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A formula  is der ived for the tempera ture  distr ibution in a s t r ip  with uniformly spaced holes.  

We consider  an infinitely long s t r ip  of width 2a, with an infinitely long row of uniformly spaced c i r -  
cular  holes of radius  R. The c e n t e r - t o - c e n t e r  distance between the holes is 2b. The centerl ine of the 
h o l e s i s  offset f rom the centerl ine of the s tr ip by a distance e (Fig. 1). 

We will determine the t empera tu re  distr ibution T in the s tr ip,  if the outer  la te ra l  surface is held at 
t empera tu re  T = 0 and the edges of the holes are  held at t empera ture  T = M. The str ip based sur faces  are  
thermal ly  insulated. We assume that the thermal  p roper t i es  of the s tr ip mate r ia l  do not depend on the 
t empera tu re .  

As long as the holes are  uni formly spaced,  we can single out a rec tangular  s tr ip segment  ABCD and 
analyze its thermal  state.  In x, y coordinates  we have the following boundary conditions at the sides of 

this rectangle:  

T = O  at x = a - - e  and x = - - a - - e ,  

OT 
- - 0  a t  y : -'-- b. 

0v 

We will now change to polar  coordinates  in dimensionless  var iables .  The differential  equation of 
heat conduction and the boundary conditions are  [1]: 
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We introduce the following symbols:  

T R e b 
0 = ~  ~ =  , 1 ~ = - - ,  7 = ~ ,  

A4 ' a a a 

% - - - - a r c i g ~ ,  % = ~ ' ~ a r c t g  7 . 
1+[~ 

The solution to Eq. (1) is sought in the fo rm of a polynomial:  
k 

, % . ~  ~0 .<j @2; 

(1) 

(2) 

(3) 

(4) 

(5) 

with the constants  P0, Q0, Pn, and Qn determined f rom the boundary conditions. 
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TABLE 1. Values  of the Coeff icients  when the Center l ine  of the 
Holes  Is Not Offset f r o m  the Center l ine  of the Str ip (i. e. ,  ~ = 0 and 

=1)  

0,05 
0,10 
0,15 
0,20 
0,25 
0,30 
0,35 
0,40 
0,45 
0,50 
0,55 
0,60 
0,65 
0,70 
0,75 
0,80 
0,85 

0~ 

0,2i26 
0,3671 
0,4312 
0,4924 
0,5535 
0,6162 
0,6820 
0,7524 
0,8293 
0,9151 
1,0131 
1,1278 
1,2662 
1,4390 
1,6650 
1,9764 
2,4420 

Q, .10 O,.lO 2 Qs'lOS 

1,2594 
1,5797 
1,8560 
2,1185 
2,3795 
2,6457 
2,9224 
3,2142 
3,5264 
3,8748 
4,2626 
4,7070 
5,2314 
5,8699 
6,7085 
7,8522 
9,5891 

--0,5008 
--0,6280 
--0,7382 
--0,8368 
--0,9306 
--1,0160 
--1,0883 
--1,1399 
--1,1603 
--1,0064 
--0,7357 
--0,2736 

0,4657 
1,5528 
3,7058 
6,6759 

11,7081 

0,2771 
0,3476 
0,4084 
0,4660 
0,5230 ' 
0,5808 
0,6401 I 
0,7015 
0,7653 
0,8540 
0,9549 
1,0773 
1,2322 
1,3410 
2,0206 
2,6530 
3,8945 

1,7951 
2,4812 
7,4575 

11,3152 
17,7711 

Q*" I0 s QI o" lOs 

o,~72 Z 
0,5636 
1,0595 

0;~27 
0,6756 
1,0466 
1,9417 

Or,-104 

4,1121 
6,1971 
9,4755 

\ J  

Fig.  1. 

0 6 

\ J 

F r o m  the condition at the inner  contour  (4) fol-  
lows 

k 

n~-I 

With the aid of fo rmula  (6), we can e x p r e s s  
conditions (2) and (3) a t  the outer  contour  r e spec t ive ly  
a s  

