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R e l a t i o n s h i p s  be tween  t e m p e r a t u r e s  a t  v a r i o u s  po in t s  of a hea t  l i b e r a t i n g  e l e m e n t  a r e  e s t a b -  
l i shed .  

The  t e m p e r a t u r e  on the s u r f a c e  of a hea t  l i b e r a t i n g  e l e m e n t ,  i . e . ,  a r a d i o  r e s i s t o r ,  c o n d e n s o r ,  co i l ,  
e tc . ,  i s  u s u a l l y  d e t e r m i n e d  m o r e  s i m p l y  f r o m  e x p e r i m e n t  o r  computa t ion .  It is  i n t e r e s t i n g  to e s t a b l i s h  
a c o r r e l a t i o n  be tween  the  t e m p e r a t u r e s  a t  v a r i o u s  po in t s  of a hea t  l i b e r a t i n g  e l e m e n t ,  p a r t i c u l a r l y  b e tween  
the  t e m p e r a t u r e  at  s u r f a c e  po in ts  and po in ts  wi th in  the  bulk.  

Le t  us c o n s i d e r  a s y s t e m  of n o n l i n e a r  d i f f e r e n t i a l  equa t ions  d e s c r i b i n g  hea t  t r a n s f e r  in a body with  
an energzr s o u r c e  (sink) of t i m e - i n v a r i a n t  i n t e n s i t y :  

C 80 = div [L (O) grad 0] § Pc, (1) (0) aE-o 

- -  [L (0) grad O] s --  p[ (Os), (2) 

0zo=O = F. (3) 

Le t  us  c o n s t r u c t  the  s o l u t i o n  of th i s  s y s t e m  in the  f o r m  of a func t ion  $ which  r e p r o d u c e s  the  law of 
e x t e r n a l  hea t  exchange  

o=f(o). 

On the  o the r  hand, in  a g iven  r a n g e  of t e m p e r a t u r e  v a r i a t i o n ,  and if  t h i s  r a n g e  i s  r e l a t i v e l y  l a r g e ,  
then  the  t h e r m a l  p a r a m e t e r s  C(0) and L(0) in i t s  i nd iv idua l  s e c t i o n s  can be  a p p r o x i m a t e d  by the  equa t ions  

af C (0) = ax - -  
0 0 '  

of 
L (0) = a~ OO-" 

(4) 

(5) 

Subs t i t u t ion  of (4), (5) r e d u c e s  (1)-(3) to  a s y s t e m  of c o n v e c t i v e  hea t  t r a n s f e r  fo r  the  n e w v a r i a b l e  ~: 

a~ a~_~ = V~ ~ + ! Pc, 
a 2 0 F o  a z 

- -  (grad~)s = ~-P ~s, 
a 2 

~Vo=0 = ~" 

(6) 

(7) 

(8) 

The  solution (6)-(8) can  be written as [I] 

(x, z,  z, Fo)= %.ZX, Z, Z ) -  ~ (X, Z, Z, Fo). (9) 
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where  thedl i  m (X, Y, Z) in (9) is the l imit  value of the function d which holds for  Fo = % and 

W (X, Y, Z, Fo) = ~ A~Ui (X) Ui (Y) U~ (Z) exp (-- mi Fo) (I0) 

i=0 

i s  a function of the t ime  and the coordinates  which tends  to zero a s  Fo ~ ~. 

Hero m 0 = m, ml, m2, . . . i s  a number  of i nc reas ing  positive constants  

0 < m 0 < ml <m~ < . . .  (11) 

and the functions U i depend only on the coordinates  of points of the body. 

Because of the inequali ty (11) the se r i e s  in the r ight  side of (10) converges rapidly. 
t imes  not v e r y  close to the beginning, all t e rm s  except the f i r s t  can be neglected there in  

W (X, Y, Z, Fo) = AU (X) U (Y) U (Z) exp (-- m Fo). 

Having been given some fixed values Y = Y4~ and Z = Z ~, as is done in [2], we find f rom (12) 

' W (X, Yr Ze0, Fo) 
U (X) = AU (Y,) U (Z,) exp (-- m Fo) " 

Correspondingly,  for  some fixed values X~,, Z~ and X~, Y~ we have 

W (X,, Y, Zr Fo) W (X,, Y,, Z, Fo) 
U (Y) and U (Z) : 

AU (X,) U (Z,) exp (-- m Fo) AU (X,) U (Y,) exp (-- m Fo) 

Substituting U(X), U(Y), U(Z) into (12) yields the general  nature of the cor re la t ion  between the func- 
tions W 

W(X, Y, Z, Fo )=  W(X, Yr Z,, Fo) W(Xr o, Y, Z,, Fo) W(X~, Yr Z, Fo)  
W~(Xeo, Yr Z,, Fo) 

