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An approximate method is proposed for determining the viscosity of 
one-component fluids on the saturation line. This method involves 
the use of the theory of similarity and the molecular data of the sub 2 
stance investigated. 

Lack of information on the structure of fluids makes 

it impossible to determine their properties by purely 
analytic means using the apparatus of modern mathe- 

matics. The empirical method of investigating physical 

constants has only a limited potential, since the data 
of one experiment cannot be extended to other sub- 
stances. The method based on the theory of similarity 
and dimensional analysis is free of this disadvantage. 

The problem of determining physical constants 
from the law of corresponding states was compre- 
hensively examined in [8]. In [9] one section includes 
a determination of the viscosity of fluids on the sat- 

uration line, where the concept of a standard is intro- 
duced. The study of fluid parameters has also at- 
tracted much attention among foreign authors, for 
example, [I0]. In particular, in [10] there is a short 

section on the determination of viscosity. L. P. Filip- 
pov [ii, 12] andotbershave written many papers on 

the investigation of fluid parameters. 
The dimensionless relative variables, by means of 

which the quantitative relation between the primary 
quantities is expressed, are obtained on the basis of 
the system of differential equations characterizing the 
phenomenon in question. The absence of a complete 
system of equations describing the properties of a 
fluid prevents the direct 'application of the theory of 
similarity. Consequently, there remains for obtaining 

the relative variables the second component of the 
method of generalized variables [l]--dimensional 

analysis. This paper is concerned with a method of 
analyzing experimental data which, in some degree, 
makes it possible to express the individual properties 
of fluids in terms of their molecular data. This 
method is a further development of the ideas advanced 
in [6] and [7]. 

One of the authors previously obtained several 
generalized variables on the basis of dimensional 
analysis [6]. If we supplement this system with the 
compressibility 

K z -  p v  , 
RT 

expe r imen ta l l y  we can obtain a s imple  c r i t e r i a l  r e -  
la t ion for de t e rmin ing  the v i scos i ty  on the sa tu ra t ion  
l ine  

K,, = f (K~) (1) 

or in developed form 

M p 

In Eq. (la) the c h a r a c t e r i s t i c  d imens ion  l mus t  
somehow express  the p rope r t i e s  of the fluid. 

To i n c r e a s e  the volume of in format ion  expressed  
by the c h a r a c t e r i s t i c  d imens ion ,  the following f o r -  
mu la  is  proposed:  

~ f  M(EE) (2) 
t = (z  c)  (z  z )  

The rad ieand  in (2) was se lec ted  on the bas i s  of 
i t s  p rope r ty  of approx imate ly  exp res s ing  the c o m -  
pac tness  of the molecu le .  Consequent ly ,  the c h a r a c -  
t e r i s t i c  d imens ion  is  a quanti ty i n v e r s e l y  p ropor t iona l  
to the nomina l  d i ame te r  of the molecu le ,  s ince  the 
specific volume and densi ty  a r e  re la ted  by the e x p r e s -  
s ion 

p v = l .  

For  a molecu le  cons i s t ing  of s eve ra l  a toms of dif-  
f e ren t  kinds the individual  c h a r a c t e r i s t i c s  a re  defined 
as follows: 

E C = ~ (nAY, CA) , F,Z = 2 nAZA' 
1 1 

.y__m 
EE = ~ nAE A. (3) 

1 

Thus,  the c h a r a c t e r i s t i c  d imens ion  exp re s se s  the 
individual  p r o p e r t i e s  of a subs tance  in t e r m s  of i ts  
mo l e c u l a r  data. In o r de r  to obtain a specif ic  form of 
c r i t e r i a l  equation (1) we used the the rmophys ica l  data 
for water  f rom [2] and [3]. Water  is  a subs tance  that 
is  anomalous  in ce r t a in  r e s p e c t s .  However,  i ts  p rop -  
e r t i e s  have been c lose ly  studied,  and for this r ea son  
it was se lec ted  as a s tandard .  The r e l a t ion  between 
I ~  and K z for water  is  p re sen ted  in a logar i thmic  
coordinate  s y s t e m  in the f igure .  The graph shows 
the p r e s e n c e  of th ree  c l e a r l y  expressed  r eg ions .  For  
the f i r s t  reg ion  with 

Kz = 4.91.10 - 6 -  1.323.10 -4 

ana lys i s  of the exper imen ta l  data gives the following 
c r i t e r i a l  equation: 
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t ~  
I7 

13 

Dimens ion l e s s  v i scos i ty  
K~ as  a function of the 

c o m p r e s s i b i l i t y  K z.  

