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Abstract

Analyses of ground-based experiments on near-critical fluids to precisely determine their density can be
hampered by several effects, especially the density stratification of the sample, the liquid wetting behavior at the
cell walls, and a possible singular curvature of the “rectilinear” diameter of the density coexisting curve. For the
latter effect, theoretical efforts have been made to understand the amplitude and shape of the critical hook of the
density diameter, which depart from predictions from the so-called ideal lattice-gas model of the uniaxial 3D-
Ising universality class. In order to optimize the observation of these subtle effects on the position and shape of
the liquid-vapor meniscus in the particular case of SFe, we have designed and filled a cell that is highly
symmetrized with respect to any median plane of the total fluid volume. In such a viewed quasi-perfect
symmetrical fluid volume, the precise detection of the meniscus position and shape for different orientations of
the cell with respect to the Earth's gravity acceleration field becomes a sensitive probe to estimate the cell mean
density filling and to test the singular diameter effects. After integration of this cell in the ALI-R insert, we take
benefit of the high optical and thermal performances of the DECLIC Engineering Model. Here we present the
sensitive imaging method providing the precise ground-based SFs benchmark data. From these data analysis it is
found that the temperature dependence of the meniscus position does not reflect the expected critical hook in the
rectilinear density diameter. Therefore the off-density criticality of the cell is accurately estimated, before near
future experiments using the same ALI-R insert in the DECLIC facility already on-board the International Space
Station.

Keywords: slightly off-critical sulfur-hexafluoride, liquid-gas density diameter, liquid-gas coexisting
densities
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as the order parameter - the fluctuating local density -

1. Introduction

Thermodynamic and transport properties show
singularities asymptotically close to the critical points
of many different systems. The current theoretical
paradigm on critical phenomena using
renormalization group (RG) approach [1] has ordered
these systems in well-defined universality classes [2]
and has characterized the asymptotic singularities in
terms of power laws of only two relevant scaling
fields [3] in order to be conform to the scaling
hypothesis. Simple fluids are then assumed similar [4]
to the O(1) symmetric (®?)? field theory and the N=1-
vector model of three-dimensional (3D) Ising-like
systems ([2], [5]). Their study in weightlessness
condition is well-recommended to test the two-scale-
factor universality approaching their critical point.
However, for the case of the gas-liquid critical point
of simple fluids, some additional difficulties can occur

shows a noticeable asymmetry, as for instance the
well-known rectilinear diameter form of the liquid-gas
coexisting density curve first evidenced by Cailletet
and Mathias [6]. This linear asymmetry was largely
confirmed in the subsequent literature (see for
instance Ref. [7]). Such asymmetrical effects cannot
be accounted for from the symmetrical uniaxial 3D
Ising model and its induced standard fluid-like
version, i.e., the symmetrical lattice-gas model.

An alternative theoretical way to introduce the
fluid asymmetry nature in the scaling approach
consists in extending the number of the physical fields
contributing explicitly to the relevant scaling fields,
the so-called complete scaling phenomenological
hypothesis ([8]-[12]). For example, in a recent work
[13], Yang-Yang and singular diameter critical
anomalies arise in exactly soluble compressible cell
gas models where complete scaling includes pressure
mixing. The predictions of complete scaling have
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been tested against experiments and simulations at
finite distance from the critical point, increasing the
complexity in the fundamental quest of a true
asymptotic fluid behavior. The latter remains a
conundrum to the scientists who have for objective to
check it by performing an experiment closer and
closer to the critical point with the required precision.
De facto, the asymmetrical contributions, the
analytical backgrounds, and the classical-to-critical
crossover behavior due to the mean-field-like critical
point, further hindered the test of the asymptotic
Ising-like fluid behavior. Such difficulties are
intrinsically ineludible, even along the true critical
paths where the crossover contribution due to one
additional non-relevant field [14] can be accounted
for correctly in the field theory framework ([15]-[16]).

