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The possibi l i ty  of using molecu la r  cha rac t e r i s t i c s  in the determinat ion of the thermophysica l  
p a r a m e t e r s  of fluids is  shown. Approximate equations for  the calculation of the dynamic v i s -  
cosi ty  of aqueous solutions of minera l  salts  a re  obtained through the use of s imi la r i ty  theory  
and molecu la r  data. 

At the p r e sen t  t ime, the theory  of fluids allows one to obtain mainly qualitative relat ionships  [1]. 
The re fo re  i t  is impossible  to de te rmine  with its use the complete physical  p rope r t i e s  of one-component  
fluids. In the t ransi t ion to sal t  Solutions, the prob lem of calculating the physical  constants becomes t r e -  
mendously complicated and there  is  no analyt ical  solution for  this problem. There is  exper imenta l  data on 
the p rope r t i e s  of solutions only for  a na r row range of t empera tu res  and p r e s s u r e s  and then not for  the 
ent i re  group of fluids mentioned. The  consequences of such a situation are  e x t r e m e l y  undesirable because 
lack of knowledge of the thermophysica l  cha rac t e r i s t i c s  of solutions r e t a rd s  the development  of reasonable  
designs for  evaporat ive equipment.  There  is  no data for  the p rope r t i e s  of the complex sal t  solutions [2] 
which are  used in sal t  rect i f icat ion.  

All macroscopic  p rope r t i e s  of ma t t e r  can be determined by solving the Schrodinger  equation [3]. Un- 
fortunately,  using exist ing computers  and methods of calculation, i t  can be solved for  complex a toms only 
in ten billion y e a r s  [4], i . e . ,  i t  is insoluble in prac t ice .  Under these conditions, the introduction of molec -  
ular  cha rac t e r i s t i c s  for  the determinat ion of thermophysica l  constants  is  mos t  promis ing ,  in our  opinion, 
since the p rope r t i e s  of ma t t e r  a re  de te rmined  by i ts  s t ruc ture  (number and location of identical  e l emen ta ry  
par t ic les ) .  Knowledge of the l inear  dimensions of molecules  and ions makes  i t  possible to calculate cer ta in  
p rope r t i e s  [1, 3-6] such as  density,  molar  volume, surface energy,  modulus of e las t ic i ty ,  and other  cha rac -  
t e r i s t i c s  of ma t t e r  in liquid and solid phases .  In addition, there  is  g rea t  i n t e r e s t  in the use of o ther  molec-  
ular  data. For  the calculation of in t e rmolecu la r  in terac t ion  p a r a m e t e r s ,  Altenburg [7] used the sum of the 
outer  e l ec t rons  of a molecule.  This  method made i t  possible to p roceed  to the calculation of the coefficients  
of viscosi ty ,  t he rma l  conductivity, and diffusion [6]. The next molecular  cha rac te r i s t i c ,  the sum of nuclear  
charges ,  can be used for  the determinat ion of the fusion t empera tu re  of e lements  [4], the enthalpy of oxide 
format ion  [8], the atomic radius  [4], etc.  The molecular  mass  is  widely used as  a cha rac te r i s t i c  fo r  the 
de terminat ion  of physical  constants  of fluids: v i scos i ty  [9], thermal  conductivity, heats of fusion and vapor -  
ization, diffusion coefficient,  and o ther  quanti t ies [6, 10]. The impor tan t  role of the l inear  dimension of an 
atom, f r om which one can de termine  the radius  of the externa l  e lec t ron  shel l  [11], makes  feasible the use of 
sti l l  another  molecular  cha rac t e r i s t i c  -- sum of e l ec t ron  l ayers ,  ZC. The value of the  molecu la r  dia-  
m e t e r  d is  also propor t ional  to the sum of the nuclear  charges  [4], At the same t ime, d is  i nve r se ly  p r o -  
port ional  to the sum of the ex te rna l  e lec t rons  [12] and to the molecular  mass  [13]. Thus 

(zC)(2 z) d - -  .... �9 (1) 
M (ZE) 

form:  
Prev ious ly  we used in place of (1) [14, 15] the quantity l, which is  der ived f rom d, in the following 

[ (zC)(y z) 11/3 
l = M ( Z E )  j " 

