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The author describes a computer method of calculating the temperature w h e r e  
at any point on a heat-exchanger tube wall. 

The m a t h e m a t i c a l l y  s i m p l i f i e d ,  ye t  c l u m s y  me thods  
of ca l cu l a t i ng  the wa l l  t e m p e r a t u r e s  of h e a t - e x c h a n g e r  
tubes  [1, 2] r e c o m m e n d e d  for  eng inee r ing  p u r p o s e s  
m a k e  i t  n e c e s s a r y  to so lve  th is  p r o b l e m  on a corn-  
pu t e r .  

Since t h e r e  a r e  no hea t  s o u r c e s  in the tube wa l l  
and the t e m p e r a t u r e  f i e ld  i s  s t a t i o n a r y ,  to d e t e r m i n e  
the f i e ld  i t  i s  n e c e s s a r y  to so lve  the Lap lace  equat ion 
V2t * = 0 o r  in p o l a r  c o o r d i n a t e s  

1 Or* 0 2t* 1 0 2t* 
. . . .  0 (1) 

r -o; § Or ~ + ~ 0 r  ~ 

with the bounda ry  condi t ions  

Ot*) �9 
r = r i a ,  q i n = ~ , \ - ~ r  r=rin=a2tin ( l a )  

when the t e m p e r a t u r e s  a r e  d e t e r m i n e d  at  po in ts  on the 
i n n e r  wa i l  of the  tube ,  and 

r = r e x '  qex~ ~ Or /r=%x ( lb)  

when the t e m p e r a t u r e s  a r e  d e t e r m i n e d  at  poin ts  on the 
e x t e r n a l  wa l l  of the  tube.  

He re ,  q is  s o m e  known funct ion of the angle  r m e a -  
s u r e d  a round  the p e r i p h e r y  f r o m  the f ron t  point  of the 
tube.  

The g e n e r a l  so lu t ion  of Eq. (1) i s  found in the f o r m  

[31: 
o~ ') t* = Ao ln r~ + Bo + A,rn + an -/2 c o s n ~ +  

rin n=l 

r n ] 

Expanding q(r in a F o u r i e r  s e r i e s ,  we obtain 

q(~) = qm + - -  

2.~ 2 n  
! , 

q,m=-~-~ j q(~[~)d,; an=;q( , )cosn~2d~;  
0 0 

2~ 

[5 n = y q(ap)sinn~d ~. 
0 

The funct ion q(~), which c h a r a c t e r i z e s  the hea t  load  
on the tube,  can be c a l c u l a t e d  at any point ;  a cco rd ing ly ,  
hence fo r th  in r e f e r r i n g  to th is  function we wi l l  have 
in mind  a t abu l a t ed  funct ion.  Since i t  i s  s y m m e t r i c a l  
(even) ,  so lu t ion  (2) t a k e s  the  f o r m  

( onLlcos , (2a  t* = Ao ln r-f- + Bo + ~ An rn + rn ] 
rin n=l 

F o r  bounda ry  condi t ions  ( l a )  and ( lb)  i t  is  e a s y  to 
show that  in (2a) 

r 

! E ( a ~ c o s n ~ +  lS~sinn,),  
n ~ l  

Ao r e x q m ;  B0 rex qm; 
L tin % 

An = rex  x 

X(rexa~-4-nL) x~rinCZz +n)*,(, rinreX)n+/ 

E x riaa~ + nL ) + 
\ in 

+ ( 
rex: j 

a n = 2 fq(ap)cosn~pd~p; 
,I 
0 

qm = ~ q(~)d~. (4) 

0 

Table  1 

Va lues  of the S e r i e s  Sum E as  a Func t ion  of n 
n 

. 2 n Z ~ E 
n n n 

5.681359 
6.665318 
6.574674 
6.557871 

6.560868 
6.561757 
6.561975 
6.561912 

9 
10 
11 
12 

6.561883 
6.561883 
6.561883 
6.561883 
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Thus ,  in order  to solve the p rob lem it is n e c e s s a r y  
to cons t ruc t  a table  of va lues  of q(r or ,  in other  
words ,  the heat  load rose t t e .  To d e t e r m i n e  the heat  
load at any point  on the p e r i p h e r y  of the tube we use  
the equation [1] 

1 + e l  
+ ~c + a - -  ~ 

where  the heat  t r a n s f e r  coeff ic ients  c~ r and c~ e v a r y  
f rom point  to point .  The coeff ic ient  of heat  t r a n s f e r  
f rom the wall  to the m e d i u m  c~ 2 is  a s s u m e d  to be inde-  
pendent  of $ (for a s ing l e -phase  med ium ins ide  the 
tube). 