Moreover, the experiments are never exactly on
these critical paths, adding paradoxically a new
opportunity to investigate the theoretical expectations
related to the non-symmetrical behaviors. Indeed,
even though the temperature can be made very close
to T, the mean density of the fluid cell is never at its
exact critical density value [17]. The error-bar related
to this latter critical parameter was never contributing
to the discussion of the Earth's based results in terms
of true experimental distance to the critical point.
Nevertheless, from the above experimental facts and
the theoretical expectations, it appears that the related
non-symmetrical effects can be unambiguously
viewed in a slightly off-critical (liquid-like) cell.
Indeed, in such a closed liquid-like cell, it is expected
that the meniscus position crosses the median
volumetric plane at a single finite temperature
distance below the coexistence temperature. From the
symmetrical lattice-gas model, we recall that the
meniscus of any liquid-like cell is expected to be
visible always above this median volumetric plane in
the two-phase temperature range.

Therefore, an academic interest to use gravity field
acceleration to horizontally stabilize the position of
the liquid gas meniscus inside eight different cell
positions is precisely investigated during the pre-flight
determination of the off-critical mean density of a
fluid cell before its use under weightlessness
environment. More specifically, we would like to
check if SFes remains well similar - or not - to the 1974
standard SFe fluid ([18]-[20]) which support fluid
asymmetry resulting from complete scaling
hypothesis ([10]-[12]). Our experimental challenge is
then to detect the previously observed significant
hook (of 0.5% amplitude) in the rectilinear density
diameter when the relative uncertainty in the filling
density value is controlled with 0.1% precision along
a non-critical path which exceeds from ~0.2% the
exact critical isochore. This experimental challenge is
illustrated in Fig. 1.
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Fig. 1. Experimental critical hook of the linear density
diameter of SFe reported in [10] and related temperature
T. — T.r0ss Where the meniscus position must be collapsed
on the volumetric median plane of a cylindrical cell filled at
the liquid-like off-critical density of 0.20%. Green lines:
Expected from the singular hook of the density diameter.
Red lines: expected from the rectilinear density diameter

The high optical and thermal performances of the
ALI-R insert used in the DECLIC facility Engineering
Model allow the observation of the meniscus position
behavior precisely due to the density diameter
behavior, as the temperature of highly symmetrical
test cells is changed. Each of these test cells consists
in a quasi-perfect disk-shaped cylindrical fluid
volume observed in light transmission, surrounded by
two opposite, small, and similar dead volumes. The
latter volumes define the single remaining transverse
(non-cylindrical) axis of the fluid volume due to the
cell in-line filling setup. Here, the selected test cell
ALIR5 [21] was filled at a liquid-like mean density
(6p) = (p/p:) — 1 very close to the critical density
pc of SFe. The relative off-critical density (5p) =
+0.20%5:02 % of ALIR5 was measured with great
accuracy from our Earth's-based filling and checking
processes (see below § 6 and Ref. [22]). The fluid
under study is SFg of electronic quality, corresponding
to 99.995% purity (from Alpha Gaz - Air Liquide).
The meniscus behavior could be analyzed in eight cell
configurations. Such analyses provide an accurate
experimental evaluation of the relative effects of (i)
the complete cell design, (ii) the cell displacement in
front of the CCD camera, (iii) the meniscus optical
observations through gravitational stratification and
liquid wettability, (iv) the cell filling mean density,
and finally, (v) the coexisting density diameter
behavior. Only the evaluations of (iv) and (v) are
treated hereafter.

2. Experimental set-up and methods

2.1 Highly-symmetrical cell design

The essential characteristic of the ALIRS cell (see
Fig. 2(a)) is its highly symmetrical design with
respect to any median plane of the observed
cylindrical fluid volume. The main part of the fluid




sample consists in a fluid layer of thickness e, =
(2.510 £0.002) mm and diameter dr = 2R =
(10.606 £+ 0.005) mm. This fluid layer is confined
between two flat, parallel, and transparent sapphire
windows of thickness e,, = 8.995 mm and external
diameter d,, = 12 mm. An engraved circle of 10 mm
diameter, 30 um thickness, is deposited on each
sapphire external surface. Such a pancake cell design
[23] leads to the ALIR5 viewed cylindrical fluid
volume of V;, = mR%e; = (221.71330) mm? and the
ALIR5  cross-sectional area of Af, =2Ref =
(26.621 + 0.020) mm? for any viewed median
volumetric plane, except around the direction of the
fill-line setup, as detailed below.

