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The report contains a set of easy-to-program expressions for the calculation of the
thermodynamic and transport properties of the five noble gases (He, Ne, Ar, Kr, Xe) and
of the 26 binary and multicomponent mixtures that can be formed with them. The proper-
ties in question are second virial coefficient B, viscosity %, thermal conductivity 4, self-
diffusion and binary diffusion coefficient D, and thermal diffusion factor a;. The calcula-
tion of properties is restricted to low densities (p<B /C) but covers the full range of
compositions and a temperature interval extending from absolute zero to the onset of
ionization. Owing to the careful theoretical basis on which the algorithm has been erected,
all properties are thermodynamically consistent with each other. Reference to a selected
set of critically evaluated measurements provides a basis for the estimation of uncertain-
ties. The report contains 54 abbreviated tables of numerical data and 86 deviation plots. It
is asserted that the results are comparable to the best measurements that could be per-
formed at present.
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List of Symbols
A* ratio of collision integrals, Eq. (C2)
B second virial coefficient
B* reduced second virial coefficient, Eq.-(C11); ratio
of collision integrals, Eq. (C5)
B¥ reduced second virial coefficient in Wigner—Kirk-

wood expansion, Eq. (15), = 0,1,...

B* . reduced second virial coefficient of perfect-gas
contribution, Eq. (16)

C third virial coefficient

c* ratio of collision integrals, Eq. (C4)

Cs long-range dispersion coefficient

¥ low-temperature scaling parameter, Eq. (12)
-C, ideal-gas specific heat at constant pressure

C. ideal-gas specific heat at constant volume

D binary or self-diffusion coefficient

E* ratio of collision integrals, Eq. (C3)

F* ratio of collision integrals, Eq. (C7)

fo higher order correction factor for self-diffusion
coefficient, Eq. (C9)

i higher order correction factor for viscosity, Eq.
(C8)

fa higher order correction factor for thermal con-
ductivity, Eq. (C10)

h Planck constant

k Boltzmann constant

M atomic weight

m mass of an atom

N, Avogadro constant

1. Introduction

It is not often that correlators succeed in_producing a
thermodynamically consistent representation of the equilib-
rium as well as of the transport properties of a system. The
low-density properties of the noble gases (He, Ne, Ar, Kr,
Xe) and of the 26 different mixtures that can be formed with
them constitute a rare exception. This is due to the fact that
we are in possession of a secure theoretical basis in Boltz-
mann’s equation and in its solution derived by the indepen-
dent work of Sydney Chapman and David Enskog, since
clarified, amplified, and extended by a number of successor
investigators. These results supplied a firm foundation for
the extended law of corresponding states due to J. Kestin, S.
T. Ro, and W. A. Wal‘:eh_am,1 later modified and improved
by B. Najafi, E. A. Mason, and J. Kestin.2 In addition to
these theoretical results, there existed a very large body of
direct and indirect measurements of the equilibrium and
transport properties of the systems under consideration,
even though they covered but a small fraction of the desired
range of compositions and temperatures. Nevertheless, it
was possible to create a complete synthcsis which is made
use of in this report.

The purpose of this report is to provide a comprehen-
sive and thermodynamically consistent synthesis and tabu-
lation of the low-density equilibrium and transport proper-
ties of all systems that can be formed with the five noble
gases: He, Ne, Ar, Kr, Xe. The set of systems consists of five
pure components, ten binary mixtures, icu ternary mixtures,

pressure

universal gas constant

atom separation in pair potential

nuclear spin

temperature

reduced temperature, Eq. (5}

intermolecular force potential

short-range energy parameter, Eq. (13)

high-temperature scaling parameter, Eq. (14a)

mole fraction

a, isotopic thermal diffusion factor, Eq (17)

ag - reduced thermal diffusion factor, Eq. (C23a)

ar thermal diffusion factor

A higher order correction factor for binary diffusion
coefficient, Eq. (C22a)

é tolerance limit of density, Eq. (3b)

€ energy scaling parameter

7 viscosity

K, higher order correction for isotopic thermal diffu-
sion factor, Eq. (C15a)

Ky higher order correction for thermal dittusion fac-
tor, Eq. (C23)

A* reduced de Broglie wavelength, Eq. (9)

ox©

RN RNN©T Yy
*

A thermal conductivity

p density; short-range length parameter, Eq. (13)
p* high-temperature scaling parameter, Eq. (14b)
o length scaling parameter

024 reduced collision integral -

five quaternary mixturcs, and onc five-component mxxturc,
or a total of 31.

The correlations which result from the synthesis are
restricted to low densities, i.e., to regimes in which proper-
ties are determined by binary collisions. In these circum-
stances, all properties of interest are functions of tempera-
ture only, apart from composition. The synthesis is valid
over the whole temperaturc span, strctching from absolute
zero to the onset of ionization.

The rteport contains easy-to-program expressions for
the various integrals of 15 pair potentials which govern the
low-density properties (B, 7, A, D, ay) of our 31 systems as
functions of temperature and composition. Each pair poten-
tial is characterized by five material constants which have
been accurately determined by a complex numerical fit to a
selected body of experimental data with a considerable addi-
tional input from theory, mainly of quantum-mechanical
character. Thus, all properties can be calculated over the
whole range of temperatures from absolute zero to the onset
of ionization and over the complete composition range of
any one of the binary and multicomponent mixtures. Such a
calculation gocs a long way beyond the ranges covered by
direct measurements, but the secure theoretical foundation
on which the correlation is based makes such an extrapola-
tion both possible and reliable. The authors venture the
statement that the results of the calculations on the basis of
the algorithm presented in this report are comparable to the
best measurements that could be performed with the aid of
present-day techniques.
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Even though definite forms of the pair potentials are
implied in this work, the task of retrieving them from the
collision integrals has not been undertaken.

The report contains 54 abbreviated tables of properties
and a bibliography of 112 selected entries, in addition to 32
literature references and 86 deviation plots.

The algorithm presented in this report is intended as a
contribution to the work of the Subcommittee on Transport
Properties of Commission 1.2 (Thermodynamics) of the In-
ternational Union of Pure and Applied Chemistry.

Thermodynamic consistency is safeguarded by the fact
that all formulas are based on the exact solutions of the
Boltzmann equation by the Chapman—Enskog method.>=
The extension to include transport properties of multicom-
ponent mixtures was first derived by I. O. Hirschfelder, C. F.
Curtiss, and C. Muckenfuss’® (see also Refs. 3-6). Further-
more, all functionals of intermolecular pair potentials, i.e.,
the integral for the second virial coefticient 8 and for the
collision integrals £2 ", satisfy the recursion relations im-
posed on them by theory. '

The report contains a brief explanation of the methods
used, a listing of all optimized constants which characterize
the binary collisions, as well as a listing of the relevant for-
mulas. In view of the ease of programing, we included only a
limited number of tables. Even so, there are 54 of them, be-
cause of the very large number of systems, and hence data,
covered by this correlation. The tables employ the SI system
of units throughout. Temperatures below the ice point are
given in Kelvins (K), and those above it in degrees Celsius
(°C).

The properties listed are

second virial coeflicient B (m*/kmol)
viscosity 7 (uPas)
thermal conductivity A (mW/mK)
diffusion or self-diffusion coefficient D (m?/s)

thermal diffusion factor ar.

Quantum corrections were introduced for the second
virial coefficients of all systems. Quantum corrections for
the transport properties are less important, and were intro-
duced only for *He, “He, and their mixtures in the cryogenic
range 0-100 K.

