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The dynamical  cha rac te r i s t i c s  of thermal  rece ivers  with tempera ture-dependent  the rmo-  
physical  coefficients are investigated. 

The dynamical  charac te r i s t i c s  of thermal  r ece ive r s  analyzed in many papers  [1-5] have been obtained 
on the basis of solving a l inear  thermal-conduct iv i ty  problem [6]. The resul ts  of these investigations are  
applicable ei ther  for  a nar row range of measurements  or for the case when the admissible  t empera tu re -  
measurement  e r r o r  pe rmi t s  consider ing the thermophysical  coefficients of the t h e r m a l - r e c e i v e r  mater ia l  
as constants.  

Ho~/ever, in the general  case when a thermal  rece iver  should be used in a broad tempera ture  range 
and should assure  high accuracy  in the measurements ,  it is impossible to neglect the tempera ture  de-  
pendence of the thermophysical  coefficients of the t h e r m a l - r e c e i v e r  mater ia l .  

To set up a dependence between the measured  tempera ture  of the medium and the tempera ture  of the 
thermal  rece iver ,  it is neces sa ry  to find the solution of the nonlinear thermal-conduct iv i ty  equation for  
boundary conditions of the third kind. For  thermal  r ece ive r s  modelled in the form of a body of the s im-  
plest geometr ic  shape (infinite plate and cyl inder ,  sphere),  this equation is [7] 

c [O (r, ~)1 7 [0 (r, T)] 0O (r,0~ T) _ r~P +~1 OrO {k [O Or,, T)] r'~P +~ ~O:(r,or "~) II (1) 

In connection with the impossibil i ty of obtaining a solution in general  form when solving the nonlinear 
thermal-conduct iv i ty  problem, constra ints  dictated by specific conditions are  ordinar i ly  imposed in the 
problem, after  which the approximate solution is sought. 

Because of their  smal l  d iameter  of thickness,  the assumption is made in analyzing the dynamical  
proper t ies  of thermal  r ece ive r s  that the tempera ture  is independent of the coordinate in the expression 
for the thermophysica l  coefficients c [6 (r, T)], y[0(r, ~')], and k[0(r, T)]. In this case,  (1) becomes 

O0(r, ~) [ 020(r, T) 2p + 1  Oe(r, ,)  ] 
. . . .  a ( '0  " + , (2 )  / J O~ Or "z r Or 

whe re 
k (T) a (~) - 

c (T) 7 (~) 

The equation obtained means that the initial nonlinear sys tem has been reduced to a l inear sys tem with 
variable pa ramete r s .  The dynamical  proper t ies  of such a sys tem are charac te r i zed  completely by its 
t ransient ,  as follows from the theory of automatic regulation [9]. 
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Solving (2) by the Four i e r  method [6], we obtain an expression for the t h e r m a l - r e c e i v e r  t ransient  
along the medium t e m p e r a t u r e - t h e r m a l - r e c e i v e r  tempera ture  channel af ter  manipulations: 

Here 

ho(~, T)= 1 - -  A~(~) ~P exp [ - -  R--- ~ a(0) d~ . 
n~l L o 

(3) 

A, (p,) = 

t~n is a root of the charac te r i s t i c  equation 

where 

= r/R, 

�9 2 o 

P, lJp (,%0 + J~+~ (P)] - -  2P Jr (~t) Jp+, (~,~) 

Jp (~) ~i 
Jp+l (P) Bi 

0 m 

)-o (0m - -  00) ~. (O) dO, 
00 

(4) 

(5) 

(6) 

(7) 

CZ 
Bi -- R. (8) 

The equation [6] has been obtained as a resul t  of l inearizing the boundary condition, as is done by a com-  
petent application of the Four i e r  method [10, 11]. The e r r o r  in determining the root of the charac te r i s t i c  
equation because of the l inearizat ion will be est imated by the relationship 

A~tn - -  N~ (p,~) ] A)~ (0) (9) 

where 

2 (10) 

For  the f i r s t  root/~1, the quantity NI{p ~) va r i es  between 0.5 and zero  as the Blot cr i ter ion goes from zero  
to infinity. 

The time enters  into the argument  ~ in the express ion obtained for the t ransient  

= I' a(O) dT (ii) 
5 ~ 

and pe r fo rms  the role of a "general ized" [12] t ime. It is easy to note that in the case of t empera tu re - in -  
dependence of the coefficient a(6), known solutions of the l inear problem of thermal conductivity [6] can be 
obtained f rom (3). 

At this t ime,  the inert ial  proper t ies  of thermal  r ece ive r s  are  cus tomar i ly  est imated by the index of 
thermal  inert ia e [13], which is a charac te r i s t i c  of the dynamical  proper t ies  of the thermal  r ece ive r  in the 
regular  mode stage.  In the case of thermal  r ece ive r s  with var iable  thermophysical  pa ramete r s ,  the con- 
cepts of " regular  mode" and of "index of thermal  inert ia"  are  meaningless ,  in which connection the need to 
introduce a c r i t e r ion  to est imate the inertial p roper t i es  of thermal  r ece ive r s  originates.  