(2) 
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The p r ope r t i e s  of aqueous solutions of minera l  sal ts* can also be evaluated f ro m  molecu la r  c h a r a c t e r -  
i s t ics .  For  example,  the dehydrat ing power  of sal ts  with identical ly eharged cations and uniform s t ruc tu re  
of e l ec t ron  shel ls  va r i e s  in propor t ion  to ZE and ZZ, and i s  i nve r se ly  propor t iona l  to the ion radius [16, 17]. 
The work of Debye and McCall [2] is  the basis  fo r  this conclusion. This c i rcumstance  in conjunction with 
that noted above makes  i t  possible to use the molecu la r  cha rac te r i s t i c s  of solutions in the fo rm  of a cha r ac -  
t e r i s t i c  dimension I s [18]. This is  a complex quantity which is  an additive function of the molecu la r  data fo r  
the solute and solvent:  

I s [[ (EC)(_~sMss'Y Z) s ] I/3. (3) 

The quanti ty (3) i s  propor t ional  to the mean d iamete r  of the hydrated ion. Formulas  fo r  the calculation 
of the molecu la r  c h a r a c t e r i s t i c s  in (3) are  given in [18]. 

Of the thermophys ica l  cha r ac t e r i s t i c s  of fluids, v i scos i ty  occupies a special  posi t ion with r e spec t  to 
range of var ia t ion and to complexi ty  of de terminat ion  by theore t ica l  means  [19], which leads to a cons ide r -  
able deviation between theore t ica l  and exper imenta l  [19, 14] values  of/~ (up to • and somet imes  • 
and more) .  

We use s imi la r i ty  theory  and molecu la r  ch a r ac t e r i s t i c s  fo r  the approximate  de terminat ion  of solution 
viscosi t ies .  S imi lar i ty  in the t empera tu re  dependence of both water  and solution v iscos i t ies  [18, 20] leads 
to the re la t ion  

~ = ~ # . ,  (4) 

where N# is  a convers ion  fac to r  [21]. N/z can be r ep resen ted  by [18] 

(kT+k. lo, [ p N ~ = c \ --V~. / ~ ~ / (5) 

To shorten the in te rmedia te  calculat ions in this paper ,  we use a single basic cu r r en t  solution t em-  
pe ra tu re  of 107~ (for the de terminat ion  of k T and kH). It  co r responds  approximate ly  to the average t em-  
pe ra tu re  depress ion  for  solution which boil at  a tmospher ic  p r e s s u r e .  Using Eq. (5), we obtain 

~s : C K n , U , .  (6) 
~w 

f rom Eq. (4) a f te r  the introduct ion of new notation. The ra t io  #s//~w is a quantity which depends on the 
d imensionless  concentrat ion and on molecu la r  cha rac te r i s t i c s .  A s shown by analysis  of exper imenta l  data 
[22], Eq. (6) is valid within a cer ta in  range of the quantity ~ which takes into account  the relat ion between 
absolute salt  content and the degree  of saturat ion of the solution: 

: K --  (b + i). (7) 

Small values of ~ show how fa r  f r om saturat ion a re  solutions having a high mass  concentrat ion.  

Analysis  of the exper imenta l  data shows that all  solutions cons idered  can be divided into three  groups.  

F i r s t  Group. Solutions for  which 

L > 1 (L = 1.004-- 1.t), K = 1.03-- 1.36, ~ ~ 0, I(~l = ]0.03-- 0.17!, 

and also solutions with the cha rac t e r i s t i c s :  

L ~  1 (L ~ 0.971), K = 1.23 ~ 1.53, # ~ 0, ]~1 = I 0.13 -- 0.326t. 

By analysis  of the exper imenta l  data [22], the following empi r i ca l  equation was obtained for  these solutions: 

s :Ka+tojU. (8) 
Pw 

Second Group. Solutions cha rac t e r i zed  by the quanti t ies 

L ~ I ,  ~ 0 ,  K =  1.04--1.51, 

*Here we have in mind solutions which a re  fo rmed  by a meta l  cation and an inorganic -ac id  anion. 
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TABLE 1. 
at p = 1 bar and t = 20~ 

So lut ion  ] 
conCe-n~a- ] K 

_ tion 13,% ] 

