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RESUME 

Les dchangeurs tubulaires h ailettes sont largement utilisks 

dans l'industrie eten particulier dans les secteurs du 

chauffage, de la rdfrig6ration et de la climatisation. L'auteur 

utilise les donnkes de transfert de chaleur de faisceaux de tubes 

circulaires dvec plaques-ailettes continues ou circulaires pour 

mettre au point une mkthode empirique de prediction de la variation 

du facteur de transfert thermique moyen (J) avec le nombre de 

Reynolds cstd air. 

L'auteur assume que du cctd air, pour un nombre de Reynolds entre 

200 et 2000 environ, la relation entre J et Re peut s' exprimer par 

la fonction: 

J = C1 Re 
2 

L'auteur prend aussi pour acquis que C1 et C2 dependent des 

dimensions physiques de l'kchangeur thermique. 11 utilise une 

mdthode progressive d'analyse par rkgression linkaire multiple et 

les donnkes de transfert de chaleur ddjl publi6es pour determiner 

les groupes de dimensions de couronne qui ont la plus grande in- 

fluence afin de dkfinir C1 et C2. Une cornparaison des valeurs 

C1 et C2 calculkes selon cette technique avec des valeurs expkri- 

mentales indique que la prdsente technique est satisfaisante. 

Afin de mieux vdrifier la mlthode, l'auteur obtient des donndes 

expkrimentales pour un faisceau de 8 rangkes du m&ne type. Les 

rksultats ddmontrent que la prksente mdthode peut stre utiliske 

pour ce type d16changeur dans les limites donndes de nombres de 

Reynolds cctk air et lea limites des diffkrentes groupes 

adimensionnels donnges dans le texte. 
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A9 STRACT 

Finned t u b e  h e a t  exchanger s  a r e  widely  used i n  i n d u s t r y  and,  i n  p a r t i c u l a r ,  i n  t h e  a r e a  of 

h e a t i n g ,  c o o l i n g  and a i r  c o n d i t i o n i n g .  Heat t r a n s f e r  d a t a  of  tube  banks  w i t h  c i r c u l a r  t u b e s  

and c i r c u l a r  o r  con t inuous  f l a t  p l a t e  f i n s  a r e  used t o  develop an e m p i r i c a l  t echn ique  t o  

p r e d i c t  t h e  v a r i a t i o n  of t h e  ave rage  h e a t  t r a n s f e r  J - f a c t o r  w i t h  t h e  a i r  s i d e  Reynolds number. 

I t  i s  assumed t h a t  o v e r  t h e  a i r  s i d e  f o r  Reynolds number between about  200 and 2000, t h e  

f u n c t i o n a l  r e l a t i o n s h i p  between J and Re i s :  

Also,  i t  i s  assumed t h a t  C1 and C2 a r e  dependent on t h e  p h y s i c a l  d imensions  o f  t h e  h e a t  

exchanger .  A s t e p - b y - s t e p  m u l t i p l e  l i n e a r  r e g r e s s i o n  a n a l y s i s  method and t h e  p r e v i o u s l y  
pub l i shed  h e a t  t r a n s f e r  d a t a  a r e  used  t o  determine t h e  most i n f l u e n t i a l  groups  of c o i l  

dimensions t o  de te rmine  t h e  q u a n t i t i e s  C1 and C 2 .  Comparison between t h e  q u a n t i t i e s  C1 and C2 

c a l c u l a t e d  u s i n g  t h i s  t echn ique  w i t h  t h o s e  determined e x p e r i m e n t a l l y  i n d i c a t e  t h a t  t h e  p r e s e n t  
method i s  s a t i s f a c t o r y .  

To f u r t h e r  v e r i f y  t h i s  method, exper imen ta l  d a t a  were ob ta ined  on an e i g h t  row c o i l  of  t h e  

same f a m i l y .  The r e s u l t s  showed t h a t  t h e  p r e s e n t  method can be  used  f o r  t h i s  t y p e  of h e a t  
exchanger  ove r  t h e  g iven  range of  a i r  s i d e  Reynolds number and t h e  range of  t h e  d i f f e r e n t  
d imens ion les s  groups g iven i n  t h e  t e x t .  