Taking account of (9) this re la t ionship is wri t ten for the function d as 

61im(X, Y, Z) - -~(X,  V, Z, Fo)=  [~lim(X, Y,, Zr  Zr Zr Fo)] 

• [%~(x~, v, z . ) -~(x~ ,  z, z., Fo)] [%m(Xr Z., Z) 

- -~(Xr  Yr Z, Fo)] [61irn(X,, Yr Z , ) - -6 (Xr  Vr Zr Fo)] -2. (13) 

Hence, even for 

(12) 

In the l imit  as Fo = ~, i .e . ,  in the steady state, the relat ionship (13) s implif ies  to 

@lira(X, Yo, Zo)~lim (Xo' Y' Zr (Xr go, Z) %~(x, z, z ) =  2 X % ~ ( . ,  z.,  z.) 

Par t i cu la r  dependences 

%n(x, z, z ) -  ~ (x, v, z, vo)= [%~(x, z~, z~) 
- ~  (x, z~, z~, Vo)] [~i~xs, z, z ~ ) - ~  (x., z, z~, Fo)] 

• [%~(x~, z~, z ) - ~  (x~, z~, z, Fo)] [~m(x. zs, z~ ) -  ~ (x~, v~, Zs, vo)l-~ 

(14) 

(13,) 

can be obtained f rom the general  dependences (13), (14), and correspondingly for Fo = oo 

~lim( X, Ys, Zs)91im(Xs, Y, Zs)~(X~, Ys, Z) (14') 
%.(x, v, z )=  ~i],~xs, rs, Zs) 

The relat ionships  (13'), (14') permi t  computation of the functions d for  points in the bulk of a heat l iberat ing 
element,  and also the t empera tu re s  0 for  a given law of external  heat exchange f(0) if the surface  t em-  
pera tures  a r e  known at corresponding points. 

Heat l iberat ing elements  most  often operate  in the radiant  convective heat-exchange mode 

[ Bi G ( 0 4 1 ) 1  i15) - -  [L (0) grad 0] s = (Bi + G) ~ (% --  1) -~- Bi §  
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Fig. I. Test diagram: a) stabilized rectifier VS- 
12; b) milliammeter; c) resistance box R-314; d) 
potentiometer R-314; e) range multipliers; f) 
thermometers; i, 2, 3, 4) thermoeouples. 

Following the method elucidated here, let us 
construct the solution of the system (i), (15), (3) 

in the form 

Bi G 
-- - -  ( 0 - -  I) q- - -  (0 ~ -  1). (1G) 

Bi ~ G  Bi q -G 

Subs t i t u t ion  of the  e x p r e s s i o n  (16) fo r  ,~ into 
the  r e l a t i o n s h i p  (13) p e r m i t s  e x p r e s s i n g  i t  in t e r m s  
of the  r e l a t i v e  t e m p e r a t u r e s  0 and the  r a t i o  B i / G .  
F u r t h e r  m a n i p u l a t i o n  r e d u c e s  to the  fo l lowing.  The  
factor with power -2 in the right side is transferred 
to the left. The left and right sides of the relation- 
ship are written as algebraic equations in powers of 
Bi/G. 

Equating the expressions with identical 
powers of Bi/G, we obtain four equations con- 
necting 0 at corresponding points of the heat libera- 
ting element which do not contain Bi/G. Of these 
four equations, the relationship between the excess 
heats AT = T - T c of corresponding points of the 
heat liberating element, which has the form 

A~m(x, Y, Z)--AT(X, V, Z, Fo)= [Ar~m(X, Y,> Z,) 

--AT(X, Y~,, Z,, Zo)] [Ar~m(X,,, V, Z~)--AT(Xr Y, Z| Fo)] 

~< Fa~m(x| Y,, z ) - a r ( x ~ ,  y,,  z, Vo)] 

• [Ar~m(x ~, Yr z| v~,, z~, ~o)]-~ (17) 

i s  m o s t  a c c e p t a b l e  fo r  p r a c t i c a l  u t i l i z a t i on .  C o r r e s p o n d i n g l y ,  fo r  Fo  = 

ATIin3(X , Y, Z)-~- A~inl(X' Y(1), Z~)A~/IiI~(Xr ](7 Zc~)A,/ihll(Xc~, Y~a, Z) 
T" 2 (18) 

A U~(X~, Fro, Zm) 

It should  be  s t r e s s e d  tha t  v a l u e s  of the  t h e r m a l  c o e f f i c i e n t s  C and L, the  d i m e n s i o n l e s s  h e a t - e x c h a n g e  
c h a r a c t e r i s t i c s  Bi and G, a s  we l l  a s  the  i n t e n s i t y  Pc  of the  e n e r g y  s o u r c e s ,  do not  e n t e r  into (17), (18). 

