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An approximate method is pcesented fc~ the solution of problems 
of transient heat conduction in solids with th~mal conductivity aml 
specific heat line~ly dependent on temperatur e. 

Consider  the p rocess  of t r a n s i e n t  heat  conduction 
in a sol id whose the rmophys ica l  p roper t ies  a re  given 

xlrl 

% r 

Approximat ion of the t h e r m a l  conductivi ty 
~.(T) by exponent ial  cu rves .  Continuous 
l ine - -exac t  re la t ion;  Broken l i ne - - app rox -  

imat ion.  

functions of t empera tu re .  The problem can be r e -  
duced to the non l inea r  bea t -conduct ion  equation 

bT = div [~. (T) grad T] (1) p(r)c(r) 0-~- 

with the appropr ia te  in i t ia l  and boundary condit ions.  
Charnyi  [1] has p resen ted  an approximate  method of 
solut ion for this  equat ion for the case  when pC = const  
and the t he rma l  conductivi ty ~ is a l inear  function of 
t empe ra tu r e .  In this work we shal l  cons ider  the case  
when both ~ and the specif ic  heat C vary with t e m p e r -  
a ture .  

It is known that the densi ty of mos t  solid m a t e r i a l s  
can be taken as cons tant  and that the var ia t ion  of 
and C with t e m p e r a t u r e  follows the l inear  laws 

~, (T) :~ ~ -t- nT, (2) 

C (r) : Co + roT. (3) 

These  functions can be approximated  within the t e m -  
pe ra tu re  range under  cons idera t ion ,  or  within a p o r -  
t ion of it ff the whole range  is too la rge ,  by the expo-  
nent ia l  functions 

T ~ T i 
~'(T)~:~'~ T~+,~T~ 

T -- T i 
C (T) :" Co -!" mT =- Ci exp T , t  - -  Tl 

In kt+t ~ , (4) 
/ 

In Ci+' ~ (5) 
Ci ] " 

Here k i, ki+l, Ci, and Ci+ i a re  the approximate  values 
of }, and C at  the ends of the chosen t e m p e r a t u r e  i n -  
t e rva l  AT = Ti+ l - Ti  (Figure).  These  values a re  
chosen so as to yie ld  equal  a reas  under  the o r ig ina l  
and the approximate  curves ,  Thus 

n ] ~.~+1 
).i+l - -  ~'~ = ~ "~- T (Ti 4" rt+l) In k: 

[ ' m (Ti+T,+,)]In C`*' C~+, - -  C~ = Co "1- -~- Ci 

The approximate  values of MT) and C{T) at  the ends of 
AT should be chosen so that the exponential  curves  will  
be suff icient ly close to the exact  l inear  curves .  

Using C, and then k, as new independent  va r i ab le s ,  
we can l inea r i ze  equation (1): 

pC(T) dT OC div [ , . ( C  Co ) d T  ] 
de dr m m - ~  gradC , 

m(T,+,--T,) dC 0~. div (~. dC } 
P In(C,.dC~) d~. b--~- -= . ~ grad ~.. , (6) 

m In (kt+d~,;) 0 k 
P ~ =: V*k. nln(Ci+dC i) Or 

The boundary  condit ions for equation (1), 

T~=o = 7in, (7) 
Ts =: ]'(x)! 

or - -  ~. (T)(grad T) s :: g(r) ,  

or  --  ~. (T) (grad T) s = a ( T  s - - T a ) ,  
(8) 

Table  1 

The rmophys ica l  P rope r t i e s  of the Cube 

tl~l--t i 

250--0 
,rg)0~250 
750--500 

1000--750 

11.80 
9.83 
7.44 
5.27 

}'l+1 

9.57 
7.44 
5.70 
3.82 

923.189 
1030.790 
1124.993 
1222.546 

q+l 

1021.579 
1124.993 
1239.293 
1356.523 

yield the boundary condit ions for the var iab le  k: 

X~=0 .... ko -~ nTin, (9) 

=: ~ + n[(Th 

or Ti+1 - -  Ti 
In(kl,I/~'i) (grad~.)s = g(T), 

Tl*l--  Tt (grad~) s = a (  ~s 
o r - -  In (k,-,dk~) n n ~ --Ta I �9 

(Io) 
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T a b l e  2 

R e s u l t s  Obta ined by the P r e s e n t  Method (p. m.  Corn 

t (0; O; O; ~), PC t (0.1; O; O; ~), ~ t (0; 0.1; 0.1; ~), ~ 

�9 ,sec p.m. [z][,21 8.% p.m. [z][zl 6.% p.m. [~]t211 ~.o/~ p.m.I 

0 000 000 O. 0 000 000 O. 0 E)O0 I000 O. 0 1000 
792 995 982 1.3 885 843 5 .0  763 709 7 .6  628 

1584 900 891 1.0 675 645 4 .7  487 454 7 .3  365 
2376 721 703 2 .6  445 430 3 .4  312 275 1.3 186 
3 1 6 8  430 449 4 .4  273 247 I .O 162 164 1.2 115 
3960 223 230 3.1 144 143 0 .7  I00 96 4 .2  71 

~ared with the  Data of  [2] 

t (0.1; 0.1; 0. I; Z), ~ 

[~] [2~! 8. o/o 

1000  0 . 0  
580 8 .3  
315 1 .6  
179 3 . 9  
108 6 .5  

63 13 

Thus,  us ing  the r e l a t i o n s  (4) and (5), we can r e d u c e  
the non l inea r  hea t - conduc t i on  p r o b l e m  (1), (7), (8) to 
the l i n e a r  s y s t e m  (6), (9), (10). F o r  example ,  c o n s i d e r  
the cool ing  of a cube [2] with e d g e s  of length l = 0.4 m. 
The da ta  a r e :  t in = 1000~ t s = 0~ k = 11.63 - 
- 0.00814t W / ( m .  degC),  C = 921.096 + 0.419t J /  
/ ( k g .  degC),  p = 3000 k g / m  3. 

Tab le  1 shows the va lues  of At  = t i +  l - t i, ki+ l, k i, 

Ci+i, C i. 
Table 2 compares the values of temperature t(x, y, 

z, 7), obtained by the present method with those given 
in [21. 
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