efficiency of the duct heating surface.  

The relat ive e r r o r  of the presented resul ts  was 4.6% in Eq. (1) and 5.2% in (2). 
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