The cell body is made of a machined CuCo,Be
parallelepipedic  block of external dimensions
L(=25)x1(=27) xh(=24) mmi This body
contains two similar fill-line dead volumes - each one
in the T'-like form of two perpendicularly crossed
cylindrical holes - located in the median plane of the
fluid thickness. These two T-like volumes are
symmetrical from the central optical axis used as the
rotation axis of the cell. The resulting windowless
fluid volume is (1/2)Vf, = (7.0 + 0.2) mm?® on each
side of the observed cylindrical fluid volume.
Therefore, V; = Vg, + Vpp, = (235.70193) mm? is the
total fluid sample volume. All the above dimensional
values are from mechanical measurements performed
at 20°C.

The common axis of the two small opposite
cylindrical holes opened in the main cylindrical fluid
volume defines the single particular direction of the
common median plane. In this latter plane occurs the
maximum  fluid area ( Ap, +Ap = Apy +
(17.8+£1.0) mm?) crossing the complete fluid
volume. The horizontal position of this median plane
is chosen as the zero angle (8 =0") of the cell
rotation (or 8 = 180°, equivalently, for the opposite
configuration of the cell versus the direction of the
gravity vector). From reference to this cell direction,
the maximum tilted angle 6,,, that overlaps the I'-like
configuration of the dead volume is 6, = 28°. The
+0,,, -directions are not equivalent versus the liquid
(or gas) gravity positionning inside each dead volume
(see below § 6).

The experiment is then performed in four cell
directions 6 = {—23.2°; 0% +22.9°;+90°} regarding
the above single fill-line positions with respect to two
reverse orientations of the earth's gravity vector. That
permits to analyze potential systematic errors
associated with the cell dead volume.

6,=+28°

V) \_@Smm

Fig. 2. (a) Picture of the ALIR5 cell. (b) Schematic cross
section of the ALIR5 cell where are illustrated the four
relative directions of the meniscus 6=
{—23.2°;0°; +22.9° +90°} and the direction 6,, = 28° that
overlaps the T-like forms of the two symmetrical dead
volumes associated to the fill-line direction. Red area: fluid
volume; blue area: diffusion windows, filling screws and
stoppers; green area: cell body; external circle
dimensional scale .

G=+90°

Throughout the paper, each cell configuration is
labeled [[i, X] where the digit i represents two reverse
gravity orientations (g | for i=1 and g 1 for i=2) and
the letter X describes four directions of the fill-line
axis of the fluid cell (X=H for 6 = 0°, X=V for 6 =
+90°, X=T for 8 = 22.9°, and X=Z for 6 = —23.2°).
The corresponding cross-sectional shape of the cell is
schematically pictured in Fig. 2(b), illustrating the
relative positions of the meniscus and the dead fluid
volumes with respect to the earth's gravity vector.

2.2 Phase transition temperature.

The laser light transmission measurements of the
EM-DECLIC facility [24] and the wide field-of-view
observation of the fluid sample are combined to
observe the phase separation process during the cell
cooling down. Each temperature quench step crossing
the transition temperature (noted T,,,,) is -1mK. The
exact value of T,,., is not essential for the following
discussion. The temperature results for each
experimental configuration are then reported from
reference to the lowest temperature (noted T;,,) of the
monophasic range. The resulting true SFe coexistence
temperature Te,e, IS SUCh as 0 < Ty, — Tppex < 1
mK, noting in addition the high reproducibility (2mK
range) of T;,, (here from 318.721 K to 318.723 K) for




the eight experimental runs. Moreover, the T, —
Tooex = 0.4 pUK shift [25] due to the off-density
criticality of the test-cell is neglected, i.e., T,~T,pex-
Finally, wide field-of-view imaging of each meniscus
position data is recorded when thermal equilibration is
achieved at each temperature difference (Ty, —
T)~(T, —T). Then T, — T follows a logarithmic-like
scale to cover the experimental temperature range 0 <
T, — T < 15000 m°C (here with Ty, >T, = 45573 +
1 m°C).

3. Cell imaging and Image processing

3.1 Cell imaging of the meniscus position.

The liquid-gas meniscus is observed from optical
transmission imaging through the cell, using LED
illumination and cell view observation with a CCD
camera (1024x1024 pixels). The pixel size
corresponds to 12 pum in the wide field-of-view
imaging, well controlled from the two engraved
circles on the external surface of each sapphire
window. Additional small field-of-view (microscopy)
imaging with 1.0 um -pixel resolution of a typical
object area 1x1 mm? in the central part of the fluid
sample are also performed but not reported here. The
cell images are also made by tuning the focal plane
between the two window internal surfaces to control
small optical perturbative effects related to any non-
linear light bending situations, e.g., due to a non-
parallelism between tilted windows, wetting layer-
lensing  effects, compressibility effects, or
displacement of the optical axis of imaging lenses
versus the exact center axis of the cylindrical fluid
cell volume.