INTRODUCTION 

Rapidly  e s c a l a t i n g  c o s t s  and d e c r e a s i n g  s u p p l i e s  of energy r e s u l t  i n  a n  i n c r e a s i n g  emphasis on 
economic energy performance a s  one o f  t h e  b u i l d i n g  d e s i g n  c r i t e r i a .  Consequent ly ,  a c c u r a t e  

e s t i m a t e s  of  t h e  performance of t h e  mechanical  components of t h e  h e a t i n g ,  v e n t i l a t i n g  and 

a i r - c o n d i t i o n i n g  (HVAC) system a r e  r e q u i r e d  a t  v a r i o u s  phases  o f  t h e  d e s i g n  p r o c e s s .  Finned 

tube  h e a t  exchangers a r e  among t h e  mechanical  components t h a t  must be g iven  c o n s i d e r a b l e  

a t t e n t i o n ,  s i n c e  t h e y  r e p r e s e n t  t h e  thermodynamic l i n k  between t h e  wa te r  and a i r  s i d e s  of  t h e  
b u i l d i n g  HVAC sys tem.  

The energy a n a l y s i s  computer p1,ograms used t o  p r e d i c t  ene rgy  requ i remen t s  of b u i l d i n g s  

demand, a s  i n p u t  in fo rmat ion ,  t h e  c h a r a c t e r i s t i c  performance of t h e  h e a t  exchanger .  

A . H .  Elmahdy i s  a  Research O f f i c e r  i n  t h e  Energy and S e r v i c e s  S e c t i o n ,  D i v i s i o n  of Bu i ld ing  
Research,  Na t iona l  Research Counci l  of Canada, Ottawa, K1A CR6. 

R.C. Biggs i s  Coord ina to r ,  S o l a r  Energy Program, P u b l i c  Works Canada, Ottawa, KIA 0M2. 



I 
The thermal performance of multi-row f inned tube heat exchangers i s  dependent upon parameters 

r e l a t e d  t o  t h e i r  physical  dimensions i n  add i t i on  t o  t he  usual  hydrodynamic parameters.  Standard 
methods [ l ]  have been e s t ab l i shed  t o  p r e d i c t  hea t  exchanger performance using measurements taken 
over a  range of a i r  and water condi t ions .  For example, t h e  "effect iveness"  method adopted by 
ASHRAE [2] i s  adequate i n  determining t h e  heat  t r a n s f e r  r a t e  of a  heat  exchanger. Nevertheless,  
t h i s  method i s  dependent on t he  evaluat ion of t he  ove ra l l  hea t  t r a n s f e r  coe f f i c i en t  U. The 
l a t t e r  i s  ca lcu la ted  using t he  expression:  

i c  
1  

u = -P [ ai + Brn .0.2] * 
(1) 

The cons tan ts  a and 6 i n  Eq 1  a r e  dependent upon physical  c h a r a c t e r i s t i c s  and must be uniquely 
determined f o r  each c o i l .  For example, some c o i l  s imulat ion programs [3 and 41 requi re  t he  
v a r i a t i o n  of t he  a i r  s i d e  hea t  t r a n s f e r  c o e f f i c i e n t  with t he  a i r  flow Reynolds number f o r  hea t  
t r a n s f e r  r a t e  ca l cu l a t i on .  Others,  however, use t he  c o i l  manufacturers '  da t a  which, i n  some 
cases ,  a r e  no t  neces sa r i l y  experimental da t a ,  but include ex t rapola ted  o r  i n t e rpo l a t ed  po in t s .  

