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Abstract: Given the high human demand for freshwater and its consequent scarcity, desalination
processing seems to be a key solution, given the vast amount of seawater on the planet. Currently,
desalination plants provide about 95 million m3/day freshwater in 177 countries worldwide. How-
ever, desalination is an energy-intensive, demanding technique that generally uses fossil fuels and
contributes to global warming via greenhouse gas emissions. Freezing/melting desalination (F/M)
uses about 70% less thermal energy than the boiling process. Unfortunately, this technique is rarely
used, mainly because of salt separation problems at low temperatures close to 0 ◦C. Most models have
determined their results assuming a saline concentration value of the retained liquid; however, there
is a significant disagreement in this value. This study proposes a unidimensional model based on
thermal and mass diffusion evolution. The model predicts the successful separation of salt-free ice to
avoid salt diffusion before encapsulation; the process depends on temperature, saline gradients, and
time. The calculations in this paper are based on the salt concentration in the liquid-solid interface,
which has been extensively studied, achieving an accurate performance of the proposed model.

Keywords: freezing/melting desalination; aqueous sodium chloride solutions; theoretical diffusive
models

1. Introduction

Desalination aims to obtain fresh water, a crucial but cost-and energy-intensive pro-
cess [1,2]. Numerous desalting methods have been developed, such as reverse osmosis
(RO) or multi-stage flash (MSF). However, RO requires enormous pressure and membrane
replacement, and MSF, used for 50% of seawater treatment, is accompanied by a high envi-
ronmental impact due to the increased consumption of hydrocarbons [3]. About 10,000 tons
of oil were used worldwide to produce 1000 m3/day of desalinated water [4].

Besides, desalination technology requires an 8–20 times greater energy intensity than
conventional surface water treatment technology [5], and the annual global emissions from
desalination plants are predicted to be increased by the equivalent of 0.4 billion tons of CO2
by 2050 [6].

Freezing/melting (F/M) desalination has the advantage of being the most theoretically
energy-efficient desalination process. The low F/M energy consumption is due to the latent
heat of freezing (334 kJ/kg), compared with evaporation (2257 kJ/kg) [7,8], used for
commercial thermal technologies. Thus, the process of the F/M could save up to 70% of
the energy required by conventional thermal desalination processes [1].

The F/M process can remove dissolved salts in solutions, while forming ice crystals [9].
F/M has been used to separate various contaminants from water, such as minerals, organic
chemicals, and dissolved particles. In addition to low energy consumption, it operates
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at low temperatures, minimizing corrosion problems and allowing for the use of low-
cost materials, such as plastic. Furthermore, pretreatment is unnecessary, thus avoiding
chemicals and implying minimum environmental impact [10]. This process has not been
widely used for desalination purposes, but the technology has been successfully applied in
food, pharmaceutical, and other industries.

During the 1960s and 1970s, several attempts to commercialize this technology con-
tinued its development for 45 years through many technological innovations and pilot
plants [11]. However, the most challenging problem is to avoid salt entrapment in the
ice during the crystallization, as it is necessary to separate salt-free ice from the cooled
brine solution. This process requires crushing and recrystallizing the ice, increasing
operating costs [11,12] because this separation includes other secondary processes and
additional infrastructures.

Ice quality depends on several factors linked mainly to freezing process kinetics. The
objective is to eject the salt into a small volume of unfrozen brine. However, some salts are
often trapped in the ice crystals, independent of the salt solubility in ice [12].

Therefore, different process designs have been adapted to reach a lower water salinity.
Badawy [13] experimented with different F/M cycles, crystallization degrees, and gradual
melting. The authors of [14] conducted the process by modifying the stirring speed, freezing
time, and subcooling. Castillo-Téllez [1] used different sizes and geometries to determine if
these factors affected the final water purity. Finally, Erlbeck et al., 2017 [2] studied the effect
of efficient desalination using a cooling plate with several conditions, and its dependence
on ice production.

On the other hand, computational simulations of the phenomenon have been per-
formed [15] used ANSYS Fluent software to develop the 3D model to investigate the
thermodynamic process. Using the same software, the authors of [16] presented a study
of an ice-brine separation using a horizontal hydrocyclone. In [17], researchers added a
variation using stirred flow and stagnant configurations to a similar simulation. However,
the main objective of these works was fundamentally the simulation of the phenomenon
without addressing the salt separation problem.

