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Equations are proposed for ca lcu la t ing  the temperature  f ield of an in- 

f ini te  p la te  in the stage corresponding to the regular reg ime  of the 
second kind, when the heat  transfer coeff icient  and the temperature  of 

the external medium depend on time. 

In connect ion with the t e m p e r a t u r e  r e g i m e  of plane 
e l emen t s  under  condit ions of convect ive hea t  t r a n s f e r  
the mos t  impor t an t  t heo re t i c a l  r e s u l t s  have been  ob-  
ta ined  for  the case  of constant  heat  t r a n s f e r  coeff ic ient .  
However ,  the re  a r e  a number  of c a s e s  in which this 
coef f ic ient  v a r i e s  s igni f icant ly  with t ime.  This appl ies  
to the fo rmat ion  of a t he rma l  boundary  l aye r  under  
condi t ions of nons teady flow over  so l id  surfaces~ h e a t -  
ing in a pu l sa t ing  flow, the t e m p e r a t u r e  f ie ld  of a b a l -  
l i s t i c  body moving in a medium with va r i ab l e  dens i ty  
and t e m p e r a t u r e ,  etc.  

The p r o c e s s  of hea t  t r a n s f e r  in an infini te  p la te  un-  
de r  the above-ment ioned  heat  t r a n s f e r  condit ions can 
be r e p r e s e n t e d  in the fo rm of the fol lowing boundary  
va lue  p r o b l e m  [1]: 

a o ( x ,  Fo) a2o (x ,  Fo) (1) 
O Fo OX ~ ' 

nO(l, Fo) 
8X = Bi(Fo)[0~(Fo)--0(1, Fo)], (2) 

aO (0, Fo) =0, (3) 
OX 

0(X, 0) = Oo, (4) 

where  Bi(Fo)  = a(r)R/X; 0 = T/TIn0; Tmo is  the in i t i a l  
t e m p e r a t u r e  of the e x t e r n a l  medium;  X = x /R;  Fo = 
= a ' r / R  2. Bi(Fo),  0m(Fo) a r e  ce r t a in  d i f f e r en t i ab l e func -  
t ions .  

In [2, 3] quite s imple  approx imate  methods  a r e  p r o -  
posed  for  ca lcula t ing  the t e m p e r a t u r e  f ie ld  in so l ids  
for  Bi (Fo)  that  a r e  va l id  for  somewhat  l imi t ed  region  
of va r i a t i on  of the Bi number .  The p r e s e n t  s tudy r e p -  
r e s e n t s  a fu r the r  deve lopment  of the methods  of s01v- 
ing the hea t  conduction p rob l em for v a r i a b l e  va lues  of 
the hea t  t r a n s f e r  coeff ic ient  and the t e m p e r a t u r e  of the 
e x t e r n a l  medium.  

A f o r m a l  r e p r e s e n t a t i o n  of the t e m p e r a t u r e  f ie ld 
can be obtained by reduc ing  boundary  va lue  p rob lem 
(1)-(4)  to a funct ional  equation. Solving p rob l em (1 ) -  
(4) by  means  of a Laplace  i n t eg ra l  t r ans fo rma t ion ,  we 
a r r i v e  at  an exp re s s ion  for  the t e m p e r a t u r e  at  any 
point  of the e l emen t  in t e r m s  of i ts  su r f ace  va lue :  

O (X, Fo) = 
Fo 

= Oo + S Bi UI) IOn(tO - -  0 (1, ~1)] d n --- Bi (Fo) • 
0 

x [Om(FO)--O0, Fo)] ( I~-~X-----~ ) + 

q_ ~'~ (__l)n_ 1 2 c o s n a X  • 
n 2 ~2 

Fo 

• S [Bi(vl) 10mOI)--0(l' ~1)}]' • 
0 

• exp [- ~ ~ (vo - n)] d n .  (5) 

Finding  the gene ra l  solut ion of Eq. (5) is  v e r y  d i f f i -  
cult; however ,  se t t ing .X = 1 we can d e r i v e  f rom i t  a 
functional  equation for  the su r f ace  t e m p e r a t u r e :  

