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Results are presented from the determination of the thermophysical 
characteristics for various mixtures of pigments and fillers. The 
investigations were carried out by the method of a single temperature 
time interval. A description of this method is presented in this article. 

The t h e r m o p h y s i c a l  c h a r a c t e r i s t i c s  of p o w d e r s  a r e  
s t r o n g  func t ions  of bulk dens i ty .  To  p r e v e n t  the  non-  
u n i f o r m i t y  of the  dens i t y  d i s t r i b u t i o n  th rough  the v o l -  

T a b l e  1 

The  Func t ion  e = f ( p )  fo r  the  I n t e r v a l  f r o m  
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ume  of the powder  f r o m  d i s t o r t i n g  the v a l u e s  d e t e r -  
m i n e d  f o r  the t h e r m o p h y s i c a l  c h a r a c t e r i s t i c s ,  the 
l a y e r  of the f r e e - f l o w i n g  m a t e r i a l  to be t e s t e d  m u s t  
be m a d e  su f f i c i en t ly  th ick .  H o w e v e r ,  wi th  a v e r y  th ick  
l a y e r - - o n  d i r e c t  app l i ca t i on  of the m e t h o d  of two 
t e m p e r a t u r e - t i m e  i n t e r v a l s  i l l - - t h e  e x p e r i m e n t  b e -  
c o m e s  e x c e s s i v e l y  long,  thus m a k i n g  it n e c e s s a r y  to 
e n l a r g e  [ lengthen]  the hea t  r e c e i v e r ,  to i m p r o v e  the 
t h e r m a l  i n su l a t i on  of the s i d e s ,  e tc .  It is t h e r e f o r e  
exped ien t  to d e v i s e  a p r o c e d u r e  f o r  o b s e r v i n g  the 
p o w d e r s  so  as  to m a k e  it p o s s i b l e  (with a v e r y  th ick  
l a y e r )  to l i m i t  the  du ra t i on  of the e x p e r i m e n t  to the 
m e a s u r e m e n t  of only a s ing le  t i m e  i n t e r v a l  AT.  

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  and 
of the  t h e r m a l  conduc t iv i t y  wi l l  be  c a r r i e d  out s e p a -  
r a t e l y  in th is  c a s e .  

E x p e r i m e n t  I. 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 fu-  
s i v i t y  of the p o w d e r s .  If the two m e d i a  A and B (see  
f i gu re )  c o n s i s t  of the i den t i ca l  t e s t  m a t e r i a l  [ f r e e -  
f lowing] ,  the  quant i ty  e = X .r B wil l  be equal  
to uni ty ,  r e g a r d l e s s  of the  v a l u e s  c h o s e n  fo r  N1/N 0 , 
N2/No, and N3N ~ , i . e . ,  r e g a r d l e s s  of which  of the 

w o r k i n g  t a b l e s  f r o m  [2] we choose  f o r  the  v a l u e s  of 
the p a r a m e t e r s  p and e .  Since  the v a l u e s  of the  p a -  
r a m e t e r s  p and e in the w o r k i n g  t ab l e s  a r e  i n t e r r e l a t e d ,  
i . e . ,  e = f ( p ) ,  the va lue  of the  p a r a m e t e r  e--- l i n a  
g iven  w o r k i n g  t ab le  c o r r e s p o n d s  to a fu l ly  def ined  
va lue  of p = P0.  The  func t ion  e --f(p) is  d e t e r m i n e d  by 
choos ing  only a s ing le  i n t e r v a l  f r o m  N1/N 0 to N2/N 0 
and is  e n t i r e l y  independen t  of the second  i n t e r v a l .  

Tab le  1 g i v e s  the func t ion  e = f ( p ) f o r  the i n t e r v a l  

f r o m  N 1 = 0.95 N o to N 2 = 0.90 N 0. 
Having  m e a s u r e d  the  t i m e  i n t e r v a l  AT c o r r e s p o n d -  

ing  to the d i f f e r e n c e  N 1 - N 2 = A N ,  we f ind the  va lue  
fo r  the c o e f f i c i e n t  of t h e r m a l  d i f fus iv i ty  f r o m  the f o r -  
m u l a  a = h 2 / 4 p 0 A r .  

