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This paper describes the construction, operating principle, and tech- 
nical specifications of an automatic apparatus for determining the 
thermal diffusivity of heat insulators. The automatically determined 
temperature dependences of the thermal diffusivities of asbestos ce- 
ment, textolite, micarta, and polystyrene are discussed. 

The p r i n c i p l e  of m a t h e m a t i c a l  s imu la t i on  was used  
to so lve  the p r o b l e m  of au toma t i c  d e t e r m i n a t i o n  of 
t h e r m a l  d i f fus ivi ty .  The de s ign  of the  c o m p u t e r  was 
based  on a s imu la t i on  f o r m u l a  [1] connec t ing  the m e a -  
s u r e d  phys i ca l  p a r a m e t e r s - - t h e  hea t ing  t e m p e r a t u r e  
and the t e m p e r a t u r e  d rop  on the inves t iga t ed  p la t e s .  
T h e s e  p a r a m e t e r s ,  which v a r y  cont inuous ly  dur ing  
the  e x p e r i m e n t ,  a r e  conve r t ed  to a d i r e c t  vo l tage  and 
fed into the  compu te r .  

The r e s u l t  of the computa t ion - - the  t h e r m a l  d i f fu-  
s i v i t y - - i s  obta ined  a l m o s t  i m m e d i a t e l y  a f t e r  the  input 
of the in i t ia l  da ta  and is  r e c o r d e d  on g raph  t ape  of an 
e l e c t r o n i c  r e c o r d e r .  

This  a p p a r a t u s  (Fig.  1) is  f r ee  f rom the  faul ts  i n -  
he r en t  to the appa ra tus  in [1, 2], s ince  i t  has an e l e c -  
t r on i c  compute r .  The d e t e r m i n a t i o n  of the t h e r m a l  
d i f fus iv i ty  in a wide t e m p e r a t u r e  r ange  en ta i l s  t h r e e  
o p e r a t i o n s :  d i f fe ren t i a t ion ,  mu l t i p l i ca t i on  by a con-  
s t an t  f ac to r ,  and d iv is ion .  

The s e n s o r s  for  the  in i t i a l  v a l u e s - - t h e  hea t ing  t e m -  
p e r a t u r e  t h of the s p e c i m e n  and the t e m p e r a t u r e  d rop  
At  on the s p e c i m e n - - c o n s i s t  o f  c h r o m e l - c o p e l  t h e r m o -  
coup les  T z and T1, the  l a t t e r  be ing  of the  d i f f e r e n t i a l  
type.  The t h e r m o - e m f  of t he se  t h e r m o c o u p l e s  is  c o n -  
v e r t e d  to a p r o p o r t i o n a l  d i r e c t  c u r r e n t  by the  e l e c t r o n i c  
c o n v e r t e r s  CC 1 and CC 2. The  s ignal  p r o p o r t i o n a l  to 
the  t e m p e r a t u r e  d rop  At is  fed d i r e c t l y  into the d iv i s ion  
c i r c u i t  and the s ignal  p r o p o r t i o n a l  to the  hea t ing  t e m -  
p e r a t u r e  t h of the  e x t e r n a l  s ide  f aces  of the s p e c i m e n  
is f i r s t  d i f f e r en t i a t ed  and then  ampl i f i ed  by  the c o n -  
v e r t e r  CC 3- 

The  d iv i s ion  c i r c u i t  is  b a s e d  on a E P P - 0 9  au tomat i c  
m i l l i v o l t m e t e r  with a un i fo rm sca le .  The c i r c u i t  con -  
s i s t s  of a s l ide  w i re ,  connec ted  up in a p a r t i c u l a r  
m a n n e r ,  and a s e r v o  s y s t e m .  C u r r e n t s  p r o p o r t i o n a l  
to the  d e r i v a t i v e  of the  hea t ing  t e m p e r a t u r e  wi th  r e -  
s p e c t  to the  t i m e  d th /d  ~ and the  t e m p e r a t u r e  d rop  At  
a r e  fed to the  two inputs of the s l i de  wi re .  The vo l tage  
app l i ed  to the  input of the  null  i nd ica to r  of the s e r v o  
s y s t e m  f rom the s l i de  w i r e  is p r o p o r t i o n a l  to the d i f -  
f e r e n c e  

dt h kl ~ - - k ~ A t .  

The s c a l e  r e a d i n g s  on the  m i l l i v o l t m e t e r  a r e  p r o -  
po r t i ona l  to 

n = 2--  I~/l~, 

where  n is  the  r a t i o  of the po in t e r  r e a d i n g  to the whole 
s ca l e ,  I l i s  the  output c u r r e n t  of CC8, which is p r o -  
po r t i ona l  to dth/dT;  12 is the  output c u r r e n t ,  which is 
p r o p o r t i o n a l  to At.  

