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A method is described for determining the thermal activity of 
nonmetallic materials from the magnitude of the control current 
flowing in the measuring circuit. This method does not require 
the use of thermoeouples and automatic potentiometrie recorders. 

To de te rmine  the thermal  activi ty coeff icient  b = 
= k/~h, it is proposed  to m e a s u r e  the e lec t r ica l  en-  
e rgy  genera ted  in a plane hea te r  located at the junction 
of the two semi- inf in i te  rods,  n e c e s s a r y  to maintain 
constant  hea t e r  t empera tu re .  * 

A br idge c i rcu i t  (figure) with negative feedback [1] 
may be used as the m e a s u r i n g  c i rcui t .  One of the 
br idge  a r m s  contains a metal  wi re**  hea te r  made of 
a ma te r i a l  (platinum, tungsten) with high e lec t r ica l  
r e s i s t iv i ty .  

The br idge  is balanced at an ass igned hea te r  
t empera tu re  establ ished beforehand by adjus tment  of 
the var iable  r e s i s t o r  R l in the a r m  adjacent  to the 
hea te r .  When the c i rcu i t  is closed, the hea te r  is 
cold, the br idge  imbalance  is a maximum, and so 
the ampl i f ie r  acts  on the br idge supply to develop 
max imum power  in the hea te r .  As the hea te r  w a r m s  
up, the br idge imbalance  dec reases ,  tending to a 
ve ry  smal l  value de termined  by the amplif icat ion 
f ac to r  of the measu r ing  sys t em.  

To obtain quanti tat ive re la t ions  and calculat ion 
fo rmulas ,  we turn to a mathemat ica l  descr ip t ion  of 
the unsteady p r o c e s s e s  in the measu r ing  c i rcu i t  and 
of the in te rac t ion  of the hea t e r  with the test  object .  
F o r  this purpose  we wri te  the heat  balance equation 

C, eZh----2~[ ~ ~)] e=4~h .  O) 
d �9 I. Ox J~=o 

We expres s  the hea te r  r e s i s t ance  R h in t e rms  of 
its t empera tu re  

Rh --~- Rho [1 4- ,3ho (Oh - -  Oho)l, (2) 

where  Rh0 is the hea te r  r e s i s t ance  at t empera tu re  
Th0, ~a h =  T h -  | = T h 0 -  @,/~h0iS the t empe r -  
a ture  coeff ic ient  of hea te r  r e s i s t ance  evaluated at 
t e m p e r a t u r e  Th0 and F is the sur face  a r e a  of the 
hea ter .  
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To obtain the der iva t ive  OT/Ox, we solve the 
heat  conduction equation for  an infinite rod with a 
heat  flux at its end such that its t empera tu re  r ema ins  
unchanged. Mathemat ica l ly  the p rob lem is 

O ~ (x, "0 a ~ 0 (x, "0 - - a  
O x Ox 2 

)'J a~x .=o= --q(~) '  

O (x, 0 ) =  0, 0 (0, x )=  ~o, 

0(~, ~)=0. (3) 

The solution has the fo rm 

0 (x, x) = O0 erfc x 2 V'----~ -" (4) 

The law of var ia t ion with t ime of the power of a plane 
source  which achieves  the condition ~(0,T) = ~a0 is 

q(r) = - - k  0~ ] k ~o - - b  -0~ 
-~2x~ = da  r ~ / ~  (5) 

Equation (1) may be wri t ten as 

Ch d0'l] -F 20 - ~~ --  ]~Rh (6) 
F dx V n ' c  F 

When the hea te r  heat  capaci ty  C h can be neglected, 
the fo rmula  for  the the rmal  activity coeff icient  has  
the f o r m  

b--  R h V ~  I~VT. (7) 
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Thus, by control l ing the cu r r en t  in the hea te r  
circuit ,  we may de te rmine  the thermal  activi ty 
coeff icient  of the tes t  ma te r i a l .  In o rde r  to examine 
the influence of hea te r  thermal  inert ia,  we shall 
cons ider  the fact  that in the measu r ing  p roces s  the 
r e s i s t ance  the r e s i s t ance  only hypothet ical ly  r emains  
constant,  equal to Rh0, but in fact  var ies ,  albeit  
only sl ightly.  

Substituting (2) into (6), we obtain 

*Methods using measu r ing  probes  have been p ro -  
posed by Chudnovskii [3]. 

**It would be be t te r  to use  a f i lm hea te r  made of 
s e m i - c o n d u c t o r  mater ia l  with a t empera tu re  coef-  
f ic ient  of r e s i s t ance  an o r d e r  l a r g e r  than that of 
meta l s .  

C h d O h -t- 2b ~ = l~l Rho F dx ~ [Iq-~O(Oh--O'ho)]. (8) 

We express  ,.~h in t e rms  of Ih. We may, with a 
high degree  of accuracy ,  express  the cu r r en t  I h in 
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t e r m s  of the i n c r e m e n t  of vol tage  suppl ied  to the 
b r i d g e  and the h e a t e r  r e s i s t a n c e :  

lh /-3o0 + 1 A U b /11o A Rh. (9) 
Rho "}- R Rho -+" R Rho -[- R 

The b r i d g e  i m b a l a n c e  AU is  connected  with the 
i n c r e m e n t  of vol tage  suppl ied  to the b r i d g e  through 
the r e l a t i o n  

AU b = -- GAU. (I0) 

We e x p r e s s  AU in t e r m s  of the i n c r e m e n t  AR h of 
h e a t e r  r e s i s t a n c e  

R 
AU = lho - -  h Rh, Rt ----- Rho. ( i i )  

Rho + R 

Here  Iho = Uho/Rho + R, whe re  Uho is  the vol tage  
appl ied  to the b r idge .  

