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The tempera tu re  field produced in an infinite c i rcu la r  cyl inder  on application of a tempera ture  
step to a bounded portion of its surface is analyzed by success ive  application of Four i e r  and 
Laplace t ransformat ions .  Curves are  given showing the time dependence of the axial and 
radial t empera ture  distributions for a t empera ture  step applied to a nar row annular portion of 
the surface.  

In the present  ar t ic le  we analyze the tempera ture  field produced in an infinite cyl inder  (0 - p -< a, 
0 -< e -< 2~, - ~  < z < ~) when a bounded portion of its surface is instantaneously ra i sed  to a tempera ture  
T O which is subequently maintained constant,  The tempera ture  of the res t  of the surface of the cyl inder  is 

taken to be always zero.  

We thus require  to solve the boundary problem 

1 aT (1) 
A T = -  - - ,  

c at 

where A = (~2/~p2) + ( 1 / p ) ( ~ / ~ p )  + ( 1 / p 2 ) ( ~ 2 / ~  (p2) + (~2 /~Z  2) is the Laplace opera tor ,  and o is the t he r -  
mal conductivity. For  t _< 0 the tempera ture  T = 0 within and on the surface of the cyl inder ,  and for t > 0 

To= = {  g I ] z l < h  
4bh ' when ( ] T I ~ a '  (2) 

0 for all other z and ~, 

where N/4bh  = T O = const; N is a constant of suitable dimensionality; 2h is the l inear  extent of the source 
as measured  along the cylinder (at p = a); and 2b = 2aa  is the l inear  extent of the source as measured  around 
the pe r ime te r  of the cylinder.  

Fu r the r ,  the function T and its der ivat ives  are  required  to approach zero  as I z[--* ~. 

We express  condition (2) in the form of a Fou r i e r  ser ies :  

 s~ o 

for I z L > h ,  

where e = 2 for n = 0 and e = 1 for  n = 1, 2, 3, . o . 

We now apply in success ion  in Eq. (1) and condition (2) a Four i e r  t ransformat ion  [11 with respect  to 
z and a Laplace t ransformat ion  [2] with respec t  to t ime t. On per forming  the neces sa ry  calculations,  we 
a r r ive  at the following express ion for the tempera ture  field in the cylinder: 

N ~ ~ sin(na) cos(n~) Jn 2~_ p [Fn n-~ r (3) 

n ~ 0  m ~ l  
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Fig .  1. (a) Axial and (b) rad ia l  t e m p e r a t u r e  d i s t r ibu t ions  for  
v a r i o u s  va lues  of t ime  t: 1) t = 1 sec ;  2) 1.75; 3) 3.0; 4) t = ~ ,  
a = 1 cm;  c = 0.12 e m 2 / s e e ,  z = 0.6 (t, see ;  p,  cm;  a,  era; e ,  
c m 2 / s e c ;  z, era). 

Here  

�9 t n  

~ n  - -  

("a) 
F m = exp -- z �9 

n ~ , h  

, h" 

4a a 
k ~ O  O 

a 2~c-~ j -t- eXP (z + (--  1)aO) ,erfc Vct  -t- 21/ct J 

F o r m u l a  (3) s imp l i f i e s  s o m e w h a t  for  aa annu la r  s o u r c e  2b = 2~rafor s m a l l a x i a l  extent ,  i . e . ,  h << 1. 
In this  e a s e  

m=l - d -  ~a s~ (~) 

(4) 

The axial  and rad ia l  t e m p e r a t u r e  d i s t r ibu t ions  ca l cu la t ed  th rough  f o r m u l a  {4) a re  shown in Fig.  ! a  
and b.  

As can be seen  f r o m  the c u r v e s ,  t he re  is  a cons ide r ab l e  de lay  in the hea t ing  of poin ts  p = 0 (Fig. lb)  
in  the ini t ia l  p e r i o d  fol lowing the appl ica t ion  of  the t e m p e r a t u r e  s tep.  The  t e m p e r a t u r e  subsequen t ly  bui lds  
up to i t s  l imi t ing  value .  

The t h e r m a l  f ields p r o d u c e d  by  a pu l sed  s o u r c e  can be ana lyzed  with the aid of  so lu t ions  (3) and (4). 
The technique is  d e s c r i b e d  in [3]. 

Analogous  me thods  w e r e  used  in [4] to s tudy  pe r iod i c  t h e r m a l  f ie lds  in a cy l inde r  with s e c o n d - o r d e r  
b o u n d a r y  condi t ions .  

p,  cp, z 

a 

2h, 2b 
To 
c 
t 
A 

N O T A T I O N  

a r e  the cy l ind r i ca l  coo rd ina t e s ;  
is the r ad ius  of  the cy l inde r ;  
a r e  the l i n e a r  d i m e n s i o n s  of  the s o u r c e ;  
is  the t e m p e r a t u r e  of the s o u r c e ;  
is  the t h e r m a l  conduct iv i ty ;  
is  the t ime;  
is  the Lap lace  o p e r a t o r ;  
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J n  

lo 

2. 
�9 3,  

4. 

is the Bessel function of order n; 
is the roots of Bessel functions. 
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