Eghtesad A. et al. [17] designed multi-objective optimization and an artificial neural
network to determine the effects of heat flux, hydraulic diameter, and initial salt concentra-
tion on the ice salinity. In addition, visual C++ and Origin were used in [18] to study the
ice growth in freezing desalination compared to the experimental setup.

In other research, mathematical models were developed to predict the heat transfer, the
thickness of the ice, and the heat flux [19], while the ice phase, liquid phase, and ice-liquid
interface moved at a constant speed. The temperature and concentration profiles were also
measured [20]. In addition, the temperature distribution, interface change position, and
velocity was evaluated using a finite difference method for the melting problem regarding
different materials [21]. However, most of these works do not consider the changes in the
physical properties of the saline solution, with no constant concentration values in their
models, leading to inaccuracies in calculations because, close to 0 ◦C, the variations in
the interface for brine have no linear behavior for kinematic viscosity affecting the heat
transfer calculation.

Thermal desalination technology currently makes up 27% of overall desalination
plant production, and it is considered a mature process for large-capacity production [22].
However, MSF reaches 18 kWh/m3, and MED requires 15 kWh/m3 [23]. In addition, the
high operating temperatures lead to corrosion problems, affecting the production rate.
Multi-effect humidification (HDH) and adsorption desalination (AD) are used to improve
energy efficiency; however, AD requires some adsorbent material [24], has a low production
rate, and requires large spaces for solar still systems [25]. On the contrary, FD requires less
energy than evaporation systems without presenting corrosion problems.

On the other hand, membrane-based technologies, such as reverse osmosis (RO), ultra-
filtration (UF), nanofiltration (NF), or electrodialysis (ED), present membrane deterioration
weakness, increasing maintenance cost, power needs, labor, material, chemical needs, and
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of course, the final membrane replacement [26]. Many studies have attempted to prevent
membrane fouling by implementing solutions such as coating the feed spacer with silver,
gold, zinc, copper, and polysulfone for UF [27], modifying size and alignment or adjust-
ing geometry to lower concentration polarization [28]. Moreover, various pretreatment
procedures are applied to achieve better water quality, such as multi-step pretreatment,
chlorination, and acid treatment or coagulation filtration using UF or MF [29]. Moreover,
some researchers have applied UV irradiation. However, specific pretreatments produce
hazardous and carcinogenic products, including tri-halomethanes, causing membrane
deterioration [30]. None of these problems are present in freezing desalination methods.

The present study is based on analyzing the competition between saline and thermal
diffusion, applying the primary heat and mass transfer equations, and providing informa-
tion to promote salt diffusion using the temperature gradient. In addition, other factors,
such as the initial saline concentration, recipient dimensions, or geometry, for instance, are
considered to obtain acceptable freshwater quality.

Based on the literature reviewed, there is a lack of information about the properties of
saline solution freezing and salt rejection, especially regarding the effect of concentration
gradient on the physical properties of the solution, such as density, thermal conductiv-
ity, thermal coefficients, or kinematic viscosity; therefore, a physical model is proposed
allowing for properties calculation.

2. Materials and Methods
Description of the Separation Process

This physical model consists of a horizontal transparent cylinder, thermally insulated,
except on one flat side, in order to drive the heat flow in unidimensional x-direction. The
non-insulated surface is exposed to the cold air at temperatures (Tair) below the freezing
point of the saline solution. Depending on brine and air temperatures, (Tb and Tair),
respectively, ice formation evolution occurs at the liquid-solid interface. When Tair is
below the saline solution freezing point and Tb higher than the temperature of the interface
surface of the ice, the heat transfer should occur from brine towards the cold air. The heat
transfer is carried out by natural convection between the brine and the ice formed, and
the cylinder surface and cold air by conduction through the ice and the thickness of the
cylinder material. Figure 1 shows a physical model scheme of the process.
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Temperature values and their gradients should be defined in order to:

1. Produce ice at the liquid-solid interface, and
2. Operate the cooling flow to remove both the latent solidification heat of the water and

heat necessary for ice sub-cooling—the correlation between the ice formation kinetics
and diffusion time. Ice formation should be performed progressively to allow for the
transfer of the ions to the brine.
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3. Proposed Model
3.1. Heat Transfer Model Description
3.1.1. Main Equations

Freezing cannot be simulated as a simple general equation of heat conduction, which
only governs the solid phase. Therefore, the models are generally formulated for one-
dimension thermal conduction for sensible heat transfer.