The c o r r e l a t i o n  ob ta ined  b e t w e e n  the  e x c e s s  hea t s  (18) has  been  v e r i f i e d  e x p e r i m e n t a l l y .  E igh teen  
s a m p l e s  of r a n g e  m u l t i p l i e r s  of e l e c t r i c a l  m e a s u r e m e n t  i n s t r u m e n t s  w e r e  the  s u b j e c t s  t e s t e d .  The r e -  
s i s t o r  f r a m e s  w e r e  f a b r i c a t e d  f r o m  T e x t o l i t e .  They  w e r e  n o r m a l  in s i z e  [3]. The  winding  was  of @ 0.1, 
0.2, o r  0.3 m m  w i r e .  F o u r  e o p p e r - e o n s t a n t a n  t h e r m o e o u p l e s ,  w h o s e  l ead  (@ 0.1 mm)  was  b y p a s s e d  in  
a c i r c l e  by  the  rod  of the  f r a m e  o r  the  s u r f a c e  of the  winding ,  r e s p e c t i v e l y ,  w e r e  moun ted  on each  s a m p l e ,  
and t h e i r  junc t ion  was  g lued  wi th  BF  g lue  to i m p r o v e  the  con tac t .  

The t e s t s  w e r e  conduc ted  a c c o r d i n g  to the  c i r c u i t  p i c t u r e d  in F ig .  1. The e x c e s s  h e a t s  w e r e  m e a -  
s u r e d  a t  po in t s  1, 2, 3, 4 in the  s t a t i o n a r y  t h e r m a l  s t a t e ,  w h e r e  AT 1 ~ 55-95~ fo r  each  of the  fou r  i n -  
t e n s i t y  m o d e s  c o r r e s p o n d i n g  to e x c e s s  hea t  a t  point  1. 

The t e s t  e x c e s s  h e a t s  a t  poin ts  1, 2, 3, 4 and the  c o m p u t e d  e x c e s s  hea t  

AT1 AT~ 
AT z -- (19) 

ATa 

in Table 1 are presented only for one of the modes of each coil, and the discrepancy between the test and 

computed values AT 2 for all the modes (they are written in the last column in increasing values of the in- 
tensity, and are isolated for the cited excess heats in heavy type). 

The last column in Table 1 shows that computations of the excess heat at point 2 by means of (19) 

agree satisfactorily with the experimental results. In the overwhelming majority of eases the discrepancy 
does not exceed 10%. 
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TABLE i. Experimental and Theoretical Excess Heats at Points I, 

2, 3, 4 

Dimensions, I Test AT(ex), 
Frame num- mm points 

MN 4073-63 
1-06 
1-10 
1-11 
1-14 
1-20 
1-21 
1-22 
1-23 
1-24 
1-25 
1-26 
1-28 
1-29 
1-30 
1-31 
1-33 

111-49 
MN 4075-62 

15 

~ at 

2 3 4 

AT2(19), 
by ~ ) 

8 
10 
10 
12 
8 

16 
8 

10 
10 
10 
20 
10 
10 
12 
12 

AT2(19)--AT2(e x) 
AT2(eX ) 

12 
16 
16 
16 
20 
20 
20 
25 
25 
25 
25 
25 
32 
32 
32 
40 
16 

20 

�9 loo,% 

20,5157,9 
15 57,5 
20 160,3 
44,5161,2 
19,5159,7 
19,5164,5 
26,571,9 
II 164,9 
15 J70,4 
19,5173,1 
19,576,5 
34,5/76,4 
19,5i81,0 
26,575,3 
34,593,5 
34,599,8 
27 88,7 

12,582,4 

40,0 
46,5 
45,4 
43,5 
47, 1 
66,6 
51,7 
54,7 
55,6 
58,8 
60,4 
52, 5 
65,5 
58,7 
68,3 
72,6 
64,7 

67,0 

44,8 
48,9 
51,31 
43,2 
54,5 
47,91 
62,9 
65,oE 
67,0 
66,9 
62,01 
62,6 
80,0 
70,1 
81,61 
91,6] 
69,8 