E x p e r i m e n t  II~ D e t e r m i n a t i o n  of the  t h e r m a l  con-  
duc t iv i ty  of the p o w d e r s .  If we take  the f r e e - f l o w i n g  
t e s t  m a t e r i a l ,  as  b e f o r e ,  as the hea t  r e c e i v e r  B, and 
if f o r  the m e d i u m  A we take  a p la te  with known c h a r -  
a c t e r i s t i c s  aA,  XA, and h A, by e x p e r i m e n t a l l y  m e a s u r -  
ing  the t i m e  i n t e r v a l  A T '  c o r r e s p o n d i n g  to the  d i f f e r -  
ence  AN = N 1 - N2, we wi l l  have  

hl 
a A - -  4])' AT' " 

Since  the  quan t i t i e s  a A ,  h A ,  and A ~-T a r e  known,  
we f ind 

P' 4a A Ax' �9 

Knowing the p a r a m e t e r  pt and u s ing  the t ab le  fo r  the  
func t ions  e = f (p ) ,  we f ind the va lue  of e T which  c o r -  
r e s p o n d s  to the va lue  of p~, Then  

b ..~ bA/8'and ~ = b ]/-a,  

w h e r e  the va lue  of a is  t aken  f r o m  the  f i r s t  e x p e r i m e n t .  
In d e t e r m i n i n g  the t h e r m o p h y s i c a l  c h a r a c t e r i s t i c s  

of the g iven  f r e e - f l o w i n g  m a t e r i a l ,  we a l so  have  to 
m e a s u r e  the d e n s i t y  of the m a t e r i a l .  In th is  c a s e ,  the 
d e t e r m i n e d  v a l u e s  of the c o e f f i c i e n t s  a and X wi l l  c o r -  
r e spond  to the d e t e r m i n e d  dens i t y  of the powder  be ing  
t e s t e d .  

If we know the  dens i t y ,  we can  c a l c u l a t e  the  c o r -  
r e s p o n d i n g  va lue  of the hea t  c a p a c i t y  c = X / a p .  

To d e t e r m i n e  the t h e r m o p h y s i c a l  c h a r a c t e r i s t i c s  of 
th ick  l a y e r s  of m o n o l i t h i c  m a t e r i a l s ,  we a l so  have  to 
c a r r y  out  two e x p e r i m e n t s .  H o w e v e r ,  the s e q u e n c e  
of the o b s e r v a t i o n s  and c a l c u l a t i o n s  wi l l  be  d i f f e r e n t  
f r o m  the s tudy of p o w d e r s .  

E x p e r i m e n t  1. The  i t e m  be ing  t e s t e d  is  the  h e a t  
r e c e i v e r  B which  is  a so l id  c y l i n d e r  wi th  e x c e l l e n t  
t h e r m a l  i n su l a t i on  at the s i d e s .  If the t e s t  s p e c i m e n s  
a r e  m a d e  in the  f o r m  of c i r c u l a r  p l a t e s  each  of whose  
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Scheme of the laboratory installation for determi-  
nation of the thermal proper t ies  by the method of 
two-temperature  intervals:  H0 heater made in 
form of the multijet sprayer  fed with water f rom 
a circulating thermostat ;  ]) hollow cylinder, 
made of thermal insulating material ;  2) thins 
steel needle or tensed string with thermocouple 
junction I fastened to it. Needle is rigidly con- 
nected to cylinder base; 3) sectional euvette 
screwed on cylinder 1; 4) measuring cylinder 
for setting thickness of the powder under study; 
5) metal r ing rigidly fastened to cuvette 3; 6) 
thin copper plate pressed to ring 5 protrusion 
with cylinder 4 when cuvette 3 is screwed to cyl-  

inder 1. 

Table 2 

Results from the Determination of Thermophysical  Character is t ics  
for Free-f lowing Pigments and Fil lers  

Designation of powder and its basic 
composition 

T i t a n i u m  w h i t e  T i O  2 

Bar i te  BaSO a 

Zinc p o w d e r  Zn 

A l u m i n u m  p o w d e r  Al  

Zinc w h i t e  Z n O  

L i t h o p o n e  ZnS  + BaSO a 

C h r o m e  y e l l o w  Pb - C r O  4 

P e t r o l e u m  c a r b o n  b lack  ( ca rbon  94%) 

Talc 4S iO 2 - 3MgO - H 2 O 

Mica K 2 0  �9 3 A l 2 0 3  - 6SiO 2 �9 2 H 2 0  

M i c r o d i a t o m i t e  SiO~ 

t 
a -  lO s . I h 
m 2/sec I Wire ~' 

8.9 
14.7 
19.2 
47.7 
19.1 
i1.0 
8.3 

26.9 
16.4 
13.3 
24.1 

deg 

0.068 
0.155 
0.215 
0.256 
0.090 
0.082 
0.056 
0.066 
0.105 
0.077 
0.048 

b~ 
(W. sectn)/ 
/(m 2. deg) 

228 
406 
491 
371 
206 
248 
194 
128 
259 
211 
976 

c , J /  
/(kg deg~ 

713 
397 
360 

1210 
470 
486 
482 
678 
658 
965 
860 

P~ 
kg/m 3 

1073 
2655 
3133 
438 

1000 
1525 
1400 
364 

1024 
598 
231 
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Table  3 

Resul ts  f rom the Determina t ion  of the Thermophys ica l  
C h a r a c t e r i s t i c s  of Powdered  Polyvinylbutyral  (PVB) 

and of its Mixtures  with Various F i l l e r s  

Designation of powder and percentage 
content of m i x t u r e  

PVB (100%) 
PVB (74.6%) + barite (25,4%) 
PVB (65.0%) + zinc powder 

(35.0%) 
PVB (83.5%) + aluminum powder 

(16.5%) 

a" l 0  s 

m2/sec 

14.9 
13.0 

13.3 

15.6 

X,W/ 
/(m" deg) 