At x = 0, convection heat transfer is performed between the cooling air and the only
cylinder surface not insulated, with a cooling rate:

ϕair = hair(Tx=0 − Tair) (1)

At time t, the freezing interface is located at x = x f r and Equation (1) is only suitable
for 0 ≤ x ≤ x f r. At x = x f r, the convection heat transfer is performed between the brine
and the ice surface:

ϕb = hb(Tb − To) (2)

If Equations (1) and (2) are combined, the temperature and global heat flow as a
function of x and t are obtained. The position progression of the ice–brine interface x0 = xi
and the heat flow allows for the development of ice production as a function of time at
x0 = xi:

ϕbrine − ϕice = −ρL f
dxo

dto
(3)

where the ratio ( dxo
dt ) is the rate of volume (one-dimensional analysis) of ice formed per unit

area on the growing surface (m3/(s m2)), and the expression (ρL f ) is the latent heat fusion
per volume (J/m3). When the temperature distributions allow the total generated heat flow
to be negative, the ice rate increases, and consequently, the value of ( dxo

dto
) is positive.

An adequate analytic solution to these coupled partial differential equations is com-
plicated and may be obtained only for specific cases. Moreover, the particular solution is
known for the actual physical conditions on the border. The repartition of temperature
modifies the physical and thermal properties of the ice. The homogeneity of the physical
properties of the subcooled solid phase (ice) was assumed to simplify the solution (density
ρice, heat capacity cice, conductivity kice, and thermal diffusivity αi). Further simplifications
were implemented by assuming that the cooling air temperature Tair remains constant. In
contrast, the liquid (brine) temperature Tb remained slightly higher than the solidification
temperature of the water (Tb = TFr ≈ 0 ◦C) and lower than the brine freezing temperature.

The temperature gradients (Ti − Tair) = (Tb − Ti) generated, the heat flow rate, acting
as thermal resistances in series from the ice, the plate, and the air:

ϕice =
Ti − Tair

1
hair

+ 1
kc
lc

+ 1
kice
xo

(4)

The heat flow rate from the brine is given by Equation (2); it is exclusive of convection
heat transfer. Equations (2) and (4) are combined (in Equation (5)) to vanish the heat
flow rates:

Ti − Tair
1

hair
+ 1

kc
lc

+ 1
kice
xo

− hb(Tb − Ti) = ρL f
dx
dt

(5)

This manages to relate the ice depth x = 0 to the freezing time t0. If the process
starts at t = 0 and continues until the time t f r, the dt f r required to increase the dx of ice
generation becomes:

dt f r =
ρL f

Ti−Tair
1

hair
+ 1

kc
ec

+ 1
kice

x

− hb(Tb − Ti)
dx (6)
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This Equation (6) identifies the time t f r necessary to freeze a brine thickness of x.
The ice thickness increase as a function of time implies that the coefficient of dx should
be positive.

3.1.2. Complementary Equations

In order to obtain the thermal properties [31], the following equations were used:

Nu =

0.825 +
0.387 ∗ Ra

1
6

d1 +
[

0.492
Pr

] 9
16 e 8

27

 (7)

It is a function of:

Raair =
gβair(Tc − Tair)d3

c
vair

2 Pr (8)

Rab =
gβw(Tb − Ti)d3

c
vw2 Pr (9)

And then, finally:

hair =
kair
dc

Nuair (10)

hb =
kb
d

Nub (11)

For both air and brine sides, respectively.
As the saline solution freezing process occurs, the salt, contained homogeneously at

the beginning of the process, is displaced towards the non-frozen section; consequently, the
brine concentration increases as ice (now free of salt) grows, due to the factors affecting the
heat transfer phenomena (described in Equations (7)–(11)), depending on the characteristics
of the actual solution.

Sodium chloride (NaCl) was used to estimate the brine behavior because it is the main
salt in seawater. Its density, dynamic viscosity, and specific heat agree with the literature
values of seawater [32]. The freezing temperature Ti(

◦C) of the brine salt solution was
estimated using the equation proposed in [33]:

Ti(
◦C) = −5.75 10−2S + 1.710523 10−3S( 3

2 ) − 2.154996 10−4S2 − 7.53 10−4 (12)