In order to calculate all equilibrium properties of the
systems listed here, it suffices to know only the second virial
coefficient B (T') and to recall that all noble gases have con-
stant specific heats

C,=3R and C,=3R. (1)
The universal gas constant R = 8.314 41 kJ/kmol K. In the
range determined by binary collisions, the equation of state
is

P=pRT{1+B(T)p}, (2)
which is valid for densities for which
p<B/C, (3a)
or more precisely, for which
-2 |5 (3b)
Cp :

here 6 is the required fractional accuracy in p, and C is the
third virial coefficient.
The combination of Egs. (1) and (2) is equivalent to a
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fundamental equation® from which all thermodynamic
properties can be derived directly. The transport properties
are calculated with the aid of the appropriate equations us-
ing the same atomic constants. Consequently, consistency
with equilibrium properties is automatically guaranteed.

2. Two-Parameter Principle of
Corresponding States

The numerical data in the tables of this report and the
correlations are based on an extended principle of corre-
sponding statcs, and spccifically do not make usc of a para-
metrized form of the pair potential (e.g., Lennard-Jones #-6,
etc.}. The adoption of such a potential is replaced by the
hypothesis that the 15 pair potentials can be made congruent
by a judicious choice of scaling parameters. In the first ap-
proximation, employed in Ref. 1, it was assumed that two
such scaling parameters are adequate to secure congruence.
These were sclected as a length scaling factor v (which way
be chosen as the distance of zero energy), and an energy
scaling factor € (which may correspond to the energy mini-
mum). The latter is usually expressed in the form of a refer-
ence temperature €/k, where & is Boltzmann’s constant.

The preceding hypothesis is translated into the state-
ment that all pair potentials, being centrally symmetric,
must be of the form

V(r) = efir/o), 4)
in which f'is a universal function. These statements have as
their immediate consequence the assertion that all properties
of the respective gases can be uniquely reduced to a dimen-
sionless form, and that they depend on the singie reduced

temperature
T*=kKI /e (3)
For example, the reduced second virial coefficient becomes
BXT* =B(T)/GmN,o), : (6)

and is a universal function of T *. Here B (T) is the second
virial coefficient measured at temperature 7, and N, is Avo-
gadro’s constant. Complete expressions for the other proper-
tics are given in Appendix C. The essence of the method
consists in the fact that the universal functionals of the po-
tential V' (r), such as B *(T #), are determined with reference to
critically evaluated measurements.

It is evident that in the case of binary mixtures the re-
sulting principle of corresponding states does not refer to the
properties measured on the mixtures directly. All formulas
for mixtures, such as, for example,

B(T)=x}By(T) + 2x,x;B;(T) + x2B;(T), (7
exhibit an explicit dependence on the mole fractions x; and
X; and contain the functionals B,;, B;; of the pair potential for
like collisions and of the pair potential B, for unlike colli-
sions. Evidently, the three reduced functionals B¥{T¥%),
B}(T¥), and B #(T }) must separately satisfy the universal
relation of the type of Eq. (6). The reduced property of the
mixture [such as a reduced form of B (T ')} is not a universal
function of any reduced temperature.

In the case of multicomponent mixtures, in the low-
density regime discussed here, only functionals of binary-
collision pair potentials enter the analogs of Eq. (7). Thus,
apart from the fact that such a mixture is described by more
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than three characteristic temperatures €;/k and an equal
number of interaction functionals (such as By}, the method
of calculation remains unchanged.

The two-parameter law of corresponding states has
proved very useful in the correlation of many measurements
on the noble gases. %> On closer examination, it turned out
that the two-parameter principle of corresponding states
leads to a universal set of functionals which are valid in the
middle range of the temperature interval

1.0<T* <25, (8)

and show signs.of breaking down at very low and very high
temperatures. B. Najafi, E. A. Mason, and J. Kestin® suc-
ceeded in improving the principle so that its validity now
extends to the whole temperature range of interest, namely
from O K to the onset of ionization. This was achieved at the
cost of increasing the number of binary-interaction param-
eters to five (o, e/k, C¥ = Cy/e0®, p* =p/o, and ¥V}
= V,/€). Note that the symbol p was earlier used for den-
sity. Here p and ¥, are scaling factors for the repulsive wall
of the potential, Eq. (13}.

The tables of numerical data in this report are based on
this improved principle of corresponding states with the
further introduction of quantum corrections for second vir-
ial coefficients in the cryogenic range. In this range, a sixth
scaling parameter, de Boer’s reduced de Broglie wavelength

A : - h/a','j(mijeij)lll’ {9)
intervenes. Here
my = 2m;m;/(m; + m;), (10)

and m;, m; denote the masses of the respective atoms.

3. ImproVed Principle of Corresponding
States

The improved principle of corresponding states retains
the basic assumption of similarity expressed in Eq. (4), but
admits the possibility that the function f may contain addi-
tional material parameters. It was found necessary to add
three parameters (C %, p*, and V' ¥) to the previous two, and
to put

Vi) =eflr/a,CE p* V¥ (11)

The additional parameters arise from the following consid-
erations:

(1) Accurate values of the coefficients of the long-range
dispersion energy became available through a combination
of quantum theory with dielectric and optical data.'® It has
been found necessary to include only the term — Cg/#5, thus
introducing the one dimensionless parameter

¢ = Co/€;05. (12)
§95

The availability of these reliable values makes it possi-
ble to determine the low-temperature asymptotic behavior
of all functionals of interest.? The forms given in Appendix B
incorporate the results of such calculations.'’*®

(2) Accurate data on the scattering of beams of noble
gases, largely by Y. T. Lee,?® make it possible to supplement
correlations with direct information concerning the pair po-

‘tentials.

Similar, albeit indirect information is supplied by pair
potentials obtained by the direct numerical methods of in-
version developed by E. B. Smith, G. C. Maitland, and co-
workers.”*?

(3) Accurate information on high-energy beam scatter-
ing and approximate theoretical calculations make it possi-
ble to determine the repulsive wall of the potential.”>?” Since
the latter can be accurately represented by the form

Vir) =V, exp(—r/p), (13)

it becomes necessary to introduce the additional material
parameters

V*=V,/¢;
and

p* =p/o;. (14b)
An integration of the form of V() in Eq. (13) enables us to
derive analytic expressions for the asymptotic behavior of all
functionals needed for the correlation.” Those cited later in
Appendix B possess that proper form.

The resulting functionals for the classical second virial
coefficient BT *) and the collision integral 2 ®*"(T*) are
depicted in Figs. 1 and 2. Here By(T *} denotes the first term
in the expansion of the second virial coefficient in powers of
the de Boer parameter A *, i.e., without quantum correc-
tions, and the same is true of 2 >?" in Fig. 2.

The two diagrams clearly show that the two-parameter

representation provides us with an excellent correlation in
the middle temperature range

1.2 T*<10.
In the cryogenic range,
0<T*<1.2,
it is necessary to invoke the material constant C ¥ (as well as
quantum corrections). In the high-temperature range,
T*>10,

the two material constants V¥ and p* must be added to o
and €.

All material constants assume fixed values for each bi-
] S

(14a)

T LB B | T T T T T T

He-

exp (-1/T*) B

PR SRR |

0.1 | 10 100

FIG. 1. Correlation curves for B ¥, the classical portion of the second virial
coefficient. The single curve at low and intermediate temperatures is
correlated by the parameters o, €. At higher temperatures the repul-
sion parameters p*, V'¥ are also needed.
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(T* )'/x ﬂ(z,z)*

(T*)II‘

FIG. 2. Correlation curves for £2%%", the reduced collision integral for vis-
cosity. The single curve at intermediate T * is the region of the two-
parameter (0,€) correlation. At low temperatures, the parameter C ¥
is also needed, and at high temperatures the parameters p*, V' are
needed.

nary interaction. We have refrained from adding subscripts
i, j to them for the sake of economy. The empirically fitted
forms of the above two (as well as other) functionals given
piecewise in Appendix B are continuous, and possess contin-
vous first and second derivativesat 7* = 1.1or 7* = 1.2 as
the case may be, and at 7* = 10.

