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An equation of state for the bulk viscosity of liquid noble gases is proposed. On
the basis of dedicated equilibrium molecular dynamics simulations, a multi-mode
relaxation ansatz is used to obtain precise bulk viscosity data over a wide range of
liquid states. From this data set, the equation of state emerges as a two-parametric
power function, with both parameters showing a conspicuous saturation behavior
over temperature. After passing a temperature threshold, the bulk viscosity is found
to vary significantly over density, a behavior that resembles the frequency response
of a one pole low-pass filter. The proposed equation of state is in good agreement

with available experimental sound attenuation data.
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I. INTRODUCTION

In contrast to prevailing opinion, bulk viscous effects have widely been explored in fluid
mechanics and even share a somewhat controversial history. In 1845 Stokes' had argued
geometrically that Cauchy’s stress tensor field?

IL; = (ub - gus)anvnéij + U (@vi + d-vj) , (1)

entails not only the well-known shear viscosity s, but also the bulk viscosity p, which he

concurrently postulated to be zero
|

Stokes, whose proof can hardly be considered rigorous, had limited his argument to incom-
pressible fluids and remained sceptical that his finding (2) would emerge as universally valid.
For more than a century, this hypothesis was afflicted with misconceptions until the Royal

9»3-18

Society hosted ”a discussion on the first and second viscosities of fluids reinvigorating

investigations of bulk viscous effects on a wide variety of fluid mechanical problems.

¥ was among the first. Retaining the bulk

Riemann’s solution!® of the Euler equation?
viscosity in the stress tensor field?! conclusively solved the problem of insensibly small wave
thicknesses that were predicted???® in descriptions limited to shear viscosity?*. The conjec-

tured increase of wave thickness was qualitatively confirmed in successive atomistic simu-

25,26 27-29
)

lations of non-ideal liquids as well as in numerical investigations of rarefied gases
given the shock structure is symmetric®.
Bulk viscous effects have long been considered mere higher-order contributions3!. How-

3233 straightforwardly ex-

ever, including the bulk viscosity in the acoustic approximation
plained the observed second-order fields associated with ultrasonic waves. The vorticity
that is generated across a propagating wave’s free surface induces a counter-oriented cir-
culatory flow®¥3? that is also known as acoustic streaming or quartz-wind. In hypersonic
boundary layer approximations, bulk viscous effects are promoted to second-order in the
pressure distribution?® and even first-order in the outer and inner flow velocities of high
Reynolds number flows?*!.

In fluids confined to capillaries, the bulk viscosity contributes to first-order in radial pressure
42-47

and to second-order in the axial velocity

Bulk viscous behavior was also investigated for more complex scenarios. An increased



shock wave thickness affects the outer flow’s adverse pressure gradient and consequently sup-
presses the shock induced boundary layer separation*®, while additionally the shock wave’s
location and strength are much more accurately predicted when bulk viscous effects are
included®. Likewise, bulk viscous damping has been observed in compressible turbulent

%0 A non-zero bulk viscosity enhances kinetic energy dissipation while additionally

flows
inhibiting the energy transfer between translational and configurational energy, thus ren-
dering the flow effectively incompressible®!.

Each of the aforementioned investigations, however, has suffered from missing, incom-

plete or unreliable bulk viscosity data and was consequently restricted to predominantly

qualitative results.

II. SOUND ATTENUATION

Since its introduction, the bulk viscosity was closely associated with linear acoustics.
Stokes had originally proposed that sound attenuation measurements could confirm his hy-
pothesis (2) experimentally. A propagating wave’s linear momentum is dissipated by a
surrounding atmosphere, which leads to the exponential decay of its amplitude A(z) over
traveled distance Az = 29 — 21 and is measured by an attenuation coefficient a

A% _ (- 57) | 3)

given here per wavelength A, i.e. a) = a\. In a first estimate of «) for one-dimensional
motion, limited to shear viscosity ps, Stokes found that the attenuation factorizes into

frequency w = 27 f and a transport function &

w4
ay = wgStokes — ng/is, (4)

where K = pc? is the fluid’s low-frequency modulus of compression, p its density and c
its thermodynamic speed of sound. Kirchhoff°? advanced the discussion by including heat

conduction and established that both effects superimpose linearly in the transport function

classical __ Stokes Kirchhoff
ay =w <§ +¢& )

=w%<§%+w—ng>, (5)
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where k = ¢, /¢, is the ratio of specific heats and 7 the thermal conductivity. The attenuation
predicted by this classical theory corresponds ostensibly well with low frequency acoustic
measurements.

Subsequently performed ultrasonic measurements® 7, however, disclosed large deviations
from the classical description (5) and motivated Herzfeld®® and Kneser®®® to introduce an
additional mechanism

ay = af\lassical + Oéixcess ) (6)

Both connected classical hydrodynamics to relaxation theory and attributed the excess atten-
uation a§***® to a time lag that occurs during the transfer of energy between the molecules’
translational and internal degrees of freedom. In contrast, Tisza®! refrained from any phys-
ical interpretation and incorporated the Herzfeld mechanism into the transport function &

by force fitting the complex mechanism of relaxation into a scalar valued bulk viscosity®?

ay = W( Stokes 4 gKirchhoff + gTisza)
T

=W (guﬁ(f@— 1)Cl+ub> : (7)

P
This extended theory has been validated experimentally up to moderate ultrasonic frequen-
cies, i.e. f <280 MHz%, over a wide range of thermodynamic states.

In the extended vicinity of the critical point, however, an anomalously high attenuation

was observed® 66 that was conclusively attributed to long-range density correlations®” 73,

74-T7

which are alterations of structural relaxation effects . The total attenuation partitions

into the already established background part (7) and a critical contribution™™

total __ critical
ay™ = ay + af : (8)

Acoustic dispersion, i.e. the frequency dependent speed of sound ¢(w), confines this critical

attenuation to an extended critical region in the thermodynamic state space, cf. supplemen-

critical __ W@ L&)) i .
=5 (14 1) Y

where I(@), J(@) are improper integrals of a characteristic frequency @.

tary material,
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III. EXPERIMENTAL DATA

At present, the bulk viscosity is determined experimentally either by non-resonant

80-90 or yltrasonic attenuation measurements? 12!, Both tech-

Rayleigh-Brillouin scattering
niques have successfully been applied to a variety of substances, yet each measurement series
was restricted to selective thermodynamic states.

A substantially larger data set, however, can be obtained for liquid noble gases by uti-
lizing their self-similar behavior. While all available sound attenuation measurements for

neon, argon, krypton and xenon were evaluated, data subject to critical attenuation were

identified and discarded, cf. Fig. 1. The bulk viscosity was calculated on the basis of the ex-

plp,

FIG. 1. Overview of thermodynamic states at which experimental sound attenuation data are

106 98-101,110,112,113,115,116 ( 115-117,119 (

available for neon'™ (circles), argon squares), krypton triangles)
and xenon 115,116, 118,119,122 (qiamonds). Highlighted: Seven isotherms were selected T/T, = 0.759,
0.76, 0.83, 0.86, 0.863, 0.91, 0.93, while T'/T. = 0.759 and 0.863 were omitted in the plot for visibility
reasons, along which atomistic simulations were performed to complement and extend the data set
to higher pressures p/p. < 21. All thermodynamic states were reduced with the respective fluid’s
critical pressure p. and density p.. The extended critical region was constructed on the basis of

sound dispersion measurements from the literature and is delimited by the dashed line.

tended classical theory (7) and in contrast to previous works, more accurate thermodynamic

data were available by resorting to most recent equations of state!?¥ 127

. Subsequently,
was reduced by a canonical transformation resting on the Lennard-Jones potential, i.e.

Wy = upo®/y/me, with the required set of parameters specified in Tab. 1.



Each contribution to bulk viscosity is afflicted by a different uncertainty. While the uncer-
tainty of most recent thermodynamic data are well established to range from Ap/p = 0.005
to Apus/ps = 0.3 depending on substance and state, the attenuation coefficient «) has been
determined by single measurements at the respective state point and thus only its absolute
maximum errors Acq, has been estimated. Moreover, it is not assured that systematic

128 were properly

measurement errors in the literature data, specifically diffraction effects
accounted for. Consequently, the reduced bulk viscosity’s uncertainty Ay, was determined

to be linearly affected'® by its various contributions Aay, Ac, A, Ay, Acy,, Ac,

K
Aub:‘ ‘Aa,\—i—...—i—

wT

(k= 1)y
—a2 Ac, . (10)
P

After selecting and evaluating the experimental data, a decline of the bulk viscosity along
each isotherm, i.e. from saturation line towards higher densities, can qualitatively be in-

ferred. The effect tends to increase with temperature, however, due to large errors neither

the function’s gradient nor curvature can accurately be specified, cf. Fig. 2.

ty o¥l(me)'"?
w

plp,

FIG. 2. Overview of bulk viscosity data calculated from the extended classical theory on the basis
of experimental sound attenuation data, taken from the literature at the state points indicated in
Fig. 1. Highlighted: Experimental data at the selected isotherms T'/T, = 0.76, 0.83, 0.86, 0.91,
0.96 with their respective uncertainties, calculated from Eq. (10), indicating a monotonic decline

of up as a function of density.



