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It is shown that all points on an ~?-p diagram for  a liquid must lie on a single curve,  and 
the curves  of constant v iscos i ty  in P - T  coordinates  are  straight  l ines.  

By applying Newton's hypothesis  on the tangential s t r e s s e s  in a viscous liquid the law of conservat ion 
of momentum for a homogeneous isotropic medium [1] can be writ ten in the fo rm 

where 
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In deriving (1) Frenke l ' s  hypothesis  on the potential  nature of fluctuating flows [2, 6] was used.  Al-  
though there  are  no rel iable exper imental  data on relaxat ion t imes in liquids the validity of this hypothesis 
is conf i rmed in f i r s t  approximation by the existence of the Bernoull i ,  Cauchy, and B e r n o u l l i - E u l e r  inte-  
g ra l s  [1 ]. 

Assuming that momentum is propagated so rapidly that the p rocess  can be considered adiabatic, we 
replace  the opera tor  0/0Xi by ( O p / O x i ) O / O  p . Then it f011ows f rom (1) that 
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Fig. 1. General ized relat ion 
of the v iscos i ty  of Freon-113:  
1) 242.95; 2) 251.45; 3) 273.15; 
4) 292.75; 5) 313.95; 6) 334.15; 
7) 351.90; 8) 372.05; 9) 392.95; 
10) 413.15; 11) 433.30; 12) 
452.15; 13) 472.70~ 
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Fig.  2. Lines of constant  v i scos i ty  for  F r e o n - l l 3 . .  
1) 400; 2) 500; 3) 600; 4) 800; 5) I000; 6) 1500.10 -6 
N see/m2; t in ~ P in bars. 

d~- -- t \ 0 9  ]S 3 n ~-OP- - ]sJ  -~-~x~ (2) 

According to Stokes' hypothesis on the im- 
possibility of observing forces of normal extension 
or compression we have from the viscoelastic 
model for  small s t r a ins  [3] 

= (3) 
., 3 %~9 

In invest igat ing the re la t ion  between t r a n s -  
por t  and t h e r m a l  p r o p e r t i e s  we have used the Hada-  
mard ,  Riemann,  and Huygens method of , iden t ica l  
conditions" [1 ] which p e r m i t s  an analys is  of the 
d i f ferent ia l  equations o f  s ta te  and hydrodynamics  
without in tegrat ion.  By applying this method we 
obtain 

G__( OP ') 4 ( Oq: ) .  
( 4 )  

Substituting the value of (OP/0p) s f r o m  (3) into (4) we find the v i scos i ty  in the f o r m  

3 G~,~ 
q = 2 -  v--20q9 " (5) 

09 

Equation (5) can be considered as a qualitative analog of the well-known Batehinsky formula [4], but 
it clearly can give better quantitative results since the values of the coefficient in (5) can be found as func- 
tions of the pressure and temperature. 

Assuming that (3P/3p) s >>(4/3)~?(~ ~o/3p) s for a liquid it follows from (4) that 

c = (  oP /.  (6) 

Since according  to (5) 

where  

K ' (7) 

we obtain f r o m  (5), (6), and (7) 

K =  
1 O r  " 

s 

] U 2 

�9 q = - -  - -  (8) 
4,4 \ ~ - c '  : r  C~ 

Since C p / C  v ~ eonst  for  a liquid over  a r a t he r  wide range of t e m p e r a t u r e s  and p r e s s u r e s  it follows 
f r o m  Eq.  (8) that in the range of p a r a m e t e r s  where  it is accura te  enough to cons ider  the densi ty  on the i so -  
t h e r m s  as a l inear  function of the p r e s s u r e ,  i .e.,  (0P/0V)T = const, all  points on an ~--O d i a g r a m  mus t  lie 
on a single curve  since (0 ~o/00)s, is a function of the densi ty  only. in addition s ince the values  of (OP/Ov) T 
on neighbor ing i s o t h e r m s  in a liquid a re  v e r y  close to one another ,  d i f fe rences  with r e spec t  to i so the rms  
in the region of m ode ra t e  dens i t i es  will not be noticed in quite accu ra t e  expe r imen ta l  data  on v i scos i ty .  

As an example  Fig. 1 shows the ~?-O d i a g r a m  of Freon-113 ( t r iehlorot r i f iuoroethane)  in the liquid 
phase .  The values  of the v i scos i ty  were  obtained with an accu racy  of =H.5% [7] by the cap i l l a ry  v i s e o s i -  
m e t e r  method at t e m p e r a t u r e s  f r o m  - 3 0  to +200~ and p r e s s u r e s  up to 600 b a r s .  The deviat ions of the 
e x p e r i m e n t a l  data  f rom the genera l i zed  re la t ion  lie within the l imi ts  of expe r imen ta l  e r r o r .  A s i m i l a r  
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r e su l t  was repor ted  in [8] for  the expe r imen ta l  data on the v i scos i ty  of no rma l  hydrocarbons  and ce r ta in  
o ther  liquids. It appea r s  that  the d ivergences  occurr ing  in the high densi ty region can be explained by the 
fact  that in this range  of p a r a m e t e r s  the assumpt ions  made in the analys is  of E q. (8) a re  no longer  val id.  

F r o m  (8) it  is e a sy  to obta in  the re la t ion  

0 Ov 0,~ 

Jp-t,Ou kYfi/~J).--t or [ 
whe re  

(9) 

F =  

Since 77 is a single valued function of the densi ty in the region considered,  in the analys is  of Eq.  (9) 
it is n e c e s s a r y  to d i f ferent ia te  it with r e spec t  to v. "Since (Ov/OP)T is smal l  in a liquid except  nea r  the 
c r i t i ca l  region, it follows f r o m  an analys is  of d F / d v  that F = const .  

Writ ing the equation of s tate  for  v i scos i ty  in the f o r m  r T, 7) = 0 we obtain 

,. 3,' / l  

Thus in the range of p a r a m e t e r s  under  d iscuss ion  the curves  of constant v i scos i ty  on a P - T  d i a g r a m  
a re  s t r a igh t  l ines.  

This  conclusion was ver i f ied  with the exper imenta l  data for  water ,  carbon  dioxide, ammonia ,  ben-  
zene, toluene, a number  of sa tura ted  hydrocarbons ,  and cer ta in  Freons .  Figure 2 shows the lines of con-  
stant  v i scos i ty  fo r  Freon-113 according to the data  of [7]. 

It should be noted that this cha r ac t e r i s t i c  behavior  of the v i scos i ty  of a liquid was f i r s t  observed  by 
Rivkin et al., [5] and used  to desc r ibe  the exper imenta l  values  of vj for  o rd inary  and heavy wate r .  
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N O T A T I O N  

m the i - th  component  of veloci ty;  
is the coordinate ;  
m the hmct ion of the s ta te  p a r a m e t e r s ;  
m the p r e s s u r e ;  
m the densi ty;  
m the coeff icient  of dynamic v i scos i ty ;  
m the t ime;  
is the Maxwell ian re laxa t ion  t ime;  
is the speci f ic  volume;  
is the bulk modulus;  
is the t e m p e r a t u r e ;  
a re  the constants .  
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