In  t h i s  paper,  p rev ious ly  published heat  t r a n s f e r  da ta  f o r  dry, f inned-tube exchangers a r e  
used t o  develop an empir ical  technique t o  c a l c u l a t e  t he  average f i lm  heat  t r a n s f e r  c o e f f i c i e n t  
on t h e  a i r  s i d e .  This  ana ly s i s  i s  r e s t r i c t e d  t o  t he  family of heat exchangers with s taggered 
c i r c u l a r  tubes  and e i t h e r  c i r c u l a r  o r  continuous f l a t  p l a t e  f i n s .  This  type  of heat exchanger 
i s  t he  most commonly used i n  heat ing,  v e n t i l a t i n g  and a i r -condi t ion ing  app l i ca t i ons .  

This  a n a l y s i s  i s  aimed a t  determining t h e  a i r  s i d e  heat t r a n s f e r  c o e f f i c i e n t  h  only.  The 
ove ra l l  U coe f f i c i en t  can be determined from h  and t h e  o the r  thermal r e s i s t ances ,  including 
those  due t o  conduction, con t ac t ,  water s i d e  convective heat t r a n s f e r  and conduction through 
extended sur faces .  

ANALYSIS 

The thermal c h a r a c t e r i s t i c  performance of a  f inned tube heat  exchanger i s  u sua l l y  expressed in  
terms of t h e  r e l a t i o n  between t h e  a i r  s i d e  Reynolds number Re, and the  average heat t r a n s f e r  
Colburn J - fac tor  [S] a s  fol lows.  

J = $ (Re) (2) 

where Re i s  based on t h e  c o i l  hydraul ic  diameter Dh [ 6 ] .  The average heat t r a n s f e r  J - f ac to r  i s  
based on t h e  maximum a i r  mass f l u x  G ,  and i s  def ined a s :  

h  'I pr2/3 
= ;G-j ( 3 )  

where h i s  t he  average f i lm  heat  t r a n s f e r  coe f f i c i en t  on t h e  a i r  s i de ,  and i s  based on t he  
log-mean temperature d i f fe rence  [6]  . 

Experimental heat  t r a n s f e r  da t a  f o r  r ep re sen t a t i ve  c o i l s ,  when p lo t t ed  a s  J - f a c t o r  vs  Re, 
suggests  t h a t  t h e  func t i ona l  r e l a t i o n s h i p  given by Eq 2  can be expressed as :  

J = C  Re 
2  

1  
(4 1 

The q u a n t i t i e s  C1 and C 2  a r e  constants  f o r  a  p a r t i c u l a r  c o i l  over  t h e  Re range of 200 t o  2000 
considered i n  t h i s  case .  I t  i s  pos tu la ted  t h a t  C1 and C2 a r e  dependent on t h e  physical  
c h a r a c t e r i s t i c s  of t h e  heat exchanger. Determination of the  most appropr ia te  c o i l  
c h a r a c t e r i s t i c s  r equ i r e s  t he  so lu t i on  of t h e  heat equation over tube banks. The l a t t e r  i s  an 

*Description of symbols i s  given i n  t he  nomenclature. 
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ex t remely  complex e q u a t i o n  and v i r t u a l l y  imposs ib le  t o  s o l v e  excep t  f o r  t r i v i a l  c a s e s  [ 7 ] .  A 

non-dimensional a n a l y s i s  can  be u t i l i z e d ,  however, t o  de te rmine  t h e  d imens ion les s  groups t h a t  

may i n f l u e n c e  t h e  c o i l  pa ramete r s  C1 and C2. I t  i s  assumed t h a t :  

and,  

I n  Eq 5 and 6,  t h e  l o n g i t u d i n a l  t u b e  spacing Sg, and t h e  t r a n s v e r s e  t u b e  spac ing  St a r e  seen t o  . 
i n f l u e n c e  t h e  thermal  c h a r a c t e r i s t i c  performance of h e a t  exchanger s .  T h i s  has  been shown by t h e  

s t u d i e s  by Grame [8] and J o n e s  [ 9 ] .  On t h e  o t h e r  hand, f i n  spac ing  Fs, f i n  t h i c k n e s s  Ft and f i n  
h e i g h t  Fh a l s o  a f f e c t  t h e  performance o f  f i n n e d  t u b e  h e a t  exchangers  a s  r e p o r t e d  by Br iggs  [ l o ]  . 
By i n v e s t i g a t i n g  t h e  h e a t  t r a n s f e r  p r o c e s s  through t h e  pr imary and secondary  s u r f a c e s ,  it can be  