TABLE I. The following parameters for the full, i.e. untruncated Lennard-Jones potential o, € and
atomic mass m were used in the canonical transformation!®? to reduce the bulk viscosity and time

t* = t\/€/(mo?), where kp is Boltzmann’s constant.

e/kp | K o/ A m /[ u
Ne 33.92 2.801 20.180
Ar 116.79 3.395 39.948
Kr 162.58 3.627 83.798
Xe 226.14 3.949 131.293

IV. MOLECULAR DYNAMICS SIMULATION

To interpret and extend the experimental data set to higher densities, additional bulk
viscosity data were sampled by equilibrium molecular dynamics (EMD) simulations along
the seven selected isotherms T/T, = 0.759, 0.76, 0.83, 0.86, 0.863, 0.91, 0.93, cf. Fig.
1. The bulk viscosity was determined microscopically by time-autocorrelation functions of
local small-scale, transient pressure fluctuations'313? that are intrinsic in any fluid under
equilibrium'®?. The Lennard-Jones interaction potential was used, which has demonstrated
to resolve such small-scale dynamics adequately and hence successfully describes macro-
scopic transport in liquid noble gases!3+ 138,

In the present work, the bulk viscosity’s autocorrelation function B4 was sampled in
the microcanonical (NVE) ensemble, utilizing the fully open source program ms2'%. The
necessary average energies (E) were determined by preceding canonical (NVT) ensemble
simulations for the given pair of temperature and density. Finite size effects were minimized
by placing N = 4096 particles in cubic volumes with periodic boundary conditions and
choosing a sufficiently large cutoff radius r. > 5.50'49142, The employed particle number is
well chosen, as simulations containing N = 12000 particles yielded virtually identical results,
cf. supplementary material. In order to adequately resolve both the existing small-scale

3 a reduced integrator time

dynamics and also the slowly decaying pressure fluctuations'*
step At* = 5-107* was specified and each autocorrelation function B, was sampled over a

reduced time period of at least t* > 14.6.



IV.1. Relaxation ansatz

The fluid’s intrinsic small-scale pressure fluctuations have conclusively been established

1447146 Fach mode decays exponentially over time following a

to relax in different modes
Kohlrausch-Williams-Watts function'4”1®. For all of the investigated state points three
superimposing relaxation modes were found to be present, leading to the relaxation model’s

analytical form

Br(t) = cfexp(—(éif)ﬁf) (11)

ceuen(-(1)") reen(-(2)").

The first term describes the fast and the subsequent terms the intermediate and slow modes,
respectively. The weighting factors are constraint Ct 4+ C\,, + C5; = 1 and the Kohlrausch
parameters ¢;, 5; are a measure of relaxation time scale and distortion from the exponential
function, respectively. The eight independent parameters of Eq. (11) were determined by
fitting the relaxation model By to the sampled autocorrelation function B4 at each state
point independently.

Each mode’s average relaxation time 7; is properly defined as integral mean value of its

respective contribution Bg; to the relaxation model'4?

1. t
n= g lm /0 dt(BR,,-(t)). (12)

As originally proposed by Maxwell, the bulk viscosity u is proportional to the cumulative

averaged relaxation time
MUy = KT ZO{E s (13)

with the proportionality constant K, being the fluid’s relaxation modulus'®.
V. RESULTS

V.1. Relaxation times

The present results are exemplary discussed for states along the isotherm 7'/T, = 0.86,

yet are qualitatively similar for all other investigated state points as disclosed in the sup-
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FIG. 3. Comparison of sampled autocorrelation function and relaxation model including all three
relaxation modes. The gray line constitutes B4 sampled at T/T, = 0.86 and p/p. = 2.06, while
the solid black line represents the relaxation model (11) and its fast, intermediate and slow modes
are depicted by dashed, short-dashed and dash-dotted lines, respectively. The post-processed

simulation signal (dotted line) is in good agreement with the relaxation model.

plementary material.

The sampled autocorrelation function B4 partitions into three segments, with each seg-
ment being dominated by a different mode, cf. Fig. 3. The two dents in the sampled signal
readily indicate the fast and intermediate mode’s decay. Accompanying the latter, incip-
iently small scale oscillations are amplified, giving rise to substantial noise contributions
in the slow mode. After reconstructing its signal by post-processing, the good agreement
between the sampled autocorrelation function B4 and the proposed relaxation model Bpg
becomes apparent.

More importantly, in contrast to the sampled autocorrelation function that is plagued by
noise, the employed relaxation model’s time integral properly converges to a definite value,
thus allowing to determine the bulk viscosity unambiguously at each state point, cf. Fig. 4.

The average reduced relaxation times 7; were found to decline exponentially with density
for each mode, and to differ roughly by one order of magnitude among the modes up to
p/pe < 2.2. While all relaxation modes are increasingly damped with rising density, facili-

tating shorter relaxation times, the slow mode is damped disproportionately, cf. Fig. 5.
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FIG. 4. Comparison of the integrated autocorrelation function B4 with the relaxation model’s
(11) integral at T'/T, = 0.86 and p/p. = 2.06. Due to noise contributions to B4, the bulk viscosity
wp is difficult to determine precisely by molecular dynamics simulation (gray line). In contrast,
the proposed relaxation model (solid black line) converges towards an unambiguous value at finite
times. The dashed, short-dashed and dot-dashed lines represent the fast, intermediate and slow

modes, respectively.

V.2. Equation of state

The most recognized equation of state, of the very few that have actually been discussed

151,152

in the literature , relates the bulk viscosity to a power function of density

Hy X pa ) (14>

for which special case solutions with fixed exponents 2o = —1,0,1,3 exist!®> 1% This
proportionality, that was originally proposed in the context of viscous cosmological fluids,
is much more universal and also applies to liquid noble gases if the observed temperature
dependence is included.

After consolidating all relaxation results, a threshold temperature T; /T, ~ 0.74 emerges
below which the reduced bulk viscosity indicates virtually no variation with density. In
contrast, at higher temperatures, p; increases progressively towards saturated liquid states,
an effect that intensifies with rising temperature, cf. Fig. 6.

While any physically sound equation of state must necessarily establish a unique one-
to-one relation between p;, and each state point, i.e. being bijective, entropy constraints

additionally restrict this equation to be non-negative!®”1® and the present results further

10
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FIG. 5. Distribution of average reduced relaxation times 7; for all three modes along the isotherm
T /T, = 0.86. While each mode is identified to relax exponentially, the slow mode is predominantly
affected by increasing density. The symbols represent the relaxation times of the fast 74 (white

circles), the intermediate 7, (black triangles) and the slow mode 75 (gray squares), respectively.

specify it to be convex with monotonically decreasing gradient and curvature. Satisfying all

conditions, a reduced two-parametric power function is proposed

i = (ﬁ—l) +as (15)

Pe

with parameters oy, as depending exclusively on temperature

T
o; = a; + b; - tanh <ci (T — 1)) . (16)

Both parameters, as specified in II, offer a salient saturation behavior that closely resembles
the frequency response of a one pole low-pass filter, c¢f. Fig. 7, causing the fluid to be-
come increasingly more bulk viscous after passing the threshold temperature. This observed
temperature dependence is caused by a transition from short-range order, that is present
at low temperatures'®, to the long-range density correlations that are intrinsic within the
extended critical region. The present equation of state is not only in good agreement with

experimental sound attenuation data but also with concurrent MD simulations, cf. Tab.

IIT.
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FIG. 6. Outline of bulk viscosity variations from the saturation line towards high density along

four isotherms a) T/T. = 0.759, b) T/T. = 0.83, ¢) T/T, = 0.86 and d) T/T. = 0.863. The

grey shaded areas represent the experimentally determined bulk viscosity, according to Eq. (7),

including its absolute maximum error, i.e. up = Apy, according to Eq. (10). The symbols indicate

bulk viscosity data obtained by the employed relaxation ansatz (11) on the basis of the present

EMD simulations. The solid line constitute the present equation of state (15).

TABLE II. Best fit parameters a;, b;, ¢; of Eq. (16).

a; b; (&
oq -0.93 5.91 8.67
le%) -0.53 -1.49 7.86
V1. CONCLUSION

An equation of state for the bulk viscosity of liquid noble gases is proposed. The bulk vis-

cosity originates microscopically from relaxations of small-scale pressure fluctuations, which

were found to decay in three different modes, following stretched exponential functions. The

slow mode was observed to be disproportionately affected by high density and the average

12
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FIG. 7. Variation of parameters a; (circles) and ag (squares) over temperature. Above the
threshold temperature T'/T, ~ 0.74 indicated by the vertical line, the bulk viscosity shows a

substantial density dependence.

relaxation times 7; between the modes to differ roughly by one order of magnitude. Each
mode was determined on the basis of an autocorrelation function that was straightforwardly
sampled by EMD simulations at the respective state point. In order to resolve the slow
mode adequately, considerably long autocorrelation functions were necessary.

The equation of state emerges as two-parametric power function with parameters de-
pending exclusively on temperature, cf. Fig. 8. This temperature dependence is attributed
to a transition from short-range order that is present at high densities, to long-range density
correlations that arise when approaching the extended critical region. After a threshold
T /T, ~ 0.74 is passed, the fluid becomes increasingly more bulk viscous. This effect causes
sound attenuation to rise progressively with temperature, closely resembling the frequency
response of a one pole low-pass filter. In addition, both bulk viscosity coefficients were
observed to exhibit opposing behavior, i.e. an increase of bulk viscosity corresponds to a
decline of shear viscosity and vice versa, causing the viscosities’ ratio to peak p,/ps ~ 5 at

the highest investigated temperature close to the saturation line.

13
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FIG. 8. Tllustration of the present equation of state (15). The solid lines constitute the bulk
viscosity’s variation over density at constant temperature and the dashed lines its variation at
constant pressure. The present results straightforwardly explain the experimental results in Fig.
(2), which already suggested the bulk viscosity to be a monotonically declining function of density

with increasing gradient for higher temperatures.
SUPPLEMENTARY MATERIAL

See the supplementary material for the construction of the critical region, as well as for a

full disclosure of all data associated with this manuscript.
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TABLE III. Comparison of the bulk viscosity from the present equation of state (15) with literature

data that have either been obtained by molecular dynamics simulation'#® ' or by theoretical
calculations!'6Y.
T/T. p/pe p/pe pup 02 //me pp 0% /\/me
Eq. (15) literature

0.795 0.545 2.196 1.17 1.20 + 0.37%40
3.616 2.353 0.99 0.93 £ 0.05
8.727 2.510 0.92 0.87 £ 0.05

16.558 2.667 0.88 0.89 £ 0.05

0.875 1.118 2.039 1.42 1.10 £+ 0.36
3.274 2.196 0.98 1.03 £+ 0.05
6.966 2.353 0.79 0.79 £ 0.04

0.674 0.473 2.448 1.00 0.97 + 0.101%°

0.679 0.707 : 1.00 0.98 £ 0.10

0.826 7.875 : 0.89 0.75 £ 0.08

0.699 17.065 2.773 0.94 1.10 + 0.11

0.763 21.558 : 0.91 1.00 £+ 0.11

0.802 24.239 : 0.87 0.96 £ 0.10

0.605 3.117 2.640 0.96 1.05%69

0.652 6.149 : 0.96 0.93

0.667 7.126 : 0.96 1.01

0.678 7.800 : 0.96 1.00

0.747 12.086 : 0.93 0.86

0.792 14.845 : 0.89 0.86
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Supplementary material to:

Bulk viscosity of liquid noble gases

René Spencer Chatwell and Jadran Vrabec®

Thermodynamics and Process Engineering, Technische Universitit Berlin, 10587 Berlin, Ger-

many

All bulk viscosity data presented in the manuscript are disclosed in this supplementary material.

