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The rheological  and the thermophysical  proper t ies  of high-viscosi ty  compounds (mastics) 
were measured  within shea r ing- ra te  and tempera ture  ranges most  typical of engineering 
applications.  

For  cor ros ion  and noise proofing of a l l -meta l  conveyances and automobile bodies in car  manufactur-  
ing and servic ing plants, one uses  h igh-viscos i ty  coating compounds of the b i tumen-mast ic  type. 

The following grades  of mast ic  a re  widely used in the industry:  No. 579, No. 213, No. 580, BPM, 
ABK, and since recent ly  also grade D l l - A  plastisol .  

Studies made at the Scientif ic-Industr ial  Department  of "Lakokraspokryt ie"  have shown that all these 
grades  of mast ic  a r e  distinctly non-Newtonian fluids and belong to the c lass  of nonlinear viscoplast ic mate -  
r ia ls .  

The development of technological p roces se s  and apparatus for such coatings has generated a need 
for engineering design methods.  These methods, which involve the use of formulas  applicable to the 
hydrodynamics of and the heat t r ans fe r  in non-Newtonian fluids, a re  largely based on handbook values of 
rheological  and thermophysical  proper t ies  - values which a re  also useful for the formulation of such 
coating compounds. 

The following rheological  equation descr ibes  the mast ics  l isted here  most  accurate ly  [1]: 
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TABLE I .  Ilheolo,rical Proper t i es  

J~_o 579 

~.o 213 

ABK-2 

BPM 

Mastic 

BPM 

Grade Dll-A 
plastisol 

[Heating 
!tempera- ro. N /m  z 
ttlre, *C 

20 20 
40 10 
60 5 
20 23 

2 
20 10 
40 3,6 
50 1,4 
20 3 
4O 0,5 
60 0,15 

3 
0,5 

60 0,15 
20 10 

J 
i/~p,N .sec 
I / m  
! 

1,6 
0,7 
0,5 
3,4 
1,4 
0,6 
1,6 
0,7 
0,5 
2,3 
0,8 
0,4 

4,9 

Note. The relative error of the measured 
exceed ~o. 

For the range 
n tofshearing 

lrates ~,, sec -i . 

2,5 
2,4 10--1000 ' 
2,3 
2,5 
2,4 10--I000 
2,3 
2 
1,9 1--1000 
1,8 
1,5 
1,4 10--1000 
1,3 
1,1 
1,I 1--I0 
1,l 
1,5 1--I000 

rheological properties does not 
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T A B L E  2. T h e r m o p h y s i c a l  P r o p e r t i e s  

Mastic 

A~ 579 

No 213 

BPM 

Grade D11-A 
plastisol 

Heating tern ! 
~rature, *C ]I, kg/m z k, W/m- deg �9 10e, mZ/sec 

24 
40 
70 
25 
45 
70 
24 
41 
60 
20 
40 
60 

1030 
1010 
999 

1050 
1030 
1010 
1260 
1240 
1210 
1340 
1320 
1300 

0,173 
0,139 
0,124 
0,153 
0,113 
0,108 
0,204 
0,179 
0,145 
0,224 
0,178 
0,174 

0,097 
0,077 
0,075 
0,078 
0,068 
0,068 
0,113 
0,104 
0,092 
0,143 
0,117 
0,102 

c, kj/kg, deg 

1,80 
1,80 
1,68 
1,88 
1,59 
1,51 
1,45 
1,38 
1,26 
1,17 
1,17 
1,30 

Note. The relative error of the measured thermophysical properties does not exceed 
50/o. 

T A B L E  3. Mean  N u s s e l t  N u m b e r  fo r  M a s t i c s  

Mastic. 1 l 
t ,  * C  - -  - - .  10  4 

P e  d 
N u  

50 5,55 75 
hr. 579 50 3,6 85 

51 2,85 89 
45 4,2 70 

No_ 213 46 3,26 77 
50 2,2 99 
46 4,76 69 

BPM-I ~ 51 I 3,5 74 
55 2,68 87 

Note.The relative error of the measured Nusselt number does 
not exceed 107o. 

P a r a m e t e r s  70, ~p,  n, c,  X, and  a = h / T c  a r e  
handbook  p r o p e r t i e s ,  r h e o l o g i c a l  and  t h e r m o p h y s i c a l ,  
r e s p e c t i v e l y ,  of t h e s e  m a s t i c s  and  t h e i r  v a l u e s  a t  the  
a p p r o p r i a t e  t e m p e r a t u r e s  a r e  l i s t e d  h e r e .  

The  r h e o l o g i c a l  p r o p e r t i e s  of t h e s e  m a s t i c s  
w e r e  m e a s u r e d  wi th  a c a p i l l a r Y  r h e o v i s c o m e t e r  a c -  
c o r d i n g  to the  p r o c e d u r e  in [2, 3]. 

The  m e t h o d  u s e d  f o r  m e a s u r i n g  the t h e r m o -  
p h y s i c a l  p r o p e r t i e s  of t h e s e  m a s t i c s  was  b a s e d  on 
the so lu t ion  to the  p r o b l e m  of t r a n s i e n t  hea t  c o n d u c -  
t ion  in  s y s t e m s  of  o r g a n i c  (coat ing  m a t e r i a l }  and i n -  
o r g a n i c  ( s u b s t r a t e  a s  r e f e r e n c e  m a t e r i a l )  l a y e r s  wi th  
b o u n d a r y  cond i t i ons  of the  f i r s t  and  the four th  k ind  
[4, 51. 

The h e a t  t r a n s f e r  c o e f f i c i e n t  was  m e a s u r e d  wi th  a s t e a d y  t h e r m a l  f lux and a c c o r d i n g  to the  Newton 
- R i e c h m a u n  law [3, 6]: 

dQ = ~ (tw - -  ts) d F .  

The  t h e o l o g i c a l  p r o p e r t i e s  of t h e s e  m a s t i c s  a r e  l i s t e d  in T a b l e  1; t h e i r  t h e r m o p h y s i c a l  p r o p e r t i e s  
a r e  l i s t e d  in  T a b l e  2; v a l u e s  of the h e a t  t r a n s f e r  c o e f f i c i e n t  Nu, a s  a func t ion  of the (1 /Pe )  ( l / d )  c o m p l e x ,  
a r e  shown in Tab le  3. 

N O T A T I O N  

T i s  the  s h e a r i n g  s t r e s s ;  
T o i s  the u l t i m a t e  s h e a r i n g  s t r e s s ;  
T i s  the s h e a r i n g  r a t e ;  
~p i s  the p l a s t i c  a n a l o g  of d y n a m i c  v i s c o s i t y ;  
n i s  the  non -Newton i an  exponen t ;  
c i s  the  s p e c i f i c  hea t ;  
a i s  the  t h e r m a l  d i f fu s iv i t y ;  
a i s  the  h e a t  t r a n s f e r  coe f f i c i en t ;  

t w i s  the  t e m p e r a t u r e  of  the  s u b s t r a t e  s u r f a c e ;  
t f  i s  the  t e m p e r a t u r e  of the t e s t  m a t e r i a l ;  
T i s  the  d e n s i t y ;  
Pe  i s  the P e c l e t  n u m b e r ;  
l i s  the  l eng th  of  the  t e s t  s p e c i m e n ;  
d i s  the  d i a m e t e r  of  the  t e s t  tube;  
Q i s  the  t h e r m a l  f lux;  
F i s  the a r e a  of  the  h e a t  t r a n s f e r  s u r f a c e ;  
X i s  the  t h e r m a l  c o n d u c t i v i t y .  
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