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A method of numerical  solution is outlined for the nonsteady heat conduction in the cells 
between the tubes of a t r iangular  latt ice with a centra l  heat sink for nonlinear boundary 
conditions. Calculated and experimental  data a re  compared.  

In hea t - t r ans fe r  equipment in nonsteady conditions it is often required to calculate the heat conduction 
in the cells between the tubes. In the general  case the appropria te  model is a complex s t ruc ture  consist ing 
of heat c a r r i e r  in an intertube space with pores  formed by hexagonally packed tubes (channels). Heat is sup- 
plied to the hea t - t r ans fe r  agent over  the channel per imete r ;  the heat sink is in the central  channel. 

The problem reduces to finding the nonsteady tempera ture  fields Tff ,  r, x, ~p) for  heat t r ans fe r  by con- 
duction in the porous s t ruc ture  f rom the per iphery  to the central  channel. The complexity of the geometry  
means that the problem cannot be solved analytically.  In view of the symmet ry  it is possible to take one- 
twelfth of the model of length L (Fig. 1) bounded by adiabatic surfaces .  For  numerical  solution, the calcula-  
tional model may be divided into cells of sufficiently small c ross  section to allow the tempera ture  gradient  
to be ignored within the Emits  of the cell.  

A suggested division of the model into calculational cells is shown in Fig. 1, together  with a numbering 
sys tem for the cell centers ,  based on an integer (i, j) rectangular  coordinate system [1]. In this formulation 
the problem reduces to the solution of nonsteady one-dimensional  (in x) differential heat-conduction equations, 
the number of which is equal to the number of cel ls .  The calculation hea t - t r ans fe r  equation writ ten for a cha r -  
ac ter i s t ic  cell  of t r iangular  packing is 

OTi,i ('r, x) --  div ()~vTi,i (% X)) @ Fi,i Ct'Y aT - -  qh'm -~- qk,n . (1) 
rrt--1 t z ~ l  

The complete sys tem of equations describing heat t r ans fe r  to the central  channel may be obtained by 
writing Eqo (1) for all the ealculafional cells  of the packing. It must  be complemented by tempera ture  depen- 
dences for  the therrnophysical proper t ies  of the constructional mater ia l  and the hea t - t r ans fe r  agent. The heat 
fluxes at the boundaries of the calculational cells facing the pore may be wri t ten on the basis of the hea t - t r ans -  
fer  conditions in the form 

- -  )~hFlh ( OTk/Orh) ] rh=a/2 ; 

qk, .  = a~IIh (Tk - -  Ti,i  ('c, x)); (2) 

~crHk (T;~ - -  r t , i  ('~, x)) .  

The t empera tu re  of the hot source  T k is determined f rom the nonsteady hea t - t r ans fe r  equation, which 
for a channel with internal heat sources ,  for example, takes the form 

6 
1 

c)rk- = div()~hvTh) z- q - -  E ~ qk,,. (3) C~hT~ O~ ' ' 

For the case  whan a hot hea t - t r ans fe r  agent c i rcula tes  in the channel the t empera tu re  T k may be determined 
f rom the differential equation of convective heat t r ans fe r :  

6 ( ) I 
C . . y .  \ ~ - ~ -  @ W v T  k = div 0~,vTk) - -  Z ~ qk,~. 

Transla ted f rom Inzhenerno-Fizicheski i  Zhurnal, Vol. 34, No. 1, pp. 17-21, January,  1978. Original 
ar t ic le  submitted November 15, 1976. 
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Fig. 1. Calculat ional  model and numbering of ce l l s .  
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Fig. 2. Nonsteady temperature field in cells of the model 
and c o m p a r i s o n  with exper imen ta l  data:  a) s / d  = 1.24; b) 
1.5; N = 1.8 kW. The continuous cu rves  a r e  calculat ional  
re la t ions :  1 ) f o r  the cel l  ( i=2,  j=0) ;  2) (4,0); 3) (5,1);4) 
(7,1);5) (8,0) ; 6) (8,2) ; 7) (10, 0) ; 8) (10,2) ; I) exper imenta l  
data fo r  the cel l  (i = 2, j = 0); lI) (4,0); III) (5,1); IV) (7,1); V) 
(8,0); VI) (8,2); VII) (10,0); VIII) (10,2). r ,  rain; t, ~ 

The number  of re la t ions  of the type in Eqs.  (3) and (4) is the s ame  as  the number  of calculat ional  channels .  

In calculat ing the t e m p e r a t u r e  f ields in this s y s t e m  the g r e a t e s t  difficulty a t taches  to the c o r r e c t  spec-  
i f icat ion of the radia l  h e a t - t r a n s f e r  law at  the boundar ies  between adjacent  ce l l s .  The heat flow fo r  adjacent  
ce l l s  m a y  be wr i t t en  in the f o r m  

k ~  ( r  m _ _  r~  j) ( s  - -  d), (5 )  qT,,n = ~ 

where  k=k~k 2 is a coeff icient  taking into account  the effect  of a s y m m e t r y  of the cu r r en t  l ines  with r e spec t  to 
the local  axis ,  ro ta t ion  of the cu r r en t  l ine by 60 ~ in the l imi t s  of the cell ,  the d i sc repancy  between the wel l -  
boundary su r face  and the effect ive value, etc.  
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The coeff icient  kl, taking into account the d i sc repancy  of the effect ive su r face  f r o m  (s - d) L for  l inea r  
t e m p e r a t u r e  var ia t ion  over  a line containing the cen te r s  of adjacent  cel ls ,  may  be calculated f r o m  the e x p r e s -  
sion 