The bulk viscosity was computed from EMD simulations via improper time integration of
the autocorrelation function of the microscopic stress tensor’s diagonal elements [1]

X~ %BT /OOO at((S¥@0) =pv(®) - (X0 = pV(O))) | .

where xx = zz,yy and zz. Better statistics were achieved by considering the average value of
all three independent spatial elements

1
=3y mx. (2)

The extended critical region was constructed on the basis of sound dispersion measurements
from the literature. The discrepancy between the thermodynamic and frequency-dependent
speed of sound, i.e. ¢ # c(w), delimits the extended critical region.

TABLE I. Critical data that were used to reduce temperature, pressure and density.

’ | T. / K | p. /| MPa | p. / mol/dm® | Reference |

Ne | 44.40 2.662 24.10 2]
Ar | 150.69 | 4.863 13.41 3]
Kr | 209.48 | 5.525 10.85 4]
Xe | 289.73 | 5.842 8.40 [4]
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FIG. 1. Literature data of frequency-dependent speed of sound measurements in xenon along the
saturated vapor and liquid lines. The frequencies were varied from f = 0.4 MHz (diamonds) [5], 0.55
MHz (triangles) [5], 0.6 MHz (squares) [6], 1 MHz (circles) [5, 6] to 3 MHz (crosses) [5, 6]. The squared
ratio (c(w)/ c)2 was observed to follow a Gaussian function and is presented for f = 0.55 MHz (dashed)
and 1 MHz (solid). The extended critical region was consequently found to be delimited to p/p. = 0.4,
p/pe = 0.738 on the saturated vapor and p/p. = 1.70, p/p. = 0.710 on the saturated liquid line.
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FIG. 2. Evaluation of additional xenon measurements [6] along the isotherms 7'/T. = 1.00009 (solid),
1.00055 (dashed), 1.00113 (dash-dotted) at f = 0.6 MHz further confining the extended critical region
between p/p = 0.52, p/p. = 0.933 and p/p. = 1.13, p/p. = 1.318.
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FIG. 3. Additional data along the critical isochore with the same symbols as in Fig. 1 with additional
f =5 MHz (inverted triangles) [5] and f = 7 MHz (hexaeders) [5] measurements. These results further
confine the critical region to be at p/p. < 1.3.

TABLE II. The critical region’s boundary was constructed as a 4*"-order polynomial g(z) = az® +bz>+
cx? + dz + e. The parameters were fitted to the basis points indicated in Figs. 1 to 3, as summarized
below, to yield a = —0.8751, b = —0.2817, ¢ = —0.9633, d = 0.2704 and e = 0.3.

| T/T. | p/pe | p/pec |
0.949 | 0.738 | 0.40
1.001 | 0.933 | 0.52
1.050 | 1.300 | 1.00
1.001 | 1.318 | 1.13
0.943 | 0.710 | 1.70

TABLE III: Overview of bulk viscosity data determined from experi-
mental sound attenuation measurements from the literature for Neon
(7).

(T/T[p/pe [ p/pe [Flus] ax [ Aax 15 e | Db e,
0.55 [0.041]2.568] 30 [0.00042]0.00002] 1.49 | 1.09
0.55 |0.028]2.568| 30 |0.00042[0.00002| 1.52 | 1.10
0.55 |0.022|2.567| 30 |0.00042[0.00002| 1.51 | 1.10
0.55 0.017|2.567| 30 |0.00042[0.00002| 1.51 | 1.09
0.57 |0.149|2.553| 30 |0.00041[0.00002| 1.41 | 1.05




TABLE III: continued

(T/T [ p/pe [ p/pe [Flus] ax [ Dax 15 e | Dbs e,
0.57 [0.078]2.551 30 [0.00041]0.00002] 1.41 | 1.05
0.57 |0.065|2.551| 30 |0.00041[0.00002| 1.40 | 1.05
0.57 |0.052|2.550| 30 |0.00041[0.00002| 1.36 | 1.0
0.57 |0.039|2.550| 30 |0.00042[0.00002| 1.45 | 1.05
0.57 |0.026/2.550| 30 |0.00042[0.00002| 1.44 | 1.05
0.57 |0.020(2.549| 30 |0.00042[0.00002| 1.44 | 1.05
0.57 |0.116]2.540| 30 |0.00041[0.00002| 1.31 | 1.02
0.57 |0.078/2.539| 30 |0.00041[0.00002| 1.41 | 1.02
0.57 |0.052|2.538| 30 |0.00042[0.00002| 1.43 | 1.02
0.57 |0.032|2.537| 30 |0.00042[0.00002| 1.42 | 1.02
0.57 |0.0232.537| 30 |0.00042[0.00002| 1.44 | 1.02
0.58 |0.181]2.531| 30 {0.00040[0.00002| 1.24 | 0.99
0.58 |0.130(2.530| 30 {0.00040[0.00002| 1.18 | 0.99
0.58 |0.078]2.528| 30 {0.00040[0.00002| 1.21 | 0.99
0.58 |0.039|2.527| 30 {0.00040[0.00002| 1.22 | 0.99
0.58 |0.025|2.527| 30 {0.00041[0.00002| 1.24 | 0.99
0.59 |0.104|2.517| 30 {0.00042[0.00002| 1.42 | 0.98
0.59 |0.078/2.516| 30 {0.00042[0.00002| 1.44 | 0.98
0.59 |0.052|2.516| 30 |0.00042[0.00002| 1.42 | 0.98
0.59 |0.039|2.515| 30 [0.00042[0.00002| 1.44 | 0.98
0.59 |0.028/2.515| 30 {0.00042(0.00002| 1.47 | 0.98
0.60 |0.389]2.515| 30 {0.00043[0.00002| 1.68 | 0.99
0.60 |0.259|2.511| 30 |0.00043[0.00002| 1.67 | 0.98
0.60 |0.155]2.508| 30 |0.00042[0.00002| 1.47 | 0.96
0.60 |0.097|2.506| 30 |0.00044[0.00002| 1.71 | 0.98
0.60 |0.052|2.504| 30 |0.00042(0.00002| 1.47 | 0.96
0.60 |0.040|2.504| 30 |0.00041[0.00002| 1.35 | 0.95
0.60 |0.039|2.504| 30 |0.00043|0.00002| 1.62 | 0.97
0.60 |0.031|2.504| 30 |0.00042[0.00002| 1.51 | 0.96
0.60 |0.259|2.504| 30 |0.00042[0.00002| 1.45 | 0.95
0.60 |0.155]2.500| 30 |0.00042[0.00002| 1.42 | 0.95
0.60 |0.078|2.498| 30 |0.00042[0.00002| 1.43 | 0.95
0.60 |0.039|2.497| 30 |0.00042[0.00002| 1.49 | 0.95
0.60 |0.033]2.497| 30 |0.00042[0.00002| 1.46 | 0.95
0.60 |0.262|2.497| 30 {0.00044[0.00002| 1.77 | 0.96
0.60 |0.228/2.496| 30 |0.00044[0.00002| 1.77 | 0.96
0.60 |0.193]2.495| 30 |0.00044|0.00002| 1.75 | 0.96
0.60 |0.044|2.490| 30 |0.00044[0.00002| 1.72 | 0.95
0.60 |0.035]2.490| 30 |0.00044[0.00002| 1.79 | 0.96
0.60 |0.466]2.502| 30 |0.00043[0.00002| 1.79 | 0.97
0.60 |0.259(2.495| 30 |0.00044[0.00002| 1.72 | 0.96
0.60 |0.052|2.489| 30 |0.00044[0.00002| 1.68 | 0.95
0.60 |0.035|2.488| 30 |0.00044|0.00002| 1.67 | 0.95
0.61 |0.440(2.493| 30 |0.00040[0.00002| 1.31 | 0.92
0.61 0.311]2.489| 30 |0.00040[0.00002| 1.24 | 0.92
0.61 |0.181|2.485| 30 |0.00041[0.00002| 1.28 | 0.91
0.61 0.130|2.483| 30 {0.00041[0.00002| 1.25 | 0.91
0.61 |0.078|2.481| 30 |0.00041[0.00002| 1.27 | 0.91
0.61 |0.052|2.480| 30 |0.00041[0.00002| 1.33 | 0.91
0.61 |0.038/2.480| 30 |0.00041[0.00002| 1.33 | 0.91
0.61 |0.1552.476| 30 |0.00042[0.00002| 1.47 | 0.91
0.61 0.091|2.474| 30 |0.00042[0.00002| 1.43 | 0.91
0.61 |0.0452.473| 30 |0.00043[0.00002| 1.48 | 0.91
0.61 0.041|2.473| 30 {0.00043[0.00002| 1.48 | 0.91




