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ABSTRACT

In 2008, the International Association for the Properties of Water and Steam (IAPWS)
adopted a standard formulation for the thermodynamic properties of seawater as a sum of
contributions to the Gibbs free energy from pure water and from dissolved sea salt. For
pure water, the IAPWS formulation for general and scientific use (IAPWS-95) was used.
However, for industrial uses such as desalination and seawater power-plant cooling, it is
likely to be more convenient to use the computationally simpler IAPWS formulation for
industrial use IAPWS-IF97), which is standard in the steam power industry. This paper
documents this approach and gives formulas for calculating thermodynamic properties of
seawater and steam (volume, enthalpy, isobaric heat capacity, etc.). The calculation of
colligative properties (such as boiling and freezing points and osmotic pressure) is also
described, as is the calculation of properties of two-phase states such as brine-vapor and
brine-ice (sea ice). The computing speeds for these calculations are faster than those using
IAPWS-95 by factors on the order of 100-200. The use of IAPWS-IF97 instead of IAPWS-95
for industrial seawater calculations is endorsed in IAPWS Advisory Note No. 5: Industrial
Calculation of the Thermodynamic Properties of Seawater. This use is valid for IAPSO
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Table 1
Relations between the relevant thermodynamic properties of seawater and g(p,T,S), Eq. (1), and its derivatives™®
Property Relation
Specific volume o(p,T,S) =gp
v
Density p(p,T.S) = gl
p=0v"
Specific internal energy up,T,5) =g —pg —Tgr
u
Specific enthalpy hp,T,S) =g —Tgr
h=u+pv
Specific entropy s(p, T,S) = —gr
s
Specific isobaric heat capacity c(p,T,S) = —T grr
¢p=cp = (Oh/0T), 2
Specific isochoric heat capacity wp,T,5) =T (ﬁ - gTT)
cy = (0u/0T),
Cubic isobaric expansion coefficient o (p,T,S) = ‘%;
% =0 (90/9T),
Isothermal compressibility kr(p,T,S) = — %P
rkr =~ (v/0p)y

— 3T
et 019 -/

- - s

Isentropic exponent K(p,T,S) = L350 —
k= —vp~1(9p/ ), P pr s
Relative chemical potential u(p,T,S) =gs
1= (93/95), 1
Chemical potential of water tw(p,T,5) =8 — Sgs
fy =8 —Sp
Chemical potential of sea salt us(p, T,S) =g+ (1 —95)gs
Hs = p+ Uy s
Osmotic coefficient o(p,T,S) = sbR (%s)
¢=&" —pw)b ' RIT!
Haline contraction coefficient B(p,T,S) = _ &

B=p1(9p/0S),; i

o= ()= O () o= ()= () (58), 0 = (),= (), +(8), 0 = ()= (), + (), ¢
o ?) () + (5] 50 (3), - (), b, o
"The value of the molar gas constant Ry, =8.314 472 kJ kmol ™' K™! was taken from CODATA 2006 [18] and is used in the 2008 TAPWS
formulation for seawater.

Numerical check values for the water contribution s
computed from gw(p,T), Eq. (4), and its derivatives, w

for the seawater properties computed from the Gibbs g

function g(p,T,S), Eq. (1), and its derivatives as well as 5.6 ) . p

for selected seawater properties of Table 1 at given = ZZ k¢ lné—i-an]ké (0 — 0o) (m — mo)
k=0 j=0

points (p,T,S) are given in Table Al.
()

where the reduced pressure is 7=p/p’, the reduced
atmospheric pressure is mp=po/p’, the reduced tem-

The saline contribution of Eq. (1) is calculated from  perature is =T/ T, the reduced Celsius zero-point
the Gibbs free energy equation of the IAPWS formula-  temperature is 6y=T,/T, and the square root of the
tion for seawater properties [1]. reduced salinity is &= ,/S/S*. The values of the

2.3. Saline contribution
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