3.2 Image processing of the cell position.

Before the determination of the meniscus position,
the image processing needs the exact pixel
coordinates of the viewed fluid cell volume to be
determined inside the images recorded for each [[i, X]
configuration.

The picture given in Fig. 3 for the [1,V]
configuration at T = 45473 m°C is chosen to briefly
summarize the method that uses the line profile
analysis provided by the NI Vision Assistant 2012
software. Each pixel point is characterized by its x
(horizontal)-y (vertical) raw coordinates where the
axis origin takes place on the top-left corner of the
picture. Therefore, the line profiles provide the x-y
coordinates of the selected borderline points between
the fluid and body cell (see A, B, C, T, & R points in
Fig. 3). The resulting position of the cell borderline
(here a quasi-circle of ~10.380-10.464 mm diameter,
i.e., ~865-872 pixels) can be controlled by the
comparison with the position of the two engraved
circles (10+0.01 mm or 833.3/833.4 pixels of
diameter) on the external surface of the input and
output windows. As an essential result, the (horizontal
and vertical) pixel coordinates of the apparent center

point O are the intrinsic characteristics parameters of
the fluid volume position whatever each cell picture.
The resulting estimation of the maximum error on the
absolute position of any characteristic point of each
profile line of each picture is £ 0.5 pixels.

Fig. 3. Video picture of the ALIR5 cell for the [1,V]
configuration at temperature T = 45473 m°C. Selected
borderline points A, B, C, T, & R between the fluid and cell
body are used in the image processing to define the fluid
sample cell position (especially the apparent center point O)
inside the picture. Vertical line DE is used to analyse the
meniscus position and shape as functions of temperature.

The next step compares similar line profiles
obtained at different temperatures to probe the
absence of thermal effect at the pixel level during the
temperature timeline on each facility configuration.

The last step optimizes the matching of the
selected characteristic points for two reversed similar
configuration ([1,V] and [2, V] for the chosen case).
Indeed, the changes of the facility positions under the
Earth's gravitational acceleration field induce small
mechanical relative displacements due to the intrinsic
clearance between the different (optical and
mechanical) components. The present concern
involves the cell (housed in the insert) in front of the
video camera (located in the optical box of the
facility). Therefore, this cell image matching step
leads to the determination of the (horizontal and
vertical) pixel shifts (~2 to 6 pixels, typically)
between two reversed images of the viewed fluid cell
volume.

3.3 Image processing of the meniscus position.

For each [[i, X] case, the line profile analyses are
then applied to the horizontal (or vertical) lines that
are closer to the related O point (see for example the
line DE in Fig. 3). The details of these analyses are
not reported here, and only are illustrated in Fig. 4 the
main results of these line profile analyses (for [1, V]
and [[2, V] configurations). The line profiles along DE
give access to the position and shape of the meniscus




at each temperature. Taking then reference from the
X-y position of a characteristic point of the viewed
cell volume (such as the point B in the selected case
of Fig. 3), the bare pixel distance of the meniscus
position can be estimated. The temperature
dependences of these bare distances are reported in
Fig. 4 which illustrates (i) the well-defined crossing of
the meniscus at finite temperature distance from the
transition temperature, and (ii) the well-defined
position of the volumetric median plane of the fluid
cell.

Additional important results are also obtained, as
the amplitude and shape of the capillary rising effect,
the symmetrical matching of the meniscus position by
fine tuning (£0.1 pixel, typically) of the apparent
median plane for the two (slightly shifted) apparent
cells, and the resulting noticeable symmetrical
behavior of the capillary rising on the complete
temperature range.
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Fig. 4. Bare pixel distances of the meniscus as functions of
the temperature for the [1, V] (open red circles) and [2,V]
(open blue circles) configurations. Related bare pixel
distance of the volumetric median plane of the cell. From
reference to the y pixel coordinate of the B point in Fig. 3.

