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A method for  averaging  the t ime  der iva t ive  of the t e m p e r a t u r e  in the heat-conduct ion equa-  
tion is d i scussed  and used to calculate  the heating of a plate.  

Fo r  a number  of p rob l ems  of prac t ica l  in te res t  it is  expedient  to use the hypothesis  of the finite 
ve loc i ty  of the t e m p e r a t u r e  front  [1]. -Thus, for  example ,  ce r t a in  products  of animal  origin {biological 
media) have a speci f ic  combinat ion of the rmophys ica l  and s t r u c t u r a l - m e c h a n i c a l  p rope r t i e s  necess i ta t ing  
taking account of the finite ve loci ty  of the t e m p e r a t u r e  front .  

According to Lykov [1] the veloci ty  of propagat ion of heat  is given by the express ion  

mr = ~ / c ~ r .  (1) 
The quantity r r  can, to a cer ta in  extent ,  be regarded  as  a cha rac t e r i s t i c  of the s t ruc tu ra l -mechan ica l  
p r o p e r t i e s  of the body. 

According to [2, 3] the per iod of re laxat ion for  mea t  products  depends on a complex of s t r u c t u r a l -  
mechanical  p r o p e r t i e s  and can be e s t ima ted  to be of the o rde r  of 20-30 sec ~- 0.00675 h on the ave rage .  

Using this e s t ima te  of the period of re laxat ion and taking h = 0.4 k c a l / m . h - d e g , c  = 0.8 k c a l / k g -  deg, 
= 1000 k g / m  3 [5] we find f rom Eq. (1) the o r d e r  of magnitude of the veloci ty  of propagat ion of heat in 

mea t  products :  

w~ = 0.0073 m2/h 2, 

f rom which 

wr ~0.0855 m / h .  

Thus the veloci ty  of propagat ion of heat  in mea t  products  is of the o rder  of magnitude of t0 -1 m / h ,  
which in our opinion comple te ly  jus t i f ies  the hypothesis  of a t e m p e r a t u r e  front.  

We now cons ider  the p rob lem of the heating of an infinite plate with constant  the rmophys ica t  coeff i -  
c ients ,  introducing the hypothesis  of the finite ve loci ty  of the t e m p e r a t u r e  front.  This p rob lem can be fo r -  
mulated r igorous ly  in the following form:  

OU O~U 

a F---o- = a~ ~ ( l a )  

U(~, 0) = 0, (lb) 

[0ff ]  0 ,,o, 

[ O_~_ q_ BiU] =Bi, 
(ld) 
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whe re 

U - -  U m U o  ," ~ = x / L ;  F o = ~ a t  ," B i = - - ~  L. 
u 1 - -  u 0 L ~ 

The problem is to find the solution of Eq. (la) which sat isf ies  conditions (lb) and (lc). 

In addition to the assumption of a t empera tu re  front  propagating with a finite velocity we assume that: 
1) t h e  tempera ture  front in the plate m o v e s s y m m e t r i c a l l y  with respec t  to the median plane; 2) a moving 
boundary of the thermal  perturbat ion exists  such that all points lying outside this boundary have a tem-  
pera ture  different f rom the initial value,  and all prints on the boundary have the initial tempera ture ;  3) 8U 
/8~ = 0 at ~ = g, and ~ = ~(Fo) is the coordinate of the boundary of propagation of the thermal  perturbation 
region. 

Assumptions 1)-3) essent ia l ly  imply that the propagation of heat is divided into two phases.  

The f i rs t  phase covers  the period during which the tempera ture  front propagates f rom some bound- 
a ry  plane to the median plane. 

The second phase begins at the instant the tempera ture  front reaches  the median plane. 

Henceforth in consider ing the tempera ture  distr ibution in a plate we average the derivative with r e -  
spect  to Fo and replace problem (1) by the following approximate problem: 

O~U(1) -- 2r (Fo), (2a) 
0~ 2 

[U(') (~; Fo)]~=: = 0, (2b) 

] = o, (2c )  

0~ + Bi U (t) ----- Bi, (2d) 

l 

1 ~ OU(t) 
2~ (1) (Fo) -- 1-- ~ ~ d~. (2e) 

Here U (1) is the t empera tu re  for calculating the f i rs t  phase. Integrating (2a) and satisfying (2b)-(2d) we 
find an expression for the tempera ture  distribution in the plate: 

Uo) = Bi (~ - -  ~)~ 
Bi (1--  ~)z 4- 2 (1- -  ~) (3) 

The function ~ = ~(Fo) is determined from condition (2e), assuming ~ = 1 for  Fo = 0 

F o =  (1- -02  4- 1 - -~  2 ln[l&O,5Bi(1--~)]. .  
12 3 Bi 3 Bi 2 (4) 

The duration of the f i rs t  phase FoO) is determined from Eq. (4) by setting ~ = 0. 

The tempera tu re  dis tr ibut ion during the second phase is calculated in the following way. We con- 
s ider  an approximate problem s imi lar  to (2): 

a~U (~) 
2~(~) (Fo), (5a) 

U (2) (0; FoO)) = O, (5b) 

[ Ou(~) ] = 0, (5c) 

[0U~) U(~, ] = O~ § Bi Bi, (5d) 
J ~ = l  

i 

j . OU(~) 
2+(~) (Fo)= ~ d~. (5e) 

0 
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The solution of problem (5) has the form 

U(2)(~,Fo) = I Si (Bi+2_~2\| |[ 3Bi 
B i +  2 Bi , exp i_ B i +  3 

- -  (Fo- Foe,>) ]. !6) 

A compar ison  of our result  with the classical  solution of A. V. Lykov [1] shows prac t ica l ly  complete 
agreement  for  Fo > 2Fo(0. Fo r  Fo < 2Fo 0), Bi = 10, and ~ = 0 the c lass ica l  result  is l a rger  than that 
found from Eqs.  (3), (4), and (6) by 7.5-8%. The difference increases  with either decreas ing  or  increas ing 
Bi. 

Our resul t  can be extended to the calculation of tempera ture  distr ibutions in spheres  and infinitely 
long c i r cu la r  cylinders.  

Wr 
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U = ( u -  Uo)/(u i - u 0 )  
= x/L 

Fo = at/L 2 
Bi = c~L/k 
u0), u (2) 

= [(Fo) 
Fo(1) 

NOTATION 

is the velocity of propagation of heat, m/h; 
is the specific heat, J/kg. deg; 
Is the density of the medium, kg/m3; 
Is the period of relaxation of elastic shear stress, h; 
Is the temperature of plate, deg; 
Ls the ambient temperature, deg; 
is the running coordinate, m; 
is the characteristic dimension (half-thickness of plate), m; 
is the heat-transfer coefficient, W/m2"deg; 
Is the thermal conductivity, W/m.deg; 
is the thermal diffusivity, m2/h; 
is the dimensionless temperature; 
is the dimensionless coordinate; 
is the Fourier number; 
is the Blot number; 
are the dimensionless temperatures during first and second phases; 
is the equation of thermal perturbation front; 
is the value of Fo at end of first phase. 

i. 

2. 
3. 

4'. 
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