TABLE III: continued

(T/T [ p/pe [ p/pe [Flus] ax [ Dax 15 e | Dbs e,
0.62 [0.570]2.480] 30 [0.00042]0.00002] 1.51 | 0.91
0.62 |0.389]2.475| 30 |0.00043[0.00002| 1.56 | 0.91
0.62 |0.207|2.469| 30 |0.00042(0.00002| 1.43 | 0.90
0.62 |0.104|2.465| 30 |0.00043[0.00002| 1.57 | 0.90
0.62 |0.052|2.463| 30 {0.00043[0.00002| 1.56 | 0.90
0.62 |0.044|2.463| 30 {0.00043[0.00002| 1.55 | 0.90
0.63 |0.155|2.456| 30 |0.00043[0.00002| 1.56 | 0.89
0.63 |0.104|2.454| 30 {0.00043[0.00002| 1.55 | 0.89
0.63 |0.052|2.453| 30 {0.00043[0.00002| 1.47 | 0.88
0.63 |0.048/2.452| 30 {0.00043[0.00002| 1.49 | 0.88
0.63 |0.928]2.472| 30 {0.00040[0.00002| 1.30 | 0.89
0.63 |0.440|2.456| 30 {0.00042[0.00002| 1.42 | 0.88
0.63 |0.311|2.452| 30 |0.00042|0.00002| 1.34 | 0.87
0.63 |0.181|2.447| 30 {0.00042[0.00002| 1.31 | 0.86
0.63 |0.130(2.446| 30 {0.00042(0.00002| 1.35 | 0.86
0.63 |0.078|2.444| 30 {0.00042[0.00002| 1.32 | 0.86
0.63 |0.051|2.443| 30 {0.00042(0.00002| 1.30 | 0.86
0.64 0.389(2.446| 30 {0.00044[0.00002| 1.63 | 0.88
0.64 |0.233]2.441| 30 {0.00043[0.00002| 1.51 | 0.86
0.64 0.104|2.436| 30 |0.00044[0.00002| 1.49 | 0.86
0.64 0.065]2.434| 30 {0.00043[0.00002| 1.47 | 0.86
0.64 |0.055|2.434| 30 |0.00043[0.00002| 1.46 | 0.85
0.65 |1.036/2.456| 30 |0.00041[0.00002| 1.51 | 0.87
0.65 |0.259(2.429| 30 {0.00043[0.00002| 1.45 | 0.84
0.65 |0.130(2.425| 30 {0.00043[0.00002| 1.45 | 0.84
0.65 |0.065|2.422| 30 |0.00044[0.00002| 1.43 | 0.84
0.65 |0.059|2.422| 30 |0.00044[0.00002| 1.43 | 0.84
0.65 |0.999|2.445| 30 |0.00043|0.00002| 1.68 | 0.87
0.65 |0.780|2.438| 30 |0.00042[0.00002| 1.45 | 0.85
0.65 |0.505|2.428| 30 |0.00043(0.00002| 1.47 | 0.84
0.65 |0.262|2.419| 30 {0.00043[0.00002| 1.40 | 0.83
0.65 |0.079|2.412| 30 |0.00044[0.00002| 1.41 | 0.82
0.65 |0.078|2.412| 30 {0.00046[0.00002| 1.69 | 0.84
0.65 |0.076|2.412| 30 |0.00043[0.00002| 1.35 | 0.82
0.65 |0.064|2.412| 30 |0.00044[0.00002| 1.40 | 0.82
0.67 |0.518/2.405| 30 |0.00043[0.00002| 1.45 | 0.81
0.67 |0.337/2.398| 30 |0.00045|0.00002| 1.52 | 0.81
0.67 |0.2332.304| 30 {0.00045[0.00002| 1.49 | 0.81
0.67 |0.130(2.300| 30 {0.00045[0.00002| 1.52 | 0.80
0.67 |0.078|2.388| 30 {0.00045(0.00002| 1.52 | 0.80
0.67 |0.074|2.388| 30 {0.00045[0.00002| 1.52 | 0.80
0.67 |1.026]2.420| 30 |0.00044[0.00002| 1.72 | 0.84
0.67 |0.518]2.401| 30 |0.00044[0.00002| 1.56 | 0.81
0.67 |0.130(2.386| 30 {0.00045[0.00002| 1.48 | 0.80
0.67 |0.077|2.383| 30 |0.00045[0.00002| 1.46 | 0.79
0.68 |1.036/2.407| 30 |0.00043]0.00002| 1.55 | 0.81
0.68 |0.933]2.404| 30 {0.00043[0.00002| 1.46 | 0.81
0.68 |0.674|2.304| 30 {0.00043[0.00002| 1.38 | 0.79
0.68 |0.415(2.383| 30 |0.00044[0.00002| 1.39 | 0.79
0.68 |0.285(2.378| 30 |0.00044[0.00002| 1.38 | 0.78
0.68 |0.155(2.373| 30 {0.00045[0.00002| 1.38 | 0.78
0.68 |0.104|2.370| 30 |0.00045[0.00002| 1.38 | 0.78
0.68 |0.084|2.370| 30 |0.00045[0.00002| 1.39 | 0.78
0.69 |1.009|2.379| 30 |0.00044[0.00002| 1.53 | 0.78




TABLE III: continued

(T/T [ p/pe [ p/pe [Flus] ax [ Dax 15 e | Dbs e,
0.69 [0.780]2.369] 30 [0.00045]0.00002] 1.51 | 0.78
0.69 |0.500(2.358| 30 {0.00045[0.00002| 1.45 | 0.76
0.69 |0.262|2.347| 30 |0.00045|0.00002| 1.27 | 0.75
0.69 |0.107|2.340| 30 |0.00047|0.00002| 1.43 | 0.75
0.69 |0.101|2.340| 30 |0.00047[0.00002| 1.44 | 0.75
0.71 |1.023]2.349| 30 {0.00046[0.00002| 1.59 | 0.76
0.71 |0.777|2.338| 30 |0.00046|0.00002| 1.53 | 0.75
0.71 |0.518]2.327| 30 {0.00048[0.00002| 1.55 | 0.74
0.71 |0.259|2.315| 30 {0.00049[0.00002| 1.55 | 0.73
0.71 |0.130|2.308| 30 {0.00050(0.00002| 1.53 | 0.73
0.71 |0.120(2.308| 30 {0.00050(0.00002| 1.52 | 0.73
0.73 |1.036/2.319| 30 |0.00047[0.00002| 1.56 | 0.73
0.73 |0.777|2.306| 30 |0.00048|0.00002| 1.55 | 0.72
0.73 |0.518/2.204| 30 {0.00049[0.00002| 1.51 | 0.71
0.73 |0.259|2.280| 30 {0.00051[0.00002| 1.55 | 0.71
0.73 |0.155|2.275| 30 |0.00053]0.00002| 1.62 | 0.71
0.73 |0.143|2.274| 30 {0.00053]0.00002| 1.59 | 0.71
0.75 | 1.035]2.287| 30 {0.00049[0.00002| 1.53 | 0.70
0.75 |0.905|2.281| 30 {0.00048[0.00002| 1.42 | 0.69
0.75 |0.719]2.271| 30 {0.00050(0.00002| 1.52 | 0.69
0.75 |0.506/2.259| 30 |0.00051[0.00002| 1.45 | 0.68
0.75 |0.312|2.248| 30 {0.00053[0.00002| 1.53 | 0.68
0.75 |0.181|2.241| 30 |0.00053[0.00002| 1.46 | 0.67
0.75 |0.168]2.240| 30 {0.00054[0.00002| 1.50 | 0.68
0.76 |1.036/2.252| 30 {0.00051[0.00002| 1.57 | 0.68
0.76 |0.777|2.238| 30 {0.00053[0.00002| 1.59 | 0.68
0.76 |0.518]2.223| 30 {0.00056(0.00002| 1.64 | 0.67
0.76 |0.311]2.210| 30 |0.00058[0.00002| 1.62 | 0.66
0.76 |0.207|2.203| 30 {0.00059(0.00002| 1.66 | 0.66
0.76 |0.197|2.202| 30 {0.00059(0.00002| 1.65 | 0.66
0.78 | 1.036/2.217| 30 {0.00054[0.00002| 1.56 | 0.66
0.78 | 1.009|2.215| 30 |0.00053|0.00002| 1.43 | 0.65
0.78 |0.779]2.201| 30 |0.00056|0.00002| 1.56 | 0.65
0.78 |0.777|2.201| 30 |0.00056|0.00002| 1.54 | 0.65
0.78 |0.518|2.184| 30 {0.00059[0.00002| 1.57 | 0.64
0.78 |0.491|2.182| 30 {0.00057[0.00002| 1.46 | 0.64
0.78 |0.338]2.171| 30 |0.00061|0.00002| 1.64 | 0.64
0.78 |0.246/2.165| 30 |0.00061[0.00002| 1.51 | 0.63
0.78 |0.230(2.163| 30 |0.00062[0.00002| 1.55 | 0.63
0.81 |1.036/2.157| 30 |0.00060(0.00002| 1.66 | 0.63
0.81 |0.777|2.138| 30 |0.00064[0.00003| 1.68 | 0.62
0.81 |0.518/2.117| 30 |0.00067[0.00003| 1.67 | 0.61
0.81 0.298/2.008| 30 {0.00073[0.00003| 1.79 | 0.61
0.81 0.290(2.007| 30 {0.00073[0.00003| 1.77 | 0.61
0.84|1.036/2.101| 30 |0.00067[0.00003| 1.69 | 0.61
0.84 0.777/2.079| 30 {0.00071[0.00003| 1.72 | 0.60
0.84 |0.518/2.054| 30 {0.00078[0.00003| 1.78 | 0.59
0.84 0.363]2.038| 30 {0.00082(0.00003| 1.81 | 0.59
0.84|0.351|2.034| 30 |0.00083[0.00003| 1.81 | 0.59




TABLE IV: Bulk viscosity data determined from experimental sound
attenuation measurements from the literature for argon [8].
\T/Te| p/pe [ p/pe [ f/us] an | Dax |15 e [ Dtthexp.|

0.56 [0.014|2.645| 42 |0.00053{0.00002| 1.80 1.38
0.56 [0.014|2.643| 42 |0.00053{0.00002| 1.79 1.38
0.56 [0.016|2.632| 42 |0.00053(0.00002| 1.73 1.35
0.57 [0.018|2.620| 42 |0.00053[0.00002| 1.71 1.32
0.58 [0.022|2.597| 42 |0.00052|0.00002| 1.62 1.27
0.60 [0.027|2.574| 42 |0.00052(0.00002| 1.53 1.22
0.62 [0.037|2.539| 42 |0.00053[0.00002| 1.46 1.15
0.63 [0.044|2.515| 42 [0.00053|0.00002| 1.45 1.12
0.64 [0.052|2.490| 42 |0.00055[0.00002| 1.51 1.09

TABLE V: Bulk viscosity data determined from experimental sound
attenuation measurements from the literature for argon [9].
\T/T: p/pe | plpe [Flus]  an | Aax |15 exp. | Dbt exp.