Finally, the essential feature of the image analyses
reflects the combination of the highly symmetrical
cell design, the small off-density criticality of the cell
filling and the wide field-of-view cell imaging. Such a
combination leads to estimate the absolute position of
the volumetric median plane of the cell and the
meniscus position with the +0.5 pixel (i.e., £6 pm)
resolution. Such a resolution is obtained whatever the
[i, X1 configurations, thanks to the similarity of the
meniscus behavior and temperature crossing for two
reverse positions under the gravity field acceleration.
One noticeable remark concerns the (gas or liquid)
filling of one half part of the dead volume (i.e., 7.0
mmq). Such a non-viewed fluid volume is thus similar
to a viewed fluid median layer of (5h)s, =
(1/2)Vsp/Ag, = 263 pm  thickness (i.e., =~ 21.91
pixels). The possible non-symmetrical effects related
to the phase behavior in each windowless fluid
volume can then easily be detected from the related
viewed change of the meniscus position (see § 4),
while its minimum 0.5 pixel variation only

corresponds to +0.0675% of the total fluid volume,
conform to the density precision requirements.

4. Results

Figure 4 shows that the pixel coordinate of the
symmetrized meniscus positions, i.e., one half part
noted h; x of the differences between the related bare
pixel distances, can be estimated from reference to the
volumetric median plane of the cell in the selected
configurations. The temperature behaviors of h; x are
reported in Fig. 5 for the eight [i, X] configurations.
Except for both [i, T] and [i, H] cases (see below),
the temperature crossing of the volumetric median
plane of the cell occurs in the range 44673 <
Teross(m°C) < 44973 (e, T =T,—{600;900}
m°C (accounting for +0.5 pixel ~|6hi,X| < +6 um
uncertainty).

~hI[i,H]] -+h[[i,v] -=h[[i,T]] —~hI[i,2]]
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Fig. 5. Temperature dependence of the symmetrical pixel
shift of the meniscus position from reference to the
corresponding volumetric median plane, for the eight [i, X]
configurations. 1pixel = 12um.

The meniscus behaviour for [[i, T] cases is clearly
affected by a significant non-symmetrical effect of
wetting liquid phase inside the dead cell volume.
Indeed that is the only configuration where the
expected gas-like dead volume appears on a position
which can easily be connected to the liquid side of the
cell by the capillary effects. Accounting for the above
remark about (8h)y, it seems that 1/3 of this gas-like
dead volume can be filled by liquid around T, -
Obviously, this over liquid trapping decreases with
temperature since the meniscus position is more and
more lowered below the corresponding fill-in channel.

Such plausible non-symmetrical liquid wetting
effects can also occur for [i, H] cases, particularly
observed at low temperatures (T = 43573 m°C)
where capillary condensation can exist in the small
fill-in channel. Conversely only a very small part
(2/10) of the dead volumes seems to be responsible of
the h;y differences compared to the [i,V] or the
[i,Z] configuration cases.

5. Modeling



The following modeling starts from the initial
result given in Ref. [22] for an ideal constant
cylindrical volume of the fluid sample with radius R
filled at a small liquid-like off-critical density (§5) >
0. The horizontal position h «< R of the liquid-gas
meniscus from reference to the horizontal cell median
plane is written as follows

h _ ™ (5p)=0Pa

R~ 4 0Py (1)
where

Bpg =EC2 —1 @

(Aﬁ)LV = % (3)

p. and py, are the coexisting liquid and vapor densities
at temperature T < T,., respectively. In this ideal
cylindrical cell, the fluid compressibility and capillary
effects are neglected, while only simple geometrical
considerations are used to define the liquid-vapor
distribution which results from the fluid mass
conservation at any T.

For the present ALIR5 case, the additional T'-like
symmetrical windowless fluid volume is accounted
for rewriting the total volume V; as V;=
mR%e;(1+x) , with x =V, /Vp, =~ 0.063. As a
direct consequence, the fluid (gas or liquid) filling of
the half part of the dead volume is measured by the
ratio (6h)s,/R = tmx/4 =~ £0.0496. (5h)y, is the
above viewed change of the meniscus position around
the fluid median plane (i.e., ~+21.91 pixels or ~+263
um).

