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The construction and operating principles of a viscosimeter for studying the viscosity of 

corrosive and toxic vapors are described. This viscosimeter has been used to study the 

viscosity of water vapor over the temperature range 150-650~ 

The t e m p e r a t u r e  d e p e n d e n c e  of the v i s c o s i t y  of v a p o r s ,  e s p e c i a l l y  of c o r r o s i v e  v a p o r s ,  is  u s u a l l y  
s t u d i e d  by a c a p i l l a r y  m e t h o d  in a c l o s e d  c i r c u l a t i o n  s y s t e m .  The a p p a r a t u s  i s  c o n s t r u c t e d  in such  a m a n -  
n e r  tha t  only v e r y  s m a l l  a m o u n t s  of the s u b s t a n c e  a r e  n e c e s s a r y .  In add i t i on ,  the  c l o s e d  c i r c u l a t i o n  s y s -  
t e m  p e r m i t s  a h e r m e t i c  s e a l  and cont inuous  o p e r a t i o n  of the  v i s c o s i m e t e r .  The  a p p a r a t u s  i s  s i m p l e  in c o n -  
s t r u c t i o n  and conven ien t  to u s e ;  F i g .  1 shows  a d i a g r a m  of i t .  

The  t e s t  s u b s t a n c e  1 is  p l a c e d  in an e v a p o r a t o r  2 i n n  c o p p e r  t h e r m o s t a t  4. The m o i s t  v a p o r  e n t e r s  the 
s u p e r h e a t e r  5, w h e r e  i t  i s  d r i e d  and h e a t e d  to the e x p e r i m e n t a l  t e m p e r a t u r e  t o . The p r e p a r e d  v a p o r  then 
p a s s e s  t h rough  the w o r k i n g  c a p i l l a r y  6 in the t h e r m o s t a t  7 and th rough  a tube S, hea t ed  f r o m  the o u t s i d e ,  
into the c o n d e n s e r  9, w h e r e  i t  c o n d e n s e s .  The c o n d e n s a t e  f lows into the vo lume  flow m e t e r  10, f r o m  which  
it is  p e r i o d i c a l l y  p o u r e d  i n t o t h e  c o l l e c t o r  11 and r e t u r n e d  th rough  tube 12 to the v a p o r  g e n e r a t o r .  The 
p r e s s u r e  d rop  A:P be tween  the v a p o r  g e n e r a t o r  and the c o n d e n s e r ,  which  is  p r a c t i c a l l y  equa l  to the p r e s -  
s u r e  d rop  in the c a p i l l a r y ,  is  d e t e r m i n e d  f r o m  the he igh t  AH of the l iqu id  c o l u m n .  

The l e v e l  of the l i qu id  in the  e v a p o r a t o r  i s  d e t e r m i n e d  by m e a n s  of the w a t e r - g a u g e  tube 3, which  
is  p l a c e d  in an e v a c u a t e d  hous ing  to p r e v e n t  r a p i d  c o n d e n s a t i o n .  The  tube 3 can  be used  to m e a s u r e  the 
bo i l ing  t e m p e r a t u r e  c o r r e s p o n d i n g  to the v a p o r  p r e s s u r e  in the e v a p o r a t o r .  

An  i n e r t  ga s  (He) is  fed into the a p p a r a t u s ,  c o n s i d e r a b l y  s i m p l i f y i n g  the e s t a b l i s h m e n t  of a g iven  p r e s -  
s u r e  at  the output  f r o m  the c a p i l l a r y  and p r o v i d i n g  n o r m a l  cond i t i ons  fo r  the o p e r a t i o n  of the flow m e t e r .  
S h o r t l y  a f t e r  the c i r c u l a t i o n  s t a r t s  in the s y s t e m ,  the t e s t  v a p o r  c o m p l e t e l y  d i s p l a c e s  the i n e r t  ga s  f r o m  
the e v a p o r a t o r  and c a p i l l a r y .  

C a l c u l a t i o n s  have  shown that  the d i f fu s ion  r a t e  of the i n e r t  g a s  is  so much  s m a l l e r  than the o p p o s i t e l y  
d i r e c t e d  v a p o r  f lux in the  c a p i l l a r y  tha t  it  i s  e s s e n t i a l l y  i m p o s s i b l e  fo r  a m i x t u r e  of the  t e s t  v a p o r  wi th  
h e l i u m  to f o r m  in any p a r t  of the c a p i l l a r y .  The  s o l u b i l i t y  of the h e l i u m  in the l~quid i s  so  s m a l l  t h a t  c o n -  
t a m i n a t i o n  of the t e s t  s u b s t a n c e  in the c a p i l l a r y  by the h e l i u m  and i t s  e f f ec t  on the v i s c o s i t y  m e a s u r e d  can  
be n e g l e c t e d .  

