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The axisymmetrtc temperature field of an infinite hollow cylinder 
with mixed boundary conditions is examined. 

On the s u r f a c e  r = r 2 let  the Newtonian hea t  
t r a n s f e r  be given only on the sec t ion  [zl < a, whi le  on 
the sec t ion  Jz[ > a the c y l i n d e r  s u r f a c e  i n t e r a c t s  with 
the medium,  whose  t e m p e r a t u r e  i s  z e r o .  

On the inner  s u r f a c e  of the c y l i n d e r  boundary  con-  
d i t ions  of the  t h i rd  kind a r e  spec i f i ed ,  and the t e m -  
p e r a t u r e  of the  med ium is l i kewi se  ze ro .  

We w r i t e  the boundary  condi t ions  in the fo rm 

07" 
alT--;kt--~-r  = 0  , [ z ] < o o ,  r=r l ;  

07" a2Tq-hs--~r=O, I z l > a ,  r=:r~; 

(1) 

(2) 

07" 
a3T~-~-=-~(z), I z l < a ,  r==rs. (3) 

O r  

We shall examine the case when cr 1 ffi const. All 
the conclusions may be extended without appreciable 

change to the case when c~ depends on z. 
We shall determine the temperature distribution 

function T(r, z) satisfying the Laplace equation in 
cylindrical coordinates 

I 07" d~T 
- -  + + - -  = 0 (4)  

O: r Or dz s 

We seek  a solut ion of the p r o b l e m  in the fo rm of 
the i n t e g r a l  

T(r, z) = ~T(r, z, m)dm. 
LI 
0 

Sat i s fy ing  the boundary  condi t ions  (2) and (3), we 
fo rm the p a i r  of i n t eg ra l  equat ions  

i M (m)cosmzdm + i E (m)sinmzdm = O. 
0 0 

i M(m)[l + Plcos mzdm + 

0 

+ 1  E(m) ll + Plsinmzdm---- ks~(zL 

w h e r e  

Izl~a; (7) 

I z l<a ,  (8) 

M (m) = B (a, [Nlo(mrs) -I- Ko (nv's)] + 

q- ~, {Nmlt (mr,)+ mKx (mrs)i }, 

E (m) = D {as {Nlo (mrs) -{- 1(o (mrs)] + 

+ kl [Nmll (mrs) + mKt (mr,)i }, 

P = (as - -  a2) [NI. (mrs) + K, (mrs)])< 

X { a~ [NIo (mrs) + 1(o (mrs)] + ks m INII (mrs) - -  Kt (mr,)] }-t. 

and boundary condi t ions  (1), (2), and (3). 
It is  easy to ver i fy  that  the function 

r (r, z) = [AIo (mr) + BKo (mr)l cos mz + 

q- I Clo (mr) + DKo (mr) l sin mz (5) 

s a t i s f i e s  (4) fo r  any A, B, C, D, and a r b i t r a r y  p a r a m -  
e t e r  m. 

Sa t i s fy ing  (1) and equat ing coef f ic ien t s  with cos  mz 
and s in  mz to ze ro ,  we find that 

A = BN, C = DN, (6) 

w h e r e  

N -"= (al Ko (mrl) -4" gl mKt (mrO)/(a, Io (mrs) -]- ~., roll (tort)). 

On the b a s i s  of (6), function (5) t akes  the f o r m  

7" (r, z) = [Nlo (mr) -F Ko (mr)] IBeos mz + D sin mzi. 

We seek  a solut ion of the in t eg ra l  equat ions  in the 
f o r m  

M(ra)----~- S ,(t)cos m/d/. (9) 
- - a  

E(m) = - - 1  f f(t)sinmtdt, (10) 
O 

- - d  

where f i t )  is an auxiliary function allowing repre- 
sentation in the fo rm of F o u r i e r  i n t eg ra l s ,  i . e . ,  

! f (t)cos ~cosmntt + 
/ I  

0 - - a  

-F f(t)sinmlsinmzdt din= 
1(z) f z l < a .  (11) 

~ a  

Substituting expressions (9) and (10) for M(m) and 
E ( m )  into (7)  on the b a s i s  of (11) ,  w e  can v e r i f y  that  
(7) is  sa t i s f i ed  ident ica l ly .  
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If we subs t i tu t e  (9) and (10) into (8), we obta in  

+a 
f(z) + f ( t )a(z , t )dt  :-:: )~.. ~ (z), 

- - a  

w h e r e  

G(z,l)= r.1 i Peos[m(z_Oldm" 
0 

Consequent ly ,  a F r e d h o l m  i n t e g r a l  equat ion of the 
second  k ind  is  ob ta ined  f o r f ( z ) ,  and 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 the c y l i n d e r  i s  e x p r e s s e d  in t e r m s  of 

f ( z )  a s  

cc 

r(r,z) = 1 f {(~ [Nl,,(mr.,) ~: Ko(mr2)l + (12) 

0 
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+ ~.~ m [NIl (mr2) - -  KI (mr2)l)-' • 

+~ 

x[Nlo(mr)-t-Ko(mr)]dm j [(t)cosm(z- t)dt. (12) {cont 'd) 
- - a  
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