shown t h a t  t h e  r a t i o  Ft/Fs i s  p r o p o r t i o n a l  t o  t h e  r a t i o  of h e a t  t r a n s f e r  th rough  t h e  f i n  b a s e  t o  
t h a t  through t h e  b a r e  tube  s u r f a c e .  Also,  t h e  geometry of t h e  f i n  i s  d e s c r i b e d  by  i t s  a s p e c t  

r a t i o  Ft/Fh, and i s  p r o p o r t i o n a l  t o  t h e  r a t i o  of  t h e  conduct ion t o  convec t ion  h e a t  t r a n s f e r .  

Heat t r a n s f e r  performance o f  t u b e  banks  i s  determined by  t h e  f low p a t t e r n ,  which i s  s t r o n g l y  

dependent on t h e  arrangement of t h e  t u b e s  [ l l ] .  The r e l a t i v e  p o s i t i o n  o f  t h e  t u b e s  i n  t h e  tube  

bank a f f e c t  t h e  t u r b u l e n c e  produced i n  t h e  f low f i e l d ,  and consequen t ly  i n f l u e n c e  t h e  o v e r a l l  

h e a t  t r a n s f e r  performance of t h e  h e a t  exchanger .  The d imens ion les s  groups Fd/St and Fd/Sg a r e  

c o n s i d e r e d  t o  t a k e  account  of  t h e  t u b e  ar rangement .  For a  con t inuous  f l a t  p l a t e  f i n ,  Fd i s  t h e  
e q u i v a l e n t  f i n  d i amete r  based on an equa l  c i r c u l a r  a r e a  of a  n o n - c i r c u l a r  f i n  [ 1 2 ] .  T h i s  proved 

t o  be  a p p r o p r i a t e  when de te rmin ing  t h e  e q u i v a l e n t  f i n  e f f i c i e n c y  [13, 14 and 151. F i n a l l y ,  t h e  

r a t i o  o f  t h e  minimum f low a r e a  t o  t h e  f r o n t a l  a r e a  of t h e  c o i l  A,, i s  i nc luded  a s  a n  a d d i t i o n a l  
pa ramete r  t o  r e p r e s e n t  f low c h a r a c t e r i s t i c s .  

Eq 5 and 6 a r e  r e a r r a n g e d  i n t o  t h e  f o l l o w i n g  workable form: 

and : 

Exper imenta l  h e a t  t r a n s f e r  d a t a  o f  twenty  d i f f e r e n t  h e a t  exchangers ,  a s  d e s c r i b e d  i n  
Appendix A, was used  i n  c o n j u n c t i o n  w i t h  Eq 7  and 8  t o  o b t a i n  an  e x p r e s s i o n  f o r  t h e  q u a n t i t i e s  

C1 and C 2  i n  terms of  t h e  a ' s  and b ' s .  T h i s  was done n u m e r i c a l l y  us ing  s t e p - b y - s t e p  m u l t i p l e  
l i n e a r  r e g r e s s i o n  a n a l y s i s  [16,  171.  With t h e  a i d  o f  a  d i g i t a l  computer,  t h e  r e g r e s s i o n  
a n a l y s i s  method was u t i l i z e d  t o  s e l e c t  t h e  most s i g n i f i c a n t  d imens ion les s  groups  i n  Eq 7  and 8 .  
The r e s u l t  i s  summarized i n  t h e  fo l lowing  e x p r e s s i o n s  f o r  C1 and C2: 



and 
0.049 f F  0.077 

C 2  = - O k ]  lf] (10) 