T h e r e  i s  a h y d r o d y n a m i c  d r a g  d e v i c e  13 in the a p p a r a t u s  to p r o v i d e  h y d r o d y n a m i c  s t a b i l i t y  and to 
s u p p r e s s  p o s s i b l e  o s c i l l a t i o n s  in the s y s t e m  be tw e e n  the e v a p o r a t o r  2 and the m a n o m e t r i c  tube 12. The  
d e v i c e  is  c o n s t r u c t e d  in such  a m a n n e r  tha t  i t s  e f f ec t  is  su f f i c i en t  to s u p p r e s s  o s c i l l a t i o n s  ye t  s m a l l  enough 
to be i g n o r e d  in the m e a s u r e m e n t  of ~ P .  

The flow r a t e  in a l l  p a r t s  of the  a p p a r a t u s  e x c e p t  the c a p i l l a r y  i s  so s m a l l  that  no c o r r e s p o n d i n g  c o r -  
r e c t i o n  is  n e c e s s a r y  fo r  the p r e s s u r e  d r o p .  

The  f low r a t e  of the s u b s t a n c e  in the s y s t e m  is  m e a s u r e d  by an  i n s t r u m e n t  10 of novel  d e s i g n .  The 
c o n d e n s a t e ,  which  f lows con t i nuous ly  f r o m  the c o n d e n s e r  to the f low m e t e r ,  f i l l s ,  d u r i n g  a m e a s u r e d  t i m e  

Ins t i t u t e  of High T e m p e r a t u r e s ,  A c a d e m y  of S c i e n c e s  of the USSR, M osc ow .  T r a n s l a t e d  f r o m  In -  
z h e n e r n o - F i z i c h e s k i i  Z h u r n a l ,  Vol .  15, No.  6, pp .  1120-1123,  D e c e m b e r ,  1968. O r i g i n a l  a r t i c l e  s u b m i t t e d  
M a r c h  5, 1968. 

�9 1972 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York, 
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without 
permission of the publisher. A copy of this article is available from the publisher for $15.00. 

1261 



T A B L E  1. E x p e r i m e n t a l  V i s c o s i t y  of W a t e r  V a p o r  

/,~ 151,0 258,5 [ 351,5 475,4 
1 

632,2 
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k~. sea [ ~ . 1 0 - 6 ~ 1  1,410 1,886 2,274 2,764 4,390 

F i g .  1. D i a g r a m  of  the  v i s c o s i m e t e r .  

v, a c o n t r o l  vo lume  V 0 which  o c c u p i e s  p a r t  of the v e s s e l  
10, b o r d e r e d  by the l e v e l  i n d i c a t o r s  and p a r t  of the  o v e r -  
f low s iphon ,  and d r o p s  into the l iqu id  c o l l e c t o r .  

Tak ing  into accoun t  the me thod  u sed  to m e a s u r e  
AP in the c a p i l l a r y  ( f rom the he igh t  of the l iqu id  co lumn) ,  
one can  e a s i l y  show tha t  the k i n e m a t i c  v i s c o s i t y  v found 
f r o m  the m e a s u r e m e n t s  can  be d e t e r m i n e d  f r o m  a m o d i -  
f ied H a g e n - P o i s e u i l l e  equa t ion  

V ~ k A H T ,  

w h e r e  ~" i s  the t ime  r e q u i r e d  to f i l l  the c o n t r o l  v o l u m e  
V 0 wi th  the c o n d e n s a t e ,  and k is  the  a p p a r a t u s  c o n s t a n t  
(k = 0r /8) (R4/LV0)) .  A c o r r e c t i o n  fo r  the end e f f ec t s  in 
the c a p i l l a r y  ana logous  to the H a g e n b a c h - C o u e t t e  c o r r e c -  
t ion shou ld ,  of c o u r s e ,  be i n t r o d u c e d .  

In an  e x p e r i m e n t  to d e t e r m i n e  the k i n e m a t i c  v i s c o s -  
i ty ,  t h e r e f o r e ,  m e a s u r e m e n t s  m u s t  be m a d e  of the d i f -  
f e r e n c e  be tween  l iqu id  l e v e l s ,  the t i m e  r e q u i r e d  to f i l l  
the  c o n t r o l  v o l u m e ,  and the c a p i l l a r y  t e m p e r a t u r e .  To 
d e t e r m i n e  the d y n a m i c  v i s c o s i t y ,  the v a p o r  d e n s i t y  u n d e r  
the e x p e r i m e n t a l  cond i t ions  m u s t  a l so  be known.  

This  p r o c e d u r e  has  been  u sed  to d e t e r m i n e  the 
d y n a m i c  v i s c o s i t y  of w a t e r  v a p o r  o v e r  the t e m p e r a t u r e  
r a n g e  150-650~ at  a t m o s p h e r i c  p r e s s u r e .  The c i r -  
c u l a t i o n  s y s t e m ,  e x c e p t  for  the c a p i l l a r y  and s u p e r h e a t e r ,  
was  m a d e  of m o l y b d e n u m  g l a s s .  The c a p i l l a r y  and s u p e r -  
h e a t e r ,  which  w e r e  in the h i g h - t e m p e r a t u r e  zone ,  w e r e  of 
fused  q u a r t z .  