CaCI s 
8,3 

12 
2l ,3 
35 

MgSO 4 
t0 
15 
20 

KNO3 
10 
20 

KBr 
10 
20 
37 

I(CI 
10 
16 
20 

NaCI 
10 
15 
25 

Comparat ive  Data for  V i s c o s i t y  of  E lec tro ly te  Solutions 

1,058 
1,086 
1,175 
1,334 

1,233 
1,421 
1,526 

1,041 
1,09 

1,104 
1,234 
1,503 

L �9 

1,02 
1,035 
1,06 
1,099 

0,9709 
0,963 
0,956 

0,988 
0,984 

1,0046 
1,0199 
1,0536 

1,008 
1,017 
1,028 

0,9783 
0,9817 
0,977 

1,192 
1,3 

,433 

,275 
,498 
,8255 

--0,025 
--0,034 
~0,038 
--0,016 

+0,133 
+0,271 
+0,326 

--0,059 
--0,11 

+0,004 
+0,033 
+0  t33 

+0,092 
+0,14 
+0,233 

+0,1755. 
-~0,278 
+0,575 

flex, lO s 
mse.c/m~ 

120 
137 
210 
510 

186 
283 
410 

97 
97 

96 
95 

104 

99 
101 
102 

119 
133 
181 

Ucalc,  lO s 
m s e c / m  2 

137 
157 
232 
424 

171 
311 
407 

97,5 
97,5 

97,5 
97,5 
97,5 

97,5 
97,5 
97,5 

113,5 
135 
162 

Relative 
�9 error, % 

+12,4 
+12,75 
+ 8,7 
--20,3 

--8,75 
+9,0 
--0,735 

-]-0,513 
-p-0,513 

+1,54 
+2,56 
--6,67 

--1,54 
--3,59 
--4,63 

--4,86 
+1,49 
- - l l , 8  

and a l so  so lut ions  in which 

L < I  (L~0,988) ,  ~ < 0 ,  K = 1 . 0 4 - - 1 . 2 5 ,  

The v i s c o s i t y  of  so lut ions  in the second group dif fers  l ittle f r o m  the v i s c o s i t y  of  water .  As  a resu l t  of  a 
c o m p a r i s o n  of the exper imenta l  data [22], we a s s u m e  for them 

F s -~ 0.98F~/ (9) 

Third Group. In this group are  so lut ions  with the p a r a m e t e r s  

1 > L  >0.976,  K = 1.27-- 1.83, ~ > 0 ,  lO]= 10.17-- 0.575I. 

The computat ional  equation for these  so lut ions  obtained f r o m  an ana lys i s  of  the exper imenta l  data takes  the 
f o r m  

Fs _ KLS. (10) 
~w 

In Eqs.  (8)-(10), the v i s c o s i t i e s / ~ s  and/~w are compared  at an ident ical  temperature .  Comparat ive  data for  
solut ion Viscos i ty  i s  presented  in Table 1. The proposed  method of calculat ion i s  charac ter i zed  by re lat ive  
complex i ty  and i s  approximate .  A pos i t ive  aspec t  of  this method i s  the poss ib i l i ty  of  predict ing certa in  
proper t i e s  of  so lut ions  without per forming  labor ious  exper iments .  Considering the theoret ica l  diff icult ies  
in the determinat ion  of v i s c o s i t y ,  the deviat ion of  calculated va lues  f r o m  exper imenta l  va lues  i s  acceptable .  

The use of  the proposed  method m a k e s  i s  poss ib le  to obtain equations for  the calculat ion of  other  
phys ica l  constants .  For  example ,  an equation for the calculat ion of  surface  tension in so lut ions  has been 
given [18]. In addition, the use of  m o l e c u l a r  c h a r a c t e r i s t i c s  for  the determinat ion  of the thermophys ica l  
constants  of  so lut ions  in impl ic i t  f o r m  o f f er s  an opportunity to calculate  the intensi ty  of heat  t ransfer  during 
boil ing of  these  f luids [23], which i s  of great  value in the design of evaporat ive  dev ice s .  

ZE, ZZ, ZC 

M 
l 
K 

NOTATION 

are the s u m s  in al l  a toms  of one molecule :  of  external  e l e c t r o n s ,  pos i t ive  charges  and e l e c -  
tron layer ,  r e s p e c t i v e l y  by [14, 18]; 

i s  the m o l e c u l a r  m a s s ;  
is  the charac ter i s t i c  d imens ion  proport ional  to molecu le  d iameter;  
i s  the current  re lat ive  concentrat ion,  K = k T + kH/kHT, 
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k T is the current concentration, g salt/1O0 g water; 
k H is the concentration of saturated solution corresponding to characteristic temperature; 
B is the mass concentration, %; 
b is the mass concentration in fractions of unity, b = B/100; 

is the excess dimensionless concentration; 
is the dynamic viscosity, N/sec.  m 2, ~ = K--(b + 1); 

s is the index characterizing solution; 
w is the subscript referring to water. 
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