For s i m p l i c i t y ,  t h e  q u a n t i t i e s  C1 and C 2  determined us ing  Eq 9  and 10 w i l l  b e  r e f e r r e d  t o  

h e r e a f t e r  a s  Cl , a  and C z Y a  r e s p e c t i v e l y .  Agreement between C 1  and C l Y a  i s  v e r y  s a t i s f a c t o r y ,  a s  
shown i n  F ig .  1. Also, t h e  comparison between C2 and C2,a is given i n  F i g .  2  t o  show t h e  good 
agreement between t h e  exper imental  and a n a l y t i c a l  v a l u e s .  Fur the r  conf i rmat ion of  t h i s  agree -  
ment i s  b e s t  i l l u s t r a t e d  i n  F i g .  3 .  I n  t h i s  graph, J / C 1  a i s  p l o t t e d  v s  Re C2 ,a  f o r  t h e  s e t  of 
c o i l s  used i n  t h i s  c o r r e l a t i o n .  For each c o i l ,  f o u r  d i f k e r e n t  p o i n t s  a r e  p l o t t e d ,  and t h e  
agreement i s  v e r y  s a t i s f a c t o r y .  A summary of t h e  d a t a  p o i n t s  of t h e s e  c o i l s  i s  g iven  i n  
Table A-3 of Appendix A .  

Because of t h e  l i m i t e d  amount of  exper imental  hea t  t r a n s f e r  d a t a  on d i f f e r e n t  t y p e s  of  hea t  
exchangers a v a i l a b l e  i n  t h e  l i t e r a t u r e ,  Eq 9  and 10 a r e  r e s t r i c t e d  t o  t h e  family  of  h e a t  

exchangers given i n  Appendix A ( t h a t  i s ,  tube  banks of  s t aggered  c i r c u l a r  tubes ,  f o u r  rows o r  
more, w i t h  c i r c u l a r  o r  cont inuous f l a t  p l a t e  f i n s ) .  Furthermore, t h e s e  equa t ions  a r e  on ly  v a l i d  
where t h e  v a l u e s  of t h e  dimensionless  groups f a l l  i n  t h e  range of v a r i a b l e s  considered i n  t h e  
a n a l y s i s ,  and t h e  a i r  Reynolds number i s  between about  200 and 2000. Table  1 g i v e s  t h e  range of  
a p p l i c a b i l i t y  of t h e  c o r r e l a t i o n  i n  terms o f  t h e  dimensionless  groups used i n  t h e  r e g r e s s i o n  
a n a l y s i s .  

EXPERIMENTAL VERIFICATION 

Experimental  work was conducted using an 8-row s taggered  c i r c u l a r  tube,  cont inuous f i n  h e a t  
exchanger f o r  t h e  purpose of f u r t h e r  v e r i f i c a t i o n  of t h e  c o r r e l a t i o n .  F i g .  4  i s  a  schematic 
diagram showing t h e  p e r t i n e n t  dimensions of  t h e  t e s t e d  c o i l .  Descr ip t ion  of t h i s  h e a t  
exchanger i s  given i n  Appendix A ( c o i l  No. 21 i n  Table  A-1). A d e t a i l e d  d e s c r i p t i o n  of t h e  
h e a t  exchanger and of  t h e  t e s t  f a c i l i t y  i s  given i n  Ref 18 and 19 .  

The r e s u l t i n g  r e l a t i o n s h i p  between J - f a c t o r  and Re i s  shown i n  F ig .  5 .  The q u a n t i t i e s  C1 and 
C2 were found t o  be  0.101 and -0.369 r e s p e c t i v e l y  a s  determined from t h e  exper imental  r e s u l t s .  
On t h e  o t h e r  hand, C l , ,  and C z Y a  determined us ing  Eq 9  and 10 were found t o  be 0.104 and -0.366 
r e s p e c t i v e l y .  The J-Re r e l a t i o n s h i p  a s  determined a n a l y t i c a l l y  us ing t h e  c o r r e l a t i o n  i s  a l s o  
p l o t t e d  i n  Fig .  5 f o r  comparison purposes .  

