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Resul ts  of a numer ica l  calculat ion of heat  l iberat ion f ro m  a ver t i ca l  cyl inder  to the surrounding 
medium are  presen ted .  The data obtained a re  general ized to a wide range of problem p a r a m -  
e t e r s .  

Heat exchange of a ve r t i ca l  surface  under  f ree  convection conditions is de termined  by the fo rm and 
or ienta t ion of the sur face  re la t ive  to the mass  fo rce  vec to r ,  the boundary conditions, andthe physical  p r o p e r -  
t i es  of the surrounding fluid. The l i t e r a tu re  of fers  studies which theore t ica l ly  and exper imenta l ly  invest i -  
gate heat  l iberat ion f rom a ve r t i ca l  cyl inder  with constant t empera tu re  and the rmal  flux on the surface  [1, 2]. 
Recent ly ,  the re  has a r i sen  in the development  of h igh- t empera tu re  radio apparatus the necess i ty  of c a l c u l a t -  
ing heat  l ibera t ion  f rom ver t i ca l  cyl indrical  su r faces ,  var ious  port ions of which a re  heated nonuniformly. If 
the the rma l  source  is located at the bottom of the body, then the d ec r ea se  in heat  flux in the upper  por t ion 
may be approximated by an exponential  dependence 

qw = qo exp (-- x/m). (1) 

We will consider  f r ee  motion of a liquid about a ve r t i ca l  cyl inder  heated at  its base. We assume that 
the liquid is incompress ib le ,  that its physical  p rope r t i e s  a re  constant,  and that viscous dissipat ion may be 
neglected.  In the Boussinesq approximation the equations of motion and heat  exchange and the boundary condi-  
tions may be wri t ten  in the fo rm 
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We introduce the flow function ~(x, r) f rom continuity equation (2) and introduce the following var iables  
to the problem of Eqs.  (2)-(5) 

r = 5~R f (~, u), ~ = - ~  k - - 5 - - )  ' 

= 0 (~, ~) q 0 ; _  \ - -5-- ,~  , 0 =  2 x a  (6) 
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Fig.  1. Dimens ion less  veloci ty  and t e m p e r a t u r e  in boundary 
l a y e r : a )  P r = 0 . 7 ; 1 ) $  = 0 ; 2 ) ~  = 1 ,  $ ~ = 2 0 ; 3 ) $ = 1 ,  ~ m = l ;  

b) P r = l O 0 ;  1) f=O;  2) ~=2,  ~m=lO;  3) ~=2,  ~ m = l .  
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Fig. 2. D imens ion less  exce s s  t e m p e r a -  
tu re  v e r s u s  cy l inder  height:  P r = 0 . 7 :  1) 
~5 m = ~;  2) 20; 3) z; P r = z o o ;  4) ~Sm= ~;  5) 
20; 6) 1. 

Equations (3), (4) and boundary condition (5) a r e  now rewr i t t en  in the f o r m  

0q a 0~ ~ \ 0~l/ " 0~12 0q 0~0~ 042 0~ ' 
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Of _[_~0, O0 =--exp(7-~/~) as ~1=0, 
0q 0q 

Of = 0 ,  0 = 0  as ~1=~  (9) 
04 

The  va ry ing  heat  f lux on the wall  in t roduces  an addit ional non i so thermal  p a r a m e t e r  ~m = 2m/R (Grin/5) -1/'~, 
which r e p r e s e n t s  the d imens ion less  longitudinal coordinate  $ at  the point x = m. 

We note the c h a r a c t e r i s t i c  pecu l i a r i t i e s  of the p rob lem of Eqs.  (7)-(9). At ~ = 0 it t r a n s f o r m s  to a se l f -  
similal*',p~oblem for  a plane wall  a t  qw = const ,  while as  ~m ~ ~o the equations desc r ibe  f ree  convect ive heat  
exchange of a ve r t i ca l  cy l inder  with qw = const on the su r f ace  [2]. 

Equations (7 ) ,  (8) with boundary conditions (9) w e r e  calcula ted for  P r  = 0.7-100 and ~ -- 0-5. The n u m e r i -  
cal calcula t ions  were  c a r r i e d  out by an impl ic i t  d i f fe rence  scheme  with six nodes. Der iva t ives  were  approx i -  
mated  by finite d i f fe rences  to a s e c o n d - o r d e r  a ccu racy  in the p a r a m e t e r s  ~. and ~ [3]. 

The accu racy  of the calculat ions was moni to red  by p e r f o r m i n g  identical  calcula t ions  with s teps  A~ and 
A0 twice as sma l l ,  and an accu racy  of 1-1.5% was shown in all cases .  
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Rela t ive  cyl inder  heat  l ibera t ion coeff ic ient  v e r s u s  height Nux/NUxp (for 

\ 

notation see  Fig. 2). Dashed l ines show calculat ion by thin l a y e r  method with con-  
s idera t ion  of su r f ace  cu rva tu re .  

Fig.  4. Effec t  of cu rva tu re  on local  hea t  l ibera t ion  coeff icient  dis t r ibut ion over  
height (Pr = 0.7): 1) ~5 m = 0; 2) 1; 3) 20. 

