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The dependence is considered of mean t empera tu re  difference on the initial and final t em-  
pera tures  of flow in a heat exchanger with odd number  of pipe channels. 

The mean t empera tu re  difference consti tutes one of the main charac te r i s t i cs  of a heat exchanger.  
The relat ions which link the initial and final t empera tures  of heat-exchange flows to the mean  t empera tu re  
difference a re  definitely important  in prac t ice .  However, one can only compute the mean tempera tu re  dif- 
ference  for a specified class  of heat exchangers [1-9]. 

In the present  ar t ic le  heat t r ans fe r  is considered in heat exchangers with one channel re leas ing the 
heat and n flow channels taking it in. 

The following assumptions a re  made in solving the problem: 1) the flows and the t empera tu re  state 
a re  steady; 2) each flow mixes ideally; 3) there  is no change in the  aggregation state; 4) the specific heat 
of both flows and the hea t - t r ans fe r  coefficient remain  constant; 5) heat exchange surface  for all pipe chan- 
nels is the same;  6) the heat losses  a re  negligibly small .  

The heat -ba lance  equation for the entire heat exchanger is of the form 

C~ (t~. - - t ~ )  = Q (t2. - t ~ . )  = nF/kT~t. (1) 

The heat -balance  for the right side of the heat exchanger can be written as follows: 

c~ (+t~. - -  t, (x)) = c~ ~ (--  i)' t~, (x). (2) 
i=l  

The heat -ba lance  equations for all e lementary  length dx a re  

( - -  l)'-~C.flt2~ (x) = kF z (tz (x) - -  t z, (x)) dx, I ~4 i ~ n. (3) 

For a heat exchanger  with an even (odd) number  of pipe channels one has n = 2N (n = 2N--  1) where N = 1, 
2, 3, . . . .  

The case of an odd number of pipe channels is considered.  By differentiating (2) and using (3) the 
following relat ion is obtained: 

2N--t 

dt~ (x) - c~R (2N - -  ]) q (x) - -  t~, (x) , (4) 
d x  i=1 

where 

kFt 

c~ 
Differentiating now (4) and employing (2) and (3) one a r r ives  at the following second-o rde r  differenfiat 
equation: 

d2t1(x) - - ( 2 N - - 1 ) a R  dq(x)  , a2(R_l ) t~(x)__a2(Rto_t~ . ) ,  
dx ~- " dx - 

(5) 
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which m u s t  be so lved  unde r  the  ini t ia l  condi t ions  

The  solut ion of Eq. 

w h e r e  

tx (x) 1~=o = tn- t. (x)I~=t = tl.. 

(5) t oge the r  with (5a) is 

tl (x) = Mle v'x + M~e wx + R t ~  - -  t l .  
R 1 

- -  V / -  4 (R - -  1) V ~ , ~ -  (2N 2 1 ) a  (R +__ [~)' [~ - -  R 2 ~  ( 2 N - - l ) " -  

z~ 1 
R (t~. - -  t2. ) 

P (R - -  1) (e '' 'l - -  e ~''t) 

R (t~,, - -  t.2,) 

P (R - -  1)(e 'w - - e  v'e) 

[1 - -  P - -  (1 - -  PR)eV;l ,  

l l  - -  P - -  (1 - -  PR) eV'l]. 

(Sa) 

(6) 

By inse r t i ng  (6) into (2) and d i f fe ren t ia t ing  the e x p r e s s i o n  thus obtained one finds at the  point  x = l 

N--I 

Mx.he "r + M~72e "~'t = czR [ ( 2 N -  I ) t l . - - / ~ - - 2  ~ t ~ ] .  (7) 
k=l  

By us ing  Eqs .  (3) it is not  diff icult  to  evaluate  the sum of t e m p e r a t u r e s  at  the  node points  of the  r igh t  s ide  
of the  hea t  exchanger .  Then af te r  the  subs t i tu t ion  of the t e m p e r a t u r e  sum the  e x p r e s s i o n  (7) b e c o m e s  

e (v'-v'~t { 1 ~ P + ~,~ (1 - -  PR) R - -  [3 (1 - -  PR)(e 'ht + ~t,~) 
2 ( R - -  1) 