Thus 

f rom which 

k dth / n = 2 - -  1 - ~  / k2 A t, 

dth / A t =  k~ (2--n).  
dT / k~ 

The f o r m u l a  for  ca l cu la t ing  the t h e r m a l  d i f fus iv i ty  
has the  fo rm 

a = (2-- n) 12/43.6R, (1) 

w h e r e  l is  the t h i c k n e s s  of the  s p e c i m e n  p la te  in mm;  
R is the  r e s i s t a n c e  (in ohm) in the  d i f f e r e n t i a t i ng  c i r -  
cuit ,  which d e t e r m i n e s  the r a n g e  of m e a s u r e m e n t  of 
the  t h e r m a l  d i f fus iv i ty  a. F r o m  th is  f o r m u l a  a is  o b -  
t a ined  in m2/h. 

I t  fol lows f rom e x p r e s s i o n  (1) tha t  a r educ t ion  in 
the  t h e r m a l  d i f fus iv i ty  c o r r e s p o n d s  to an i n c r e a s e  in 
the s c a l e  r e a d i n g  of the  i n s t rumen t .  The s c a l e  is  c a l -  
cu la ted  for  each  spec i f i c  e x p r e s s i o n  for  the  t h i cknes s  
of the  s p e c i m e n  p la te .  

The a p p a r a t u s  can  be used  for  au toma t i c  m e a s u r e -  
ment  of the  t h e r m a l  d i f fus iv i ty  of hea t  i n s u l a t o r s  in the  
r ange  0 . 6 - 5 - 1 0  -~ mZ/sec .  This  r ange  is d iv ided  into 
t h r e e  sub ra nge s .  Changeover  f rom one to the  o ther  is 
e f fec ted  by swi tch ing  the r e s i s t o r s  in the  d i f f e r en t i a t i ng  
c i r cu i t .  The s p e c i m e n s  cons i s t  of 100 x 100 m m  p l a t e s ,  
3 - 1 0  m m  thick.  The  con tac t ing  s u r f a c e s  of the  p l a t e s  
a r e  po l i shed  for  good t h e r m a l  contact .  

Q u a s i - s t a t i o n a r y  t h e r m a l  condi t ions  a r e  p r o d u c e d  
in the  p l a t e s  by an au toma t i c  p r o g r a m m e d  r e g u l a t i n g  
s y s t e m  in which the r e g u l a t i n g  dev ice  is  a E P - T - 5 9  
e l e c t r o n i c  r e g u l a t o r  [3]. The p r e s c r i b e d  r a t e  of h e a t -  
ing is f ixed by a p r o g r a m m e d  c o n t r o l l e r  c on s i s t i ng  of 
a dev ice  p roduc ing  a l i n e a r l y  i n c r e a s i n g  vol tage .  The 
t e m p e r a t u r e  s e n s o r  for  the  r e gu l a t i ng  s y s t e m  is a 
c h r o m e l - c o p e l  t h e r m o c o u p l e  T 3. By means  of two RKN 
e l e c t r o m a g n e t i c  r e l a y s  the r~gu l a to r  con t ro l s  a r e -  
v e r s i b l e  m o t o r  RM, which is  connec ted  th rough  a r e -  
duc ing  gea r  to the  s l i d e r  of an a u t o t r a n s f o r m e r .  The  
l a t t e r  a l t e r s  the  c u r r e n t  th rough  the h e a t e r s  H 1 and 
H 2 so tha t  the t e m p e r a t u r e  on the ou te r  f aces  of the  
s p e c i m e n s  v a r i e s  l i n e a r l y .  

The range  of v a r i a t i o n  of the  hea t ing  t e m p e r a t u r e  
is  20~ ~ C. The upper  l i m i t  can be i n c r e a s e d  to 
600o-800 ~ C; i t  depends  on the des ign  of the  h e a t e r s  
and the  e l e c t r i c a l  c i r c u i t  of the  c u r r e n t  c o n v e r t e r s .  
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Fig. 1. Block diagram of apparatus. CCI, CC 2, CC 3) Current  con- 
ver te rs ;  Ht, H2) flat heaters;  T1) differential thermocouple; T2, 
T~ )thermocouples;  S) specimens; SS) servo system of electronic 
millivoltmeter;  ER) electronic regulator;  PC) programmed con- 
t ro l ler ;  RM) revers ible  motor with reducing gear; VR) voltage 

regulator;  SW) slide wire of electronic mill ivoltmeter.  
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Fig. 2. Plots of thermal  diffusivity a(m 2. sec -1) of tex-  
tolite (1), asbestos cement (2), polystyrene (3), and 
micar ta  (4) against temperature  t (~ a) Determined 
by automatic device; b) by manual method; c) from data 