7.85.10 7 
K,, v,1. m (4) 

which co r r e sponds  to the equation in genera l  fo rm 

K~ = c (K~)". (5) 

For  the second reg ion  with 

K~ = 1.323.10 -4 - 4.34.10 -:~ 

we obtain the equat ion 

For  the th i rd  reg ion  with 

1.5" l0 s 
K 1.705 

K~ =4.34.10 -a -- 1.577.1@ 1 

(6) 

the r e l a t ion  between the v a r i a b l e s  has the fo rm 

5.57. l0 s (7) 
K}~ - -  /c1.471 

J \ z  

The graphica l  cons t ruc t ion  of r e l a t ion  (1) for a 
n u m b e r  of l iquids (benzene,  ethyl alcohol,  e tc . ) shows 
that the fami ly  of cu rves  obtained p o s s e s s e s  approxi -  
mate  s i m i l a r i t y .  Here ,  in accordance  with [1], s i m i -  
l a r i t y  is used in a b roade r  s ense  than e l e m e n t a r y  
geomet r i c  s i m i l a r i t y .  This  means  that the coord ina tes  
of the s t andard  curve  can be obtained by mul t ip ly ing  
the coord ina tes  of the t e s t  fluid by the conve r s ion  
fac to rs  K x and Ky. 

An ana ly s i s  of the expe r imen ta l  data shows that in 
the given case  K x and Ky are  not equal  (for mos t  
points) .  The re fo re  in o rder  to employ c r i t e r i a l  equa-  
t ions (4), (6), and (7) it is  n e c e s s a r y  to de t e rm i ne  the 
corresponding (similar) points expressing similar 
states of the standard and the test substance. To de- 

termine the limits of applicability of the criterial 
equation to the test substance we introduce the dimen- 
sionless parameter 

H =  __T +__p + - - v .  (8) 
Tcr P cr V cr 

The p a r a m e t e r  II conta ins  fu l l e r  in fo rmat ion  than 
any of i ts  components .  Quant i ta t ively ,  the same  t h e r -  
modynamic  s tate  is c h a r a c t e r i z e d  d i f fe rent ly  by each 
of these s implexes  T / T c r ,  V/Vcr, P /Pcr-  The o rde r  of 
magni tude  of these  v a r i a b l e s  and the i r  r a t e  of change 

on t r a n s i t i o n  f rom one state to another  s o m e t i m e s  
differ cons ide rab ly .  

The in t roduc t ion  of the p a r a m e t e r  I1 smooths  out 
this  d i f ference  and  reduces  the sca t t e r  of the points 
(as compared  with the s implexes) .  The use of th is  
p a r a m e t e r  a c c e l e r a t e s  the ca lcu la t ions ,  s ince  even 
at smal l  va lues  of p, v, and T it takes  va lues  c lose  
to uni ty .  For  water  at the point b the quant i ty  II = 0.83 
and at the point e, II = 1.062. Consequent ly ,  Eq. (4) 
is  appl icable  at II < 0.83 and Eqs.  (6) and (7) at II = 
= 0 .83-1 .062 and II > 1.062, r e spec t ive ly .  

We can now employ the following method of ex tend-  
ing the c r i t e r i a l  equat ions  for water  (4), (6), and (7) 
to other  f luids.  

F o r  the s tandard  in genera l  fo rm we have 

K~ t = c (KSt) n. (9) 

Here ,  it is a s sume d  that Kp and K z for the s tandard  
are exp re s sed  in t e r m s  of the same  quant i t ies  for the 
tes t  fluid: 

~C =/d K~. 
Using (9a), we obtain 

K~i K~= cod K,)". 

(9a) 

(9b) 

For  our  condi t ions  f rom Eq. (9b) (cons ider ing  that 
the exponents  in (4), (6), and (7) are  negative)  

K~ - 1 c ( lo )  
K. (K~)" (K~)" 

f o l l ows  d i r e c t l y .  
In the ge ne r a l  case ,  in accordance  with [1], the 

quant i t i es  Ky and K x are  funct ions  of the independent  
v a r i a b l e s  

K~ (KA" = f (K~, K~, n).  (11) 

An ana lys i s  of the expe r imen ta l  data shows that 
r e l a t ion  (11) can be approx imate ly  reduced to the 
following s imple  fo rmu la s :  a) for  0 < II < 2 

1 - ~ -  ( H ~  - -  H)L (12) 
K~ ( K y  

where I lcr  = 3 is  the d i me ns i on l e s s  p a r a m e t e r  1] in 
the c r i t i c a l  s ta te;  

b) for II >_ 2 

1 
~_~_1. (13) 

K. (Kx)" 

To check the appl icabi l i ty  of the fo rmulas  obtained 
we compared  the exper imen ta l  v i s cos i t y  data of [2,3] 
with the va lues  ca lcula ted  f rom (10). The subs tances  
concerned ,  propane ,  benzene ,  carbon  t e t r ach lo r ide ,  . 
ethyl alcohol,  and diborane,  have d is t inc t ly  di f ferent  
physica l  p r o p e r t i e s .  

