
L O C A L  H E A T  E X C H A N G E  O F  A S I N G L E  

T R A N S V E R S E L Y  B A T H E D  R O U N D  T U B E  

W I T H  E X T E R N A L  C I R C U L A R  F I N S  

V. M. L e g k i i ,  Y a .  S. Z h o l u d o v ,  
a n d  O. A.  G e r a s h c h e n k o  

UDC 536.24 

Under conditions of t r a n s v e r s e  bathing of a finned tube by air  the distr ibutions of local  heat-  
t r a n s f e r  coefficients on the la tera l  faces and ends of a c i r cu la r  fin and on  the f in- f ree  surface 
of the tube p r o p e r  are  determined using heat-f lux pickups. 

Extensive experimental  mate r ia l  has been accumulated on the average heat exchange of tubes with ex- 
te rna l  c i r c u l a r  fins [1, 10]. However,  the use of  such tubes in the hea t - re leas ing  sur faces  of  a hea ter  r e -  
quires  a study of the local  heat-exchange charac te r i s t i c s .  In par t icu lar ,  it is  very  essential  to have available 
data on the p roper t i e s  of the distribution of local hea t - t r ans fe r  coefficients over  the height of the fins and the 
a r rangement  of the sections with the minimum and maximum heat-exchange intensi t ies in the space between 
fins [2-4]. 

The resul t s  of an experimental  study of the local heat exchange of a single tube with external  c i r cu la r  
fins of  constant thickness  in a t r a n s v e r s e  air  s t r eam are analyzed below. The construct ion of the tube with a 
degree  of fin evolution of 9.38 is shown in Fig~ la .  Toge ther  with the fins it is  made of industrial  copper and 
in the axial d i rec t ion  it consis ts  of two pa r t s  1 and 2 tightly coupled by a threaded joint. Six ba t te ry  heat-  
flux pickups Nos. 1-6 [5] are  built in on the surface  of the middle fin and the f in-free  surface of the tube ad- 
jacent  to it. The pickup dimensions are  5 x 5 x 1.2 m m .  They are  fastened with nitroputty into r e c e s s e s  of 
6 x 6 x 1.3 m m ,  af ter  which the surface  of the tube is  polished. The scheme of a r rangement  of the pickups 
is  i l lus t ra ted  by Fig. lb .  Thermocouple  beads which moni tor  the t empera tu re  of the heat-emit t ing surface 
are  placed in the r e c e s s e s  along with pickups Nos. 1, 3, 4, and 6. The thermocouple  and pickup leads are  
brought out to the ins t ruments  along the bor ings  3, 4, and 5 in the mate r ia l  of the tube and fin. 

The tes t s  were  p e r f o r m e d  in an open wind tunnel with a working section 0.071 x 0.16 m in c ross  sec-  
tion. A descr ipt ion of the experimental  instal lat ion is p resen ted  in [7]. The ca lo r imet ry  method is borrowed 
f rom [6, 11]. The tube is  uniformly heated f rom within by wate r  boiling at close to a tmospher ic  p ressure .  
Because  of the low the rmal  res i s t ance  of the tube walls and fins the t empera tu re  distribution on the outer  
heat-emit t ing surface  is also close to uniform. The orientat ion of the pickups relat ive to the velocity of the 
impinging a i r  s t r eam is  var ied  by rotat ing the finned tube about the ver t ica l  axis. 

The measu rem en t s  are  made with a spacing of A~ = 16 ~ in rotation angle and with a spacing of 9 ~ and 
4~ ' in sections with sharp drops in the hea t - t r ans f e r  coefficients. The local hea t - t r ans f e r  coefficient was 

determined f rom the equation 

EK,~ (1) 
(Z i --~ ti__ tav ' 

Where the average  s t r eam t empera tu re  equals the hal f -sum of the t empera tu re s  at the entrance and exit. 