Z c 
$ $ k 

Str ip with un i fo rmly  spaced  holes .  Z[ 1 + Qo In --L-r - -  - -  Q,, cos nip = 0, (7) 

n=l 

k Z[ lo ,. ] Q0sintp+ r n s i n ( n - -  1)(p--  ~--~-) s i n ( n +  l)(p nQ,~=O. (8) 

n-~-I 

We note that re la t ion  (7) is  sa t i s f ied  at  points  on the s t ra igh t  s ides  BA and DC, while re la t ion  (8) is 
sa t i s f ied  at  points  on AD and CB (Fig. 1). By v i r tue  of s y m m e t r y  with r e s p e c t  to the x -ax i s ,  it is s u f f i -  
c ient  in this p r o b l e m  to sa t i s fy  condition (7) at  points on s egmen t s  SA and DL only and condition (8) at 
points  on segment  AD only. If the een te r l ine  of the holes  is not offset  (e = 0), then the t e m p e r a t u r e  d i s t r i -  
bution will be  s y m m e t r i c a l  with r e s p e c t  to the y - a x i s  and, the re fo re ,  all  odd Qn coeff ic ients  will drop out. 
Iu that  ease  conditions (7) and (8) need to be  sa t i s f ied  for  (p only, which v a r i e s  ove r  the range 0 -< q~ -< lr/2. 

It  does not a p p e a r  poss ib le  to exact ly  sa t i s fy  conditions (7) and (8) at  all  points on the outer  contour 
by a p r o p e r  choice of constants  Q0 and Qn in fo rmula  (6). We will sa t i s fy  these conditions app rox ima te ly -  
exact ly .  Le t  us  divide segmen t s  SA, AD, and DL into m equal p a r t s .  Inser t ing  coordinates  r i, ~o i of the 
i - th  dividing point into condition (7) if this  point l ies  on segments  SA or  DL, or  into condition (8) if this 
point  l ies  on segment  AD, we obtain an a lgebra ic  s y s t e m  of equat ions.  The unknown quanti t ies  in this s y s -  
t em a re  coeff ic ients  Q0, Qn (n = 1, 2 . . . . .  k). 

The number  of dividing points  can be made equat to the number  of unknown coeff ic ients  in function 
(6). Then conditions (7) and (8) yie ld  an a lgeb ra i c  s y s t e m  o f  m o r e  equations than is the number  of unknown 
coeff ic ients  Q0, Qn- This  method has  the following drawbacks :  a) in o rde r  to ensure  an adequate degree  of 
accu racy ,  i t  is  n e c e s s a r y  to solve a s y s t e m  of equations with many  unknowns; b) function (6), which c h a r -  
a c t e r i z e s  the t e m p e r a t u r e  d is t r ibut ion  in a p e r f o r a t e d  s t r ip ,  has an unwieldy f o r m  with many t e r m s .  

F o r  the solution of such p r a c t i c a l  p r o b l e m s  as  de te rmin ing  the s t r e s s  dis t r ibut ion in heated bodies ,  
i t  would be m o r e  convenient  to deal  with the t e m p e r a t u r e  function e x p r e s s e d  in a s i m p l e r  f o r m .  We will 
use  the method of " l e a s t  squa re s "  for  de te rmin ing  the t e m p e r a t u r e  dis t r ibut ion within a p r e s c r i b e d  accu-  
r a c y  and with a m in i m um  num ber  of Qn coeff ic ients .  The number  of dividing points  on segments  SA, AD, 
D1 is  made l a r g e r  than the num ber  of unknown coeff ic ients .  Sat isfying the conditions (7) and (8) pointwise 
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T A B L E  2. V a l u e s  of the C o e f f i c i e n t s  when the C e n t e r I i n e  of  the 
H o l e s  i s  Of f se t  f r o m  the C e n t e r l i n e  of the S t r i p  ( i . e . ,  oz = 0.3, 

7 = 1 )  

{5 O,, q ,  Q, On- 1o Q,. 1o 2 Qs* 102 

0,10 
0,15 
0,20 
0,25 
0,30 
0,35 
0,40 

0,6235 
0,6329 
0,6466 
0,6659 
0,6911 
0,7243 
0,7682 

0,I111 
0,1698 
0,2327 
0,3031 
0,3828 
0,4770 
0,5938 

0,2702 
0,2777 
0,2891 
0,3080 
0,3335 
0,3709 
0,4285 

0,1054 
0,1693 
0 2492 
0~3807 
0,5537 
0,8205 
1,2854 

--0,8502 
--0,6160 
--0,2353 

0,6297 
1,7471 
3,6634 
7,4963 

0,3958 
0,6498 
0,9764 
1,5080 
2,2317 
3,5464 
6,5923 

Q6" 10z Q," 10a Qs" 10a Qg"10s Qlo" 10 2 Qz z" 10a 

o, 10 0,6482 0,9326 
o, 15 0,7345 1,4031 
0,20 0,8596 1,8820 
0,25 1,1529 3,2819 
0,30 1,5155 4,6723 
0,35 2,2659 8,2522 
0,40 4,3741 21,4893 