DISCUSSION 

For t h e  a i r  s i d e  Reynolds number between about 200 and 2000, Eq 9  and 10 a r e  shown t o  be  
s a t i s f a c t o r y  i n  determining t h e  c o i l  parameters  C 1  and C2. I n v e s t i g a t i o n  of Eq 9  and 10 shows 
t h a t  t h e  f i n  a s p e c t  r a t i o  Ft/Fh has  e f f e c t s  on both C1 and C2. An i n c r e a s e  i n  the  f i n  a s p e c t  
r a t i o  r e s u l t s  i n  a n  i n c r e a s e  i n  C1 (and t h u s  i n  J - f a c t o r )  and a  dec rease  i n  C2 (and hence i n  
t h e  s lope  of  J v s  Re c u r v e ) .  The combined e f f e c t  of i n c r e a s i n g  t h e  f i n  a s p e c t  r a t i o  i s  an 
i n c r e a s e  i n  t h e  average J - f a c t o r .  T h i s  i n  f a c t  i s  expected,  s i n c e  t h e  f i n  e f f i c i e n c y  i s  a  

monotonical ly  i n c r e a s i n g  f u n c t i o n  i n  Ft/Fh [12] ,  and an i n c r e a s e  i n  t h e  f i n  e f f i c i e n c y  r e s u l t s  
i n  an i n c r e a s e  i n  t h e  o v e r a l l  h e a t  t r a n s f e r  c o e f f i c i e n t ,  and hence t h e  average J - f a c t o r .  The 
J - f a c t o r  i s  a l s o  shown t o  i n c r e a s e  wi th  t h e  r a t i o  of hydrau l i c  d iamete r  Dh t o  f i n  th ickness ,  
F t ,  due t o  t h e  i n c r e a s e d  hea t  t r a n s f e r  a r e a  f o r  convect ion t o  t h a t  f o r  conduct ion.  T h i s  
sugges t s  t h a t  h e a t  exchangers of  t h i s  type  a r e  being l i m i t e d  by t h e  convect ive  h e a t  t r a n s f e r  

a r e a  on t h e  a i r  s i d e .  

The exper imental  work done using an e ight- row c o i l  of t h e  same fami ly  s t u d i e d  i n  t h i s  
a n a l y s i s  showed t h a t  t h e  exper imenta l ly  determined c o i l  parameters  C 1  and C2, of t h i s  c o i l  a r e  
d i f f e r e n t  by about 3% from t h o s e  p r e d i c t e d  a n a l y t i c a l l y  us ing  Eq 9  and 10 .  Also, F i g .  5 shows 

t h a t  t h e  exper imenta l ly  determined J - f a c t o r  i s  3 t o  5% lower than  t h a t  p r e d i c t e d  a n a l y t i c a l l y  
over  t h e  range of a i r  Reynolds number between about 200 and 2000. The s e t  o f  c o i l s  s e l e c t e d  
f o r  t h i s  a n a l y s i s  was chosen t o  r e p r e s e n t  t h o s e  i n  common use  i n  t h e  HVAC system. Some 

exper imental  d a t a  i n  t h e  l i t e r a t u r e  i s  f o r  c o i l s  t e s t e d  o u t s i d e  t h e  Reynolds number range 
considered i n  t h i s  a n a l y s i s .  These c o i l s  were n o t  inc luded  s o  t h a t  t h e  p r e s e n t  r e s u l t s  would 

be a p p l i c a b l e  o n l y  f o r  t h e  i n d i c a t e d  range (200 < Re < 2000). 

The method p resen ted  i n  t h i s  paper  should n o t  be considered a s  a  f i n a l  s o l u t i o n  of p r e d i c t i o n  

of heat  exchanger performance. I t  does,  however, p r e s e n t  a  r e l a t i v e l y  simple technique a p p l i e d  
t o  a t  l e a s t  one fami ly .  Perhaps f u r t h e r  d a t a  may be included t o  g e n e r a l i z e  t h i s  method f o r  

I 



o t h e r  f a m i l i e s  of h e a t  exchangers .  On t h e  o t h e r  hand, o t h e r  l e s s  i n f l u e n t i a l  d imens ion less  
groups  may be  i d e n t i f i e d  us ing more d a t a  i n  t h e  r e g r e s s i o n  a n a l y s i s .  