78,2 

64,8 
60,4 
68,1 
60, 7 
69,0 
51,I 
87,4 
77,0 
84,8 
83,1 
78,5 
91,0 
98,9 
89,9 

ll1,7 
125,9 
95,6 

96,1 

+ ( 6 , 2 ;  5,5; 5,8; 7,5) 
+(0,3; 0,4; 0,6; 0,0) 
+(3,3; 3,3; 3,8; 3,8) 
--(3,3; 3,6; 3,3; 3,5) 
-~-(6,6; 7,0; 7,9; 6,5) 
@(4,2; 3,7; 4,3; 3,6) 
+(9,2; 7,9; 9,0; 8,4) 
@(9,3; 9,5; 9,4; 10,2) 
+(10,4; 10,3; 10,8; ll,0) 
+(3,1; 4,0; 0,1; 3,7) 
+(0,3; --0,1; --O,1; --0,2) 
+(3,8; 3,7; 4,6; 5,4) 
+(9,3; 7,7; 7,9; 8,2) 
+(4,2; 5,4; 4,9; 5,7) 
+{6,4; 5,2; 7,2; 6,7) 
+{7,6; 8,1; 8,0; 7,0) 
- - (1 ,3 ;  1,6; 1,3; 0,8) 

@(6,9; 7,1; 7,2; 6,6) 

TABLE 2. Values of the Initial Quantities and Calculated Ex, 

Sample 
number 

Dimensions, mm 

d D h 

Digital computer computation of AT, 
~ a_t the points _ _ _  

1 2 3 4 

10 
10 
lO 

30 
30 
18 
18 

32 
20 

46,7 
30,0 
34,2 

138,2 

51,9 
31,8 
35,3 

153,5 

41,3 
29,7 
31,7 

133,2 

45,4 
31,4 
32,6 

147,7 

~ess Beats 

AT, ~ K by 
(19) 

51,4 
31,7 
35,2 

153,2 

Thermal characteristics: a o = 20; aB = 5; ae  = 16 W/m z �9 deg; c = 400 J/kg" deg; p 
= 5000 kg/mS; X 0 = 0.4 W/m" deg; qv = 10s W/m3; Tc = 293~ in the example 4sin= 0; 
qv = 5" 10 s W/m s. 

T h e  c o r r e l a t i o n  (18) w a s  a l s o  v e r i f i e d  f o r  bounded  c y l i n d r i c a l  t u b e s  w i t h  i n t e r n a l  e n e r g y  s o u r c e s  

w h o s e  t e m p e r a t u r e  f i e l d  w a s  c o m p u t e d  on the  " M i n s k - l "  d i g i t a l  c o m p u t e r  by t h e  m e t h o d  of  e l e m e n t a r y  

b a l a n c e s .  Such  a v e r i f i c a t i o n  w a s  c a r r i e d  out  on f o u r  b o d i e s  w i t h  d i f f e r e n t  r e l a t i o n s  b e t w e e n  the  d i m e n -  

s i o n s ,  a s  w e l l  a s  f o r  d i f f e r i n g  h e a t - e x c h a n g e  c o n d i t i o n s  in  o n e  of  t h e  s a m p l e s .  T h e  c a l c u l a t e d  e x c e s s  h e a t s  

and i n i t i a l  v a l u e s  a r e  p r e s e n t e d  in  T a b l e  2. 

T h e  r e s u l t s  of  t h i s  v e r i f i c a t i o n ,  f r e e  of  e x p e r i m e n t a l  e r r o r s ,  a g a i n  i n d i c a t e  t h e  c o r r e c t n e s s  of t h e  

c o n s i d e r e d  c o r r e l a t i o n .  

N O T A T I O N  

X = x / 1 ,  Y = y / l ,  

Z -: z / l  

0 = T/T c 

c ( o )  = c ( o ) o ( o ) / c o ,  
L(0) = X (O)/Xo 
G = / X0 

OZ O, O~in, o~ e 

a r e  t h e  d i m e n s i o n l e s s  c o o r d i n a t e s ;  
i s  t h e  d i m e n s i o n l e s s  t e m p e r a t u r e ,  o r  t h e  r a t i o  b e t w e e n  t h e  t e m p e r a t u r e  e x a m i n e d  

and t h e  t e m p e r a t u r e  of  t h e  m e d i u m ;  

a r e  t h e  d i m e n s i o n l e s s  v o l u m e  h e a t  c o n d u c t i o n  and h e a t  c o n d u c t i o n ,  r e s p e c t i v e l y ;  

i s  t h e  d i m e n s i o n l e s s  r e l a t i v e  c h a r a c t e r i s t i c  of t h e  r a d i a t e d  h e a t  f lux ;  
a r e  t h e  h e a t - e x c h a n g e  c o e f f i c i e n t s  f o r  t h e  o u t e r ,  i n n e r ,  and  e n d f a c e  s u r f a c e  of t h e  

tube ,  r e s p e c t i v e l y .  

S u b s c r i p t  

s d e n o t e s  p h e n o m e n a  on  t h e  body  s u r f a c e .  
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