4. Quantum Corrections

Quantum corrections have been introduced in the cal-
culation of the second virial coefficients. For most systems,
this could be done through the truncated semiclassical,
Wigner-Kirkwood expansion

B*=B} +(A* Bt + (A% B}

+A*BY + (A*VB brect » (15)
with
RE 1 1 1 \32
IO i |
pree | D) T £ 5 T ( T*) 1)

where s is the nuclear spin. This term is significant only for
3He (s = L, FD) and “He (s = 0, BE).

The range of convergence of Eq. (15)is discussed in Ref.
2 where it is shown that the expression fails for *He, “He, and
their mixtures in the cryogenic temperature range, approxi-
mately T <50 K. For these systems, the results of a full
quantum-mechanical calculation were used.

Even though analogous results hold for the transport
properties, it was not possible to include all of them. The
relevant and rather complicated calculations corresponding
to the Wigner—Kirkwood expression have never been carried
out, but it is reasonably certain that the corrections intro-
duced by them are not important for our present purposes.”
The systems He, “He, and their mixtures are an exception,
for which the results of a full quantum-mechanical calcula-
tion were used.
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5. Functionals and Scaling Factors

The recommended forms of the functionals for B ¥, B ¥,
B#* B* 0™ 0% together with the consistent values of
the four material constants o, €/k, V¥, and p* have been
derived by a complicated iterative method. The functional
B} . and the values of Cy have been taken directly from
theory.

The expressions for these functionals are given in Ap-
pendix B.

Table A1 contains values of the universal constants em-
ployed in this work,?® and Table A2 lists the values of the
atomic masses of the pure gases as well as the reduced masses
for mixtures in accordance with Eq. (10) and in conformity
with the recommendations of the Commission on Atomic
Weights of the International Union of Pure and Applied
Chemistry.? The optimum values of the material constants
are given in Tables A3-A6. The latter have been normalized
with respect to argon for which we assume

0=03350nm, e/k=1415K.

These were determined by R. A. Aziz and H. H. Chen*® on
the basis of a realistic Ar—Ar potential.

The optimum parameters arrange themselves in the
form of quite regular periodic tables.

The lengthy iterative procedure which resulted in the
above optimal, internally consistent set of functionals-cum-
constants was based on the theoretical data discussed in Sec.
3 and on a critically reviewed set of experimentally deter-
mined numerical data. More specifically, the algebraic
forms of the functionals possess the correct asymptotic be-
havior (at 70 and at 7— o), as mentioned earlier and de-
rived in Ref. 2. The total synthesis was, finally, validated
with respect to a wider data set. This aspect is discussed in
Secs. 6 and 7.

Appendix B contains also convenicnt cxpressions for
B* o and F* =0 82/0 0" Appendix C lists standard
formulas which are needed for programing.

6. Experimental Data

The experimental data considered in this work were
contained in over 2000 references. These were based on a
computer output supplied to us by the Purdue University
Center for Information and Numerical Data Analysis and
Synthesis (CINDAS), supplemented with citations from our
own collection. All these references were scrutinized and
their number reduced to about 400. In turn, these were read,
critically evaluated, and divided into three classes.

The division into three classes was based on a number of
objective and subjective criteria which included (a) a subjec-
tive assessment of the reliability of the data, guided by an
examination of internal consistency of error analysis and re-
producibility; (b} the authors’ statement of precision and ac-
curacy; (c) a direct intercomparison of results from different
laboratories and of results obtained by different methods; (d)
an evaluation of the capability of the method used and of the
correctness of the theory of the instrument; and (€) a scrutiny
of the consistency between the measurement of different
properties imposed by theory.
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TABLE a:‘Estimate of accuracyof ﬁt;in'the?te::qﬁe.ratufe_ fange SO—IOOOK

ar,
_System’ _ (%)
He ™ : 0.5 450"
~Ne X T 50
Ar.. +0.5" 450
“Kr - 0.7 +30°
Xe 10" +0:5: 430"
He-Ne. - 0:5: 0 +38.0°
He-Ar. +0:T 07 #3.0:
HeKr 0. 04X+ 0T+ 15 450,
Hé-Xe +20 FO03%£07): £12 +40
Ne-Ar +07 +03  +05 +07. +£50.
Ne-Kr +1.0 +03*+0.7) +1.0° £3.0
“NeXe . 107 F03*(£07).£20° %50
ArKr £10. 047 105 . £20: 440
Ar-Xe 110 +0.3%(£0.7)-+08 +60
Kr-Xe +1.0 +£03*%+£07) 07 +3.0
“HezNe-Kr 110 L 03 *(307) o
He-Ar-Kr . H+10) . £03H+07)
Ne-Ai-Kr | *+1.0) +0.3%£0.7).
He-Ne-Ar W ' ST
He-Ne-Xe
He-Ar-Xe
He-Kr-Xe
Ne-Ar-Xe B
Né-Kr-Xe ‘ :
© Ar-Kr-Xe . : -
He-Ne-Ar-—Kr S(ET0) - H£03)*£0.7)
He-Ne-Ar-Xe )
H&Ne-Kr—Xef‘
He-Ar—Kr-Xe'-
Ne-Ar-Kr-Xe. .
He—Ne—Ar—Kr XeJ i

Note The open. llterature contams no expenmental data for the proper-
ties:and systems distinguished by an asterisk: The rcspectwe uncertamms
have been determined by analogy e

Class 1-contain primary data which were used in the
iterative schemata for.correlation. Class. 2 contains secon-
“ dary data used in vahdatlon Classes 1 and 2 together em-
brace references listed in ‘the bibliography of -Appendix E.
»Papers of Class I are dlstmgmshed by an asterisk. Some pa-
persin this blbhography contain a mixture.of data of Classes
l'and 2. They arealso provided with an asterisk. Papers of
Class 3, left out of our correlation'and validation as a result

of our earlier critical review, could not be included in this

report owing to their great bulk. A list has been deposited
with ATP’s Physu:s Augxiliary Publication Service (PAPS) of
the Amencan Institute-of Physics.”

7. Validation, Deviation Plots, and Accuracy

The validation of our synthesis, that is of the resulting
computational algorithm, is represented in 86.deviation
plots reproduced here as Appendix D. All diagrams testify
to the fact-that the algorithm represents the primary data
very accurately, and that it is validated by the secondary

3See AIP document no. PAPS JPCRD-13-229:200 for 200 pages of data
tables. Order by PAPS number and journal reference from the American
Institute of Physics, Physics Auxiliary Publication Service, 335 East 45th
Street, New York; N.Y. 10017. The price is $1.50 for a microfiche or $5.00
for a photocopy. Airmail is additional. Make checks payable to the Ameri-
can Institute of Physxcs

v'dab.ta‘ which have not been employed in;the-iterati\'re“proce-

dure: Naturally, the degree of concordarce varies with the:
system; -property, temperature-range, .and (also). quality of

the respective:measurements;:

The ‘deviation-plots can be used:asa ‘basis of an estimate
of accuracy. The numbers in brackets in the captions referto
the Bibliographyof Appendix E. The result of our mterpre-
tations is summarized in Table'a. For the following systems:
He—Ne—Ar, He-Ne-Xe, He-Ar-Xe¢;- He—Kr~Xe, Ne=Ar—:
Xe;: Ne—Kr—-Xe, Ar-Kr-Xe; He-Ne-Ar-Kr, He-Ne-Ar—
Xe,: He—Ne—Kr—Xe, ‘He-Ar-Kr-Xe, Ne—Ar—Kr—Xe, -and
He-Ne-Ar—Kr-Xe, as wellas for the properties in the above
table which .are- distinguished by an- asterisk: (*), the-open
literature contains no. experimental data of either Class 1'or

. Class 2. For thls reason, the estimate of accuracy. cannot be
made by a direct’ ‘comparison of the'correlation ‘with mea-

surement. The estimates mdlcated have been made by ana-

logy. -

8. Description of the Tables
The tables of numerical data are not meant to be ex:
haustive and have not been de51gned for linear interpolation
They are convenient extracts only, because the entire algo:
rithm can be programed w1thout difficutty, thus.making il

' possible easﬂy to interpolate both for temperature and com-

‘position (in the case of mlxtures) ‘A’ more extenswe tabula-
tlon would be prohlbltlve in its volume.