The thermal effects are accounted for by
exchanging the (§5) term of Eq. (1) by

(80)r = (607, (1 + 3arT,AT) + 3azT.AT* (4)

The above temperature dependence of (6p)r is
obtained from a linear change of the cell mean density
written as pr = (p)7, (1 + 3arTAt™) . ar = 1.8 X
107 K is the thermal dilatation coefficient of the
CuCo.Be alloy. In the temperature range T, — T < 2
K, the cell thermal dilatation effect is lower than
5.5%. These effects reach 29% at T, — T =~ 10 K.
Such effects need to be accounted for in the cell
filling process at the laboratory temperature (they are
=60 % in the temperature range at T;,;, =~ 20 — 25°C.

The liquid wettability effects are estimated as the
form of an equivalent height down (&h)., of the
meniscus position

2R+€f

®)

4

(Bh)eq < 12, (1-5)

REf

(6h)., corresponds to the thickness of a horizontal
liquid planar layer having similar volume to the total

wetted liquid volume on sapphire and cell body. To
derive Eq. (5), it is assumed an ellipsoidal shape for
the meniscus capillary rising such that the product of
characteristic size parameters are proportional to the
squared capillary length [ 2, (so-called the capillary
constant a?) i.e., [ 2, = L3|At*|?""F, with 2v—p =
0.935 and asymptotic amplitude [ 3 ~ 3.84 mm? [26].
The 12, behavior compares well with the effective
singular behavior  a? = (3.94 mm?)|Ar* |04
[27][28]. The validity of I 2, « a? is controlled from
the apparent size of the meniscus thickness due to the
meniscus  capillary rising. Finally only the
proportional amplitude (of value 1.44, see § 6) of Eq.
(5) remains as the adjustable parameter at large
temperature distances from T, . However, in the
temperature range T, — T < 3 K, it is noticeable that
(6h)., remains lower than one half pixel (<6 pm),
i.e., (6h).q/R < 1.2 x 1073, In such a case, it is also
important to note the large value of the ratio
(6h)fp/(6h)cq = 50.

The final functional form of h then writes as
follows

h _ m(6p)r—APqg _ (8h)ca
R~ 4 (P (1 +x) R ()

where only the fluid compressibility effects still
remain neglected. These latter effects can be observed
from the grid deformation and the related local
turbidity on the both sides of the vapor-liquid
meniscus and are only noticeable in the temperature
range T, — T < 5 m°C.

6. Discussion

When the capillary rise effects are negligible (i.e.
in the temperature range T, — T < 3 K), Eq. (6)
shows that the meniscus behavior in a cell with finite
positive value of (§5); crosses the cell median plane
at a single temperature T,.,,c Where h=10, i.e,
(6P)1,,05s = DPa - A first approach considers the
linear functional form of g, such as

Pa =1+ aq|AT’| (")

where the value a; = 0.84 + 0.015 of the slope of
rectilinear diameter results from the coexisting density
data on the complete two-phase range. The above
central estimation of T,,,,c = 44823 m°C then leads
to (6P, = (6P)r, = 0.20% Earth's-based
visualization of the meniscus behavior in the ALIR5
cell is well an academic benchmark experiment where
the resolution in the image processing at the pixel
level is of prime interest for accurate determination of
the mean filling density of the fluid cell. This
experiment authorizes a preliminary checking
(without accounting for the compressibility effects) of
the validity of the expected singular top shape of the
coexisting density curve and its related singular



diameter presumably satisfying the different
theoretical functional forms issued from the literature.

The singular top-shape of the coexistence curve
(Ap) .y (|AT*]) for |At*| <1072 can be predicted
without adjustable parameter [4] from the theoretical
master crossover functions estimated from the
massive renormalization scheme. Nevertheless, any
other effective power laws to describe (Ag),y (|AT*|)
of SFs (such as for instance (Ap),, =
1.7147|A7*|%3271 + 0.8203|A7*|08215 —
1.4396|At*|12°89 from Ref. [20]) do not modify the
following analysis, especially considering the
temperature range 0.03<T.,—T <3 K where
|8h; x| < 100 um (i.e., |8h; x| < 8 pixels.

The second approach thus introduces the singular
functional forms of Ap,; as follows

AGIAT* 2P+ A |AT* |1~ %+ A, AT + A | AT [¥A
- 1+ap|AT*|A

Apq

(8)

Equation (8) results from the various complete field
mixing (CFM) models predicting the singular
asymmetry with adjustable amplitudes. The amplitude
sets obtained from the Weiner's data fitting [10] are
given in Table 1 with « = 0.109, B = 0.326, A=
0.52,and x, = 1 — a + A. Any adjustment of (at least
three) free amplitudes appears Weiner-like compatible
whatever the used additive forms of the power laws
and exponents involved in Eq. (8).