Using  (2), (10) and (11), we may  w r i t e  (9) as  
fol lows:  

lh=1ho_.[~ho U ~  /G R +1) (bh_Oho) .  (12) 
R h o + R  R h o + R  

Subst i tu t ing (12) into (8), we obta in  

Uh0 R + 1 dlh ~ Rh-~~ • Ch F~h0~ 6Rho+R . ~ +I~ F 

/ Rho -+- R Rho +------R + 1 -- 

=2b %o (13) 

Let  us eva lua te  each t e r m  of (13). It can be seen  
f rom (13), that, when G = ~o the ef fec t  of the t e m p e r -  
a t u r e  dependence  of the h e a t e r  r e s i s t a n c e  and of i t s  
t h e r m a l  i n e r t i a  on hea t  t r a n s f e r  to the t es t  body is 

not appa ren t .  In r e a l i t y  0 < G < ~,  so that  the coef -  
f i c i en t  in the d e r i v a t i v e  d Ih /d r ,  al though sma l l ,  is  
not  z e r o .  E x p e r i e n c e  with p lane  w i r e  h e a t e r s  [2] 
i nd ica t e s  that  the value of the h e a t e r  c u r r e n t  wil l  
be 100-300  mA, whi le  the d i f f e r ence  I h - Ih0 ~ 50 - 
- 200 rnA. 

Calculation shows that if the second term in square 
brackets in (13) is neglected, the e r ro r  will be 

~0.3%.* 
TO eva lua te  the e r r o r  in t roduced  by ca lcu la t ions  

a c c o r d i n g  to (7), we sha l l  ana lyze  the solut ion of the 
equat ion 

, /~ho + R Rho +------R -j- 1 ~ q-- 

+ l~ Rh.__~o =2b @ho (14) 
V~7 

*Calcula t ions  w e r e  made  fo r  the fol lowing c i r c u i t  
p a r a m e t e r  values :  R = R h, Ih0 = 300 mA, G = 1000. 
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Taking the in i t i a l  condi t ions  into account ,  
ution has  the fo rm 

lh = .~f n ~  .~-'/' I_,, ( -~ ,'/' l/--mnn ) / 

w h e r e  

the s o l -  

(15) 

r n R h O  Uho ( R ) 
= ch 0 h o ~  CR~o+---~+l , 

n = b  1/_ ~ Ch [3hO G - -  + 1  . /~o + R Rho § R 

I_1/3, I2/3 a r e  modi f ied  B e s s e l  funct ions of the f i r s t  
kind of o r d e r  1/3  and 2 /3 .  

I 

mR 

p 

> 
Main m e a s u r i n g  c i r cu i t .  

Le t  us now c o m p a r e  (15) with (7) so lved  fo r  Ih: 

/h(•5),,(7) , 4 ,/, l / - ~ )  . 

D i r e c t  ca lcu la t ion  shows that  

I~ '~) l - v , ( l )  
I~ 7J h/, (1) 

- -  ~ 1.64, I~ TM _ I_,/,(4) ~1.04,  
l~ 7) I,/, (4) 

I~ ~5> I_, / , (10) = 1,015o 

Since in p r a c t i c e  ~ ~ 10 0-5) ,  even at  qu i te  s m a l l  
t imes  of o r d e r  0 . 1 - 1  see ,  ca l cu la t ions  based  on (7) 
wi l l  d i f f e r  by l e s s  than 0.1% f r o m  those  b a s e d  on (15). 

The a c c u r a c y  of d e t e r m i n a t i o n  of the t h e r m a l  
ac t iv i ty  may  be i n c r e a s e d  if we c o n s i d e r  that  the 
eventual  h e a t e r  t e m p e r a t u r e  depends  on the gain of 
the a m p l i f i e r .  We sha l l  c a l cu l a t e  this  t e m p e r a t u r e .  
F o r  this p u r p o s e  we e x p r e s s  the c u r r e n t  I h in (8) in 
t e r m s  of t e m p e r a t u r e  ,9 h and put r = ~o (s teady con-  
d i t ions) .  We then obta in  

R --1 ) = ~h.~. % = ~te  - -  l /h ,o  6R~ +-------~ 
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It is evident that the greater  G and flh0, the less w i l l  
~h~o differ f rom ,~h0. 

For  a more accurate determination of the thermal 
activity, ,~hoo should be substituted for Oh0 in (7), 

a =  

NOTATION 

X) thermal conductivity; a) thermal diffusivity; 
Uh0) voltage drop at heater with bridge balanced. 

INZHENERNO-FIZICHESKII ZHURNAL 

REFERENCES 

1. A. G. Shashkov, Doctoral dissertation [in 
Russian], Minsk, 1964. 

2. A. B. Verzhinskaya, Candidate's dissertation 
[in Russian], Minsk, 1964. 

3. A. F. Chudnovskii, Heat Transfer  in Dispersed 
Media [in Russian], Gostekhizdat, 1954. 

24March  1965  

[. 

Heat and Mass Transfer  Institute 
AS BSSR, Minsk 