The heat  t r a n s f e r  coeff ic ients  for d i f fe ren t  po in ts  
on the p e r i p h e r y  of the tube a re  d e t e r m i n e d  as follows. 

In acco rdance  with the r e c o m m e n d a t i o n s  given in 
[1], the convect ive  heat  t r a n s f e r  coeff ic ient  c~ c is  de-  
t e r m i n e d  f rom the equation 

a c = k  t ac. rn. 

The r ad ia t ive  heat  t r a n s f e r  coeff icient  a r is found 
f rom the equation 

~ = . r v  ~ +a~v **~+ (*--~0v --~v)%bt 

The ca lcu la t ion  of the view fac tors  ~r and q)~, 
which usua l ly  involves  c l u m s y  geome t r i c a l  c o n s t r u c -  
t ions unsu i t ab le  for computer  opera t ions ,  is r ep l aced  
by computa t ion  f rom the co r re spond ing  analyt ic  ex-  

p r e s s i o n s .  
After  the heat  load ro se t t e  has been cons t ruc ted ,  

to find t* f rom ( 2 a ) i t  is n e c e s s a r y  to evaluate  the in -  
t eg ra l s  in (3) and (4). 

Whereas  the evaluat ion  of ~q( , )d~ does not 
! t. 

0 

p r e s e n t  spec ia l  di f f icul t ies  and can be c a r r i e d  out by 
o r d i n a r y  n u m e r i c a l  methods  (for example ,  S i mpson ' s  

r~ 

rule) ,  the evaluat ion  of f q ( , ) c o s n , d ~  r e q u i r e s  
) 

0 
specia l  cons ide ra t ion .  

The fact is  that evaluat ion  of the in teg ra l  over  the 
en t i r e  i n t e rva l  of a function s t rong ly  osc i l l a t ing  about 
zero,  for  example ,  by S impson ' s  ru l e  (even with auto-  
mat ie  s tep se lect ion)  or by G a u s s ' s  method,  leads to a 
s e r ious  loss  of accuracy .  This  shor t coming  can be 
e l imina ted  as follows. 

The en t i r e  i n t e r v a l  of in tegra t ion  is divided into 
segmen t s  with r e s p e c t  to z e r o s  of the funct ion cos he, 

I 

5O 4 O0 80 8 0  100 /20 /00 fo" tO 

Rela t ion  be tween t*, *C, and the heat  load q0, W/m2, 
at r = 0: 1) expe r imen ta l  data;  2) ca lcu la ted  

curve. 

i. e . ,  the in t e rva l  [0, ~] is  divided into (n + 1) s egmen t s  

[0, r [r r [r r . . .  [ r  7r], where  

2i ,+ 1 

and the sum of the pa r t i a l  i n t e g r a l s  

n 

/ = 1  0 

is  de t e rmined ,  where  

',5 i 

J i= Sq(~)cosn~d~.  

In this  case  it is  n e c e s s a r y  to know the va lues  of 
the in teg rand  at a la rge  n u m b e r  of points  on the i n t e r -  
val  [0, 7r]. 

In o r d e r  to shor ten  the ca lcu la t ions  it  i s  d e s i r a b l e  to 
use  on each segmen t  [r  1, r a pa rabo l i c  app rox ima-  
t ion of the tabula ted  function,  se lec t ing  the tabula ted  
va lues  so that the pa rabo la  d e s c r i b e s  the behavior  of 
the funct ion q(r p r e c i s e l y  on the given segment .  Then 

q(~) = a ~  ~ + b ~ + c ,  

and 

S (a ~) 2 + b ~ + c) cos n ~d ~) 

is  evaluated  d i rec t ly .  
Ca lcu la t ions  on a "Ura l -2"  compute r  showed that 

the accu racy  of de t e rmina t ion  of the unknown t e m p e r a -  

Table  2 

Compar i son  of the Resul t s  of T e m p e r a t u r e  Calcula t ions  

0 
60 

120 
180 

Values of t 
calc. deviation 

tin 

143 
148 
156 
157 

from[2] 

r e x  

72 
84 

106 
109 

tin tex 

145 75 
150 87 
156 106 
157 I07 

tin tex 

;:o 
0 --2 
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tu r e s  is  pe r fec t ly  sa t i s fac to ry .  The accu racy  of the 
solut ion depends on two bas ic  factors :  the convergence  
of the s e r i e s  f rom (2a) and c o r r e c t  cons t ruc t ion  of the 
table  of va lues  of the funct ions q(~). 