0.57 11.153|2.645| 50 [0.00062|0.00002| 1.91 1.38
0.58 [1.596|2.641| 50 |0.00063(0.00002| 2.10 1.39
0.59 [1.875|2.642| 50 |0.00063(0.00002| 2.23 1.40
0.59 12.276|2.642| 50 [0.00061|0.00002| 2.02 1.38
0.60 [2.720|2.642| 50 |0.00058{0.00002| 1.69 1.34
0.60 [3.130|2.641| 50 |0.00058(0.00002| 1.84 1.35
0.58 |1.333|2.634| 50 [0.00064|0.00002| 2.19 1.39
0.59 [1.576|2.634| 50 |0.00063|0.00002| 2.15 1.38
0.59 [1.976|2.635| 50 |0.00061{0.00002| 2.00 1.36
0.60 [2.744|2.634| 50 |0.00061|0.00002| 2.02 1.36
0.61|3.129{2.634| 50 [0.00059|0.00002| 1.90 1.34
0.56 [0.562|2.645| 50 |0.00067(0.00002| 2.38 1.44
0.58 10.948|2.635| 50 |0.00063(0.00002| 1.99 1.37
0.58 |1.310{2.634| 50 [0.00062|0.00002| 1.87 1.35
0.59 [1.593|2.635| 50 |0.00061|0.00002| 1.85 1.35
0.59 [1.833|2.634| 50 |0.00060(0.00002| 1.74 1.34
0.60 |2.275(2.632| 50 [0.00059|0.00002| 1.73 1.33
0.60 [2.501|2.634| 50 |0.00059(0.00002| 1.80 1.34
0.61 [3.005|2.632| 50 |0.00058{0.00002| 1.70 1.32
0.58 10.384|2.622| 50 |0.00071]0.00002| 2.72 1.42
0.58 10.705(2.619| 50 [0.00071|0.00002| 2.78 1.42
0.59 [1.170|2.619| 50 |0.00070{0.00002| 2.83 1.42
0.59 [1.291|2.617| 50 |0.00069(0.00002| 2.74 1.41
0.60 |1.994|2.621| 50 [0.00068|0.00002| 2.72 1.40
0.71 11.393|2.421| 50 |0.00068(0.00002| 1.64 0.88
0.72 11.752|2.416| 50 |0.00067|0.00002| 1.61 0.87
0.7212.140|2.418| 50 [0.00066|0.00002| 1.57 | 0.87
0.73 12.521|2.414| 50 |0.00064(0.00002| 1.48 0.86
0.7512.985|2.413| 50 |0.00064(0.00002| 1.56 0.86
0.753.125|2.415| 50 |0.00063]0.00002| 1.51 0.86
0.68 10.264|2.420| 50 [0.00075|0.00003| 1.92 0.91
0.70 10.8662.420| 50 |0.00072{0.00003| 1.84 0.90
0.70 [1.270|2.423| 50 |0.00070{0.00002| 1.79 0.90
0.7211.933|2.418| 50 [0.00068|0.00002| 1.68 0.88
0.73 12.461|2.418| 50 |0.00067(0.00002| 1.69 0.88
0.75 13.146|2.415| 50 |0.00064[0.00002| 1.59 0.86
0.70 10.808|2.412| 50 [0.00071|0.00002| 1.65 0.87
0.72 11.837|2.410| 50 |0.00064(0.00002| 1.33 0.84
0.73 12.401|2.413] 50 |0.00064(0.00002| 1.48 0.85




TABLE V: continued

(T/T [ p/pe [ p/pe [Flus] ax [ Dax 15 e | Dbs e,
0.74 [2.400]2.409] 50 [0.00064]0.00002] 1.43 | 0.85
0.75 |2.744|2.404| 50 |0.00064]0.00002| 1.45 | 0.84
0.75 |3.164|2.404| 50 |0.00062[0.00002| 1.37 | 0.83
0.70 |0.645|2.398| 50 |0.00087(0.00003| 2.75 | 0.97
0.72 | 1.551|2.307| 50 |0.00082[0.00003| 2.63 | 0.96
0.74 |2.078/2.395| 50 |0.00080[0.00003| 2.57 | 0.95
0.75 |2.542|2.393| 50 |0.00077(0.00003| 2.36 | 0.93
0.76 |3.1432.391| 50 |0.00075[0.00003| 2.36 | 0.92
0.87 |0.5451.985| 30 |0.00106[0.00004| 2.52 | 0.73
0.89 |1.150(1.997| 30 {0.00089(0.00003| 2.12 | 0.70
0.92 |1.835(2.003| 30 |0.00078|0.00003| 1.87 | 0.67
0.95 |2.561|1.999| 30 |0.00073|0.00003| 1.84 | 0.67
0.96 |3.084|2.000| 30 |0.00068|0.00002| 1.68 | 0.65
0.87 |0.524|1.982| 30 |0.00106[0.00004| 2.47 | 0.72
0.89 |0.949]1.989| 30 {0.00096[0.00003| 2.31 | 0.71
0.90 |1.250(1.989| 30 {0.00090(0.00003| 2.15 | 0.69
0.93 |2.178/1.995| 30 {0.00080[0.00003| 2.08 | 0.69
0.95 |2.541|1.997| 30 {0.00077[0.00003| 2.07 | 0.69
0.97 |3.185/1.997| 30 {0.00075[0.00003| 2.12 | 0.69

TABLE VI: Bulk viscosity data determined from experimental sound
attenuation measurements from the literature for argon [10].
‘T/Tc p/De | p/pe f/MS\ ax \ Aay ‘uz,epr‘AMZ,exp.‘

0.60 |0.027(2.574| 55 [0.00070|0.00002| 1.68 1.17
0.60 |0.417{2.585| 55 [0.00069|0.00002| 1.70 1.19
0.60 [0.833|2.596| 55 |0.00068(0.00002| 1.69 1.21
0.60 | 1.250|2.607| 55 [0.00066|0.00002| 1.67 1.22
0.66 [0.067|2.453| 55 |0.00077]0.00002| 1.71 0.87
0.66 |0.417(2.466| 55 [0.00075|0.00002| 1.66 0.87
0.66 |0.834(2.480| 55 [0.00072|0.00002| 1.59 0.88
0.66 [1.250(|2.494| 55 |0.00069(0.00002| 1.54 0.88
0.73 10.137|2.320| 55 |0.00089(0.00003| 1.64 0.77
0.73 10.417|2.334| 55 |0.00086(0.00003| 1.60 0.77
0.7310.834|2.354| 55 [0.00082|0.00002| 1.58 0.78
0.7311.250(2.373| 55 [0.00079|0.00002| 1.62 0.80
0.8010.249|2.171| 55 [0.00116|0.00003| 1.75 0.69
0.8010.417|2.184| 55 [0.00111|0.00003| 1.72 0.70
0.80 [0.833|2.212| 55 |0.00102{0.00003| 1.67 | 0.71
0.80 |1.250{2.238| 55 [0.00095|0.00003| 1.63 0.72
0.86 10.4171.994| 55 [0.00178|0.00007| 2.12 0.73
0.86 [0.834|2.043| 55 |0.00144(0.00006| 1.84 0.73
0.86 |1.042|2.064| 55 [0.00131|0.00005| 1.71 0.72
0.86 |1.250{2.083| 55 [0.00122|0.00005| 1.63 0.72
0.90 |0.525(1.889| 55 [0.00243|0.00010| 2.43 0.72
0.90 [0.833|1.940| 55 |0.00189(0.00008| 2.09 0.71
0.90 |1.042{1.968| 55 [0.00166|0.00007| 1.91 0.70
0.90 | 1.250{1.993| 55 [0.00149|0.00006| 1.74 0.69
0.93 10.651{1.762| 55 [0.00403|0.00016| 3.33 0.77
0.93 10.833|1.811| 55 [0.00306|0.00012| 2.86 0.74
0.93 |1.042|1.855| 55 [0.00233|0.00009| 2.27 | 0.69
0.93 [1.250|1.890| 55 |0.00196(0.00008| 2.00 0.68




TABLE VI: continued

(T/T [ p/pe [ p/pe [Flus] ax [ Dax 15 e | Dbs e,
0.96 [0.800[ 1.595] 25 [0.00413[0.00025] 5.24 | 1.17
0.96 |0.833|1.617| 35 |0.00431[0.00026| 3.99 | 1.00
0.96 |1.042|1.707| 55 |0.00366(0.00015| 2.61 | 0.68
0.96 |1.250|1.764| 55 |0.00269[0.00011| 2.13 | 0.65
1.00 [1.042|1.447| 25 [0.005910.00065| 5.23 | 1.73
1.00 [1.146|1.538| 35 [0.004320.00026| 3.48 | 0.90
1.00 [1.250|1.594| 35 [0.003050.00012| 2.76 | 0.66

TABLE VII: Bulk viscosity data determined from experimental sound
attenuation measurements from the literature for argon [11].
(T/T[p/pe [ p/pe [Flus] ax [ Dax 15 e | Absexp.]

