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This  pape r  p r e s e n t s  r e su l t s  of a numer i ca l  invest igat ion of hea t  t r a n s f e r  in the example  of longi-  
tudinal flow of a liquid at low Reynolds number  (Re < 0.4) ove r  a cyl inder .  

Some aspec t s  of the design of technical  equipment ,  e .g . ,  for  c rys ta l l i za t ion  p r o c e s s e s ,  a r e  a s soc ia ted  
with the study of hea t  t r a n s f e r  during mot ion of solid pa r t i c l e s  in a liquid. H e r e  one mus t  know the su r face  
d is t r ibut ion  of heat  t r a n s f e r  in addition to the in tegra ted  h e a t - t r a n s f e r  effect  fo r  the pa r t i c l e  as  a whole. 

The data avai lable  in the l i t e r a tu re  mainly  r e l a t e  to bodies of spher ica l  shape.  The p r e s e n t  pape r  studies 
hea t  t r a n s f e r  to bodies  of cyl indr ical  shape in a s y s t e m  with low Reynolds number  (Re < 0.4). 

Bas ic  Equations and Boundary Conditions. To solve this p rob l em the or iginal  equations a r e  wr i t ten  in a 
cyl indr ical  coordinate  s y s t e m  fixed in the body, and a r e  t r a n s f o r m e d  to r e f l ec t  the s t eady- s t a t e  conditions and 
the flow s y m m e t r y  (Fig. 1). The N a v i e r - S t o k e s  equations a r e  
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The convective h e a t - t r a n s f e r  equation is 
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The continuity equation is 
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0 (rV~)+ 0 (rVz) = 0. (4) 
Or 

We solve the s y s t e m  (1)-(4) for  the following boundary condit ions,  on the cyl inder  sur face  (for z = 0, 
0 -  < r - < R 0 ; z = H ,  0 - r - - < R 0 ;  0 -  <- z - H ,  r = R 0 )  

V~ = V~ = 0, (5) 

T = T~; 

f a r  f r o m  the cyl inder  the liquid veloci ty  is that of the oncoming s t r e a m  (for r ~ ~ ,  z ~ +~) 

v r = o , v ~ = V o ,  

T = To; 

and on the axis of symmetry, which coincides with the z axis (for z < 0, z > H), 

OVr 
V~=O, ~ = o = 0 "  

(6) 

(7) 

(S) 

(9) 
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Fig. I. Reduced temperature OY*) 
and heat-transfer intensity (Nu) for 
Re = 0 .2 ,  Pr = 400,  R 0 / ~  = 0 .5 .  
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N u m e r i c a l  Solut ion.  We w r i t e  the equa t ions  of  the  o r i g i n a l  s y s t e m ,  (1)-(3),  in a f o r m  conven i en t  f o r  
n u m e r i c a l  i n t e g r a t i o n .  A c c o r d i n g  to [3], t he se  can be w r i t t e n  a s  fo l l ows :  

r Or - -  ~ r az = T r8 Or + ~  r ' - ~ z  --r-- ' til) 

= -  az -~ a z  - T ~  r a~ ' 

H e r e  the boundary  condi t ions  w i l l  be as  fo l l ows :  O n t h e  c y l i n d e r  s u r f a c e  (for z = O, 0 -< r -< R0; z = H, 0 -< r -< 

Ro; 0-< z---H, r =R0) 

On r On ; (14) = O, T = T i, o) 

f a r  f r o m  the c y l i n d e r  (for r --" :o, z -~ • 

= __1 raVo, m : 0 ,  T = T o ;  
2 

and on the ax i s  of  s y m m e t r y  (for z < 0, z > H) 

aT r=o ~ = 0 ,  ~o= 0, ~ 7  = 0 .  

(15) 
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Figo 2. Effect of method of subdivision of the computing region on the accuracy of the 
numerical calculations. R0/H = 0.5; Pe = RePr: 1) 11 x 15; 2) 18 • 25; 3) 20 x 28; the 
curve shows a 15 x 20 mesh (Fig. 1). 

Fig. 3. The Nusselt number (Nu) as a function of Peclet number (Pe): The points show 
the results of numerical calculations and the curves are the theory of Eq. (19). 

