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ABSTRACT 

Approximate formulas of f i v e  o r  fewer terms a r e  given f o r  
en tha lpy ,  hea t  c a p a c i t y ,  thermal conduc t iv i ty ,  v i s c o s i t y ,  b o i l -  
i n g  p o i n t  e l e v a t i o n ,  and d e n s i t y  of s e a  s a l t  s o l u t i o n s .  

Keywords: 
P r o p e r t i e s  + Boil ing Point  Elevat ion + Seawater + Brine 
+ Mathematical Model 

Phys ica l  P r o p e r t i e s  + Thermal P r o p e r t i e s  + Chemical 

INTRODUCTION 

The O f f i c e  o f  S a l i n e  Water requested t h e  Oak Ridge Nat ional  Labora- 
t o r y  t o  recommend a s e t  of simple approximations f o r  c a l c u l a t i n g  p h y s i c a l  

p r o p e r t i e s  of s e a  s a l t  s o l u t i o n s  t o  an accuracy u s u a l l y  adequate f o r  d i s -  

t i l l a t i o n  p l a n t  d a t a  a n a l y s i s .  

r a t h e r  than high accuracy. Accordingly, t h i s  memorandum p r e s e n t s  a s e t  

of formulas of f i v e  o r  fewer terms f o r  computation of t h e  en tha lpy ,  h e a t  

capac i ty ,  thermal conduc t iv i ty ,  v i s c o s i t y ,  b o i l i n g  p o i n t  e l e v a t i o n ,  and 
d e n s i t y  of sea s a l t  s o l u t i o n s .  

c a l c u l a t e d  from t h e  formulas a r e  superimposed on t h e  a p p r o p r i a t e  pages 

from t h e  D i s t i l l a t i o n  P l a n t  Data Book, which served as t h e  d a t a  base f o r  

d e r i v i n g  t h e  formulas ,  so  t h a t  t h e i r  accuracy and adequacy f o r  any par- 
t i c u l a r  a p p l i c a t i o n  can be r e a d i l y  determined. 

The emphasis was t o  be on s i m p l i c i t y  

I t  a l s o  p r e s e n t s  f i g u r e s  i n  which values  
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These formulas a r e  intended f o r  use only i n  t h e  range 60°F t o  38O0F 

and 0 t o  11% s e a  s a l t  concen t r a t ion .  

NOMENCLATURE 

B = Boil ing p o i n t  e l e v a t i o n ,  O F  

C = Concentrat ion,  weight f r a c t i o n  

C = Heat c a p a c i t y ,  Btu/( lb ."F)  
P 3 D = Density,  l b / f t  

H = Enthalpy, Btu/ lb  

K = Thermal conduc t iv i ty ,  B t u / ( f t . h r  
S = S a l i n i t y ,  gm/kgm = 1000-C. 
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T = Temperature,  O F  

V = Viscos i ty ,  l b / ( f t - h r )  

FORMULAS 

(a) Boi l ing Po in t  E leva t ion  

B = C(7.625 + 36.75C + T(.084583 + .154167C)) 

(b) Heat Capaci ty  of Brines  (C = .03  t o  -11)  

C 

Heat Capaci ty  of Pure Water (Product) 

C 

Heat Capaci ty  of Brackish Water (C = 0 t o  .035) 

C 

= 0.982635 - 1.06915C + 1.08113.10-4 T 
P 

= 1.0055 - 1 . 5 ~ 1 0 - ~  T + .75.10-6 T2 
P 

= 0.98499 - 1.21301C + 1.211096.10-4 T 
P 

(c) Densi ty  

D = 62.6651 + 46.013C - .62338-10q4 T2 
2 Th i s  equat ion  was de r ived  by E l e c t r o n i c  Assoc ia t e s ,  Inc .  

(d) Enthalpy of  Brines  (C = .03 t o  .11) 

H = -30.7435 + 0.982635T - 1.06915CT + 5.40565.10-5 T2 

+ 13.626 C 

Enthalpy o f  Pure Water (Product) 

H = -32.10739 + 1.0055T - .75.10-4 T2 + .25'10-6 T3 

Enthalpy of Brackish Water (C = 0 t o  .035) 

H = -31.1161 + 0.98499T - 1.21301 CT + 6.05548-10-5 T2 
+ 30.1465C 

(e) Thermal Conduct iv i ty  

K = .29411 - .174C + .0008791T - 2 ~ 1 0 - ~  T2 

Th i s  equat ion  was der ived  by E l e c t r o n i c  Assoc ia tes ,  Inc .  2 

( f )  Vi scos i ty  

V = ( - ,30361 + 218.277/T --2532.8/T2) ( 1  + 2.76C) 

A 

(7) 

c 
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Eq.(8) is a mod i f i ca t ion  of an eaua t ion  de r ived  by E l e c t r o n i c  Assoc ia t e s ,  
I n c ,  2 

D I SCUS S ION 

Sepa ra t e  expres s ions  have been given f o r  enthalpy of f r e s h  water  

and t h a t  of b r i n e ,  and f o r  t h e  corresponding h e a t  c a p a c i t i e s  f o r  s e v e r a l  

reasons:  (1) normally t h e  f r e s h  water  system i s  s e p a r a t e  from t h e  b r i n e  

system and a d i f f e r e n t  set  of equat ions a p p l i e s ,  ( 2 )  use of s e p a r a t e  
expression al lows s i g n i f i c a n t l y  b e t t e r  accuracy f o r  f r e s h  water p r o p e r t i e s  

f o r  t h e  same number of terms, and (3) i n  many c a l c u l a t i o n s ,  e . g . ,  h e a t  

ba l ances ,  a f a i r l y  a c c u r a t e  va lue  of t h e  enthalpy i s  d e s i r a b l e .  

expressions f o r  b r i n e  may be used f o r  f r e s h  o r  b rack i sh  water  i f  d e s i r e d  
and i f  accuracy shown i n  Table 1 i s  accep tab le .  