0.93 10.644|1.762| 55 [0.00450|0.00027| 3.96 1.05
0.9310.720{1.782| 55 [0.00371|0.00022| 3.31 0.97
0.93 10.823{1.809| 55 [0.00318|0.00019| 3.00 0.94
0.9310.925(1.832| 55 [0.00282|0.00017| 2.80 0.92
0.9510.731{1.669| 55 [0.00652|0.00039| 4.59 1.10
0.96 |10.791|1.595| 55 [0.01000|0.00060| 5.95 1.27
0.96 |10.823(1.610| 55 [0.00795|0.00048| 4.80 1.11
0.96 |0.884(1.644| 55 [0.00615|0.00037| 4.09 1.02
0.96 |1.028(1.702| 55 [0.00399|0.00024| 2.94 0.89
0.96 |1.234|1.761| 55 [0.00296|0.00018| 2.49 0.85
0.98 10.874|1.513| 55 [0.01287|0.00077| 5.82 1.22
0.98 10.925(1.560| 55 [0.00910|0.00055| 4.90 1.11
0.98 |1.028|1.621| 55 [0.00564|0.00034| 3.52 0.94
0.98 |1.234|1.699| 55 [0.00343|0.00021| 2.47 | 0.82
0.99 |1.028{1.543| 55 [0.00850|0.00051| 4.49 1.04
0.99 |1.234|1.647| 55 [0.00413|0.00025| 2.70 0.83
0.99 |11.028(1.474| 55 [0.01209|0.00073| 5.28 1.13
0.99 11.090{1.528| 55 [0.00809|0.00049| 4.12 0.99
0.99 |1.234|1.608| 55 [0.00481|0.00029| 2.93 0.85
1.00 |1.028]1.429| 55 ]0.01488|0.00164| 5.64 1.81
1.00 {1.131|1.528| 55 |0.00760]0.00046| 3.89 0.96
1.00 {1.234|1.586| 55 |0.00532]0.00032| 3.14 0.87

TABLE VIII: Bulk viscosity data determined from experimental sound
attenuation measurements from the literature for argon [12].

\T/Te| p/pe [ p/pe [ f/us] an | Dax |15 e [ Dtthexp.|
0.56 |0.167(2.647| 62.5 {0.00079|0.00005| 0.34 1.74
0.58 10.167(2.613| 62.5 {0.00076 |0.00005| 0.34 1.60
0.60 |0.167|2.578| 62.5 [0.00077|0.00005| 0.35 1.51
0.74 10.167{2.293| 62.5 {0.00109|0.00007 | 0.51 1.07




TABLE IX: Bulk viscosity data determined from experimental sound
attenuation measurements from the literature for argon [13].
\T/Te| p/pe [ p/pe [ f/us] an | Dax |15 e [ Dtthexp.|

1.01 {1.168|1.429| 5 |0.00166|0.00018| 8.46 2.66
1.04 [1.245|0.981 0.00322]0.00035| 6.21 1.96
1.04 {1.251|1.000 0.00337{0.00037| 6.79 2.10
1.04 {1.257|1.023 0.0033910.00037| 7.17 2.20
1.04 {1.273|1.073 0.00318]0.00035| 7.40 2.27
1.06 {1.333(0.910 0.00161]0.00018| 2.63 1.08
1.06 {1.351|0.952 0.00170{0.00019| 3.08 1.20
1.06 |1.365[0.985 0.00182]0.00020| 3.62 1.34
1.06 {1.371|1.000 0.00187]0.00021| 3.87 1.41
1.06 [1.377|1.012 0.00185]0.00020| 3.90 1.42
1.06 {1.389(1.039 0.00178]0.00020| 3.96 1.44
1.06 {1.412(1.087 0.00174]0.00019| 4.34 1.55
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TABLE X: Bulk viscosity data determined from experimental sound
attenuation measurements from the literature for krypton [14].
\T/T: p/pe | plpe [Flus]  an | Aax |15 exp. | Dbti exp.]

0.57 {0.019|2.656| 55 |0.00091|0.00004| 1.30 1.78
0.5710.362|2.665| 55 [0.00091|0.00004| 1.37 1.81
0.5710.724|2.674| 55 [0.00090|0.00004| 1.42 1.84
0.57 10.905|2.679| 55 [0.00090|0.00004| 1.45 1.86
0.57 |1.177|2.686| 55 [0.00089|0.00004| 1.49 1.88
0.6710.070{2.479| 55 [0.00102|0.00004| 1.31 1.25
0.67 10.362|2.490| 55 [0.00100|0.00004| 1.35 1.27
0.67|0.724|2.504| 55 [0.00097|0.00004| 1.37 1.29
0.67 |0.905|2.510| 55 [0.00096|0.00004| 1.37 1.30
0.67 |1.176{2.520| 55 [0.00095|0.00004| 1.41 1.32
0.72 {0.119|2.382| 55 |0.00114|0.00005| 1.36 1.08
0.7210.181{2.385| 55 [0.00110|0.00004| 1.19 1.07
0.7210.362(2.394| 55 [0.00105|0.00004| 1.08 1.08
0.72 {0.724|2.411| 55 |0.00101|0.00004| 1.06 1.10
0.7210.905(2.419| 55 [0.00098|0.00004| 1.04 1.11
0.7211.176|2.431| 55 [0.00097|0.00004| 1.07 1.13
0.76 |10.188(2.277| 55 [0.00135|0.00005| 1.47 | 0.95
0.81]0.282|2.162| 55 [0.00169|0.00007| 1.66 | 0.85
0.86 |0.405|2.030| 55 [0.00236|0.00009| 2.03 | 0.77
0.86 10.543|2.047| 55 [0.00213|0.00009| 1.81 0.76
0.86 {0.724]2.068| 55 |0.00192|0.00008| 1.62 0.77
0.86 |0.905(2.087| 55 [0.00179|0.00007| 1.57 | 0.78
0.86 |1.176{2.113| 55 |0.00164|0.00007| 1.49 | 0.79
0.91 [0.564|1.872| 55 |0.00388|0.00016| 2.68 | 0.71
0.9110.724|1.905| 55 [0.00330|0.00013| 2.47 | 0.71
0.9110.905|1.936| 55 [0.00280|0.00011| 2.19 | 0.71
0.91|1.086|1.963| 55 [0.00247|0.00010| 2.00 | 0.72

0.91 |1.176|1.976| 55 |0.00232{0.00009| 1.89 0.72
0.93 10.658|1.776| 5 |0.00054(0.00002| 3.58 0.71
0.93 10.724|1.796| 5 |0.00047{0.00002| 3.28 0.70
0.9310.905{1.843| 5 [0.00034|0.00001| 2.49 0.68
0.93 11.086|1.879| 5 |0.00028{0.00001| 2.14 0.68
0.93 11.176|1.895| 5 |0.00026{0.00001| 2.07 0.68
0.96 [1.218|1.795| 5 |0.00039{0.00002| 2.89 0.68
0.96 [0.938|1.712| 5 |0.00056|0.00002| 3.25 0.66
0.96 [0.854|1.677| 5 |0.00083]0.00003| 4.81 0.74




TABLE X: continued

(T/T [ p/pe [ p/pe [Flus] ax [ Dax 15 e | Dbs e,
0.96 [0.781]1.637] 5 [0.00112[0.00004] 5.64 | 0.7
0.97 | 1.267|1.761 0.00044|0.00003| 3.16 | 0.78
0.97 | 1.021| 1.681 0.00068|0.00004| 4.04 | 0.81
0.97 |0.872| 1.602 0.00138|0.00008| 6.81 | 1.00
0.97 |0.832| 1.570 0.00179(0.00020| 7.84 | 1.55
0.98 | 1.238| 1.681 0.00054|0.00003| 3.19 | 0.75
0.98 | 1.079] 1.612 0.00100(0.00006| 5.37 | 0.89
0.98 | 1.037| 1.587 0.00117|0.00007| 5.83 | 0.92
0.98 |0.970( 1.536 0.00180(0.00011| 7.63 | 1.04
0.99 | 1.234|1.638 0.00063|0.00004| 3.34 | 0.74
0.99 | 1.061|1.540 0.00140|0.00008| 6.10 | 0.92
0.99 | 1.005 1.484 0.00246|0.00015| 9.23 | 1.15
0.99 |0.972| 1.435 0.00386|0.00023| 12.22 | 1.38
0.99 |0.952| 1.385 0.00721|0.00079| 19.49 | 3.01
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TABLE XI: Bulk viscosity data determined from experimental sound
attenuation measurements from the literature for krypton [15].

[T/ p/pe [ p/pe [Fls] ax [ Dax 15 e | Db exp.]
0.910.564|1.872| 7.5 | 0.0006 |0.00004| 2.99 | 0.94
0.91|0.564|1.872| 10 | 0.0007 |0.00006| 2.87 | 0.93
0.910.564|1.872| 15 | 0.0011 |0.00009| 2.94 | 0.93
0.93 10.658(1.776| 5 | 0.0008 |0.00006| 6.33 1.22
0.93 10.658(1.776| 7.5 | 0.0008 |0.00007| 3.76 | 0.96
0.93 |0.658|1.776| 10 | 0.0011 |0.00007| 3.73 | 0.84
0.93 10.658(1.776| 15 | 0.0016 |0.00010| 3.67 | 0.83
0.9510.763|1.658| 5 | 0.0011 |0.00008| 5.71 1.09
0.95(0.763|1.658| 7.5 | 0.0015 |0.00009| 5.18 | 0.89
0.95 (0.763|1.658| 10 | 0.0021 {0.00012| 5.54 | 0.92
0.9510.763|1.658| 15 | 0.0031 |0.00018| 5.51 0.92
0.96 |0.781{1.637| 5 | 0.0012 |0.00009| 5.93 1.10
0.96 |0.781(1.637| 15 | 0.0034 |0.00021| 5.85 | 0.94
0.96 10.809{1.602| 5 | 0.0015 |0.00012| 7.00 1.19
0.96 10.809{1.602| 7.5 | 0.0022 |0.00013| 6.80 1.00
0.9710.832|1.570| 5 | 0.0020 |0.00016| 8.92 1.37
0.9710.832{1.570| 7.5 | 0.0030 |0.00018| 8.86 1.16
0.9710.832{1.570| 10 | 0.0040 |0.00024| 8.84 1.15
0.9710.832|1.570| 15 | 0.0056 |0.00033| 8.17 | 1.10
1.04 {1.212|1.000f 5 | 0.0053 |0.00042| 10.42 | 1.34
1.04 {1.212(1.000| 7.5 | 0.0074 [0.00044| 9.60 1.04
1.04 {1.212(1.000| 10 | 0.0090 [0.00054| 8.74 | 0.97
1.04 |1.227|1.000| 5 | 0.0046 |0.00037| 9.12 1.21
1.04 {1.227(1.000| 10 | 0.0081 [0.00049| 7.95 | 0.91
1.04 {1.241(1.000| 5 | 0.0041 [0.00033| 8.16 1.11
1.04 {1.241|1.000| 7.5 | 0.0060 [0.00036| 8.00 | 0.91
1.04 {1.241(1.000| 10 | 0.0076 [0.00046| 7.50 | 0.87
1.04 {1.255(1.000| 5 |0.00373]0.00030| 7.45 1.04
1.04 {1.255(1.000| 10 |0.00693]0.00042| 6.85 | 0.82
1.05|1.269/1.000| 5 ]0.00353|0.00028| 7.14 1.01
1.05 {1.269(1.000| 10 |0.00632]0.00038| 6.28 | 0.77