C a l i b r a t i o n  of the c a p i l l a r y  showed  i t  to have  a d i a m e t e r  of D = 0 . 4 5 5 m m  a n d a l e n g t h  of L = 280 r a m .  
In a l l  the e x p e r i m e n t s ,  the  Re v a l u e s  r e m a i n e d  be low 600. About  1 0 0 c m  3 of s u b s t a n c e  was  r e q u i r e d  to f i l l  
the  a p p a r a t u s ;  th is  quan t i ty  could  be r e d u c e d  wi thout  d i f f i cu l ty .  The d i f f e r e n c e  be tw e e n  the l e v e l s  in the 
l i qu id  c o l l e c t o r  and in the w a t e r - g a u g e  tube was  160-190 m m  H20 and was  m e a s u r e d  wi th in  0.1 m m  by a 
K M - 6  c a t h e t o m e t e r .  A c o r r e c t i o n  was  i n t r o d u c e d  fo r  the c a p i l l a r y  d e p r e s s i o n  in the  w a t e r - g a u g e  tube .  

The p r e s s u r e  in the  s y s t e m ,  m e a s u r e d  in a zone f i l l ed  e s s e n t i a l l y  wi th  i n e r t  g a s ,  w a s  1 .3 -1 .4  a rm .  
The  t ime  r e q u i r e d  to f i l l  the 1 .290cm3cont ro1  vo lume  was  80-300 min  (over  the e n t i r e  t e m p e r a t u r e  r ange ) .  

The flow r a t e  and p r e s s u r e  d rop  w e r e  m a i n t a i n e d  cons t an t  by the c o n s t a n c y  of the  e v a p o r a t o r  t e m -  
p e r a t u r e ,  which  was  i t s e l f  r e g u l a t e d  wi th in  • 0.1~ by a p h o t o t h y r a t r o n  t e m p e r a t u r e  r e g u l a t o r .  

The t h e r m o s t a t  for  the h i g h - t e m p e r a t u r e  zone of the a p p a r a t u s  was  equ ipped  with  a t h r e e - s e c t i o n  
e l e c t r i c  h e a t e r ,  wh ich  was  s u p p l i e d  f r o m  a n o t h e r  p h o t o t h y r a t r o n  r e g u l a t o r ,  and which  m a i n t a i n e d  a c o n -  
s t an t  t e m p e r a t u r e ,  u n i f o r m  o v e r  the length  of the  w o r k i n g  r e g i o n .  The p i c kups  fo r  both r e g u l a t o r s  w e r e  
r e s i s t a n c e  t h e r m o m e t e r s  on the s u r f a c e s  of the c a p i l l a r y  and e v a p o r a t o r  t h e r m o s t a t s .  The  t e m p e r a t u r e  
was  m e a s u r e d  by C h r o m e l - A l u m e l  t h e r m o c o u p l e s  (T1-Ts).  E a c h  e x p e r i m e n t a l  po in t  was  ob ta ined  by a v e r -  
ag ing  the r e s u l t s  of t h r e e  m e a s u r e m e n t s .  The H a g e n b a c h - C o u e t t e  c o r r e c t i o n  d id  not e x c e e d  0.3%. 

T a b l e  1 shows  the r e s u l t s  of ou r  m e a s u r e m e n t s ;  an  e r r o r  a n a l y s i s  showed that  the  e x p e r i m e n t a l  e r -  
r o r  d id  not  e x c e e d  2.5%. 
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T A B L E  2. C o m p a r i s o n  of Smoo thed  Data  on the V i s c o s i t y  of W a t e r  
V a p o r  (~/ �9 10 -6, kg  �9 s e e / m  2) 

t ,  ~ 

Experimental 
data of: 3so 400 450 

BonilIa 
Timrot and 

Khlopkina 
Shifrin 

This study 

150 200 250 " 300 

1,45 1,61 ~80 1,99 

1,42 1,61 ,80 2,00 
1,44 1,65 ,86 2,06 

1,41 1,63 ,85 1"2,07 

2,19 2 ,39 2,59 

2,21 2,42] 2,65 
2,27 2,48 2,69 

2,27 2,47 2,67 

500 550 

2,79 2,99 

2,88 3,13 
2,89 3,10 

2,87 3,07 

600 650 

3,19 3,39 

3,39 3,67 
3,3,1 3,52 

3,27 3,46 

Tab le  2 c o m p a r e s  the s m o o t h e d  v a l u e s  found in th is  s tudy  wi th  the s m o o t h e d  v a l u e s  found in o t h e r  
s t u d i e s  [2-4] .  The  d i s c r e p a n c y  d id  not e x c e e d  the e r r o r  in the e x p e r i m e n t M  da t a  of  t h e s e  a u t h o r s ,  i . e . ,  3%. 
It  should  be noted  tha t  the  d i s c r e p a n c y  b e t w e e n  ou r  m e a s u r e d  v i s c o s i t i e s  and the m o r e  r e l i a b l e  da ta  of 
S h i f r i n  a v e r a g e d  no m o r e  than  1%. 
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