The values  of the constants  K n are  obtained by individual graduat ion of the pickups af ter  the i r  mounting 
on the surface  of the finned tube and are  as follows:* K1 = 1654 W/m2 �9 mV, K2 = 1834, K3 = 1855, K4 = 1436, 

�9 The heat-f lux pickups were  made and graduated in the labora tory  of the rmal  measuremen t s  of the Institute 
of Technical  Heat Phys ics ,  Academy of  Sciences of t heUkran i an  SSR. 
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Fig.  1. C o n s t r u c t i o n  of  c a l o r i m e t e r  t ube :  a) f in s t r u c t u r e ;  
b) a r r a n g e m e n t  of  h e a t - f l u x  p i c k u p s .  

K 5 = 1174, and IQ = 1813 W / m  2. mV.  

T h e  a i r  t e m p e r a t u r e s  at t h e  e n t r a n c e  w e r e  m e a s u r e d  wi th  a m e r c u r y  t h e r m o m e t e r  wi th  a s c a l e  d i v i s i o n  
of  0.2 ~ C, w h i l e  t h o s e  at  t h e  ex i t  w e r e  m e a s u r e d  wi th  a c o p p e r  p l a t e  12 m m  t h i c k  p e r f o r a t e d  wi th  o p e n i n g s  3 
m m  in  d i a m e t e r  and wi th  two t h e r m o c o u p l e s  c a u l k e d  in  i t .  T h e  p l a t e  i s  i n s u l a t e d  at t he  ends  and se t  in  a 
f l a nged  s o c k e t  of  t he  c i r c u l a t i n g  p a r t  of  t h e  s t a n d  at a d i s t a n c e  of  430 m m  f r o m  the  s x i s  of  the  f inned tube .  
T h e  a i r  t e m p e r a t u r e s  at  the  e n t r a n c e  w e r e  t en  = 17-22~ and at t he  ex i t  r ex  = 25-33~ in  t he  t e s t s .  

In the  z o n e s  w h e r e  p i c k u p s  Nos.  2 and 5 w e r e  l o c a t e d  the  t e m p e r a t u r e s  o f  t he  fin s u r f a c e  w e r e  d e t e r -  
m i n e d  f r o m  c u r v e s  of  t l  = f ( r )  c o n s t r u c t e d  on the  b a s i s  of  m e a s u r e m e n t s  of  t he  s u r f a c e  t e m p e r a t u r e s  at t he  
b a s e  of  the  fin,  at  i t s  top ,  and  at two i n t e r m e d i a t e  po in t s .  S ince  the  t o p - t o - b a s e  t e m p e r a t u r e  d r o p s  w e r e  
2-6~  the  i n t e r p o l a t i o n  a s s u r e d  an e r r o r  o f  l e s s  t han  1 ~ C in  a b s o l u t e  m a g n i t u d e  f o r  t e m p e r a t u r e  h e a d s  of  
t i - t a v  = 50-60  ~ C. 

T h e  h e a t - t r a n s f e r  c o e f f i c i e n t s  a r e  m e a s u r e d  at  f ive  f i x e d  v e l o c i t i e s  of  t he  a i r  s t r e a m  in the  c o n s t r i c t e d  
s e c t i o n  in  the  r a n g e  of  W = 2 .0 -20 .0  m / s e c .  T h e  d i s t r i b u t i o n s  of  t h e  v a l u e s  of  c~ i o v e r  t he  ang le  ~ c o r r e -  
spond ing  to  v e l o c i t i e s  of  5.71,  8 .68,  and 18.2 m / s e c  a r e  shown in Pig. 2. T h e  c u r v e s  of  ~ i  = f ( ~ )  at  t he  s u r -  
f a c e  of  the  tube  p r o p e r  a r e  in  s a t i s f a c t o r y  a g r e e m e n t  in  a q u a l i t a t i v e  r e s p e c t  w i th  the  w e l l - k n o w n  d a t a  fo r  
t r a n s v e r s e l y  b a t h e d  s m o o t h  t u b e s  [12, 13]. T h e  p r o f i l e  of  the  o~ i = f(q~) c u r v e s  i s  a l t e r e d  at the  s u r f a c e  of  the  
fin.  Wi th in  the  l i m i t s  of  • 70 ~ f r o m  the  f r o n t a l  n e u t r a l  po in t  t h e  l o c a l  h e a t - e x c h a n g e  i n t e n s i t y  i s  r e d u c e d  
s l i g h t l y  h e r e :  by  5-10% at t he  l a t e r a l  s u r f a c e  o f  the  fin and by  5-15% at t he  ends .  In t h i s  zone one  can  e v i -  
den t l y  s p e a k  o f  a d i s t r i b u t i o n  of  h e a t - t r a n s f e r  c o e f f i c i e n t s  wh ich  i s  c l o s e  to u n i f o r m  o v e r  the  ang le  W. In t h e  
s t e r n  p a r t  o f  the  f inned  tube  a g e n e r a l  r e d u c t i o n  in  t h e  v a l u e s  of  a i  by  two to fou r  t i m e s  i s  o b s e r v e d  r e l a t i v e  
to  t h e  po in t  q~ = 0 ~ . In  t he  i n t e r v a l  of  (P = 100-150 ~ the  p i c k u p s  r e c o r d  a l a r g e  r i s e  in the  l o c a l  hea t  t r a n s f e r  
at t he  s u r f a c e  of  t he  fin. F o r  W > 8.68 m / s e c  t h i s  r i s e  in  hea t  t r a n s f e r  i s  a l so  t r a c e d  at t he  s u r f a c e  of  t he  
t u b e  in  t he  r e g i o n  o f  ~ = 100-110 ~ On the  who le ,  the  h i g h e s t  a b s o l u t e  v a l u e s  of  a i  a p p e a r  n e a r  t he  b a s e ,  
n e a r  the  top ,  and  at t he  ends  of  t he  fin. 