TABLE XII: Bulk viscosity data determined from experimental sound
attenuation measurements from the literature for xenon [15].
\T/Te p/pe [ p/pe [ f/us]  an | Aax [155 e | Aty exp.|

0.56 [0.014]2.689| 42 |0.000740{0.00003| 1.34 0.68
0.56 {0.015(2.686| 42 |0.000739|0.00003| 1.33 0.68
0.56 [0.015]2.680| 42 |0.000739{0.00003| 1.31 0.67
0.57 [0.017]2.668| 42 |0.000740{0.00003| 1.28 0.66
0.59 {0.023(2.637| 42 |0.000748|0.00003| 1.25 0.63
0.60 [0.030]2.606| 42 |0.000775[0.00003| 1.35 0.61
0.62 [0.038]2.575| 42 |0.000837[0.00003| 1.67 0.60

TABLE XIII: Bulk viscosity data determined from experimental sound
attenuation measurements from the literature for xenon [8].
\T/Te| p/pe | plpe [£/us]  an | Aon [pfep. | At exp.]

0.57 |0.017(2.668| 55 |0.001100|0.00004| 2.16 0.74
0.57 |0.145|2.671| 55 |0.001094|0.00004| 2.16 0.75
0.57 |0.501|2.680| 55 |0.001088|0.00004| 2.25 0.76
0.57 |0.868(2.689| 55 |0.001078|0.00004| 2.30 0.77
0.57 {1.132(2.696| 55 [0.001072|0.00004| 2.34 0.78
0.59 {0.023(2.637| 55 [0.001104|0.00004| 2.04 0.71
0.60 {0.030(2.606| 55 |0.001096|0.00004| 1.84 0.67
0.62 {0.038(2.575| 55 [0.001090|0.00004| 1.64 0.63
0.62 {0.098(2.577| 55 |0.001082|0.00004| 1.62 0.63
0.62 {0.449(2.588| 55 |0.001077|0.00004| 1.72 0.64
0.62 |0.782(2.598| 55 |0.001084|0.00004| 1.88 0.66
0.62 {1.113|2.606| 55 |0.001060|0.00004| 1.83 0.66
0.69 {0.089(2.442| 55 |0.001247|0.00005| 1.63 0.54
0.69 {0.098(2.443| 55 |0.001226|0.00005| 1.55 0.54
0.69 {0.401(2.455| 55 |0.001177|0.00005| 1.48 0.54
0.69 {0.741(2.469| 55 |0.001139|0.00005| 1.46 0.55
0.69 {1.002(2.479| 55 |0.001116|0.00004| 1.46 0.55
0.74 10.152|2.334| 55 |0.001472|0.00006| 1.76 0.50
0.76 {0.179(2.295| 55 |0.001581|0.00006| 1.83 0.49
0.76 {0.264(2.300| 55 |0.001516|0.00006| 1.69 0.48
0.76 |0.417(2.309| 55 |0.001460|0.00006| 1.61 0.48
0.76 |0.757(2.328| 55 |0.001365|0.00005| 1.51 0.48
0.76 {1.015(2.342| 55 |0.001300|0.00005| 1.43 0.48
0.78 10.209(2.255| 55 |0.001683|0.00007| 1.83 0.47
0.83 10.320(2.125| 55 |0.002178|0.00009| 1.97 0.44
0.83 10.436(2.136| 55 [0.002019|0.00008| 1.77 0.43
0.83 |0.607(2.152| 55 |0.001904|0.00008| 1.71 0.43
0.83 |0.767(2.165| 55 |0.001801|0.00007| 1.62 0.43
0.83 10.996(2.183| 55 [0.001684|0.00007| 1.54 0.43
0.86 {0.415(2.027| 55 |0.002903|0.00012| 2.39 0.43
0.88 |0.469(1.973| 55 |0.003296|0.00013| 2.43 0.42
0.90 {0.528(1.914| 55 |0.004078|0.00016| 2.80 0.43
0.90 {0.634(1.934| 55 |0.003257|0.00013| 2.07 0.39
0.90 |0.807(1.962| 55 |0.002927|0.00012| 2.01 0.39
0.90 {0.972(1.986| 55 |0.002674|0.00011| 1.94 0.40
0.90 {1.055(1.997| 55 |0.002555|0.00010| 1.88 0.40
0.91 {0.592|1.851| 55 |0.005305|0.00021| 3.32 0.45
0.91 {0.637(1.861| 55 |0.004415|0.00018| 2.60 0.41
0.91 |0.816(1.899| 55 |0.003664|0.00015| 2.36 0.40
0.91 |0.976(1.927| 55 |0.003174|0.00013| 2.13 0.39
0.91 {1.051(1.939| 55 |0.002982|0.00012| 2.02 0.39
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TABLE XIII: continued

\T/T p/pe | ploc [ flus]  an | Aan |65 exp.| Dbthexp.]
0.930.661]1.779] 5 [0.000757]0.00002] 4.86 | 0.39
0.93 [0.661|1.779| 7.5 |0.001094|0.00002| 4.61 | 0.38
0.93 [0.661|1.779| 10 |0.001544|0.00009| 5.00 | 0.68
0.93 |0.672|1.783| 55 |0.006304|0.00025| 3.28 | 0.43
0.93 [0.672|1.783| 5 [0.000716|0.00008| 4.59 | 0.97
0.93 [0.822]1.825| 55 |0.004724|0.00019| 2.66 | 0.40
0.930.822]1.825| 5 |0.000514|0.00006| 3.59 | 0.85
0.93 [0.984|1.861| 55 |0.003883|0.00016| 2.35 | 0.39
0.93 |1.067|1.878| 55 |0.003536|0.00014| 2.18 | 0.39
0.93 |1.067|1.878| 5 [0.000392|0.00004| 3.13 | 0.81
0.95 [0.737]1.607| 55 |0.011588|0.00127| 5.45 | 1.06
0.95 [0.737]1.607| 5 |0.001181|0.00013| 6.33 | 1.18
0.95 |0.737|1.607| 7.5 |0.001643|0.00018| 5.74 | 1.10
0.95 [0.737]1.607| 10 |0.002201|0.00013| 5.77 | 0.72
0.95 |0.846|1.742| 55 |0.006755|0.00027| 3.28 | 0.42
0.950.846|1.742| 5 [0.000745(0.00008| 4.39 | 0.94
0.95 |1.001|1.789| 55 |0.004943|0.00020| 2.63 | 0.39
0.95 [1.001|1.789| 5 |0.000543|0.00006| 3.59 | 0.85
0.95 |1.084|1.810| 55 |0.004366|0.00017| 2.40 | 0.38
0.95|1.084|1.810| 5 [0.000494|0.00005| 3.48 | 0.84
0.96 [0.793]1.620| 5 |0.001780|0.00020| 8.06 | 1.39
0.96 |0.793|1.629 0.002483[0.00027| 7.38 | 1.30
0.96 |0.793|1.629 0.003492[0.00038| 7.87 | 1.36
0.96 |0.856|1.666 0.001212(0.00013| 6.12 | 1.14
0.96 |1.027|1.735 0.000726{0.00008| 4.47 | 0.95
0.96 |1.113[1.761 0.000653(0.00007| 4.41 | 0.95
0.97 |0.844[1.561 0.003015[0.00033| 11.44 | 1.82
0.97 |0.844[1.561 0.0041860.00046| 10.47 | 1.69
0.97 |0.844[1.561 0.005929(0.00065| 11.22 | 1.79
0.97 |0.941|1.632 0.001188[0.00013| 5.41 | 1.04
0.97 |1.027(1.674 0.000955(0.00011| 5.08 | 1.01
0.97 |1.113[1.707 0.000881[0.00010| 5.42 | 1.06
0.98 |0.941|1.552 0.002194|0.00024| 8.24 | 1.40
0.98 |1.027|1.613 0.001174|0.00013| 5.18 | 1.01
0.98 |1.113]1.655 0.000866{0.00010| 4.30 | 0.90
0.99 |1.027|1.552 0.001721[0.00019| 6.56 | 1.18
0.99 | 1.113|1.608 0.001058|0.00012| 4.65 | 0.94
0.99 |1.027|1.495 0.002671(0.00020| 8.80 | 1.46
0.99 |1.113[1.567 0.001306{0.00014| 5.21 | 1.00
0.99 |1.027|1.472 0.003176{0.00051| 9.81 | 2.16
0.99 |1.113|1.552 0.001346{0.00022| 5.09 | 1.32

= =~ [

TABLE XIV: Bulk viscosity data determined from experimental sound
attenuation measurements from the literature for xenon [16].
]T/TC p/pe | p/pe f/;LS\ a \ Aax \uZ,eXp,\Aﬂi,exp\

0.93 [0.661|1.779| 5 |0.000717{0.00004| 4.50 0.64
0.93 [0.661(1.779| 8 |0.001073{0.00006| 4.49 0.63
0.93 [0.661|1.779| 10 |0.001596|0.00010| 5.24 0.70
0.93 [0.661|1.779| 15 |0.002068{0.00012| 4.25 0.62
0.94 [0.676]1.764| 5 |0.000819{0.00005| 5.10 0.68
0.94 [0.676]1.764| 10 |0.001638{0.00010| 5.10 0.68
0.94 [0.676]1.764| 15 |0.002242{0.00013| 4.48 0.63
0.94 (0.691(1.748| 5 |0.000840{0.00005| 4.95 0.67