The mo l e c u l a r  c h a r a c t e r i s t i c s  of these  subs tances  
a re  p r e se n t e d  in Table 1. 

Table 2 shows how the ca lcula ted  va lues  differ f rom 
the experimental viscosities. At present, when experi- 
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Table 1 
Molecular  C h a r a c t e r i s t i c s  of F lu ids  

S u b s t a n c e  M NC Z 3  Z E  l 

C3H8 
C6H6 
C2H 5 OH 
B2H~ 
CCI4 

44 
78 
46 
27:7 

154 

14 
18 
12 
10 
14 

26 
42 
26 
16 
74 

20 
30 
20 
12 
32 

1.343 
1.451 
1. 434 
1. 275 
1.68 

menta l  data a re  lacking,  fluid v i s c os i t i e s  a re  gene ra l l y  
de t e rmined  by e i ther  the Souders or the Thomas  
method [4,5]. Accordingly ,  we decided to compare  
the data obtained with the co r r e spond ing  Souders and 
Thomas viscosities. The Souders formula /4] is 

lg (lg 10~) = m p  - -  2.9, (14) 

where  # is the v i scos i ty  ineen t ipo i se ,  p is  the dens i ty  
in g / c m  a, m = I /M = const ,  and I the s t r u c t u r a l  con-  
s tant  [4]. 

T h o m a s ' s  fo rmula  is  

lg 8.569~= = 0  ( T c r - - 1 ) .  (15) 
•p \ T  

Here ,  0, the s t ruc tu r a l  component ,  is de t e rmined  
f rom the data tabula ted in [4]. The ca lcula ted  va lues  
of the v i s cos i t y  for al l  th ree  methods a re  compared  
with the exper imen ta l  va lues  in Table 2, which shows, 
on average ,  the e r r o r  is  l eas t  when f o r mu l a  (10) is  
employed.  Moreover ,  the Thomas  and Souders f o r m u -  
las a re  l imi ted  to the extent  that they a re  valid only 

for  organic  l iquids .  Consequently,  the methods of [4] 
cannot  be used  to ca lcu la te  the v i scos i ty  of d iborane .  

The proposed method of determining viscosity has 
its advantages and disadvantages. Among the latter 
is the need to know in advance the critical parameters 
and the specific volume, as well as a certain clum- 
siness. Its advantages are as follows. 

i. The universality of the method, since there is 
no apparent reason for not using Eq. (i0) to calculate 

the viscosity of any fluid. 
2. The wide range of the basic formulas. They 

embrace practically all values of the independent 
variables--pressure and temperature of liquid phase-- 

up to the critical values. 
3. The possibility of estimating the viscosity of 

substances not yet created, which is important for 

producing fluids with predetermined properties (on 
the basis of the molecular data and critical parameters, 
for estimating which a number of methods exist). 

NOTAT ION 

KP = (N/M)(I/p)/~2 is  the genera l i zed  va r i ab le  f r o m  
[6]; T is  the fluid t e m p e r a t u r e  on the sa tu ra t ion  l ine;  
p is the p r e s s u r e ;  b is  the specif ic  volume;  R is  the 
gas constant ;  N is  Avogadro ' s  n u m b e r  for  a k i lomole;  
M is the mo l e c u l a r  m a s s ;  # is  the dynamic  v i scos i ty ;  
l is  the c h a r a c t e r i s t i c  d imens ion ;  A is  the symbol  of 
the chemica l  e lement ;  n a is  the n u m b e r  of a toms of 
the e l emen t  A, ZC is  the sum of e l ec t ron  shel l s  of all  



atoms of the molecule; ZE is the sum of valences of 
all atoms of the molecule according to the Mendeleev 
periodic system; st, t are indices denoting standard 
and test substance, respectively; Z A is the charge of 
element A; m is the number of atoms of different kinds 
in the molecule; ZC A is the sum of electron shells in 
an atom of element A; EA is the group number of ele- 
ment A in the periodic table. 
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