0.058 
0,072 

0.068 

0.092 

/ 
b, it2 ~ e,J] 

!W.2see ,)]1 ](kg- deg) 
/(m .ueg) { 

150 1300 
200 1170 

187 1005 

233 1415 

p', 
kg/m s 

303 
482 

506 

414 

th icknesses  is inadequate for  the s ize  of the heat  r e -  
c e i v e r ,  two or th ree  spec imens  can be connected to 
each other  at the i r  ends,  these  ends having been lu- 
b r ica ted  with cas to r  oil.  

Any f r ee - f lowing  m a t e r i a l  with a given l aye r  th ick-  
ness  h 1 and with known the rmophys ica l  c h a r a c t e r i s t i c s  
a t and X 1 is taken as the med ium A. A f r ee - f lowing  
substance is chosen because  it is be t te r  able than 
other  m a t e r i a l s  to ensure  good the rma l  contact  be -  
tween the media  A and B in these  expe r imen t s .  

Having m e a s u r e d  the AT cor responding  to the chosen 
2 

AN = N l - Nz, we will  have a 1 = hl/4pA~-. Since the 
quanti t ies a 1, h l, and AT a re  known, we find 

P 4a] A~ 

Knowing the p a r a m e t e r  p, f r o m  the table we find the 
= f(p)  cor responding  to the value of the p a r a m e t e r  e 

Exper imen t  2. The med ium A of th ickness  h s e r v e s  
as the monol i thic  tes t  spec imen.  The heat r e c e i v e r  B 
in this exper iment  is the same f r ee - f lowing  substance 
which was used in the f i r s t  exper iment  as the m e -  
dium A. 

In this case  e' = 1 /e .  Using the table fo r  ~ = f (p) ,  

we find the cor responding  value of p~. 
Having exper imenta l ly  m e a s u r e d  AT'  cor responding  

to the d i f ference  AN = N t - N2, we find 

h 2 

4p" A'r' 

---- bt e' V a =  ~ 8' I / a .  
Vad 

The component parts for the laboratory installation 
used to determine the thermophysical characteristics 
of the free-flowing substances and the thick layers of 
the various materials are shown in the figure. 

To prevent the penetration of water from the heater 
into the test powder, a paraffin-soaked paper layer 
can be used to cover the protrusion of ring 5. 

We note that in the second experiment, both to 
study the powders and to investigate the monolithic 
specimens, measuring cylinder 4 and copper plate 6 
are not necessary, since plate A and the monolithic 
test specimen are waterproof and their thicknesses 
are well known. Cuvette 3 in the second experiment 
is screwed onto cylinder I until joint I is tightly fixed 
to plate A or to the test specimen. 

The detailed methods were used to determine the 
thermophysical characteristics of various mixtures of 
pigments and fillers. The investigations were carried 
out both on powders and on monolithic specimens. 

The measurement results are presented in Tables 
2-4. 

Table 4 

Results from the Determination of the Thermophysical 
Characteristics of Monolithic Specimens of Polyvinyl- 
butyral (PVB) and of its Mixtures with Various fillers* 

Designation of the monolithic specimen and a .  10 s , }., W/ b, 1/2 
the percentage content of the mixture m z/see /(m deg) ~Se~eg 

PVB (100%) 
PVB ('7 $.6%) + titanium white 

(24.4%) 
PVB (74.6%) + barite (25.4%) 
PVB (65%) + zinc powder (35%) 
PVB (83.5%) + aluminum powder 

(16.5%) 

13.9 

16.9 
15.8 
15.3 

49.2 

0.200 

0.258 
0,252 
0.252 

0.805 

535 

63O 
635 
645 

115 

*The monolithic specimens were made by extrusion of polyvinylbutyral 
powder with various fillers at a pressure of 50 atm and at a temperature of 
150 ~ C. 
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NOTATION 

AT is the t ime  of l i g h t - i n d i c a t o r  mot ion in the 
ga lvanome te r  between given sca le  d iv i s ions ;  a is  the 
t h e r m a l  diffusivi ty;  ~ is  the t h e r m a l  conduct ivi ty;  
b and b B a re  the t h e r m a l  ac t iv i t i e s  of the m a t e r i a l  
s tudied and of the heat  r e c e i v e r ,  r e spec t i ve ly ;  c is  
the spec i f i c  heat  capaci ty ;  p is the dens i ty  of sub-  
s tance;  h is  the th ickness  of the m a t e r i a l  under  
study; e and p a r e  the p a r a m e t e r s  f rom work ing the  
t ab le s  [2]. 
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