T h e  r a d i a l  d i s t r i b u t i o n s  o f  l o c a l  h e a t - t r a n s f e r  c o e f f i c i e n t s  a r e  shown in  Fig .  3. On the  s ide  of  the  t i n -  
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Fig. 2. Distributions of local hea t - t r ans f e r  coefficients 
over  c i rcumference  of finned tube: i) W = 5.71 m / s e c ;  
2) 8.68; 3) 18.2; 1-6) ser ia l  numbers  of heat-f lux pick-  
ups f rom Fig, lb.  

pinging air  s t r eam within the l imits  of • ~ f rom the neutral  point the ~i  = f ( r )  curves  have a double- 
humped configuration, with the highest values of the hea t - t r ans f e r  coefficients lying near  the top of the fin for 
high veloci t ies  and nea r  i ts  base  for  W < 8.68 m / s e c .  The drops in the values of ~i between the minimum 
and max imum compr ise  100-330% here .  At the s tern  in the range of ~ = 150-210 ~ the hea t - t r ans fe r  coefficients 
grow almost  monotonical ly f rom the base  of  the fin to the top. The drops between the minimum and maximum 
values of  o~ i are  especial ly  high in this zone and reach  500-600% at low velocit ies.  

The analysis  of  the experimental  resul ts  is m o r e  graphic if  one turns  to the "topography" of the local  
heat t rans fe r .  In Fig. 4, based  on the data of Figs. 2 and 3, the field of local hea t - t r ans fe r  coefficients on the 
la te ra l  sur face  of  the fin for  W = 2.24 and 8.68 n%/sec i s  shown in such a way that the sect ions with enhanced, 
aver~ge, and reduced heat -exchange intensi t ies  a re  brought out. Within the l imits  of the light unhatched a reas  
the l,:cal h e a t - t r a n s f e r  coefficients do not differ  essent ia l ly  f rom the su r f ace -ave rage  value ~ k  (~20%). The 
ares~ where  the local  h e a t - t r a n s f e r  coeff ic ients  are  less  than 80% of the su r f ace -ave rage  value are  shown by 
the c r o s s  hatching. Finally, the a reas  with heat t r a n s f e r  exceeding the su r faee -ave rage  level by more  than 
20% are  shown by one-way hatching. The maximum maximorum is located within region A and the maximum 
min imorum of local  heat t r a n s f e r  i s  located within region B. 