In o rder  to i l l u s t r a t e  the convergence  of the s e r i e s  
we p r e s e n t  va lues  of the sum Z for n va ry ing  f rom 

n 

1 to 12 in a typical  ca lcu la t ion  (Table 1). 
F u r t h e r  i n c r e a s e s  in n have no effect on the sum. 

As a ru l e ,  in evaluat ing  the s e r i e s  sum it is suff ic ient  
to take the f i r s t  ten  t e r m s .  

The second factor  affect ing the accu racy  of the so-  
lut ion is  bes t  ana lyzed by compar ing  the ca lcu la ted  
and e x p e r i m e n t a l  t e m p e r a t u r e s .  

It i s  c l ea r  f rom Fig.  1 that the d i s c r epanc y  between 
the exper imenta l*  and ca lcula ted  va lues  does not ex-  
ceed 4 ~ C. 

It i s  worthwhile  compar ing  the so lu t ions  obtained 
by the method proposed with solut ions  found by other  
methods.  

Thus,  in [2] Schneider  gives  an example  of the de-  
t e r m i n a t i o n  of the wall  t e m p e r a t u r e s  of a heat  ex-  
changer  by pa r t i t i on ing  a hollow cy l inder  with a loga-  
r i t h m i c  ne t  and solving a c lumsy  s y s t e m  of equat ions  
(pp. 207-209) .  The r e s u l t s  a re  compared  in Table  2. 

On a computer  the t ime r e q u i r e d  to de t e rm i ne  the 
wal l  t e m p e r a t u r e s  at th ree  points  is  about four m i n -  

u tes  (at r = r in ;  r = r ex  and r = (rex + r in ) /2 ) .  
The shor t  mach ine  t imes  and sa t i s f ac to ry  accuracy  

make  it poss ib l e  to use  this  p r o g r a m  to inves t iga te  
n u m e r o u s  v a r i a n t s .  

NOTATION 

t* --- t w - t m is the t e m p e r a t u r e  d i f ference  between 
some point  on the tube wal l  and the med ium flowing 
through the tube; r i s  the va r i ab l e  r ad ius  indica t ing  
the posi t ion  of the point  at which the t e m p e r a t u r e  is  
de t e r mi ne d ;  rex ,  r i n  a re  the ex te rna l  and ins ide  r ad i i  
of tube; ~ is the t h e r m a l  conduct ivi ty  of meta l ;  a2, ac ,  
d r a re  the coeff ic ients  of heat  t r a n s f e r  f rom wall  to 
med ium,  by convect ion and by rad ia t ion ,  r e spec t ive ly ;  
s is  the th ickness  of tube wal l  a s sume d  given in the 
f i r s t  approx imat ion  and then subject  to r e f i n e m e n t  as 
a function of the t e m p e r a t u r e  found; fl = dex/(dex - 2s) 
(here dex is  the ex te rna l  d i ame te r ) ;  ~ is the t e m p e r a -  
tu re  of the heat ing medium;  e is  the coeff icient  of con-  
t a m i n a t i o n  of ex te rna l  su r face  of tubes ;  t is the t e m p e r -  
a ture  of the heated med ium;  k t is  the tube va r i a t ion  
factor ;  tic. m is  the convect ive  heat  t r a n s f e r  coeff icient  

, 
ave raged  over  the pe r iphe ry ;  d r .  v, d r .  v a re  the r a d i -  
at ive heat  t r a n s f e r  coeff ic ients  of vo lumes  before  and 
af ter  the heat exchanger ;  q~v and ~0" a re  the tube view 
fac to rs  with r e spec t  to vo lumes  before  and af ter  the 
heat  exchanger  
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