The characteristics of diluted solutions depend mainly on salt concentration. Thus,
while salt concentration increases, the freezing point decreases, as can be seen in Figure 2.
On the contrary, density, the coefficient of volumetric expansion, kinematic viscosity,
thermal conductivity, and osmotic pressure increase with an increase in salinity or tem-
perature [34,35]. Given the lack of information on the properties at seawater below 0 ◦C,
the functions have been collected and extrapolated from sodium chloride-water solutions
properties [35–38], resulting as:

vair =
(

0.0001Tc
2 + 0.0871Tc + 13.26

)
∗ 10−6 (13)

and

vb = 1.082950− 0.004228Sb −
632.86198

Tb
+ 0.000026S2

b +
93445.1532

T2
b

+ 1.129106
Sb
Tb

(14)

for air and brine temperature, respectively.
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The equation for the Pr number obtained is µ Cp/k:

Prair = 3 10−7Tc
2 − 3 10−4Tc + 0.7161 (15)

Figure 3 shows the thermal and mass diffusion competition and ion migration at the
dt f r (at the precise moment of phase change).
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Furthermore, the equations obtained for thermal conductivity is:

kair = −3x10−8Tair
2 + 8x10−5Tair + 0.0236 (16)

The minimum coefficient of multiple correlations for all the equations is R2 = 0.9983.

4. Salt Diffusion Analysis

For salt diffusion during freezing, the model proposed by Allaf is used [39], according
to Fick’s law [40]:

ρs

ρw

(→
vs −

→
vw

)
= −D

→
∇
(

ρs

ρw

)
(17)

The salinity of the solution is ρs
ρw , ; subsequently, if it is assumed that the water velocity

in the brine is global:
→
vw ≈ 0, and the movement of salt should be uniaxial towards one

dimension; Equation (18) becomes:

Svs = −D
∂S
∂x

(18)
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Since the increased ice aims to reach a new equilibrium phase change [41], the solidifi-
cation process is responsible for the salt’s partial or total expulsion towards the residual,
more concentrated brine. The requirement for a complete displacement of salt ions from
the dx layer of ice implies that S(x+dx,t) should be twice that of S(x,t), then:

Svs = −
D
(

S(x+dx,t) − S(x,t)

)
dx

(19)

Therefore, the authors propose:

Svs = −
D
(

2S(x,t) − S(x,t)

)
dx

(20)

Then, since the diffusion time tdi f is correlated with the dx ice layer, we have:

S
dx

dtdi f
= −

D
(

S(x,t)

)
dx

(21)

and:
dx

dtdi f
= − D

dx
(22)

Thus, the time dt f r required for diffusing salt out of the dx layer should be:

dtdi f =

∣∣∣∣dx2

D

∣∣∣∣ (23)

Accordingly, the study of mass transfer requires estimating the diffusivity D of salt
in the brine. There are several accurate experimental methods for the measurement of D;
for example, optical [42], spectroscopic [43], or the Taylor method [44,45]. However, the D
value has frequently been estimated due to the expensive instrumentation for each dx, as
shown in Figure 4.
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Several literature correlations exist for this purpose [46–49]. The proposed model uses
the Nernst–Haskell equation for electrolyte solutions [49]. The D values found (Table 1)
agree with those reported in [18].

Table 1. Values obtained for the diffusivity of salt in water, temperature, and salinity.

Salt Diffusivity in Water Solution Freezing
Temperature ◦C Brine Salinity g/L

8.33 × 10−6 −1.95 35.5
8.30 × 10−6 −2.5 52.96

8.2541 × 10−6 −4.5 77.33

5. Results and Discussions
Conditions for F/M desalination

The F/M process requires at least three essential conditions:

1. A positive evolution of growing ice through thickness x:

dxo = a dt f r (24)

From Equation (6), since the coefficient a should be positive, it is proposed:

a =

Ti−Tair
1

hair
+ 1

kc
ep

+ 1
ki
x

− hb(Tb − Ti)

ρL f
> 0 (25)

Consequently:
Ti − Tair

1
hair

+ 1
kc
ep

+ 1
ki
x

− hb(Tb − Ti) > 0 (26)

Accordingly, Equations (25) and (26) are conditions that strictly depend on air temper-
ature (Tair) and brine temperature (Tb).

2. Since diffusion time tdi f depends on the diffusivity, which is a function of salinity as
Equation (23) and Table 1 show, the salinity increases while the value of D decreases.

3. To get salt-free at a diffusion time lower than freezing time:

dtdi f

dt f r
< 1 (27)

Freezing conditions should be carried out to perform ice formation as slowly as
possible. This allows the salt ions to “escape” into the brine solution before reaching the
solidification of a considered layer (dx).