0 (1, Fo) 
Fo 

1 Bi (Fo) x =Oo-F Bi(B)[0m(~l)--0(1, ~l)]dn--F ~ -  

0 

N" [0m(FO ) - - 0  (1, Fo)] -}- 

Fo 

+ ~ -  [Bi(n) {%(n)-- 0 (1, n)ll' • 
n=l 0 

• exp [-- n2~2(Fo - -  ~1)] dn.  (6) 

It can be shown that  in so lv ing  Eq. (6) the p r o c e s s  
of s u c c e s s i v e  approx imat ions  converges  [4]. Hence the 
p r o b l e m  is  to find the b e s t  f i r s t  approx imat ion .  

As Luikov has shown [5, 6], when heated by a v a r i -  
able heat  flux, s t a r t i n g  f rom some Fo > Fo*, a body 
e n t e r s  the q u a s i - s t a t i o n a r y  s tage .  F r o m  the m a t h e -  
m a t i c a l  s tandpoint ,  this  ind ica tes  that  the sum of the 
s e r i e s  does not have an impor t an t  influence on the t e m -  
p e r a t u r e  f ie ld  at  Fo  > Fo*. 

In the s tage  co r r e spond ing  to the r e g u l a r  r e g i m e  of 
the second kind the solut ion of Eq. (6) is  given by 
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0 
,q 

0 



JOURNAL OF ENGINEERING PHYSICS 405 

Fo 

0.4 
0.5 
0.6 
o~7 
0.8 
0.9 
1.0 
1.1 
1,2 
1.3 
1.4 
1.5 
1.6 
1,7 

Tempera tu r e  Fie ld  of an Infinite Plate for 0~ = 0.15 

0 surface 

computer cale. 

0,48228 0.45768 
0.53581 0,52282 
0.57813 0,56714 
0,62749 0.61785 
0,66933 0.66100 
0,71581 0.70883 
0.75512 0~75101 
0.81232 0.80817 
0,84873 0.84623 
0.88637 0.88637 
0,92243 0.92243 
0.95561 0,95561 
0.98031 0,98031 
0.99984 0,99984 

5.1 
2.42 
1,89 
1.54 
1.2 
0,97 
0.545 
0.513 
0.295 

+0,  O0 
+0.00 
+0.00 
+0.00 
+0.  O0 

0 center 

computer cale. 

0.28537 0.27483 
0.33261 0,32562 
0.36663 0.35992 
0.41221 0.40633 
0,44817 0,44391 
0,49873 0.49475 
0.52662 0,52382 
0.60754 0,60611 
0.64612 0.64612 
0.69331 0.69331 
0,74222 0,74222 
0.77013 0,77013 
0.79474 0,79474 
0.82008 0.82008 

6,% 

3,6 
2,15 
1,87 
1,44 
0,96 
0,81 
0.535 
0,236 

+0.00 
+0.0O 
+0.00 
+o,oo 
+o. oo 
+o.oo 

Substi tuting the formula  obtained for e(1, Fo) into 
(5), we obtain the t empera tu re  d is t r ibut ion  for an a r b i -  
t r a r y  section. 

To es t imate  the e r r o r  of the proposed method, s y s -  
tem (1)-(4) was numer i ca l l y  in tegra ted  by the Vanichev 
method [7] on a Minsk-1 computer  (table). 

As an example we invest igated the heating of an in -  
f ini te  plate when the Bi number  va r i e s  according to the 
law Bi(Fo) = 0.5e Fo and the t empera tu re  of the ex t e r -  
nal  medium acco rd ing  to the law 6m(Fo) = 1 + 0.075Fo. 

The re su l t s  of a compar i son  of the data obtained i n -  
dicate regu la r iza t ion  of the heating kinet ics  under  con-  
dit ions of va r iab le  heat t r ans f e r  and var iab le  ex te rna l  
t empera tu re .  The re la t ions  obtained can be used in 
invest igat ing p rocesses  of heat  propagat ion under  the 
conditions Bi = Bi(Fo) and 0 m = 0m(Fo). 

The proposed method can be extended successful ly  
to c l a s s i ca l  bodies of different  geometry:  
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