R + I 3  [l - -  P - -  ( 1 - -  PR) eVd]} = 1 - - P - ! - ~ t o ( 1 - - P R )  
2 ( R - -  1) 

2R(R--~I) (1 - -  P)(1 + ~t~e -v't) ~ 2(R - -  1) [(1 - -P)e -~"~- - (1 - -PR) l i t , ,  (8) 

where  1[ 
N + ( N - - l ) c t h  N - - 1  cth 

(2N- -  I)'~ (2N ' 1) x 

Xt T - -  

t ~  - -  t~H " 

11 
With the  aid of h e a t - b a l a n c e  equat ion (1) and applying (8) one obtains  a t r a n s c e n d e n t a l  equat ion fo r  the  m e a n  
t e m p e r a t u r e  d i f f e rence  

At = {(t~,, - -  t~.) 6}/ 

/[ R--[~ (1 --P)(1 +~tne -~' ')  + 2 ( R - -  1) In 1--P+~.tn(1.-PR) 2(R--l)  

• [(1 - - P )  e-V-'t - -  (1 - - P R ) ] ~ n  1 - - P  +,an(1 - - P R )  

R + ~  [ , - - p - - ( l - - P R ) e e " l ]  I . (9) • (1 - -  PR)(e v'~ + ~ , , )  2 ( R - -  1) 

In the  p a r t i c u l a r  ca se  of R = 1, Eq. (9) s impl i f i e s  to  

(t~. - -  t~) 
At =- (1 - -P ) (1  + ix,0"~ [(2N--  1) 2 _  11 + tt,~ [Px(2g  ~ 1)2 q ( 1  - -P) ]  (10) 

In 
(1 - -  P) ( I + I~,~) x [(2N - -  i)2 _ 1 ] - -  [Px (2N - -  1 )~ - -  (I - -  P)I 

It is  noted that  fo r  hea t  exchange r s  with an odd n u m b e r  of pipe channels  a change in the d i r ec t ion  of  
mo t ion  of the hea t  de l ive r ing  fiow r e duc e s  the m e a n  t e m p e r a t u r e  d i f f e rence  s ince  in the l a t t e r  c a s e  the  
magni tude  of the  counter  flow is s m a l l e r  than in the cons ide red  ca se .  

By us ing  s i m i l a r  ca lcu la t ions  the fol lowing f o r m u l a  can  be found fo r  the m e a n  t e m p e r a t u r e  d i f f e rence  
fo r  a hea t  exchanger  with an even n u m b e r  of pipe channels  
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w h e r e  

/ /  1 (t~. - -  t~.) ] R~ + N___ i_ 
~t , (11) 

In 1' ' ) - -  - -  /i R~ + N ~ + Q 

2 P 1 + R T  //" i 
_ _  , R~+ N o - + Q  

Q = cth i~_~ - -  t~H 1 cth L, - -  t~, 
2~t N 2N-At 

The f o r m u t a  (11) is iden t ica l  with a so lu t ion  obta ined in [8] (under the a s s u m p t i o n s  4) and 5)). 

It was shown in [3, 7] tha t  a hea t  exchange r  with an infini te  n u m b e r  of pipe channels  is equivalent  to  
tha t  with c r o s s e d  f luxes ,  each hea t  exchange r  mix ing  at any sec t ion .  To d e t e r m i n e  the m e a n  t e m p e r a t u r e  
d i f f e r ence  in the l a t t e r  c a s e  one has  to p r o c e e d  to  the  l imi t  N ~ ~ in the f o r m u l a s  (9) o r  (11); this  r e s u l t s  
in 

~ t  = ( t ~  - -  t2~) R ( 1 2 )  

2 - -  P (1 + cth �9 t~--_____._t2~ _ 2,At / 
\ 2At ! 