The dis t r ibut ion of d imens ion les s  veloci ty  u = [u/6(p/x)] (Gr~/5)2/5  and t e m p e r a t u r e  0 in the boundary  l a y e r  
is shown in Fig. l a ,  b. The d e c r e a s e  in wall  t e m p e r a t u r e  with height leads to a sha rp  reduction in flow. This  
is shown in the d rop  in veloci ty  and t e m p e r a t u r e  with i nc rea se  in the p a r a m e t e r  ~m" At P r  = 100 the d ec r ea se  
in dynamic  boundary l aye r  and i nc r ea s e  in th ickness  of the t h e r m a l  boundary l aye r  a re  m o r e  significant.  

The  d imens ion les s  excess  wal l  t e m p e r a t u r e  d e c r e a s e s  with longitudinal coordinate ~. However,  t h e  
Change in exce s s  wal l  t e m p e r a t u r e  is of a di f ferent  cha rac t e r ,  s ince  the longitudinal coordinate  ~ appea r s  in 
the sca le  0w. The re fo re ,  Fig.  2 shows the ex ces s  wal l  t e m p e r a t u r e  r e la t ive  to the constant  sca le .  

i - ~  = ow~. 

At the base  the wal l  t e m p e r a t u r e  is equal  to that  of the sur rounding  med ium,  and in the init ial  por t ion the 
wal l  t e m p e r a t u r e  i n c r e a s e s  as in the case  qw = const.  F o r  l a rge  ~ the dec r ea se  in t h e r m a l  f lux with longi-  
tudinal coordinate  causes  a reduct ion in wal l  t e m p e r a t u r e  and equal izat ion to the t e m p e r a t u r e  of the s u r r o u n d -  
ing medium.  The wal l  t e m p e r a t u r e  m a x i m u m  i n c r e a s e s  with i nc rea se  in ~ m and reduct ion in P r .  The value 
of the t e m p e r a t u r e  m a x i m u m  as wel l  as i ts  locat ion a r e  s ignif icant  in calculat ing the degree  to which e l e c -  
t ron ic  devices  a r e  heated.  Also  of i n t e r e s t  is the c h a r a c t e r i s t i c  length,  beginning at which one can consider  
T w = Too to a specif ied accu racy .  

The ra t io  of the hea t  l ibera t ion  coeff icient  f r o m  the cyl inder  sur face  to the value of heat  l ibera t ion  f r o m  
a plane su r face  with constant  t h e r m a l  flux 

Nu~ Ow(O) exp - -  
Nu xp % (~) -~--  

iS shown in Fig.  3. The compet ing  ef fec ts  of curva tu re  and non iso thermaUty  lead  to a nonuniform i n c r e a s e ,  
followed by a d e c r e a s e  in local  hea t  l ibera t ion .  

F o r  a plane su r face  with exponential ly decaying hea t  flux on the wal l ,  a genera l ized  solution can be ob-  
ta ined by us ing  x /m as  a longitudinal d imens ion les s  coordinate .  The  equations for  a plane wall  we re  solved 
by the f in i te -d i f fe rence  method in [5]. The e f fec t  of curva tu re  in these  va r i ab l e s  is shown in Fig. 4, where  
the case  of a plane s u r f a c e  co r r e sponds  to ~m = 0. With the aid of Fig. 4 the height of the effect ive  hea t -  
l ibera t ing  su r face  may  be e x p r e s s e d  as  a f r ac t ion  of m.  

We will  use  approx ima te  methods  to obtain expl ici t  calculat ion fo rmulas .  The m o s t  developed of these  
methods  in the recen t  l i t e r a t u r e  is that  of the thin l aye r  with boundary conditions of the f i r s t  so r t  [4]. In 
speci fy ing the t h e r m a l  flux on the s u r f a c e ,  a f t e r  t r an s fo rma t ions  we obtain [2] 

,15 (10) 
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C* = Pr/(4 -[- 4 Pr 1/2 ~- 10 Pr). (io) 

F o r  an exponential ly dec rea s ing  heat  flux on a lamina 

NUxp=C*Ra:'/5 ~ -  [ e x p ( ~ - ) 5 - - 1 ]  " (n) 

The effect  of cu rva tu re  can be cons idered  with the aid of a Langmui r  t h e r m a l  l aye r  

Nu~ = x / r  
1 (12) 

Calculat ions with the approx imate  exp re s s ions  (11), (12) for  P r  = 0.7 a r e  shown by the dashed l ines of 
Fig. 3. The e r r o r  i n c r e a s e s  with inc rease  in longitudinal coordinate  $. Equation (12) may be ref ined by con-  
s idera t ion  of an ex te rna l  "thick" l aye r  [4]. 
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N O T A T I O N  

a re  the longitudinal and rad ia l  coordina tes ;  
a r e  the pro jec t ions  of the veloci ty  on axes  x and r ;  
is the t e m p e r a t u r e ;  
,s the t he rm a l  flux; 
~s the excess  t e m p e r a t u r e ;  
ts the flow function; 
Is the acce l e ra t ion  of gravi ty ;  
,s  the coeff icient  of volume expansion;  
is the cyl inder  rad ius ;  
is the k inemat ic  v i scos i ty  coefficient;  
,s  the t h e r m a l  diffusivi ty;  
is  the t h e r m a l  conductivity;  
a r e  the d imens ion less  flow function and t e m p e r a t u r e ;  
a r e  the s e l f - s i m i l a r  va r i ab l e s ;  
is  the Prandt l  number ;  

a r e  the modif ied Grashof  numbers ;  
is the modif ied Rayle igh number ;  
is the Nusse l t  number .  

I n d i c e s  
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is the wall ;  
is the init ial  va lue;  
is the sur rounding  medium;  
is the plane p la te ;  
is the local  value. 
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