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We solve the p rob lem of the t e m p e r a t u r e  distr ibution in a hollow cyl inder  due to a source  
moving along a helix on the outer  sur face  with boundary conditions of the second kind. The 
solution can be used to ca lcula te  t e m p e r a t u r e  f ie lds  on a computer  fo r  var ious  f o r m s  of 
proc es sing m a t e r i a l s .  

A heat  sou rce  of length 2h 0 and (angular) width 2 g moves  along a helix on the outer  su r face  of an in-  
f ini tely long hollow cyl inder ,  s ta r t ing  at some t ime  t = 0. The source  intensi ty q(t) va r i e s  with the t ime  in 
some  way.  The initial cyl inder  t e m p e r a t u r e  is eve rywhere  T 0. The re  is no heat  t r a n s f e r  to the external  
med ium.  The the rmophys ica l  p a r a m e t e r s  a re  assumed  to be constant .  

It is requi red  to es tabl i sh  the t e m p e r a t u r e  distr ibution for  t > 0. 

We shall  solve the p rob lem in cyl indr ical  coordinates  moving with the source .  The origin is on the 
cyl inder  axis and the initial plane f r o m  which the angle ~0 is m e a s u r e d  pas ses  through the middle  of the 
source .  

Then the p rob lem can be reduced  to the solution of the following equation (in nondimensional  var iab les ) :  
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Equation (1) can be solved by the sequential  application of Four i e r  and Hankel t r a n s f o r m s  [1-3]. 

Omitt ing the in te rmedia te  calcula t ions ,  we can wr i te  the solution as 
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where  
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1 n ~ l ,  2, 3, . . . ,  

G~= J,, (sp) Y'n (sp0) - -  Y~ (sp) J~ (sp0), 
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The sum with r e s p e c t  to s is  over  all  pos i t ive  roo t s  of the equation 

6",, (s) = 0 .  

In p a r t i c u l a r  c a s e s .  

1) when the angular  ve loc i ty  w = 0 (~2 = 0) we obtain the solut ion for  a sou rce  moving along the z -ax i s  
over  the su r f ace  of the cy l inde r ;  

2) when the l i n e a r  ve loc i ty  v = 0 (U = 0) we obtain the solut ion for  a sou rce  ro ta t ing  about the axis of 
the cy l inde r ;  

3) when/3 = 7r we obtain the solut ion fo r  an annular  sou rce  in motion;  

4) when co = v = 0 ~ = U = 0) we obtain solut ions  for  fixed s o u r c e s ;  

5) when f~ = v and h = oo we obtain the solut ion fo r  a cy l inde r  hea ted  over  the whole of i ts  outer  su r f ace .  
If K(Fo) = K = const  in th is  c a s e  we obtain the solut ion given in [1] for  boundary  condit ions of the 
second kind. 

0 = T - T o / T  o 
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To 
p = r / e ~  

R t, 1~ 
= z/~h 

Fo = (a/~)t 
a 

x 
h = h0/P ~ 
K(Fo) = (R2/XT0)q(Fo) 
Jn(Sp), Yn(sp) 
v = (v/a)P~ 

N O T A T I O N  

is the nondimensional  t e m p e r a t u r e ;  
is  the cy l inde r  t e m p e r a t u r e ;  
is  the ini t ia l  cy l i nde r  t e m p e r a t u r e ;  
is  the nondimensional  r a d i u s ;  
a r e  in te rna l  and externa l  r a d i i  of the cy l i nd r i ca l  s u r f a c e s ;  
is  the  nondimensional  coord ina te  in the  d i r ec t ion  of the Z-ax i s ;  
i s  the  F o u r i e r  number ;  
is  the  coeff ic ient  of t he r m a l  dfffusivi ty;  
is  the  t h e r m a l  conduct ivi ty  coeff ic ient ;  
is  the aondimens iona l  sou rce  length;  
is  the nondimensional  in tens i ty  of the  hea t  flow; 
is  the  Besse l  function; 
is  the  nondimensional  ve loc i ty  along z - a x i s ;  
is  the  nondimensional  angular  ve loc i ty .  
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