* The 54 tables of numerical data- naturally fall into four
groups In the first group, we tabulate the following proper-
ties for the pure components: -
second vmal coeﬂiment . Bin107*m*/kmol

viscosity - 7inpuPas
thermal conductivity AinmW/mXK -
dlﬁ'uswn coefficient at -
P=1.01325bar Din107*m?/s

thermal diffusion factor a, (dimensionless).

_ Inall cases, except for helium, it is sufficient to indicate
asingle value of the the thermal diffusion factor because it is-
virtually independent of isotopic composition, although it -
depends on the isotupic mass ratioin a simple way. The latter
depéndence is removed by defining an isotopic thermal dif-
fusion factor @, as

R e (1)
\.my +my o i

As far as helium is concerned, we listed the two extreme
values for a mixture of “He and 3He. Interpolation can easily
be performed, because 1/a-is a linear function of composi-
tion.2. The temperature interval-chosen, 0'K to 3000 °C: is
subdivided into two ranges. Below the ice point
(0°C = 273.15 K), temperatures are given in Kelvins at 50K
intervals. Above. the ice point, the steps are 20°C for
0°C< T<100°C, 50 °C for 100 °C< T'< 500 °C, 100.°C for
500 °C < T'< 1000 °C, and 500 °C for 1000 °C < T'< 3000 °C.

The number of significant figures exceeds that which
would be justified by the analysis of Sec. 7. The choice was
governed more by aesthetic considerations than determined. -
by an assessment of accuracy. '
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Table A7 in Appendix A lists the ionization limit for the
pure gases. The onset of ionization was calculated from the
Saha equation with the first ionization potential taken from
Ref. 31 and for a 1% mol fraction of ionized atoms.

The second group of tables contains values for binary
mixtures. The steps and ranges are the same as for the first
group. In all cases, we tabulate three molar compositions:
25%~-75%, 50%-50%, and 75%—-25%.

The third group of tables lists values for the ternary,
quaternary, and five-component mixtures, limiting entries
to a single, equimolar composition. No data for diffusion or

KESTIN ET AL.

thermal diffusion are given here for the sake of simplicity.

A fourth group contains tables for *He, “He and an
equimolar mixture of them. The properties listed are B, 7, 4,
D, and a1 for the mixture. The temperature range covered is
0.1 K<T<100 K in steps varying from 0.1 K at the low end
to 10 K at the upper end of the scale. All data listed in these
tables are based on quantum-mechanical calculations of sec-
ond virial coefficients and collision integrals.>* We are grate-
ful to Drs. W. L. Taylor and G. T. McConville for supplying
numerical tables of their results, which were reported only
graphically in Ref. 32.

9. Tables
Table 1. Properties of helium as a function of temperature Table 2. Properties of neon as a function of temperature
; N T B n A D(1.013 bar) %,
T B n X D(1.013 bar) o -3 3 -4 2
K ur =C 10733/ kol wPa s W/ K 1074m?/s 2yt z(%teru Kor °C 10 "n"/kmol wPa s mi/m K107
50 K 9.68 6.04 47.17 i . 50 K -36.36 7.70 11.89  0.0206  0.0901
100 11.35 9.66 75.54  0.87  o.ona 0. 0757 100 -5.01 14.39 22.26  0.0766  0.2876
150 11.89 12.61 oR_ &2 0.5és0 0.0708 0.0747 150 4.12 19.72 30.54 0.1589 0.3981
200 12.02 15,26 119.32 0.9188 0.0695 0.0733 200 8.15 24.29 37.63 0.2627 0.4640
250 11.94 17.72 138.53 1.3378  0.0683 0.0719 250 10.14 28.136 43.96 0.3851 0. 5045
300 11.77 20.04 156.66  1.8200  0.0673 0.0708 300 11.16 32,10 49.77 0.5245 0.5287
0°C 11.86 18.81 147.04 1.5534 0.0678 0.0714 o°C 10.69 30.13 46. 71 0.4476 0.5173
20 11.79 19.73 154.23  1.7503 0.0674 0.0709 20 11.05 1. 60 49. 00 0.5045 0.5262
40 11.72 20.63 161.29 1.9569 0.0671 0.0705 20 11,34 33.04 51.22 0.5639 0.5331
€0 11.64 21.52 168. 22 2.1731 0.0667  0.0702 . - . . .
80 11.55  22.40 175.04  2.3986  0.0664  O0.06%8 60 11.56 34.43 53.39  0.6258  0.5385
80 11.75 35.80 55.51 0. 6901 0.5425
100 11.47 23.25  181.75 2.6333 0. 0661 0.0695
150 11.27 25.35 198.11 3.2597 0. 0654 0. 0687 100 11.91 37.13 57.58 0.7570 0.5452
200 11,07 27.38  213.9 3.9411 0.0648  0.0681 150 12,26 40.35 62.57 0.9345 0.5467
250 10.88 29.35 229,37  4.6761 0. 0642 0.0675 200 12.61 43,42 67.34 1.1268 0.5479
300 10.70 31.28 244.39 5.4632 0.0638 0.0670 250 12.91 46.38 71.93 1.3328 0.5552
350 10.53 33.16 259.07 6.3014 0. 0633 0. 0665 300 13.15 49.25 76.38 L.5518 0.5610
400 10.36 35.00  273.44  7.1895 0.0629 0. 0660
450 10,21 36.80  287.54 8.1266  0.0625  0.0656 350 13.34 52.03 8.69 1.7835 0. 5642
500 10.07 38.58  301.39  9.1119  0.0622  0.0852 2‘5’8 ig gg gg';g g‘;gg ';’(2’34727 g' 2223
600 9.80 42.04 328.43  11.2242 0.0615  0.0645 . - . : .
500 13. 66 59.99 93.02 2.5527 0.5631
700 9.56 45,41 354.70 13.5207  0.0609  0,0639 600 13.75 65.02 100.83 3.1256 0.5583
800 9.34 48.69  380.30 15,9970  0.0604 0. 0633
9200 9.14 51.90 405.33  18.6491 0.0599  0.0627 700 13.77 69.89 108. 36 3.7451 0.5527
1000 8.95 55.04  429.84 21.4733 0.0594 0.0623 800 13.74 74.60 115.67 4.4100 0.5471
1500 8.20 69.96 546.30 38.0791 0.0575  0.0602 200 13.869 79.19 122.78 5.1194 0.5417
1000 13.62 83.67 129.72 5.8722 0.5368
2000 7.65 83.94 655.33  58.6286 0.0559  0.0585 : N
25008 292 97.24  739.14 82.9230  0.0847  0.037 1500 13.17 104,72 162.33  10.2579 0.5176
0 . . . . .
6.8 110.04  853.01 110.5216  0.0536  0.0560 2000 12.69  124.15  192.41 15.6205  0.5045
2500 12.26 142.44 220.73 21.8983 0.4946
3000 11.87 159.85 247.69 29.0462 0.4867
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Table 3.