It has been shown in [14] that the dynamical  p roper t i es  of a thermal  rece iver  in both the p re regu la r  
mode and the regular  mode stages are  charac te r i zed  completely  by a coord ina te - t ime  function m(fl, T) 
defined as  

1 m(~, ~) In[l--hO (~, T)]. (12) 
T 

The c o o r d i n a t e - t i m e  function is related to the index of thermal  inert ia by means, of the relationship 

1 
l|m m(~, ~ ) -  (13) 
T ~  S 

1 1 3 0  



It is expedient  for  us to use  the concep t  of the c o o r d i n a t e - t i m e  funct ion to e s t i m a t e  the dynamica l  
p r o p e r t i e s  of t h e r m a l  r e c e i v e r s  with va r i ab l e  t h e r m o p h y s i c a l  p a r a m e t e r s .  In this ease  we obtain the fo l -  
lowing e x p r e s s i o n  for  m(& r): 

O 17 

"c [~o exp R 2 , a(O) d'c . (14) 
n ~ l  0 

F o r  l a rge  but f ini te  t i m e s  (14) b e c o m e s  

m (~, x) -~l /~abt~ ,~f a (0) &: - -  ~ - i  In A~ (u~) --JP [3~ (~gq)- (15) 

0 

As r ~ : ~  

whe re 

ao,~ Jim m (13, w) = R ~  , (16) 

d I 
~0 = lira - -  ~ a(0) dr, (17) 

3 
0 

The t e m p e r a t u r e  dependence  of the coef f ic ien t  of  t h e r m a l  d i f fus iv i ty  can be r e p r e s e n t e d  to any a c c u r a c y  
r equ i r ed  as  the power  s e r i e s  [15] 

q 

a ( 0 ) = a  o [ 1 - - X  %(0--0~ ' (18) 
i = l  

where  a i a re  cons tan t  coe f f i c i en t s ,  and the t ime dependence  of the t e m p e r a t u r e  can be r e p r e s e n t e d  as  an 
infinite s e r i e s  of exponent ia l  componen t s ,  

2 0 - - e o = ( 0 m - - 0 o )  [1--  ~ B , , e x p ( - - k ~ ) ] ,  (19) 

where  B n and K n a r e  cons tant  coef f ic ien t s  on which no c o n s t r a i n t s  a r e  imposed.  Subst i tut ing (18) and (19) 
into (17), we obtain a f t e r  manipu la t ion  

a (%7 .~ 
lira tn(~, ~ )=  R2 (20) 

Le t  us in t roduce  the notat ion 
1 

lira m ([3, ~) = (21) 

and let us des igna te  -g as  the condi t ional  index of t h e r m a l  iner t ia .  

The quant i ty  -g c h a r a c t e r i z e s  the dynamica l  p r o p e r t i e s  of t h e r m a l  r e c e i v e r s  as  v ~ ~,  i .e . ,  in the 
q u a s i s t a t i o n a r y  mode .  This  quant i ty  is p roposed  as  a c r i t e r i o n  to e s t ima te  the iner t ia  of t h e r m a l  r e c e i v e r s .  
Evident ly ,  e-= e in the case  of t e m p e r a t u r e  independence  of the t h e r m o p h y s i c a l  coef f i c ien t s  of a t h e r m a l  
r e c e i v e r .  An expe r i m e n t a l  d e t e r m i n a t i o n  of g can be p e r f o r m e d  on the bas is  of (12) and (21), f r o m  which 
the re  fol lows that  

~-= - -  l i r a  
�9 ~ In [1--hs([~, T)] (22) 

A pulse t r a n s i e n t  VO~, T) o v e r  the medium t e m p e r a t u r e - t h e r m a l - r e c e i v e r  t e m p e r a t u r e  channel  can a l so  be 
used to d e t e r m i n e  g [16]. The computa t iona l  f o rmu la  is 

7 =  - -  l i m  x 
�9 -~  In V~ ([3, ~) (237 

It should be kept in mind in an expe r imen ta l  cons t ruc t i on  of the funct ions  h0(8, v) andV 0 (fl j )  that  the m a g -  
nitude of the s tep  o r  pulse t e m p e r a t u r e  e f fec t  on the t h e r m a l  r e c e i v e r  should equal 0m-60 .  

z is  the t ime;  
r is the coord ina t e ;  

N O T A T I O N  
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c 
$ 
k and a 

P 
R 
Bi 
Jp and Jp+l 

Om 
0 

is the specific heat; 
is the density;  
a re  the coefficients  of thermal  conductivity and diffusivity,  respect ively;  
is the index of body shape; 
is the cyl inder  o r  sphere  radius or  half the plate th ickness ;  
is the Biot c r i te r ion;  
a re  the Besse l  functions of the f i r s t  kind of o r d e r  p and p + 1; 
is the initial t empera tu re  of the thermal  r ece ive r ;  
is the t empera tu re  of the medium being checked; 
is the instantaneous value of the t empera tu re ;  
is the absolute e r r o r .  
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