Salt separation should be considered the most critical condition for appropriate F/M
desalination. From the three conditions established, it is possible to regulate the process in
terms of the most convenient initial temperatures and salt concentration to allow freezing
without salt trapped in frozen water.

In Figure 5, a schematic flow diagram shows the mass and energy equations for the
F/M process; the thermal analysis includes the simultaneous conduction and convection
process based on the temperature values of the interface. At the same time, the diffusion
process is derived from the salinity values close to the interface zone. Both processes (mass
and energy transfer) affect the solidification of the interface, depending on the initial power
and salinity.
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Figure 5. Schematic flow diagram for the conception of the F/M desalination model.

Figure 6 shows the initial salinity condition of 35.5 g/L; as the ice formed increases,
the average salinity also increases in the remaining liquid zone. In this case, a 40 cm process
for x dimension is presented. At the 5 cm interface location, the salinity does not make
a significant mass addition to the liquid section. The NaCl displacement from the initial
salinity condition can be observed with a near linear behavior in the first half of the process.
A nonlinear effect is shown in the last third of the process, as the solubility diminishes,
in agreement with Table 1. The process increases the NaCl salt concentration when the x
dimension is finite, and the salt is pushed into the remaining concentrated brine.
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Figure 6. Brine average salinity, depending on interface location.

In Figure 7, calculated at the initial half x length process, an interface for the initial
salinity at 35.5 g/L in the brine (liquid phase) leads to a 112.105 g/L salt concentration in
the brine solution. This is the driving force for diffusion from a higher NaCl concentration
to the remaining x dimension, which has an average NaCl concentration of 56.0526 g/L.
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The model was defined to obtain the conditions required to achieve suitable saline
solution desalination. This model is based on comparing both the freezing process and
salt diffusion in saline water. It involves the effect of thermal parameters, which generally
depend on salt concentration (conductivity, freezing temperature), physical characteristics
(density, expansion coefficient, kinematic viscosity, and salt diffusivity), and equipment
geometry. The model is simultaneously simple and effective, providing a tool to conduct
the F/M desalination process. Important information has been collected to achieve data
closer to what is observed during experimentation on a complex problem. For example,
the ice growth rate value must be around 3.0 × 10−7 to achieve ice-salt separation, and the
freezing temperature should be below −15 ◦C to obtain 233 g/L salt concentration in the
liquid. This model’s results will help design and build adequate high-performance F/M
prototypes and industrial plants.

6. Conclusions

One-dimensional model for the freezing melting process was presented for a freezing
water process from NaCl brine solution. The interface moves as slowly as the diffusion
salt process allows for the salt-free ice formation, then, the temperature and the new salt
concentration have different effects on the interface position. The model equations show a
process based on three factors: convection zone, conductivity zone, and mass diffusion.

A slight variation of a one-dimensional thickness (associated with cylinder length)
in ice formation results from the convection, conductivity, density, viscosity, and heat for
initial temperature and initial salt concentration. A one-dimensional solution assumes the
salt gradient is displaced simultaneously with the thermal process; this assumption would
be valid for the process in which the container wall is a far distance from the surface once
the freezing process has begun, and this is entirely accurate for sea conditions in which the
border is far from the surface.
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The main discovery of the model is the time required for salt diffusion compared to
the time required for phase change in a specific volume of salt water. After a tdif time value,
one of them is salt-free, and the mass transfer analysis implies the other volume has a
double salt concentration, and then this relatively higher mass potential, according to Fick’s
law, pushes the NaCl into the brine, with the initial salt concentration of approximately
8.3 × 10−6 m2/s for 35.5 g/L.

Author Contributions: B.C.-T.: conceptualization, visualization, methodology, original draft prepara-
tion, formal analysis; R.J.R.: conceptualization, visualization, methodology, original draft preparation,
formal analysis; K.A.: conceptualization, methodology; I.P.-F.: formal analysis, writing—review, and
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Nomenclature

a ice grow rate m/s
x specific length (x-axis) m
Lf water heat fusion J/kg
T temperature K
h coefficient of heat convection W/m K
ϕ heat flux W/m 2

k thermal conductivity W/m K
→
v diffusion velocity m/s
D saltwater diffusivity m2/s
l length m
v kinematic viscosity m2/s
S salinity Kg/m3

Pr Prandtl number dimensionless
Ra Rayleigh number dimensionless
M molecular weight g/mol
VwNaCl molar volume m3 mol
t time s
α thermal diffusivity m2/s
ρ density Kg/m3

β coefficient of volumetric expansion dimensionless
Sub-indices
i liquid-solid interface
s salt
b brine
fr freezing

d diameter
∞ infinity
w water
c container
air air
ice ice
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Appendix A

Table A1. Kinematic viscosity ×107 (m2/s) as a function of temperature and salinity.