T
K or °C

Table 4.

g
Xor °C

50 K
100
150
200
250
300

0°C
20
40
€0
0

100
150
200
250
300

350
400
450
500
600

700
800

1000
1500

2000
2500
3000
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Properties of argon as a function of temperature

B
107%n%/kmo1

=713.46
-190. 80
-85.75
-48.48
-28.77
-16. 40

-22.4
-17.82
-13.87
-10.45

~7.44

-4.79
0.64
4.80
8.05

10.63

12.70
14. 36
15.72
16.82
18.47

19.59
20,36
20.03
21.37
23.16

24,14
24.51
24.55

Properties of krypton as a function of temperature

B
107303 /kno1

-2216.24
-426.27
-203.02
-114.30

~74.14
-50.57

-61,90
-53.22
-45.86
-39.53
-34.03

~29.19
-19.31
-11.72
-5.70
-0.83

3.17
6.50
9.30
11.67
15.41

18.17
20.22
21.76
22.92
25.85

27.48
28.63
29.24

n
wPa s

44,57
46.70
50.77

54.65
58. 36
61.94
65.39
81.33

95.84
109.45
122.39

n
wPa s

4.97
8.85
12.86
17.15
21.50
25.59

23.43
25.05
26.63
28.16
29.67

31.14
34.67
38.02
41,22
44,28

47.23
50.07
52.81
55.47
60.57

85 .41
70.03
74.46
78.74
98. 30

115.79
132.02
147.42

X
mW/m K

3.38
6.22
9.32
12.41
15.23
17.83

16.46
17.49
18.49
19.46
20.41

21.33
23.55
25.64
27.65
29.56

31.40
33.18
34,90
36.56
39.76

42.80
45.72
48.52
51.23
63.73

75.08
85.73
95.86

A
nW/m K

17.61

19.70
20.69
22.60

24 41"
26.14
27.80
29.40
36.72

43.25
49. 30
55.05

D(1.013 bar)
107%n¥/s

0.0058
0.0221
0.0489
0.0856
0.1308
0.1839

0.1545
0.1762
0.1991
0.2231
0.2483

0.2745
0. 3444
0.4204
0.5022
0.5895

0.6820
0.7796
0. 8021
0.9892
1.2172

1.4626
1.7250
2.0037
2.2985
4.0042

6.078L
8.4984
11.2483

D(1.013 bar)
10"4n?/s

0.0032
0.0116
0.0255
0.0448
0.0693
0.0984

0.0822
0.0941
0.1067
0.1200
0.1340

0.1486
0.1878
0.2307
0.277N
0. 3268

0.3797
0.4356
0.4945
0.5562
0.6878

0.8207
0.9814
1.1427
1.3131
2.2940

3.4784
4.8714
6.4705

[+
o

0.1990
0.0806
0.0689
0.1362
0.2003
0.2538

0.2263
0.2470
0.2663
0.2843
0.3011

0.3168
0.3516
0.3813
0. 4067
0.4288

0.4475
0.4638
0.47020
0. 4902
0.5099

0.5244
0.5347
0.5416
0.5457
0.5409

0.5286
0.5172
0.5078

%

0.2540C
0.1418
0.0760
0.0651
0.1054
0.1561

0.1297
0.1495
0.1684
0.1864
0.2034

0.2195
0.2564
0. 2889
0.3176
0.3430

0.3656
0.3858
0.4039
0.4202
0.4480

0.4706
0. 4890
0.5039
0.5159
0. 5455

0.5349
0.4918
0.4675

Table 5.

4
Kor °C

50 K
100
150
200
250
300

0°C
20
40
60
80

100
150

Table 6.

239

Properties of xenon as a function of temperature

B
10730’ /kmo1

-10637. 20
-1053. 39
-476.27
-281.64
-180.90
-126.32

~151.47
-132.03
~116. 35
-103.16
-o1.88

-82.11
-62.57
~47.85
-36.32
-27.03

-19.37
-12.96
-7.52
~2.84
4.73

10.55
15.10
18.72
21.60
29.60

32.62
34.27
35.7t

n
wPa s

4.77
8.34
11.81
15.42
19.23
23.16

21.04
22.62
24.19
25.75
27.28

28.77

98.37

116.23
132.57
147.84

A
nW/m K

1.13
1.98

8.52
9.31
10.06

10.79
11.50
12.18
12.84
14.11

15.31
16.46
17.56
18.62
23.44

27.70
31.60
35.24

D(1.013 bar)
107 %%s

0.0019
0.0069
0.0149
0.0260
0.0403
0.0576

0.0479
0.0551
0.0627
0.0707
0.0792

0. 0880
0.1120
0.1385
0.1673
0.1983

0.2314
0.2666
0.3037
0. 3428
0. 4265

0.5171
0.6142
0.7177
0.8272
1.4582

2.2168
3.0935
4,0846

%

0.2889
0. 2001
0.1276
0.0809
0.0628
0.0737

0.0643
0.0705
0.0811
0.0951
0.1107

0.1258
0.1613
0.1936
0.2231
0.2499

0.2743
0.2966
0.3170
0.3357
0. 3687

0.3967
0. 4207
0.4412
0.4589
0.5167

0.5417
0.5476
0.5372

Properties of the binary mixture of helium

and neon with x, =

5]

function of tempSrature

B
107303 /1an01

n
pPa s

7.72
14.00
18.98
23.27
27.11
30.66

28.79
30.19
31.55
32.88
34.18

35.45
38.53
41.49
44.34
47.10

49.78
52.40
54,96

62, 34

A
mi/m K

16.93

132,70

142.93
152.82
162,46
171.87
216.33

257.58
296.55
333.81

0.25 and mNe=O.75 as a

D(1.013 bar)
107%%/s

0.0510
0.1751
0. 3500
0.5675
0.8252
1.1182

0.9567
1.0761
1.2007
1.3307
1.4658

1.6061
1.9790
2.3830
2.8174
3.2816

3.7747
4.2963
4.8458
5.4226
6.6565

7.9946
9.4340
10.9723
12.6071
22.16689

33.9092
47.7071
63.4673

O

0.1607
0. 2420
0. 2696
0.2749
0.2810
0.2861

0.2841
0.2858
0. 2866
0.2867
0.2864

0.2858
0.2835
0.2807
0.2781
0.2755

0.2732
0.2712
0.2693
0.2675
0.2645

0.2620
0.2597
0.2578
0. 2560
0. 2401

0. 2441
0. 2400
0.2366
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Table 7.

T
Kor °C

50 K

150
200
250
300

0°C

40

100
150
200
250
300

350
100

500
600

700
800

1000
1500

2000
2500
3000

Table 8.