Zone I with an enhanced level of heat t r a n s f e r  nea r  the top of the fin on the side of the impinging air  
s t r eam develops as a consequence of the separat ion of the boundary l aye r  in the flow at a 90 ~ angle over  the 
sharp enter ing edge. Separation at an entrance has been studied ra ther  well in fiat channels and on plates  
[8, 9]. The h e a t - t r a n s f e r  peak behind a sharp entering edge at a 90 ~ angle is located at a distance of about two 
plate  th icknesses  f rom the edge. This  rule  agrees  well with the  data shown in Fig. 4. It should be emphasized 
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Fig. 3. Radial d is t r ibut ions  of  local  h e a t - t r a n s f e r  
coeff ic ients :  1) W = 2.24 m / s e c ;  2) 5.71; 3) 8.68; 
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that  s ince the ex i s tence  of a separa t ion  peak  in the heat  t r a n s f e r  is  connected with the shape of the edge, 
rounding of the fin e x t r e m i t i e s  o r  the use  of  fins of  va r i ab l e  th ickness  mus t  a l t e r  significantly the c h a r a c t e r  
of the dis t r ibut ion ~ i  = f ( r )  n e a r  the en t rance  to the space  between fins. 

The  second h e a t - t r a n s f e r  r i s e  II n e a r  the b a s e  of the fin i s  caused  by the c o m p r e s s i o n  of the s t r eam.  
In approaching the midsec t ion  the a i r  s t r e a m  in the channel be tween fins en te r s  into a convergent  channel. 
But the i n c r e a s e  in veloci ty ,  and, consequently,  in the h e a t - t r a n s f e r  coeff ic ients ,  occu r s  init ial ly only along 
the curved  wail ,  i .e . ,  n e a r  the su r face  of the tube p rope r .  This  phenomenon mus t  evidently be cons idered  as 
speci f ic  for  a t r a n s v e r s e l y  ba thed  round tube with c i r c u l a r  fins. The a i r  s t r e a m ,  having an i n c r e a s e d  veloci ty,  
s e p a r ~ e s  f r o m  the su r face  of the tube be fo re  the midsec t ion ,  p r o d u d n g  a l a rge  r i s e  in the heat  t r a n s f e r  on 
the fin. The  configurat ion of the s t r e a m l i n e s  along which the i n c r e a s e d  va lues  of  the h e a t - t r a n s f e r  coeff icients  
a r e  located on the su r f ace  of the fin i s  t r a c e d  in Fig. 4 by the dashed-dot  cu rves  IH. 

Fig. 4. Topography  of local  heat t r a n s f e r  
on l a t e r a l  su r face  of fin: a) W = 8.68 
m/see; b) 2.24. 
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TABLE 1. Dependence of Reduced Heat-Transfer 
Coefficients of a Finned Tube on Air Stream 
Velocity 

~, , , 
I 

m-, m/sec 1 ~,24 

a,'e, W/m2"deg I 
[based on Eq. (3)] I 20,6 

~ ,  W/m2:d~g l 
~Sasedon [10]) I 23.0 

J 

5,7t I 8,68 

36,9 47, 6 

41,0 52.5 

i,, , ,  , i  , 

14,50 18,2o 
, , , ,  1 l 

64,8 75,4 

70,0 79,5 

In Table 1 the experimental data are compared with a calculated dependence taken from [10], where the 
surface-average heat t ransfer  of single copper finned tubes was studied. The reduced surface-average heat- 
t ransfer  coefficients are calculated by the equation 

n ~ 6  

an~nAln 

O ~ r e - -  
Atx 

The values of OLn and At n are found by planimetry of the graphs of ~i = f(q@ and At i = f(~).  The values of 
~n are ~1 = 0.0543, ~2 = 0.185, ~ = 0.154, ~ = 0.178. ~5 = 0.314, and ~6 = 0.114. As seen from Table 1, the 
values of a re are understated on the whole relative to the calculation in accordance with [10], although the 
disagreements comprise less than 10% and do not go beyond the limits bounding the experimental accuracy 
(• 

N O T A T I O N  

re, surface-average reduced heat- t ransfer  coefficient, W/m ~ �9 deg; ~, angle of rotation of finned tube 
about central axis; E, emf developed by heat-flux pickup, #V; Kn, calibration constant of n-th pickup, 
W/mV-m~; tav , average temperature Of air stream, ~ ten , tex , air temperatures at entrance and exit, ~ 
W, air stream velocity in t ransverse  axial cross section of finned tube, m/sec;  r, current radius of fin, m; 

n, portion of heat-exchange surface adjacent to n-th heat-flux pickup. 
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