In ( 2 - - P \ l  ~ - 2 R + c t h - -  . . . .  

To find the  m e a n  t e m p e r a t u r e  d i f f e r ence  one has  to so lve  the  t r a n s c e n d e n t a l  equat ions  (9)-(12); the 
l a t t e r  can be done to  the  r e q u i r e d  a c c u r a c y  on a digi ta l  c o m p u t e r .  

In p r a c t i c e  one eva lua tes  the m e a n  t e m p e r a t u r e  d i f f e r ence  by us ing  a c o r r e c t i o n  f a c t o r  e which de -  
pends only on the d i m e n s i o n l e s s  v a r i a b l e s  1D and 1R [7, 9], 

.... p.~ 
In  

A! ] - -  p 
(t.:,~- ~.>_,~) ,.i - -  R) (13) 

fo r  tR ~ 1, but fo r  1R = 1 one has  

(13), 

~t �84 P 
e . . . . .  (141 

In the  d i a g r a m  (a, b, c, d) a r e  g r a p h s  of 6 vs 1D fo r  fixed va lues  of  B computed  by us ing  (9), (10), 
(14) for  a hea t  e x c h a n g e r  with 3, 5, 7 and 9 tube channe l s .  

E; . 1 ~ ~D ' ' 

qz J 
t ~ , 6 " - L i X 4 M ' I L . ~  !i ~ ~lae-4 I I 

Fig.  1. C o r r e c t i o n  f a c t o r  f o r  a hea t  e x c h a n g e r  with one 
pipe in the  hous ing  c a s e  and a ) t h r e e  p ipe  channe ls ,  b) 
f ive  pipe channe l s ,  c) s e v e n  pipe  channe ls ,  d) nine pipe 
c h a n n e l s .  F i g u r e s  r e f e r r i n g  to  c u r v e s  g ive  va lues  of  1R. 
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N O T A T I O N  

n 
Ci 
C2 
till, tiK 

t2H, t2K 

F1 
l 
k 

t2i(x) 
tk 
P = t2K-- t2H/tlH -- t2H, R = tlH -- t lK/ t2K--  t2 H 
8 

is the 
is the 
is the 
is the 
dium; 
is the 
dium; 
is the 
is the 
is the 
is the 
is the 

number  of channels; 
mass  veloci ty  of the heat  re leas ing  medium; 
mass  veloci ty of the heat rece iv ing  medium; 
initial and final t e m p e r a t u r e  of the heat re leas ing  me-  

initial and final t em p e ra tu r e  of the heat rece iv ing  me-  

su r face  per  unit length of channel; 
length of the heat  exchanger;  
total  h e a t - t r a n s f e r  coefficient;  
mean  t e m p e r a t u r e  d i f ference;  
cu r ren t  t e m p e r a t u r e  in the i - th  channel; 

is the t e m p e r a t u r e  at the turning point; 
a r e  the d imensionless  var iab les ;  
is the co r rec t ion  coefficient .  

1~ 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

L I T E R A T U R E  C I T E D  

W. Z. Nusselt ,  Ver .  Dent. Ing., 55, 2021 (1911). 
W. Nusselt ,  Tech.  Mech. Thermodynam. ,  1, 417 (1930). 
D. M. Smith, Eng., 138, 479, 606 (1934). 
A. J .  V. Underwood, Ind. Chem., 9, 167 (1933). 
A. J .  V. Underwood, J .  Inst.  Pe t ro l .Techn . ,  20, 145 (1934). 
K. F. F i sher ,  Ind. Eng. Chem., 30, 377 (1938). 
R. A.  Bowman, Ind. Eng. Chem., 28, 541 (1936). 
K. A. Gardner ,  Ind. Eng. Chem., 33, 1215 (1941). 
R. A. Bowman, A. C. Muel~er, and W. M. Nagle, Trans .  Am. Soc. Mech. Eng., 62, 283 (1940). 

1174 