Table 1. SFs parameters for Eq. (8)

[7] (7] [7] (9]
0

Ap 1.124 1.0864  0.46028392
A 6.365 -9.042 -7.990 -0.6778981
A -10.13 1137 9.770 0.13516245
A 8.080 -3.354 0 0
as 0 0 3.318 0

The corresponding estimations of (h/R) as a function
of T, — T are illustrated in Fig. (6) where the value
(6p)r, = 0.20% is fixed. Only the experimental
results for the [, V] (full blue circles) and [i, Z] (full
green triangles) configurations are used. For the
rectilinear diameter case, the dotted and full blue
curves are for the use of Eqgs. (6)-(7), without or with
capillary correction term, where are introduced the
corresponding predictions of Ref. [4] (see above). For
the critical hook case, the brown, green, and pink full
curves are for the use of Egs. (6) and (8) with
parameters of columns 2, 3, and 5 (without visible
difference between the green curve (column 3 case)
and green circles (column 4 case). In addition,
published p, /p. and p, /p. Weiner's data (Table X of
[19]), earlier supporting the diameter deviation on
SFe, can directly be used to estimate the various terms
of Eq. (6). In Fig. 6, the orange full diamonds are for
the corresponding meniscus positions at the Weiner's
experimental T, — T values.

= h/RI[VI] « h/RIGZI) h/R(MR)
—h/R(MR/Eq.7) h/R(Weiner) —h/R(2)
h/R(3) h/R(4) h/R(S)
0.04 .
003 1 111%
0.02 S
0.01 \\\\:'
e O 2
Z 001
-0.02
-0.03
-0.04
-0.05
0.001 0.01 0.1 1 10 100

T.T(K)

Fig. 6. Comparison between experimental and modelling
results of (h/R) as functions of T, — T, fixing (6p)r, =
0.20%.

Clearly, only the (h/R) calculations for the linear
density diameter case are in good agreement with the
experimental data, especially in the two temperature
decades 25 < T, — T < 2500 mK of prime interest
regarding the neglected effects. In addition to an
intrinsic questioning of the Weiner's measurements of
the SFs diameter deviation [28], the noticeable
inconsistency observed in Fig. 6 can be attributed to a
non-realistic estimation of the uncertainty on
(p./pc) + (pov/p:) Weiner values (at least one-
decade larger than the maximum amplitude (0.5%) of
the hook-like deviation), especially close to critical
temperature (see Fig. 1). More generally, the
systematic large data dispersion on the complete
temperature range of the Weiner's data mainly seems
due to the Weiner's values of the critical parameters
p. (density), &, (dielectric constant), and then CM, =
(1/p.) (e, +1)/(e. + 2) (Clausius-Mossotti
constant), which are significantly different ( -1.5% , -
10.9% , and -3.3% , respectively) from the literature
ones [29].

7. Conclusions

The (h/R) modeling from Egs. (6) and (7) is
comparable (in amplitude and uncertainty) with the
Earth's-based measurements. Along the off-critical
thermodynamic path of (55) = +0.20%5:0% %, the
careful imaging analysis of the SF¢ two-phase domain
appears well understood without the supplementary
addition of any singular hook-shaped deviation in the
rectilinear density diameter. The main part of the
uncertainty in the rectilinear density diameter remains
due to the actual level of precision (0.21%) for the
SFe critical density value. In such an uncertainty
range, the cell thermal dilatation, the fluid
compressibility, the fluid coexisting densities and the
liquid wettability effects can be well-controlled from
the highly symmetrical ALIR5 cell design. The slope
of the SFg linear density diameter seems the only
remaining  adjustable  parameter, leading to
questionable applicability of the complete field
mixing to the simple fluid case.



Future modeling approaches [30] will be focused
on the estimation of the fluid compressibility effects
using an upgraded version of the universal parametric
equation of state. Moreover ongoing experimental
works will be performed to account for the eventual
contribution of the SFg purity on the critical
parameters before to close in a sure manner the
debating situation about the density diameter behavior
close to its critical point.
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