CONCLUSION 

In t h i s  paper ,  t h e  d r y  s u r f a c e  h e a t  t r a n s f e r  d a t a  i s  c o r r e l a t e d  f o r  one fami ly  of f inned  tube 
h e a t  exchangers .  T h i s  i s  t h e  multi-row, s t aggered  c i r c u l a r  t u b e  arrangement wi th  e i t h e r  
c i r c u l a r  o r  cont inuous  f l a t  p l a t e  f i n s .  The c h a r a c t e r i s t i c  performance of such h e a t  exchangers 
was found t o  be c o r r e l a t e d  i n  t h e  form: 

over  t h e  a i r  s i d e  Reynolds number between about 200 and 2000. 

The h e a t  exchanger pa ramete r s  C 1  and C2, were found t o  be e x p r e s s i b l e  i n  terms of t h e  

phys ica l  dimensions of t h e  h e a t  exchanger,  namely f i n  t h i c k n e s s ,  spacing and h e i g h t  and c o i l  

h y d r a u l i c  d iamete r .  

F u r t h e r  v e r i f i c a t i o n  of t h e  proposed method of p r e d i c t i n g  t h e  J-Re r e l a t i o n s h i p  was ob ta ined  
by comparing t h e  r e s u l t s  of t h i s  model wi th  new exper imental  h e a t  t r a n s f e r  d a t a  ob ta ined  f o r  an 
e i g h t  row c o i l  o f  t h e  same f a m i l y .  

S i m i l a r  a n a l y s i s  could  be made f o r  o t h e r  t y p e s  of h e a t  exchangers .  Such s t u d i e s  a r e ,  
however, l i m i t e d  by t h e  amount o f  exper imental  heat  t r a n s f e r  d a t a  a v a i l a b l e  f o r  t h a t  purpose 

NOMENCLATURE 

Symbo 1  

a  through a  
0 7 

Cons tan t s  i n  E q  7 

A Heat t r a n s f e r  a r e a  

D e f i n i t i o n  Uni ts  

Ar 
Minimum flow a r e a / c o i l  f a c e  flow a r e a  

bo through b  
7 

Cons tan t s  i n  E q  8 

c A i r  s p e c i f i c  h e a t  a t  c o n s t a n t  p r e s s u r e  
P  

J /  (kg*K) 

C1 and C 
2 

C o i l  pa ramete r s  g iven i n  E q  4 

C and C 
l , a  2, a  

Co i l  parameters  a s  determined from Eq 9 and 10 
r e s p e c t i v e l y  

Dh 
Coi l  h y d r a u l i c  d iameter  

Fdj Fs, Ft Fin  d iamete r ,  spacing and t h i c k n e s s  r e s p e c t i v e l y  

Fh 
Fin  h e i g h t  {F = 0 .  5(Fd - Sd) )  

h  

G Maximum a i r  mass f l u x  

h  Average f i l m  h e a t  t r a n s f e r  c o e f f i c i e n t  

J Overa l l  h e a t  t r a n s f e r  J - f a c t o r  de f ined  by E q  3 

~i Mass r a t e  of flow 

Nf 
Number of f i n s  p e r  i n .  

Pr A i r  s i d e  P r a n d t l  number 

Re A i r  s i d e  Reynolds number 



Symbol D e f i n i t i o n  Uni t s  

Sd, Sk, St  Tube d iamete r ,  l o n g i t u d i n a l  spacing and t r a n s v e r s e  spacing m 
r e s p e c t i v e l y  

U Overa l l  h e a t  t r a n s f e r  c o e f f i c i e n t  W/ ( r n 2 - ~ )  

a ,  B Cons tan t s  i n  Eq I 

43, @,, $ Func t ions  
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TABLE 1 

