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In this paper, an analytical expression to the steam-water dipole orientation parameter is pro-
posed. The calculations have been carried out under the presumptions that: the electric proper-
ties of the water molecules are characterized completely by a permanent dipole moment and
a constant scalar polarizability, that translational fluctuations may be neglected, and that the
positions are orientation-free. The results have been presented in the form of continuous and
integrable expressions which could be easily compared to precedent studies as well as involved
in similar analytical models
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Steam-water mixture molecular configuration has been discussed, in the last decades, by several
specialists [ 1—10]. For example, A.D. Chistyakov [ 1] studied the applicability of several well-
known equations describing the dependences of the relative permittivities of liquid water and steam on
their densities and temperature. His works yielded original semi-empirical equations which related the
permittivity of equilibrium steam to that of the liquid phase and allowed tabulation of the calculated
permittivities of water and steam in saturation states.

In the same way, N.M. Putintsev et al. [ 2 | applied several polarization theory equations to differ-
ent states of aggregation of molecular systems in order to calculate the characteristics of water-steam
polarization. The same authors have already explained the deformation polarization [3] through
steam-water dipoles perturbation.

More recently, Yu.K. Tovbin [4 ] and S.G. Dyakonov et al. [ 5] used phase equilibria and mo-
lecular theory of curved steam-water interphase boundaries in terms of lattice gas models. They con-
sidered Laplace equations for the quasi-equilibrium distribution of molecules at the steam-water
boundaries taking into account direct correlations between the nearest interacting molecules.

In the present study, a polarization theory is developed in order to describe intermolecular influ-
ence inside a given steam-water medium. A particular attention is given to the as-defined dipole orien-
tation parameter g.

THEORY AND EXPERIMENT

Given the following relevant parameters (Table 1) inside a steam-water metastable mixture: and
under some presumptions, the steam-water dipole orientation parameter g (Eq. 1), evaluates the mean
interaction [ 6—10 ] between adjacent molecules (nearest neighbourhood):
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Table 1
Main prefixed parameters significations, values and units
Parameter Signification Value Unit
p Molecule dipole moment Ipll = 61375 | 10°° C.m
tn Mean temperature 225 °C
Na Avogadro constant 602-10% mol ™
ks Boltzmann constant 138-10°% J.K!
€0 Vacuum permittivity 8854-107" F-m”
Psat Density variable Kg-m”
7 HO Mean refractive index 1.33 Dim. less
M | Molar mass 0.0180 Kg-mol '
€ Relative permittivity variable Dim. less
18Me, kpt €
&= 5 22" (1
NAvpsat ||pH (2+nD)
Inside a given temperature range, ¢,, is accurately known, Equation (1) can be written as
€
g(g, psat) = A 2 2 (2)
Psar (2’ +np (8’ Psar ))

with 4 constant.

For pure and de-ionised water, a complete set of data concerning the relative permittivity € have
been recorded by P.G. Hill et al. [ 11 ], parallel to values of the density at saturation line pg,, detailed
by M. Uematsu ef al. [ 12 ]. An extracted sample of this data is represented in Fig. 1.

This sample has been subjected, along with Eq. (1), to the Boubaker Polynomials Expansion
Scheme (BPES) [ 13—22]. The BPES is a resolution protocol which has been extensively proposed in
many mathematical and engineering fields to yield meaningful results for both numerical and analyti-
cal problems. This scheme has been successfully applied in several recent applied physic studies
[ 17,21, 22]. Its main expansion f(x):

1 Y%
f(x) :quzlaq XB4q (qu)a (3)

where By, are the 4g-order Boubaker polynomials; 8, are B4, minimal positive roots; N, is a prefixed

integer; aq| Ly, are real coefficients coefficients, has been demonstrated [ 15, 21 ] to be the unique
q=1...N,

solution of the system (4):

p.g-cm=>
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oy . 454 - 0.85
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N
ZB4q(x><[3q) =-2N=0

=1 x=0

N
2. By, (xxB,)| =0
q=1 x=1
JZV:dB4q(xx[3q) 0
q=1 dx x=0

Lmoxb) & @
| dx I 1

N d?B,, (xxP,) 8

S SNV 1))