The t ransformat ion  f rom sys tem of equations (11)-(16) to the equations for  computer  calculation has been 
descr ibed in detail in [1, 3]. 

The p r og ram was implemented in the fo rm of subroutines in ALGOL-60 relat ive to the TA-1M t r ans l a -  
tor.  The calculation was pe r fo rmed  on the M-222 computer~ The computing region was chosen,  based on p r e -  
l iminary  calculat ions,  to exclude the influence of its size on the resul ts  obtained (Fig. 1). An es t imate  of the 
effect of the method of subdivision of the computing region on the accuracy  of the numerica l  calculations was 
made.  An increase  in the number of mesh nodes by a factor  of three had p rac t i caUyno  effect on the accuracy  of 
these calculations,  the divergence was 10% (Fig. 2), and the transi t ion f rom a nonuniform mesh to a uniform 
mesh had a negative effect  (a 20 x 28 mesh).  

F r o m  the i sotherm we calculated the hea t - t r ans fe r  distribution over the par t ic le  surface (Fig. 1), a c -  
cording to [4]: 

N u = - - 2  OT* n*=o On* (17) 

The hea t - t r ans fe r  intensity for the par t ic le  as a whole was determined f rom the equation 

N--u = �9 1 ; N u  dF. (18) 

Fcy 1 Fcy 1 

The resul ts  of the numer ica l  calculation for  var ious rat ios  of the cylinder radius Computational Resul ts .  
('R0) to its height ffI) a re  shown in Fig. 3. The calculated data can be approximated by the equation 

Nu = Nu o [ (Ro/H), (19) 

where Nu 0 is the hea t - t r ans fe r  intensity for a par t ic le  of spherical  shape [2], and 

Nu o ~= 2-a 1.28Rel/3prl/3; (20) 

and f(R0/H) is a function accounting for  the influence of part icle  shape. 

A graphical  interpretat ion of the function f(R0/I-I) is shown in Fig. 4, where one can see that the hea t -  
t r ans fe r  intensity increases  with increase  of R0/H. 

The range of var ia t ion of values of Re and P r  was l imited for the specific application of the resul ts  ob-  
tained in es t imat ing the influence of a c rys ta l  shape on its rate of growth f rom solutions and melts .  There fore ,  
the Re value was var ied  in the range 10 -3 -< Re --< 20 (no solutions were  obtained for large Re),  and of P r  in the 
range 50 -< P r  -< 400. The resu l t s ,  obtained for  0.4 -< Re -< 20, do not agree  with Eq. (19). This is related to 
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Fig. 4. The co r rec t ion  function f as a 
function of R0/H. 

a change in the cyl inder  flow conditions, i .e . ,  with format ion of a vor tex  zone. Thus ,  Eq. (19) can be r e c o m -  
mended for  calculating heat and mass  t r ans fe r  p r o c e s s e s  for  Re -< 0.4 and P r  >> 1. 
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N O T A T I O N  

a re  the cyl indrical  coordinates;  
is the cyl inder  radius;  
is the cyl inder  height; 
is the cyl inder  sur face  a rea ;  
is the distance f rom the cyl inder  surface  along the normal ;  
is the distance f rom the cyl inder  surface  along the normal ,  r e f e renced  to one of its l inear  
dimensions;  
is the radial  liquid veloci ty  component; 
is the axial liquid veloci ty  component;  
is  the veloci ty  of the incident flow; 
Is the 
IS the 
is the 
,s  the 
is the 
is the 
is the 
Is the 
is the 
is the 
is the 
m the 
is the 
is the 
is the 

p r e s s u r e ;  
densi ty;  
kinematic  v iscosi ty ;  
the rmal  diffusivity; 
t empera tu re ;  
incident flow t empera tu re ;  
t empera tu re  at  the cyl inder  surface;  
reduced t empera tu re ,  T* = (T-T0) / (T  i -  To); 
s t r eam function; 
vor t ic i ty ;  
Nussel t  number;  
Nusse l t  number  for  a par t ic le  of spher ica l  range;  
Reynolds number;  
Prandt l  number;  
Pec le t  number.  
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