Dimensionless  Groups Used 

i n  t h e  Regress ion Ana lys i s  

Range : 
33.0 0.45 1.27 25.0 1.4 0.85 0.62 
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APPENDIX A 

HEAT EXCHANGERS DATA FOR REGRESSION ANALYSIS 

In  t h i s  paper h e a t  t r a n s f e r  d a t a  of 20 d i f f e r e n t  h e a t  exchangers were used i n  t h e  r e g r e s s i o n  
a n a l y s i s .  An a d d i t i o n a l  c o i l  ( c o i l  No. 21) was used t o  c a r r y  ou t  exper imental  t e s t s  f o r  
f u r t h e r  conf i rma t ion  of t h e  a n a l y t i c a l  r e s u l t s .  Tab le  A - 1  g i v e s  a summary of dimensions of a l l  
t he  c o i l s  included i n  t h i s  paper .  

Tab les  A-2 and A-3 g i v e  more in fo rmat ion  about  t h e s e  h e a t  exchangers i n c l u d i n g  some p o i n t s  
on t h e i r  c h a r a c t e r i s t i c  cu rves .  

TABLE A - 1  

Coi 1 s  Dimensions For Regress ion Ana lys i s  

c o i l  Sd' Fd' N f '  Dh* Ft' *r St' S ~ '  

No. i n .  i n .  f i n s / i n .  i n .  i n .  - i n .  i n .  

1 0.625 0.737 19.5  0.187 0.016 0.352 0.964 0.838 

2 0.546 0.762 11.3  0.209 0.017 0.434 0.964 0.835 

3 0.554 0.894 11 .2  0.186 0.018 0.487 1.08 0.935 

4 0.438 0.895 7 . 2  0 .293 0.022 0.59 1.08 0.935 

5 - 0.549 0 .89 8 . O  0 .22 0.04 2 0.49 1 .08 0.935 

6 0.535 0.89 6.25 0.24 0.08 0.50 1 .08 0.935 

7 1 .15 2 .3  8 . 0  0.24 0.017 0.53 2.45 2.13 

8 0 . 9 3  1 .97 9 .82  0.203 0.021 0.59 2.25 1 .95 

9 0 .95 2.23 9 .65 0.181 0.022 0.613 2.45 2.13 

10 1 .16 2.75 7 .9  0.188 0.018 0.59 2 .8  2.44 

11 1.1 2.02 9 .02 0.196 0.017 0.5 2.19 1 .9  

12 1 . 0 3  2 .0  1 0 . 1  0.184 0.013 0.53 2.19 1 . 9  

13 0 .53  1 .32  6.67 0.183 0.006 0 .56 1 . 2 5  1 .08 

14 0.53 1 . 3 2  7.67 0.157 0.006 0.56 1.25 1 .08  

15 0 .53 1 . 3 2  9 .17  0.133 0.006 0.55 1 .25  1 .08 

16 0 . 5 3  1 .32  11.7  0 . 1 1  0.006 0.54 1.25 1.08 

17 0 .53 1 .32  14.5 0.08 0.006 0 .54 1.25 1 . 0 8  

18  0.4 1 .05 8 . O  0.14 0.013 0.53 1 . O  0.87 

19 0 .68  1 .83  7.75 0.14 0.016 0.50 1 .5  1 .75 

20 0.39 1.04 8 . 1  0.15 0.004 0.58 1 . O  0.87 

2 1 0 .63  1 .62 11.8  0 .11 0.007 0 .54 1 .5  1.29 



TABLE A-2  

Summary O f  Ileat Exchangers Data 

Ref. No. of Type Fin 

Coil  No. Rows 1  2 of Fin Material 

C i r cu l a r  

11  

11 

11  

11  

11  

11  

11  

11  

I 1  

I I 

I t  

Fla t  P la te  

11  

11  

I I 

I t  

11  

I 1  

11  

11  



TABLE A - 3  

Coi l s  Heat Transfer  J-Factor  

Reynolds Number 

Coi l  No. 300 600 9 00 1200 
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