=1 dx S 3

N d*B,, (xxB,) N

q q _
y LR Y,
q=1 X o 97

270 S p2
4B, [2-By1x > By (By)
_ j=1

dB, (x
where H, =L() = +4B?,
dx =B, Byqe1y(By)
d*B (x)| 3B, (4gP> +12g —2)H, —8q(244°P> +8¢> —2q +4)
and G =4 Big _ 3P, (4gBy +129 g —8q(24q7B, +8q" —2¢q
’ .
> . (B, —1D(124B; +4q -2)

According to the BPES protocol, the two 7-dependent variables are expressed in the range [7; #],
as a function of the normalised variable 7 :

- 1
t=—-~(~—-1y), telty;t],
A i) (73]

)
The proposed expressions of pg,(7) and &(¢) are
psat(t) N, za XB4q(B t)a
0 g=1 ( 6)
) =5 Za x By, (By1),
0 g=1
where § ‘ and & | are coefficients whose values minimize the Minimum Square func-
9lg=1...N, 9lg=1...N,
tions Ay and Ay , respectively.
M, 2
Ays, =20 & — Zi By, (Byx) (7
k=1 2No

M,

2
Ays, = Z(psatk 2N, & Z?’; "B, (B tk)] (3)

k=1
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Table 2
Obtained values along with values given in the related literature
1 (C) g (dimensionless) ¥4 % 1 CC) g (dimensionless) +4 %
BPES | Ref. [ 22 ]| Error* | Ref. [ 23] | Error** BPES | Ref. [22] | Error* | Ref.[23] | Error**
100 | 2.71 2.71 0 2.70 0.0001 || 250 | 2.44 2.50 0.0036 2.30 0.0196

125 | 2.57 2.58 0.0001 2.51 0.0036 || 275 | 2.39 2.27 0.0144 | 2.48 0.0081
150 | 2.54 2.55 0.0001 2.44 0.01 300 | 2.35 2.22 0.0169 | 2.43 0.0064
175 | 2.53 2.54 0.0001 2.40 0.0169 || 325 | 2.23 2.14 0.0081 2.37 0.0196
200 | 2.51 2.37 0.0196 | 2.52 0.0001 || 350 | 2.11 2.09 0.0004 | 2.26 0.0225
225 | 248 2.34 0.0196 | 2.51 0.0009

* Quadratic error (BPES/Ref 22, Heger ef al.).
** Quadratic error (BPES/Ref 23, Marcus).

The optimal values ﬁq‘ and &, | are equivalent to those which solve the linear NyxNy-
g=1...N, 9lg=1...N,
sized systems which has the same coefficients array:
N 1 Mo _ . M, N
2| S 2 Bag Byl )Ba; (v i) g =| 2 &By; (Biy) ©)
g=1\ =0 k=1 JERIN A L J=1.2, Ny
and
No( 1 M N _), M, )
2l =D Bay B 7B (B B, =12 Psar, Ba; (B , (10)
=1\ 2No iz . k=1 :
J=1,2,0.,N, J=1.2,0. N
respectively.
RESULTS AND DISCUSSION

By introducing the solutions of Eq. (9)—(10) in Eq. (6), and considering a mean value of the re-
fractive index 7, final analytical -dependent expression of the dipole orientation parameter g is:

No
€, x By, (v,1)
18Me, kBquZ::I ¢ e

- . (1)
N+ Ipl? Y, 3
Av( D) ||p|| Z‘iaquA‘q(qu)
q=

The obtained results for the given parameters (table 1), are presented in Table 2, along with
precedent values published by K. Heger ez al. [ 22 ] and Y. Marcus [ 23 ].

The values of the dipole orientation parameter g have been truncated to 102, while errors were
monitored with three significant digits, for accuracy purposes.

Comparison with existent results [ 22, 23 | has been made on the basis of absolute quadratic er-
rors, gathered in Fig. 2.

g
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Fig. 2. Quadratic errors (BPES versus
Ref 22 (Heger et al.) and Ref 23 (Mar-
cus))
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CONCLUSION

In this paper, data deduced from molecular dynamics simulations permitted the establishment of
an analytical expression of the water-steam dipole orientation parameter, albeit for a system with
a limited number of water molecules. The used calculation protocol (BPES) produced results pre-
sented in the form of continuous and integrable expressions which could be easily compared to prece-
dent studies as well as involved in similar analytical models. Error analyses confirmed that the ob-
tained values are in good agreement with those existing in the related literature.

Acknowledgement. The authors wish to express their sincere thanks to Professor K. Boubaker
from Tunisian University (E.S.S.T.T. Tunis) for earlier review of this work, for advises, hints and con-
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