h 

Idh s ~ ] / ~  
11 I o Y - -  6 4 

k, -- ~ . . . .  , (6) 
s - - d  s - - d  h s 1 

d 

where  
h 

S Idh is the a r e a  of the cu rv i l i nea r  t r apez ium aa'b'b (Fig. 1). 
0 

The coeff icient  k 2 takes  into account  all  the o ther  f ac to r s  and depends on the posi t ion of the calculat ional  
cel l .  In the f i r s t  approx imat ion  it may  be taken  equal to k 1 for  all  the cel ls ;  this approximat ion  has been v e r i -  
fied exper imenta l ly .  

The above s y s t e m  of nonsteady h e a t - t r a n s f e r  equations was solved numer ica l ly  on a BltSM-6 c o m p u t e r  
using an explicit  gr id  method [2]. The in teger  coordinate  s y s t e m  adopted cons iderably  s impl i f ies  the handling 
of the calculat ional  cel ls ,  espec ia l ly  when the re  a r e  many  of them in the model ,  since it al lows anunambiguous  
t r ans i t ion  f r o m  the double cell  index to a l inea r  index and back.  

To ver i fy  the bas ic  assumpt ions  of the calcula t ion p rocedure ,  exper imen t s  were  c a r r i e d  out on th ree  
mode l s  in the f o r m  of s tee l -45  hexaheflra of length 150 m m  [3]. A hole of d i ame te r  12.8 m m  was dr i l led on 
the axis  of the model to accommoda te  a coo l ing-wa te r  duct. A t r i angu la r  la t t ice  of channels  was obtained by 
dri l l ing holes of d i a m e t e r  9.5, 10.5, and 11.5 m m  at  a separa t ion  of 14.2 ram.  

Heat  was supplied to the cel ls  of the model  by radia t ion f rom tubular  e lec t r ic  hea te r s  fitted inside the 
channels .  Uniform heat flux over  the length of the channels was ensured by maintaining the s a m e  power  in 
each hea te r  by connecting the i r  e lec t r i c i ty  supply in th ree  sec t ions .  The outer  su r face  of the model  was tho r -  
oughly heat- insula ted;  the m a x i m u m  heat loss  in the cour se  of the exper iment  was 1.6-7%, depending on the 
t e m p e r a t u r e  condit ions.  The t e m p e r a t u r e  was m e a s u r e d  in the cen t ra l  c r o s s  sec t ion  of the model  using 
Chromel - -Alumel  thermocouples  with t h e r m o e l e c t r o d e  d i a m e t e r  0.3 ram, fitted in specia l  holes (d iameter  
3 ram) dr i l led  a t  the cen te r  of the calculat ional  ce l l s .  

The exper imen t s  were  c a r r i e d  out for  a constant  power  supply to the e lec t r i ca l  hea te r s  and constant  
flow ra te  of cooling wa te r .  Some exper imenta l  r e su l t s  and a c o m p a r i s o n  with calculat ional  data obtained when 
k l =k 2 a r e  shown in Fig. 2. The a g r e e m e n t  between exper imen t  and calculat ion is evidently adequate.  The 
m a x i m u m  d i sc repancy  between the calcula ted and exper imenta l  t e m p e r a t u r e  fields in all  conditions did not 
exceed 5-7% and fell  within the l imi ts  of expe r imen ta l  e r r o r .  

Note finally that this method of numer ica l  calcula t ion of nonsteady t e m p e r a t u r e  fields in bodies of c o m -  
plex g e o m e t r y  may success fu l ly  be used in the case  when the h e a t - t r a n s f e r  agent in the space  between the 
tubes undergoes  a phase  t rans i t ion  (for example ,  heating and mel t ing  of the heat c a r r i e r ) .  In this case  Eqs.  
(1)-(4) mus t  be augmented by a different ia l  h e a t - t r a n s f e r  equation descr ib ing  the l imi t  of d i sp lacement  of the 
phase - t r an s i t i on  f ront .  

N O T A  T I O N  

T, t ime;  x, axial  coordinate;  r ,  radia l  coordinate;  (p, angula r  coordinate;  s, packing step; d, channel 
d iamete r ;  I1, h e a t - t r a n s f e r  p e r i m e t e r ;  6, dis tance between points of adjacent  cel ls ;  F, c r o s s - s e c t i o n a l  a rea ;  
W, m e a n - m a s s  h e a t - t r a n s f e r - a g e n t  velocity; T, t empe ra tu r e ;  ~/, Cp, k, density,  specif ic  heat,  and the rma l  
conductivity; C~w, h e a t - t r a n s f e r  coefficient;  a, S t e f an -Bo l t zmann  coefficient;  qv, bulk heat  l iberat ion;  qk,n, 
heat  influx to cell  i, j; qh m,  heat flux to cell  i, j f r o m  adjacent  cel ls ;  N, t he rma l  power;  e, emiss iv i ty ;  i, j, 
in teger  coordinates  of ca~culational cel l .  Indices:  m,  ce l l s  adjacent  to cell  i, j; n, channels adjacent  to cel l  i, 
j; k, channel.  
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