Temperature (K)

Sa
li

ni
ty

(g
/k

g)

293.15 273.15 272.15 271.15 270.15 269.15 268.15 263.15 258.15
0.1 11.486 18.471 19.180 19.928 20.717 21.547 22.419 27.438 33.645
2.0 10.838 18.396 19.134 19.911 20.729 21.589 22.490 27.661 34.026
2.9 10.614 18.426 19.177 19.969 20.800 21.674 22.589 27.833 34.272
4.0 10.397 18.519 19.288 20.096 20.945 21.835 22.768 28.099 34.630
5.6 10.195 18.768 19.561 20.393 21.267 22.182 23.140 28.599 35.263
6.0 10.165 18.851 19.650 20.489 21.368 22.290 23.254 28.745 35.442
8.0 10.140 19.391 20.220 21.089 22.000 22.952 23.948 29.599 36.462
8.3 10.155 19.490 20.323 21.197 22.112 23.070 24.070 29.745 36.633
10.0 10.324 20.138 20.998 21.898 22.839 23.823 24.849 30.661 37.691
11.0 10.494 20.590 21.465 22.380 23.337 24.336 25.378 31.270 38.383
13.6 11.179 22.008 22.922 23.878 24.874 25.914 26.997 33.096 40.425
16.2 12.215 23.778 24.732 25.727 26.763 27.843 28.967 35.274 42.819
18.8 13.603 25.899 26.892 27.927 29.004 30.124 31.289 37.804 45.565
21.2 15.196 28.169 29.199 30.270 31.384 32.542 33.744 40.451 48.412
23.1 16.670 30.179 31.237 32.338 33.481 34.668 35.900 42.759 50.877
24.9 18.239 32.256 33.341 34.469 35.640 36.855 38.115 45.118 53.387

Table A2. Salted water thermal conductivity (W/m K).

Temperature (K)

272.16 272.16 272.16 272.16 272.16 272.16 272.16 272.16 272.16 272.16 272.16 272.16

Sa
li

ni
ty

(%
)

2 0.559 0.559 0.559 0.559 0.559 0.559 0.559 0.559 0.559 0.559 0.559 0.559
4 0.558 0.558 0.558 0.558 0.558 0.558 0.558 0.558 0.558 0.558 0.558 0.558
6 0.557 0.557 0.557 0.557 0.557 0.557 0.557 0.557 0.557 0.557 0.557 0.557
8 0.555 0.555 0.555 0.555 0.555 0.555 0.555 0.555 0.555 0.555 0.555 0.555

10 0.554 0.554 0.554 0.554 0.554 0.554 0.554 0.554 0.554 0.554 0.554 0.554
12 0.553 0.553 0.553 0.553 0.553 0.553 0.553 0.553 0.553 0.553 0.553 0.553
14 0.552 0.552 0.552 0.552 0.552 0.552 0.552 0.552 0.552 0.552 0.552 0.552
16 0.550 0.550 0.550 0.550 0.550 0.550 0.550 0.550 0.550 0.550 0.550 0.550
18 0.549 0.549 0.549 0.549 0.549 0.549 0.549 0.549 0.549 0.549 0.549 0.549
20 0.547 0.547 0.547 0.547 0.547 0.547 0.547 0.547 0.547 0.547 0.547 0.547
22 0.546 0.546 0.546 0.546 0.546 0.546 0.546 0.546 0.546 0.546 0.546 0.546
24 0.544 0.544 0.544 0.544 0.544 0.544 0.544 0.544 0.544 0.544 0.544 0.544
26 0.542 0.542 0.542 0.542 0.542 0.542 0.542 0.542 0.542 0.542 0.542 0.542
28 0.541 0.541 0.541 0.541 0.541 0.541 0.541 0.541 0.541 0.541 0.541 0.541
30 0.539 0.539 0.539 0.539 0.539 0.539 0.539 0.539 0.539 0.539 0.539 0.539
32 0.537 0.537 0.537 0.537 0.537 0.537 0.537 0.537 0.537 0.537 0.537 0.537
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