T
Kor °C

100

300

Properties of the binary mixture of helium
and neon with =
function of temﬂgrature

B
10”303 /iano1

-6.84

12.07

12.03
12.13
12.21
12,26

12.30
12.35
12.38
12.38
12.36

12.32
12.27
12.21
12,14
11.99

11.84
11.68
11.52
11.37
10.70

10.15
9.69
9.30

Properties of the binary mixture of helium
and neon with x and zy,=0.25 as a

function of temggrature

8
10”303 /401

12.07
12.06

12.03
11.95
11.86
11.75
11.64

11.52
11.40
11.29
11.17
10.95

10,74
10.54
10,36
10.18

9.45

8.89
8.44
8.07

=0.50 and

n A
wPa s mW/m K
7.59 23.68

13.27 39.93
17.78 53.15
21.69 64,74
25,22 74.97
28.50 84.96
26.77 79. 66
28.06 83.63
29.33 87. 49
30.56 91. 27
31.77 94.97
32.96 98. 59
35.84 107.37
38. 60 115.82
41.28 123.99
43.88 131.93
46. 41 139.67
18,808 147,24
51.30 154, 66
53.67 161.93
58.29 176.10
62.75 189.85
67.00 203,921
7n.3 216.28
75.44 229.05
94,93 289.51
113.00 345.82
130.07 399.19
146.38 450. 35

=0.75

n A
wPa s mW/m K
7.14 33.11

11.97 54.19
15.83 71.37
19.22 B6. 63
22.31 100.30
25.20 113.59
23.67 106.54
24.82 111.81
25.93 116.97
27.03 122,03
28.11 126.99
29.17 131.86
31.74 143.70
34.22 L55.13
36.63 166.20
38.97 176.99
41.26 187,51
43.49 197.81
45.60 207.91
47.83 217.82
52,02 237.16
56.07 255,93
60.02 274. 21
AR1.R7 202.07
67.64 309.55
85, 46 392.48
102.05 469.94
117.77 543.55
132.84 614.23

“Ne

=0.50 as a

D(1.013 bar)
10'4m2/s

0.0508
0.1739
0.3471
0.5627
0.18178
1.1079

0.9480
1.0662
1.1897
1.3185
1.4525

1.5916
1.9615
2.3625
2.7937
3.2544

3.7441
4.2620
4.8076
5.3805
6.6060

7.9352
9. 3851
10.8934
12.5178
22.0184

33.6920
47.4122
63.0872

D(1.013 bar)
107%%/s

0.0507
0.1726
0.3439
0.5573
0.8095
1.0964

0.9382
1.0552
1.1774
1.3049
1.4376

1.5754
1.9420
Z.3395
2,767
3.2241

3.7098
4,2236
4. 7650
5.3334
6.5496

7.8687
9. 2882
10,8083
12,4181
21.8530

33.4500
47.0840
62.6642
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Table 9.
ay, r
X or °C
0.1836
0.2741 50 K
0. 3043 }gg
0. 3097 200
0.3172 200
0.3227 20
0.3206
0.3224 ¢
0.3232 20
0.3233 &
0.3229 g
0.3221
0.3195 100
0.3165 150
. 200
0.3135 200
0.3107 20
0. 3082
0.3059 3%
0.3039
450
0.3020 o
0.2987 oo
o 3aaa 700
0.2913 800
0.2894 200
0.2819 1000
1500
0.2764 2000
0.2720 2000
0. 2682 2500
Table 10.
ey [
K or °C
0.2150 50 K
0.3178 100
0. 3511 150
0.3567 200
0. 3664 250
0.3723 300
0. 3701 0°C
0.3720 20
0.3727 10
0.3727 60
0.3722 80
0.3713 100
0.3682 150
U. Jb48 200
0.3614 250
0.3583 300
0.3555 350
0.3529 400
0.350¢6 450
0.3485 500
0.3449 600
0.3418 700
0.3391 800
0. 327 200
0.3346 1000
0.3263 1500
0.3203 2000
0.3154 2500
0.3112 3000

Properties of the binary mixture of helium

and argon with

=0.25

function of tempeTature

B n

10750 /kmo1  yPa s
-408.93 4.74
-104. 79 8.65
—42.76 12.66
20,71 16.55
Ze.19 20.08
-1.99 23.33
-5.49 21.62
-2.82 22.90
-0.50 24.15
1.52 25.36
3.20 26. 54
4.86 27.69
8. 06 30. 46
10. 50 33.10
12,39 35,61
13.87 38.03
15.04 40.35
15.98 42,60
l6.72 44.78
17.32 46. 90
18.18 50. 98
18.73 54,88
19.09 58, 62
19.32 62.23
19. 48 65.73
20. 08 a1.9%
20. 30 9. 78
20.21 110. 71
19.99  123.9

Properties of the
argon with «
of temperaturé

B n
1073 /kmol  wPa s
~-186.90 5.28

-42.42 9.44
J12.16 13,43
-1,37 17.17
4.13 20.55

7.51 23.67

5.86 22.02

7.12 23.25

8.22 24,45

9.18 25.62

10.03 26.75
10.78 27.86
12.31 30.54
13.45 33.09
14,31 35.54
14.9% 37.90
15.46 40.18
15.85 42.39
16.14 A4.584
16.36 46.64
16. 64 50. 69
16.78 54.58
16.82 58. 33
16.81 61.9
16.78 65. 49
16.56 81.95
16. 26 97.07
15.90  111.30
15.52  124.87

A
mW/m X

7.62
13.43
18.79
23.79
28.39
32.71

30.42
32.13
33.66
35.16
36.67

38.18
41.86
45.38
48.76
52.02

55.16
58.21
61.18
64.07
69.67

75.05
80.25
85.30
90.21
113.22

134,44
154, 46
173.58

and Ta

D(1.013 bar)

10"t /s

0.0317
0.1144
0.2343
0.3844
0.5610
0.7619

0.6511
0.7330
0.8186
0.9083
1.0017

1.0987
1.3559
1.6336
1.9312
2.2485

2.5849
2.9402
3.3141
3.7062
4.5440

5.4514
6.4265
7.4677
8.5733
15.0259

22,9313
32.2006
42.7685

r=0'75 as a

Q,

0.1109
0. 2200
0.2704
0.2963
0. 3094
0.3144

0.3125
0.314
0.3128
0.3128
0.3141

0.3157
0.3189
0.3201
0. 3200
0.3190

0.3176
0.3160
0.3143
0. 3127
0. 30%

0. 3068
0.3043
0.3021
0. 3002
0.2925

0. 287
0.2020
0.2792

binary mixture of helium and

A
mW/m K

14.03
24.06
32.63
40. 38
47.55
54.36

50.74
53.44
55.81
58.12
60.49

62.86
68. 71
T4.35
79.79
85.04

90.13
95.08
00,92
104.65
113.84

122.73
131.35
139.74
147.94
186.63

222.56
256.57
289.14

D(1.013 bar)
107%n%/s

0.0317
0.1139
0.2325
0.3810
0.5555
0.7543

0.6447
0.7257
0.8105
0.8992
0.9916

1.0875
1.3419
1.6167
1.9115
2.2257

2.5592
2.9112
3.2017
3.6705
4.5011

5.4010
6.3681
7.4009
8.4977
14.9005

22.7477
31.9512
42.4467

=0.50 and zAt=0.50 as a function

%p

0.1391
0.2731
G.3343
0.3656
0.3810
0. 3865

0.3845
0.3862
0.3849
0. 3852
0.3869

0. 3889
0.3926
0.3940
0.3938
0. 3925

0, 3908
0. 3888
0_3868
0.3849
0.3812

0.3779
0.3749
0.3723
0.3699

0.3609

0.3545
0.3494
0.3452
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Table 11. Properties of the binary mixture of helium and
argon with x  _=0.75 and xAr=0.25 as a function
of temperaturé

T B n A D(1.013 bar) o,
-3 3 -4_2 ’

X or °C 10 “m°/kmol wPa s nw/m K 10 m/s

50 K ~47.36 5.90 24.87 0.0316 0.1865
100 -3.71 10.20 41.44 0.1132 0. 3601
150 6.06 13.96 55.04 0. 2305 0.4382
200 9.54 17.36 67.20 0.3769 0.4778
250 11.17 20.45 78.51 0.5491 0.4967
300 12.10 23.30 89. 28 0.7455 0.5026