The 

Other sets of  formulas f o r  t h e s e  phys ica l  p r o p e r t i e s  are a v a i l a b l e .  

More complicated b u t  more a c c u r a t e  formulas a r e  given i n  t h e  O W L  r e p o r t s  

on computer codes f o r  designing d i s t i l l a t i o n  p l a n t s ,  f o r  example. How- 

eve r ,  i t  should be no ted  t h a t  t h e  expres s ions  given t h e r e  and i n  Ref. 2 

f o r  h e a t  c a p a c i t y  and en tha lpy  a r e  f o r  NaCl s o l u t i o n s ,  and n o t  f o r  seawater 

o r  i t s  concen t r a t e s .  

ACCURACY 

The f i g u r e s  show sets of c i r c l e s  showing phys ica l  p r o p e r t i e s  as cal-  
c u l a t e d  from t h e  formulas f o r  s a l i n i t y  va lues  0 ,  35, 70 and 105, c o r r e s -  
ponding t o  concen t r a t ions  0 ,  0.035, 0 .070 ,  and 0.105 weight f r a c t i o n  

r e s p e c t i v e l y  and approximating 0,  1, 2 and 3 times the concen t r a t ion  of 
ocean water .  The c i r c l e s  a r e  superimposed on photographic reproduct ions 
of f i g u r e s  from t h e  D i s t i l l a t i o n  P l a n t  Data Book. No f i g u r e  i s  included 

f o r  en tha lpy  because n o  f i g u r e  i s  given i n  t h a t  d a t a  book and e r r o r s  

l a r g e  enough t o  be d i s c e r n i b l e  on such a graph would be unacceptable .  
Table 1 g ives  t h e  d i f f e r e n c e s  i n  t h e  e n t h a l p i e s  c a l c u l a t e d  by t h e  

formula f o r  b r i n e  and those  given i n  Table  V I  o f  Ref. 3 .  
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TABLE 1 

Con cen t r a t  i on : 

Temperature 
O C  O F  

15 59 
30 86 
45 113 

60 140 

75 167 

90 194 

105 2 2  1 

12 0 2 48 

135 2 75 

150 302 

0 .035 .07 .105 

Enthalpy from formula minus en tha lpy  from 
re fe rence ,  Btu / lb  

.319 

.071 

-. 077 

-. 169 

- .226 
- .294 

-. 355 
- .482 

-. 727 
-1.091 

.069 

-. 010 

- .049 
-. 057 
- .025 

.013 

.039 

.os5 
-. 030 
-. 199 

-. 020 
-. 029 
-. 041 

- .034 

- .oos 
.049 

.110 

.159 

.144 

.063 

.075 

.042 

- .013 
- .048 

- .OS7 
- .OS9 
- .036 

- .006 
- .024 

- .071 
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CONCLUSIONS AND RECOMMENDATIONS 

The expres s ions  f o r  p h y s i c a l  p r o p e r t i e s  of seawater s o l u t i o n s  d i s -  
played i n  t h i s  r e p o r t  appear t o  f i t  t h e  experimental  d a t a  reasonably wel l  
and are s u i t a b l e  f o r  most evapora to r  design o r  d a t a  a n a l y s i s .  

c a l c u l a t i o n s  t o  be c a r r i e d  ou t  on l a r g e  d i g i t a l  computers could use  more 

e l a b o r a t e  and p r e c i s e  equa t ions  f o r  seawater  p r o p e r t i e s ,  such as those  

prepared by Bromley . 
o r  updated, d e r i v a t i o n  of t h e s e  more p r e c i s e  equa t ions  should be con- 

s i dered . 

Design 

3 When design computer programs a r e  being prepared 

REFERENCES 

1. A. E .  Dukler e t .  a l . ,  D i s t i l l a t i o n  P l a n t  Data Book, OSW Contract  
14-01-0001-2099, January 1971, U .  S. Govt. P r i n t i n g  Of f i ce .  

2 .  B.  T .  F a i r c h i l d  and C .  S.  Rhee, E l e c t r o n i c  Assoc ia t e s ,  I n c . :  
Simulat ion o f  a Mul t i s t age  Flash Test Module; Report t o  OSW, 
February 1971. 

3 .  L.  A .  Bromley e t .  a l . ,  J .  Chem. Engineering Data, - 15 246 (1970). 



6 

5. 

4. 

3 .  

2 .  

1 .  

0 

TEMPERATURE, F 

FIGURE 8 . 1 .  B o i l i n g  p o i n t  e l e v a t i o n  o f  s e a  
w a t e r  s o l u t i o n s .  

The dots show calculated values f o r  
salinities of  0, 35, 70 and 105. 
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FIGURE 8 . 2 .  S p e c i f i c  g r a v i t y  o f  rea  water  s o l u  

30 0 

I o n s .  

The do t s  show c a l c u l a t e d  va lues  f o r  - .~ 

salinities of 9, 35,  70 and 105. 
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TEMPERATURE, O F  

FIGURE 8.3. H e a t  c a p a c i t y  o f  sea  w a t e r  s o l u t i o n s .  

The do t s  show c a l c u l a t e d  va lues  f o r  
s a l i n i t i e s  o f  0 ,  35,  70 and 105. 
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F I G U R E  8.4.1. V i s c o s i t y  o f  water. 

The d o t s  show c a l c u l a t e d  values .  
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FIGURE 8.4 .2  V i s c o s i t y  r a t i o  o f  s e a  
water  solutions. 

The do t s  show calculated values f o r  
s a l i n i t i e s  o f  0 ,  35, 70 and 105.  
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