of [5]; d and e) from data of [6] and [4]. 
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F i g u r e  2 c o m p a r e s  the  da ta  obta ined on the a u t o -  
ma t i c  a p p a r a t u s  with da t a  obta ined  manua l ly  by the 
q u a s i - s t a t i o n a r y  h e a t - r e g i m e  method,  and a l so  with 
pub l i shed  data .  An examina t ion  of the  t e m p e r a t u r e  
dependences  of the t h e r m a l  d i f fus iv i ty  of hea t  i n s u l a t o r s  
ind ica t e s  a s a t i s f a c t o r y  a g r e e m e n t  to a r e a s o n a b l e  
d e g r e e  of a c c u r a c y .  T h e r e  is  a s y s t e m a t i c  e r r o r  of 
1 .7 -2% due to the  h igher  va lues  g iven  by  the au toma t i c  
dev i ce  in the  f i r s t  s t age  of the  e x p e r i m e n t  and the  
l ower  va lues  in the  second  s t age  in c o m p a r i s o n  with 
the  manua l ly  obta ined  r e s u l t s .  We think tha t  the  a u t o -  
m a t i c a l l y  obta ined r e s u l t s  a r e  the m o r e  a c c u r a t e .  The 
au tomat ic  dev i ce  cont inuous ly  fol lows the l i n e a r i t y  of 
the t h e r m o g r a m .  In the  f i r s t  s t a g e  of the  e x p e r i m e n t ,  
de sp i t e  the  g e n e r a l l y  good l i n e a r i t y  of the  t h e r m o -  
g r a m ,  t h e r e  is  a r e l a t i v e l y  s m a l l  s t a t i c  r egu l a t i on  
e r r o r .  In th is  c a s e  the  v a r y i n g  va lue  of the  t e m p e r a -  
t u r e  l ags  a l i t t l e  behind,  and in the second  s t age  is  
in advance  of, the  a s s i g n e d  t e m p e r a t u r e .  In  view of 
th i s ,  the  d e r i v a t i v e  of the t e m p e r a t u r e  with r e s p e c t  
to t i m e  changes  and so does  the n a t u r e  of the t e m p e r a -  
t u r e  dependence  of the  t h e r m a l  d i f fus ivi ty .  

The ob ta ined  t e m p e r a t u r e  dependences  of the  t h e r -  
ma l  d i f fus iv i ty  of hea t  i n s u l a t o r s  a r e  c u r v e s  which 
de scend  with t e m p e r a t u r e  i n c r e a s e .  S e v e r a l  of t hem 
a r e  in good a g r e e m e n t  with pub l i shed  va lues  of a [4, 5]. 

We e s t i m a t e  the e x p e r i m e n t a l  e r r o r  as  fol lows:  
1. The e r r o r  due to the  non l inea r i t y  of hea t ing  of 

the s p e c i m e n  p l a t e s  i s  1 .5-2%.  
2. The e r r o r  due to i ncomple t e  t h e r m a l  con tac t  

be tween  the h e a t e r s  and p l a t e s  is  r e d u c e d  to a m i n i m u m  
by the use  of a s p e c i a l l y  des igned  pneumat ic  c l amp ,  
which p r o d u c e s  a spec i f i c  p r e s s u r e  of m o r e  than  196. 
�9 104 N/m 2 on 100 x 10O mm plates, and of more than 

764 �9 104 N/m 2 on 50 x 50 mm plates. Moreover, since 

the plates are polished and the thermocouples are 

flattened this e r ror  obviously cannot be more than 

1.5-2%. 
3. The error due to nonlinearity of conversion of 

the measured thermo-emf to direct current at the out- 

put of the current converters is not more than 0.5%. 

The l i n e a r i t y  of the  ampl i tude  c h a r a c t e r i s t i c s  of the 
c u r r e n t  c o n v e r t e r s  e n s u r e s  a n e r r o r  of about 0 .1-0 .2%.  

4. The e r r o r  due to a u t o m a t i c  c on t ro l  of the  r e -  
su l t  of so lu t ion  of the s i m u l a t i o n  f o r m u l a  by m e a n s  
of the  s e r v o  s y s t e m  is  not  m o r e  than  0.5%. 

5. The e r r o r  due to inequa l i ty  of the  hea t ing  t e m -  
p e r a t u r e  on the ou te r  s ide  f aces  of the  p l a t e s  is  not 
m o r e  than  0 .2 -0 .3%,  s ince  the hea t ing  of the  two s ides  
is  equa l i zed  be fo re  the  e x p e r i m e n t .  

6. The e r r o r  due to i n a c c u r a c y  of the  s i m u l a t i o n  
f o r m u l a  is  not  m o r e  than  0.5%. 

Thus,  the to ta l  e r r o r  in the au toma t i c  d e t e r m i n a -  
t ion  of the  t e m p e r a t u r e  dependence  of the  t h e r m a l  d i f -  
fus iv i ty  by means  of t h e  e l e c t r i c  c o m p u t e r  is  not m o r e  
than  5-6%. 

NOTATION 

Here  a deno tes  the t h e r m a l  d i f fus iv i ty ;  t n i s  the t e m -  
p e r a t u r e  of hea t ing  of the ou te r  s ide  f a c e s  of s p e c i -  
m e n s ;  At  is  the t e m p e r a t u r e  d rop  on the s p e c i m e n ;  l 
i s  the t h i c k n e s s  of s p e c i m e n ;  T is  the t i m e ;  I is  the ou t -  
put  c u r r e n t  of the c o n v e r t e r .  
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