0°C 11.65 21.79 83.55 0.6371 0.5007

20 11.99 22.92 87.82 0.7172 0.5024

40 12.29 24,02 91.67 0.8011 0.5013

60 12.56 25.10 95.42 0. 8886 0.5024

80 12.79 26.15 99. 24 0.9798 0.5048
100 12.99 27.18 103.06 1.0744 0.5074
150 13.37 29.67 112.46 1.3256 0.5120
200 13.63 32.06 121.57 1.5971 0.5136
250 13.80 34.37 130.37 1.8884 0.5132
300 13.9 36. 61 138.92 2.1991 0.5115
350 13.96 38.78 147.23 2.5289 0.5093
400 13.98 40.90 155.35 2.8773 0.5068
450 13.97 42.96 163.29 3.2441 0.5043
500 13.94 44.99 171.08 3.6289 0.5018
600 13.85 48.91 186.24 4.4513 0.4972
700 13.72 . 52.70 200.93 5.3424 0.4931
800 13.57 56. 38 215.23 6.3003 0. 4894
900 13,42 59.95 229.18 7.3233 0. 4662

1000 13.27 63.43 242.83 8. 4099 0.4833

1500 12.60 79.83 307.50 14.7552 0.4723

2000 12.05 95.00 367.81 22.5350 0.4644

2500 11.57 109. 34 425.06 31.6625 0.4582

annn 1.18 123.08 48000 42.0742 0.4530

Table 12. Properties of the binary mixture of helium and

krypton with =

=0.25 and zy=0.75 as a function
of temperature

T B n A D(1.013 bar) %
Kor °C 10733 /kmol  yPa s mW/m K 10745

50 K -1257.01 5.36 5.59 0.0272 0.1103
100 -237.38 9.51 9.71 0.0987 0.2250
150 -108.10 13.65 13.36 0.2027 0.2786
200 -56.79 17.96 16.83 0.3333 0. 3069
250 -33.62 22,26 20.17 0.4868 0.3218
300 ~20.06 26.29 23.33 0.6614 0.3284
0°C -26.58 24.16 21.65 0.5651 0.3257
20 -21.59 25.75 22.91 0.6363 0.3279
40 -17.34 27.31 24.16 0.7106 0.3294
60 ~13.67 28.82 25.43 0.7880 0. 3305
80 -10. 47 30.30 26.62 0.8685 0.3291
100 -7.65 31.74 27.75 0.9521 0. 3268
150 1., 35,21 30. 41 1.1753 0.3210
200 2.49 38.52 32.96 1.4182 0.3168
250 5.95 41,68 35.42 1.6802 0.3141
300 8.74 4.1 37.80 1.9605 0.3125
350 11.00 47.63 40.13 2.2587 0.3115
400 12.88 50.45 42.40 2.5741 0.3108
450 14.43 53.17 44,62 2.9064 0.3103
500 15.74 55.82 46,78 3.2552 0. 3100
600 17.77 60.91 50.99 4,0008 0.3094
700 19.23 65.75 55.04 4.8086 0.3089
800 20.29 70.38 58.95 5.6767 0.3083
200 21.05 74.84 62.75 6.6033 0.3076
1000 21.60 79.15 66. 45 7.5870 0.3070
1500 22.77 98.95 83.72 13.3233 0. 3034
2000 23.29 116.75 99.55 20. 3422 0. 2999
2500 23.60 133.31 114,42 28.5640 0.2967
3000 23.65 149.04 128.61 37.9301 0.2937

Table 13.

r
K or °C

50 K

Table 14.

241

Properties of the binary mixture of helium and
krypton with 4 =0.50 and rKr=O.SO as a function

of temperature

B n
IO'SmS/NWI wPa s
-566. 28 5.87
~101.49 10. 35

-40.64 14.60
~16.56 18.86
-5.77 23.02
0. 50 26.90
-2.51 24.85
-0.20 26.38
1.77 27.88
3.48 29.33
4.98 30.76
6.30 32.15
8.99 35.50
11.03 38.69
12.60 41.7%
13.85 44. N
14.84 47.55
15.64 50. 31
16,30 52.98
16.83 55.59
17.62 60.60
18.15 65.39
18.49 69.99
18,71 74,44
18.84 78.74
18.81 98. 66
18.59 116.70
18.35 133.56
18.06 149. 60

A
mW/m K

11.48

44,12

41.13
43.36
45,59
47.88
50.00

52.01
56.75
61.28
65,68
69. 98

74.18
78.29
82.32
86.27
93.98

101.44
108.68
115.73
122,62
155.06

185.08
213.44
240.57

D{1.013 bar)
107%%/s

0.0272
0.0982
0.2011
0.3301
0.4818
0.6544

0.5592
0.6295
0, 7031
0.7797
0.8595

0.9424
1.1637
1.4045
1.6641

1.9419

2.2373
2.5498
2.8790
3.2246
3.9633

4.7637
5.6239
6.5421
7.5172
13.2041

20.1653
28.3219
37.6162

%p

0.1419
0.2870
0.3543
0.389%
0.4079
0. 4157

0.4126
0.4151
0.4168
0.4175
0.4155

0.4126
0.4053
0. 4001
0.3968
0.3948

0.3936
0.3928
U. 3922
0.398
0.3911

0.3905
0.3898
0. 3290
0. 3883
0. 3840

0.3797
0.3758
0.3723

Properties of the binary mixture of helium and
krypton with -’BHe=O.7S and rKr=D.25 as a function

of temperature

B n
10 3'm:(’/kmol wPa s
~144.05 6.48

-18.58 11,22
-0.65 15.40
6.38 19.37
9.42 23.13
11.11 26.63
10. 30 24.78
10.92 26.16
11.45 27.51
11.91 28.82
12.32 30.11
12.68 31.37
13.30 34. 42
13.88 37.34
14.24 40.15
14.50 42.88
14.68 45.51
14.81 4808
14.89 50.58
14.94 53.02
14.96 57.75
14.92 62.30
14.84 66. 70
14.74 70.96
14.62 75.11
13.95 94.50
13.37 112.29
12.89 129.01
12.46 144.97

A
mW/m K

22.10
36.86
48.94
59.79
69, 92
79. 60

74.45
78.29
82.13
86.05
89.72

93.23
101.60
109.63
117.43
125.05

132,51
1139.82
147.00
154.04
167.80

181.15
194.14
206.82
219.21
277.90

332.54
384.35
434,02

D(1.013 bar)
107%n%/s

0.0272
0.0976
0.1992
0. 3262
0. 4756
0.6459

©0.5519
0.6214
0.6940
0.7697
0.8486

0.9307
1.1497
1.3879
1.6448
1.9195

2.2117
2.5207
2.8463
3.1880
3.9186

4.7102
5.5611
6.4695
7.4342
13.0628

19,9557
28.0352
37.2446

%p

0.1989
0. 3962
0. 4864
0.5334
0.5572
0.5664

0.5629
0.5658
0.5673
0.5671
0.5639

0.5597
0.5499
0.5432
0.5390
0.5364

0.5349
0.5339
0.5333
0.5328
0.5320

0.5312
0.5303
0.5294
0.5285
0.5231

0.5179
0.5130
0.5085
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Table 15.

Kor °C

50 K
100
150
200
250
300

0°C
20
40
60
80

100
150

Table 16.

r
X or °C

50 K
100
150

300

350
400
450

600

700
800

1000
1500

2000
2500
3000

KESTIN ET AL.