TABLE XIV: continued

(/T p/pe [ p/pe [Flus]  ax | Ao (185 cxp. | Dbti e,
0.94]0.691[1.748] 10 0.001739[0.00010] 5.19 | 0.69
0.940.691|1.748| 15 |0.0024380.00015| 4.73 | 0.65
0.94]0.706/1.731| 5 |0.001021|0.00006| 6.02 | 0.75
0.94 0.706|1.731| 10 |0.001818/0.00011| 5.16 | 0.68
0.940.706|1.731| 15 |0.0026460.00016| 4.95 | 0.66
0.95 |0.721|1.714| 10 |0.0020000.00012| 5.47 | 0.70
0.95 |0.721|1.714| 15 |0.002917/0.00018| 5.27 | 0.68
0.950.737|1.697| 5 |0.0011600.00007| 6.19 | 0.76
0.95 |0.737|1.697| 7.5 |0.001625|0.00010| 5.66 | 0.71
0.95 |0.737|1.697| 10 |0.002193/0.00013| 5.75 | 0.72
0.95 0.737|1.697| 15 |0.0032010.00019| 5.55 | 0.70
0.950.752|1.679| 5 |0.0012870.00008| 6.57 | 0.78
0.95 |0.752|1.679| 10 |0.0024460.00010| 6.15 | 0.59
0.95 0.752|1.679| 15 |0.0036220.00014| 6.05 | 0.58
0.96 |0.785/1.640| 5 |0.0016170.00010| 7.48 | 0.85
0.96 |0.785|1.640| 7.5 |0.0025800.00010| 8.06 | 0.70
0.96 |0.785|1.640| 10 |0.003424/0.00014| 8.02 | 0.70
0.96 |0.785|1.640| 15 |0.004666]0.00019| 7.12 | 0.64
0.96 |0.793/1.629| 5 |0.001791/0.00011| 8.13 | 0.90
0.96 |0.802|1.619| 10 |0.0038390.00015| 8.47 | 0.73
0.97 |0.819/1.597| 10 |0.0045390.00018| 9.48 | 0.78
0.97 |0.836/1.573| 5 |0.002528/0.00015| 9.80 | 1.03
0.97 |0.836|1.573| 7.5 |0.0038860.00023| 10.09 | 1.05
0.97 |0.836/1.573| 10 |0.0054310.00022| 10.65 | 0.85
0.97 |0.836/1.573| 15 |0.0075900.00030| 9.81 | 0.80
0.97 |0.853|1.548| 5 |0.003162|0.00019| 11.50 | 1.17
0.97 |0.853|1.548| 7.5 |0.0046820.00028| 11.33 | 1.15
0.97 |0.853|1.548| 10 |0.006826]0.00027| 12.55 | 0.97
0.97 |0.853|1.548| 15 |0.009139]0.00037| 11.02 | 0.87

TABLE XV: Results of the present relaxation ansatz Eq. (10)

’T/Tc p/pe P/Pc Cf ‘ 6f ‘ /Bf ‘ Cm ‘ 5m ‘ Bm ‘ Cs ‘ 63 ‘ ﬁs ‘;U';,reL A.u‘?;,rel.

0.83 | 0.32 {2.09]0.610(0.048{2.022{0.319|0.139|1.112|0.0710.414| 0.646 | 1.35 | 0.08
0.83 | 0.44 {2.10]0.594|0.048|2.063 [0.369|0.141|1.020|0.037]0.568| 0.589 | 1.35 | 0.08
0.83 | 0.61 [2.12]0.617|0.047|2.038|0.344]0.143|1.055|0.039(0.525| 0.606 | 1.29 | 0.07
0.83 | 0.77 {2.13]0.600(0.046|2.092{0.346|0.132|1.127|0.054|0.434| 0.631 | 1.26 | 0.09
0.83 | 1.00 {2.15]0.631|0.047{2.012{0.323|0.135|1.112]0.045]0.542| 0.641 | 1.22 | 0.08
0.86 | 0.41 {2.00]0.561|0.048{2.134{0.405|0.137|1.027|0.034|1.014| 0.530 | 1.72 | 0.20
0.86 | 0.72 {2.04|0.625|0.049]1.976|0.323|0.144|1.0580.052|0.550| 0.603 | 1.36 | 0.11
0.86 | 0.90 |2.060.572|0.048|2.1240.308|0.128|1.183|0.120{0.190| 0.549 | 1.32 | 0.11
0.86 | 1.34 {2.10]0.5880.048|2.163 |0.358]0.134|1.058|0.054|0.104| 0.374 | 1.16 | 0.07
0.86 | 1.54 [2.12]0.738]0.049]1.891|0.219|0.255|1.873|0.043|0.401| 0.607 | 1.11 | 0.15
0.86 | 1.85(2.14]0.611|0.045|2.065[0.353|0.127|1.139|0.036 | 0.439| 0.663 | 1.10 | 0.06
0.86 | 2.47 |2.18]0.657|0.046|2.011{0.326|0.131|1.105|0.017(0.823| 0.765 | 1.06 | 0.06
0.86 | 3.08 {2.21]0.666|0.045|2.019{0.323|0.130|1.104|0.010{0.945| 5.530 | 0.98 | 0.08
0.86 | 3.70 | 2.25]0.640|0.044|2.074|1.113|0.119|0.352|0.008 | 0.486|11.348| 0.93 | 0.05
0.86 | 4.94 {2.30]0.689(0.042{2.0240.285|0.112|1.359|0.026 |0.435| 4.242 | 0.84 | 0.05
0.86 | 5.76 |2.33]0.657|0.043|2.112{0.320|0.104|1.052|0.023]0.352| 0.815 | 0.83 | 0.08
0.86 | 7.78 [2.40(0.771]0.041]1.959(0.191|0.125|1.597|0.038{0.331| 1.492 | 0.77 | 0.08
0.86 |11.56|2.50(0.754|0.040{2.052{0.205|0.108 |1.256|0.042]0.254| 0.997 | 0.80 | 0.04
0.86 |16.45|2.60|0.834|0.038(2.016{0.111|0.122|1.924|0.055[0.330| 1.097 | 0.81 | 0.08
0.86 [22.64(2.70{0.949|0.038(2.0160.111|0.083|0.994|0.051{0.365| 1.349 | 0.80 | 0.07
0.863| 0.42 |1.990.570|0.050|2.078|0.387|0.156|0.956 |0.043|0.740| 0.523 | 1.66 | 0.30
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TABLE XV: continued
’T/Tc p/pe |p/pec| cf ‘ Oy ‘ By ‘ Cm ‘ Om ‘ Bm ‘ Cs ‘ s ‘ Bs ‘Nz,rel. AV
0.863| 2.47 [2.17(0.634|0.045|2.031{0.301{0.118|1.246|0.066|0.315{0.793| 1.03 | 0.06
0.863| 3.08 [2.21 [0.647|0.046|2.060|0.346(0.124|1.053|0.006{0.944{0.611| 0.98 | 0.09
0.863| 4.94 [2.30(0.694|0.043|2.004|0.291{0.125|1.190|0.015|0.511{1.263| 0.85 | 0.08
0.863| 7.93 |2.40(0.843(0.043|1.942|0.100|0.149|3.540|0.057|0.332|1.340| 0.85 | 0.08
0.863|11.73(2.50 [0.769|0.041|2.044|0.2180.117|1.226|0.013|0.585[1.659| 0.75 | 0.05
0.863|16.64|2.60 [0.839]0.039(2.027{0.100{0.127|1.548|0.061{0.284(1.012| 0.77 | 0.13
0.863(22.85|2.70(0.835(0.038|2.0580.159(0.135|0.870|0.006 |1.481(0.877| 0.83 | 0.09

0.001 + 1

0.0001 t + + + + -
0.0001 0.001 0.01 0.1 1 10

t (e/mc?)'"?

FIG. 4. Due to the similarity of both autocorrelation functions for simulations containing N = 4096
(grey) and N = 12000 particles (black), the results for the present relaxation ansatz are virtually
identical.

[1] K. Singer and K. E. Gubbins, “Thermal transport coefficients for dense fluids,” in Statistical
Mechanics. Volume 1, edited by K. Singer (The Royal Society of Chemistry, 1973) pp. 194-253.

[2] R. Katti, R. T. Jacobsen, R. B. Stewart, and M. Jahangiri, “Thermodynamic Properties of
Neon for Temperatures from the Triple Point to 700 K at Pressures to 700 MPa,” in Advances in
Cryogenic Engineering, edited by R. W. Fast (Springer, 1986) pp. 1189-1197.

[3] C. Tegeler, R. Span, and W. Wagner, J. Phys. Chem. Ref. Data 28, 779 (1999).

]
[4] E. W. Lemmon and R. Span, J. Chem. Eng. Data 51, 785 (2006).
[5] P. E. Mueller, D. Eden, C. W. Garland, and R. C. Williamson, Phys. Rev. A 6, 2272 (1972).
[6] J. Thoen and C. W. Garland Phys. Rev. A 10, 1311 (1974).
[7] E. V. Larson, D. G. Naugle, and T. W. Aldair, J. Chem. Phys. 54, 2429 (1971).
[8] P. Malbrunot, A. Boyer, E. Charles, and H. Abachl Phys. Rev. A 27 1523 (1983).
9] D. G. Naugle, J. H. Lunsford, and J. R. Singer, J. Chem. Phys. 45, 4669 (1966).
[10] J. A. Cowan and R. N. Ball, Can. J. Phys. 50, 1881 (1972).
[11] J. A. Cowan and P. W. Ward, Can. J. Phys. 51, 2219 (1973).
[12] D. G. Naugle, J. Chem. Phys. 44, 741 (1966).
[13] P. W. Ward, J. A. Cowan, and R. K. Pathria, Can. J. Phys. 53, 29 (1975).
[14] J. A. Cowan and J. W. Leech, Can. J. Phys. 61, 895 (1983).
[15] J. A. Cowan and R. N. Ball, Can. J. Phys. 58, 74 (1980).
[16] J. A. Cowan and J. W. Leech, Can. J. Phys. 59, 1280 (1981).



