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A :method is proposed of de termining  the h e a t - t r a n s f e r  coefficient  f r o m  the instantaneous 
t e m p e r a t u r e s  at points inside a heated p la te .  

In the method proposed  by the authors  of [1] the h e a t - t r a n s f e r  coefficient  is de te rmined  exper imenta l ly  
f r o m  known t e m p e r a t u r e s  eflt(Fo ) and 90 (Fo) at su r face  points of a pla te .  If the solution to the equation of 
heat  conduction with boundary conditions of the f i r s t  kind is wr i t ten  as 

O (X 1 Fo) = % (Fo) + O0 (Fo) X + 2  E si x[o ,1, 

then, according  to [1], the following express ion  can be der ived for  calculat ing the h e a t - t r a n s f e r  coeff icient  
at  the su r face  X = 1: 

~o (Fo) + 2 ~  ( "  1)~ [q)~ (Fo) - -  g,, (Fo)] 

Bi (Fo) = ~=' (2) 
Oc (Fo) - -  ~ (Fo) 

where  

n (Fo) = (--  1)~ % (Fo) - -  % (Fo), n = O, 1 . . . . .  (3} 

and functions Yn(FO) sa t i s fy  the o rd ina ry  different ia l  equations 

1 
y,~(Fo) + gT, (Fo)= r (Fo), n =--1,2 . . . .  (4) 

(n~)2 

Since the t ime  constants  1/(n~r) 2 (n = 1, 2 . . . .  ) in (4} dec r ea se  rap id ly  as n i nc rea se s  [2], for  ap-  
p rox ima te  calculat ions of Bi(Fo} one need to cons ider  only a finite number  n = s of t e r m s  of the infinite 
summat ion  in (2). To s impl i fy  the notation, we omit  the a rgument  and obtain the approx imate  express ion  
fo r  Bi in the following f o r m :  

~0 + 2 ~ ( - -  l) ~ (oN--y,,) 

Bi* = ~=' ( 5 )  

Ore-- qh 

In s e v e r a l  p rob l ems  involving a de te rmina t ion  of the h e a t - t r a n s f e r  coefficient ,  however ,  it is techni -  
cal ly difficult to m e a s u r e  t e m p e r a t u r e s  d i rec t ly  on the su r face  of a pla te .  In such a case  it is poss ib le ,  
at any instant  Fo = Foj,  to de te rmine  approx ima te ly  the values of the functions in (5) f r o m  the t e m p e r a t u r e s  
measu red  at that instant Foj at points inside the plate .  
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TABLE 1. E r r o r  in Calculat ing the Hea t -  
T r a n s f e r  Coefficient  e = [ ( B i * - B i ) / B i ]  

�9 100% 

2 
3 
7 

20 

Fo 

0,1 ! 0,2 

--l: ,5 --5,0 
- -  6 , 8  - - 3 , 7  
- -  4 , 9  - - 2 , 0  
- -  2 , 7  - - 0 , 8  

0,3--1,4 

--3,5 
--2,3 
--1,3 
--0,4 

It follows f r o m  express ion  (1) that  the t e m p e r a t u r e  
at any point X i is r e la ted  to these  functions approx imate ly  
as 

n~S 

O(X i, Fo) = r + ~oX~ + 2 ~ SinnnnnXi (~ ,~  _ g~).  (6) 

With the number  s fixed, the unknown functions ~o0, 4%1 
and ( r  (n = 1, 2 . . . . .  s) can be de te rmined  uniquely 
on the bas i s  of i = (s + 2) t e m p e r a t u r e  m e a s u r e m e n t s  at 
points inside the plate and by solving the cor responding  

s y s t e m  of (s + 2) a lgebra ic  equations (6), If t e m p e r a t u r e  g00 on the su r face  X = 0 is measu red ,  then the 
number  of equations for  the s a m e  number  of :measurements  is reduced by one and, consequently,  the 
amount of computat ions is also l e s s .  T e m p e r a t u r e  (pl is de te rmined  f r o m  the values of functions ~ 0 and 
G 0. The min imum  number  of n e c e s s a r y  :measurements  is th ree .  If t e m p e r a t u r e  ~0 is :measured,  then, 
this yields two a lgebra ic  equations and is equivalent to cons ider ing  only t h e f i r s t  t e r m  of the finite s u m m a -  
tion in (2). 

A qualitative analysis shows that the error in calculating the heat-transfer coefficient for surface 

X = I from the temperature at surface X = 0 tends toward zero when X i --~ 1 (i = 1 ..... s + i). This means 

that all internal measurements must be made close to one another and to the surface X = I. 

In Table 1 are given the results of calculating the Blot number from the temperatures at two internal 

points X i = 0.90, X 2 = 0.95 and point X = 0 of a plate with a thermally insulated X = 0 surface, these results 

having been based on the known exact solution with an initial temperature distribution at sink level for 

Bi = 2, 3, 7, 20, and | = i. 

We note, in conclusion, that fo~ calculating the heat-transfer coefficient at any instant of time by the 

proposed method one does not have to know the thermal history of the plate. One :must know only the tem- 

peratures at points inside the plate at that instant. 

| 

@:m 
x 
L 

k 

t 
X = x / L  
Fo = a t / L  2 
Bi(Fo) = ~ (Fo)L/X 

N O T A T I O N  

t e m p e r a t u r e  of pla te ;  
t e m p e r a t u r e  of medit~m; 
c oordinate ;  
plate  th ickness ;  
t he rm a l  diffusivity;  
t h e r m a l  conductivity;  
h e a t - t r a n s f e r  coeff icient ;  
t ime .  
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