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A method is p roposed  for  de termining the heat  t r a n s f e r  coefficient  f r o m  t e m p e r a t u r e  m e a s u r e -  
ments  at internal  points in bodies  of the s imples t  geomet ry .  

The feas ibi l i ty  of determining the heat  t r a n s f e r  coeff icient  f r o m  instantaneous values  of the t e m p e r a -  
tu re  at points inside and at the sur face  of a body is a m a t t e r  of continued in te res t  and the p rob lem is  solved, 
for  instance,  by the well known A. G. Temkin method [1, 2]. In o r d e r  to avoid de termining  higher  than 
f i r s t - o r d e r  der iva t ives  of t e m p e r a t u r e  with r e spec t  to t ime,  it is found n e c e s s a r y  to solve a sy s t em of 
equations a f t e r  a p r e l i m i n a r y  solvabil i ty analys is ,  etc.  [3]. 

We will show here  another  way of determining the heat  t r a n s f e r  coefficient ,  based  on laws of the r egu -  
l a r  heating mode which have been es tab l i shed  by this  author  e a r l i e r .  In this  heating mode the veloci ty  of 
c o n s t a n t - t e m p e r a t u r e  (T = idem) f ronts  at Bi = const  is: 

a) in an infinitely l a rge  plate 

[ O ( l o - - x )  ] = a x 
v r =  O'r r T o  ~hctg~h lo 

b) in a cyl inder  with pe r fec t  t he rm a l  insulation at the endfaces  

J0 (~tt x 1 
a -~-0 

c) in a sphere  

(1) 

(2) 

2 a ~1 
VT = io lo ~ (3) 

- -  ~h ctg ~1 
x l 0 

We will examine the paths of va r ious  c o n s t a n t - t e m p e r a t u r e  (T = idem) f ronts  in (/0--x), y coordinates ,  
on the ba s i s  of t e m p e r a t u r e  readings  r eco rded  over  a per iod of t ime  at s eve ra l  (at l eas t  two) points  inside a 
body. By differentiat ing a T = idem curve  at an a r b i t r a r y  point x / l  o within the range of r egu la r  heating 
(segments  of va r ious  T = idem cu rves  run equidistantly),  it is easy  to find v T = [(O(Io--X))/~T]T with l 0 and 
a known, one can then calculate  # 1 fo r  a given x / l  o f r o m  (1)-(3) and, finally, a lso the Btot number  f r o m  the 
data in [4, 5] re la t ing  Bi and #1. 

The mathemat ica l  re la t ions  for  Bi become much s i m p l e r ,  if veloci ty  V T = [(a(10--x))/ay]T is  c a l -  
culated at point x / l  o = 1 on the su r face  of the given body in a s t r e am.  At such a point we have 

a) for  a plate 
a 

Vr = To txl ctg Ixx, (4) 
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F ig .  1. 
f o r  a p l a t e ;  
s p h e r e .  

c) 

/ /0 .YO 50 70 Bi 

C u r v e s  of  # ] / B i  v e r s u s  Bi :  a) 
b) fo r  a c y l i n d e r ;  c) f o r  a 

b) fo r  a c y l i n d e r  

a Jo (~1) 
V T = ~ o  ~r J1(~1) ' (5) 

c) fo r  a s p h e r e  

a ~ 
VT = l'-o- " 1 - -  ~1 ctg ~t 1 (6) 

I t  i s  we l l  known in the  t h e o r y  of  h e a t  conduc t ion  [4] tha t  #1 
can  be c a l c u l a t e d  f r o m  the  fo l lowing  c h a r a c t e r i s t i c  e q u a t i o n s :  

a) f o r  a p l a t e  

Bi - 91 , (7) 
ctg ~1 

b) f o r  a c y l i n d e r  

Bi = 91 - -  J I  (~ll) 

Jo (~'~) 
(s) 

Bi : 1 - -  ~qctg,u~. (9) 

A c o m p a r i s o n  be tween  Eqs .  (4)-(6) and  Eqs .  (7)-(9) l e a d s  to  the  fo l lowing  r e l a t i o n  f o r  the  d i m e n s i o n -  
l e s s  v e l o c i t y  v T = [(~(1--(x/lo)))/OFO]T at  the  o u t e r  b o u n d a r y ,  a p p l i c a b l e  to  a l l  t h r e e  k i n d s  of c o n f i g u r a t i o n s  

c o n s f d e r e d  h e r e :  

VT = % 7 - ~ - f  �9 ( 1 0 )  

In F ig .  1 a r e  shown c u r v e s  which  r e p r e s e n t  r e l a t i o n  (10) in VT, Bi (v T = #~/Bi)  c o o r d i n a t e s  fo r  a 
p l a t e  (curve  a),  f o r  a c y l i n d e r  ( curve  b), and fo r  a s p h e r e  (curve  c). 

D i f f e r e n t i a t i n g  the  c u r v e s  of T = i d e m  f ron t  p a t h s  at  po in t s  x / l  o = 1 on the  body s u r f a c e  wi thin  the  
r a n g e  of r e g u l a r  hea t i ng ,  when t h e s e  c u r v e s  r e m a i n  e q u i d i s t a n t  beg inn ing  at  the  o u t e r  b o u n d a r y ,  wi l l  y i e l d  
v T = (a/lo)" (#~/Bi).  We then  c a l c u l a t e  v T = VT(lo/a) = p~/Bi and d e t e r m i n e  Bi f r o m  the  g r a p h .  

We note  tha t  in t h i s  m e t h o d  of d e t e r m i n i n g  the  hea t  t r a n s f e r  c o e f f i c i e n t  the  quan t i ty  p~, which  i s  v e r y  
i m p o r t a n t  in hea t  c a l c u l a t i o n s ,  a c q u i r e s  the  m e a n i n g  of a m o d i f i e d  d i m e n s i o n l e s s  v e l o c i t y  ~TBi  of c o n s t a n t -  
t e m p e r a t u r e  f r o n t s  a t  the  o u t e r  s u r f a c e  of a body t o t a l l y  wi th in  the  r a n g e  of r e g u l a r  hea t ing .  

We note ,  in c o n c l u s i o n ,  tha t  t h i s  m e t h o d  a p p l i e s  to  a hea t  t r a n s f e r  c o e f f i c i e n t  which  r e m a i n s  c o n -  
s t an t  with t i m e .  Th i s  m e t h o d  does  not  r e q u i r e  tha t  the  a m b i e n t  m e d i u m  a r o u n d  the  body  be known and t h i s ,  
in add i t i on  to  the  s i m p l i c i t y  of c a l c u l a t i o n s ,  d i c t a t e s  i t s  c h o i c e  fo r  p r a c t i c a l  a p p l i c a t i o n s .  

T(x, T) 

10 

X 

x / l  o 
7" 

FO = a'r/lg 
a 

Bi 
#l 

v T 
VT 

NOTATION 

is the instantaneous temperature at a point of a body; 

is the characteristic dimension of a body (half-thickness of a plate, radius of a cylinder, 

or radius of a sphere); 

ts the dimensional space coordinate; 

ts the dimensionless space coordinate; 

ts time; 

ts the Fourier number; 

~s the thermal diffusivity; 

ts the ]3iot number; 
[s the first root of the characteristic equations of heat conduction; 

~s the dimensional velocity of constant-temperature fronts; 

Is the dimensionless velocity of constant-temperature fronts. 
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