F i g .  2. T e m p e r a t u r e  d i s t r i b u t i o n  (0 = T / M )  
i n a  s t r i p w i t h o u t o f f s e t  (/3 = 0) and  with  o f f -  
s e t  (B = 0.3) of the c e n t e r l i n e  of the h o l e s ;  

0,~83 --  - -  - -  
O, 6965 
2,2534 o, 52o o, ,6 
9,5221 4,1660 1,4059 0,~89 

wi l l  y i e l d  a s y s t e m  of m o r e  l i n e a r  a l g e b r a i c  e q u a t i o n s  
than  i s  the n u m b e r  of unknown c o e f f i c i e n t s  Qo, Qn. T h e s e  
e q u a t i o n s  of the s y s t e m  a r e  c a l l e d  c o n d i t i o n a l  equa t i ons  
[2]. The  m e t h o d  of l e a s t  s q u a r e s  m a k e s  i t  f e a s i b l e  to r e -  
duce  the c o n d i t i o n a l  e q u a t i o n s  to n o r m a l  ones ;  the n u m b e r  
of n o r m a l  e q u a t i o n s  is  equa l  to the n u m b e r  of unknowns .  
The  s o l u t i o n  to the s y s t e m  of n o r m a l  e q u a t i o n s  y i e l d s  the 
m o s t  p r o b a b l e  v a l u e s  of the sough t  c o e f f i c i e n t s  Qo, Qn in 
the t e m p e r a t u r e  func t ion  (6). 

The  c o e f f i c i e n t s  a r e  d e t e r m i n e d  a s  func t ions  of the 
ho le  r a d i u s  and of the o f f se t .  V a l u e s  of  t h e s e  c o e f f i c i e n t s  
a r e  l i s t e d  in T a b l e  i f o r  v a r i o u s  l eng ths  of the ho le  r a d i u s  
and  fo r  Y = 1 wi th  a z e r o  o f f se t .  The  n e c e s s a r y  a c c u -  
r a c y  fo r  a = 0 . 0 5 - 0 . 4 5  i s  e n s u r e d  by  r e t a i n i n g  fou r  
t e r m s  of the s e r i e s  in (6). As  the r a d i u s  i n c r e a s e s ,  the 

r e l a t i v e  ho le  r a d i u s  a = 0.3. 
n u m b e r  of t e r m s  i n c r e a s e s  and s e v e n  a r e  n e c e s s a r y  when 

a = 0.85. 

The  t e m p e r a t u r e  d i s t r i b u t i o n  in a s t r i p  i s  shown in F i g .  2, wi th  the c e n t e r l i n e  of the h o l e s  c o i n c i d i n g  
with  the c e n t e r l i n e  of the s t r i p  (/3 = 0) o r  o f f s e t  f r o m  i t  (f~ = 0.3).  The  d i m e n s i o n l e s s  r a d i u s  of the h o l e s  

h e r e  i s  a = 0.3. 

The c a l c u l a t i o n s  w e r e  m a d e  on a M i n s k - 2 2  c o m p u t e r .  The  a c c u r a c y  of the s o l u t i o n  was  e s t i m a t e d  
on the b a s i s  of the e r r o r  in s a t i s f y i n g  the b o u n d a r y  c o n d i t i o n s .  The  n u m b e r  of t e r m s  in e x p r e s s i o n  (6) 
h a s  been  s e l e c t e d  so  a s  to k e e p  the e r r o r  wi th in  1%. The  t e m p e r a t u r e  a t  the ho le  edge  was  r e g a r d e d  a s  

10O7o. 

a 

b 
R 

e 
T 
M 
x and y 
r and  (p 

q~l and q~2 
0, a ,  /~, and  y 

P0, Q0, Pn ,  and  Qn 

NOTATION 

is the strip half-width; 
is half the center-to-center distance between holes; 
is the radius of the holes; 
is the offset between the centerline of the holes and the centerline of the strip; 

is the temperature; 
is the temperature at the hole edges; 
are the rectangular coordinates; 
a r e  the p o l a r  c o o r d i n a t e s ;  
a r e  a n g l e s ;  
a r e  p a r a m e t e r s ;  
a r e  c o n s t a n t  c o e f f i c i e n t s .  
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