Propertiee of the binary mixturc of hclium and

xenon with ¢
of temperatuﬁg

¥
10”303 /kmot

-5995,57
~589.16
-260.10
-148.98

-81.65
-60.57

~-74.91
-63.83
~54.86
-47.30
-40. 82

-35.21
-23.99
-15.55
-8.97
-3.70

0.63
4.23
7.27
9.87
14.04

17.20
19.65
21.5%
23.05
26.98

28.19
28.70
29.16

n
uPa s

S.14
9.00
12.65
16.36
20.20
24.14

22,02
23.60
25.17
26.71
28,23

29.71
33.31
36.74
40.02
43.18

46.23
49.17

52.02
54.78
60.09

65.13
69,95
74.58
79.085
99. 44

117.59
134.26
149.88

A
mW/m K

4.41
7.61
10.35
12.91
15.39
17.82

16.52
17.50
18.40
19.27
20.15

21.01
23.10
25.12
27.06
28.94

30.76
32.54
34,27
35.95
39.22

42.37
45.41
48.35
51.22
64. 61

76.86
88. 34
99. 25

D(1.013 bar)

10 %% /s

0.0235
0.0848
0.1739
0. 2855
0.4167
0.5658

0.4836
0.5444
0.6080
0.6744
0.7436

0.8155
1.0067
1.2137
1.4360
1.6732

1.9249
2.1909
2.4707
2.7642
3,3%09

4,0695
4.7982
5.5757
€.4010
11.20%

17.0866
23.9658
31.7968

=0.25 and :Xe=0.75 as a function

%p

0.1202
0.2363
0.2895
0.3169
0. 3308
0. 33861

0.3342
0. 3360
0.3355
0.3353
0.3353

0. 3355
0. 3357
0.3354
0.3348
0. 3340

0.3331
0.3322
0.3313
0. 3304
0.3286

0.3269
0.3254
0.3240
0.3226
0.3170

0.3126
0.3089
0.3057

Properties of the binary mixture of helium and

xenon with z
of temperatu?g

B
107305/ ko1

-2673.89
-256.96
-106. 68

-55.82
~29.76
-15.63

-22.16
-17.12
-13.02
-9.55
-6.56

-3.98
1.18
5.03
8.01

10.37

12.28
13.85
135.16
16.26
17.99

19,25
20.20
20. 90
21.43
22.54

22.55
22.33
22.17

n
wPa s

5.68
9.90
13.76
17.57
21.44
25.32

23.24
24.79
26.33
27.84
29.33

30.78
34.29
37.65
40. 86
43.96

46.95
49.84
52,65
55,37
60.62

65. 62
70.42
75.04
79.51
100.04

118.48
135.51
151.53

A
mW/m K

9.74
16.56

37.01

34.49

41.46

43.11
47.14
51.03
54,79
58. 44

61.98
65.44
68. 82
72.13
78.57

84.78
90. 82
nN6. 69
102. 42
129.40

154. 36
177.91
200. 39

D(1.013 bar)
107%n%/s

0.0235
0.0844
0.1724
0.2826
0.4122
0. 5597

0.4783
0.5385

0.7356

0.8067
0.9958
1.2006
1.4206
1.6553

1.9045
2.1678
2.4448
2.7354
3.3561

4.0282
4.7500
5.5203
6.3379
11.1031

16.9303
23.7528
31.5207

J. Phys. Chem. Ref. Data, Vol. 13, No. 1, 1984

=0.50 and Tye=0.50 as a function

e

0.1578
0. 3080
0.3764
0.4115
0. 4290
0.4353

0.4331
0.4352
0.4346
0.4343
0.4344

0.4346
0.4348
0.4345
0.4337
0. 4327

0.4316
0.4304
0.4292
0.4281
0.4259

0.4238
0.4219
0. 4201
0.4184
0.4115

0. 4060
0.401L4
0.3975

Table 17.

T
Kor °C

50 K

100

Table 18.

K or °C

50 K

Properties of the binary mixture of helium and
xenon with x,_=0.75 and zy,=0.25 as a function
of temperatur

B n A D(1.013 bar) q
-3 3 -4 2 T
10 “m”/kmol wPa s mW/m K 10 "'m"/s

-672.14 6.42 19.91 0.0234 0.2296
-56.79 11.05 33.17 0.0838 0. 4421
-16.02 15.08 44,01 0.1707 0.5379
-2.15 18.89 53.76 0.2791 0. 5865
4.77 22.61 62.91 0. 4068 0.6100
8.48 26.25 71.67 0.5522 0.6175
6.76 24,31 67.02 0.4719 0.6152
8.08 25.76 70.52 ‘0.5313 0.6175
9.17 27.19 73.75 0.5933 0.6167
10.10 28.59 76.91 0. 6582 0, 6165
10.89 29.96 80.04 0. 7257 0.6167
11.58 31.31 83.13 0. 7959 0.6169
12.93 34.55 90.69 0.9825 0.6172
13.91 37.66 98, 00 1.1846 0.6167
14.62 40,66 105,09 1.4018 0.6156
15.17 43.54 111.98 1.6336 0.6143
15.58 46. 34 118.69 1.8797 0.6128
15.89 49.05 125.25 2.1398 0.6112
16.14 51.69 131.68 2.4135 0.6096
16.32 54,27 137.98 2.7006 0. 6081
16.57 59,25 150. 25 3.3139 0.6051
16,71 64.03 162.14 3.9781 0.6024
16.76 68.63 173.70 4.6917 0.5999
16.76 73.09 184.98 5.4532 0.5975
16.73 77.42 196.01 €.2617 0.5953
16.28 97.54 248.18 10.9751 0.5863

15.70 115.87 296.72 16,7417 0.5791
15.17 132.98 342.72 23. 4955 0.5732
14,73 149.18 386.79 31.1880 0.5680

Properties of the binary mixture of neon and
argon with z, =0.25 and zp,=0.75 as a function
of temperatu;Js

B n A D({1.013 bar) qQ,
-3 3 -4 2 T
10 “m°/kmol wPa s mW/m X 10 "m®/s
-450.58 4.86 4,66 0.0115 0.0188
-119.29 9.19 8.77 0. 0444 0.0571
-51.17 13.50 12.77 0.0949 0.0962
-26.03 17.57 16.52 0.1601 0.1217
-12.861 21.25 19.91 0.2380 0.1391
-4.26 24.63 23.02 0.3273 0.1515
-8.31 22.85 21.38 0.2780 0.1453
-5.21 24.19 22.61 0.3144 0. 1500
-2.57 25.48 23.80 0. 3525 0.1541
-0.29 26.74 24.96 0.3923 0.1577
1.70 27.9 26.09 0.4336 0.1608
3.43 29.16 27.19 0.4765 0.1635
6.95 32,02 29.85 0.5903 0.1690
9.60 34.74 32.37 0.7132 0.1727
11.865 37.33 34,78 0.8447 0.1751
13.27 39.82 37.10 0.9846 0.1765
14.57 42.22 39.33 1.1328 0.1770
15.64 44.53 41. 46 1.2891 0.1765
16,53 46,78 43,53 1.4536 0. 1769
17.27 48,9 45.55 1.6259 0.1777
18. 39 53.16 49,48 1,9925 0.1790
19,15 57.18 53.23 2.3878 0,.1795
19.67 61.04 56,85 2.8109 0.1791
20.04 64.77 60. 234 3.2611 0.1784
20.32 68. 39 63.72 3.7387 0.1775
21.28 85.20 79. 45 6.5116 0.1724
21.66 100. 56 93.83 9.8935 0.1684

21.66 114,99 107.33 13.8466 0.1653
21.48 128,71 120.18 18.3419 0.1629
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Table 19. Properties of the binary mixture of neon and Table 21. Properties of the binary mixture of neon and
argon with &, _=0.50 and z, =0.50 as a function krypton with g, =0.25 and z,. =0.75 as a function
e Ar Kr
of temperature of temperature
T B n A D(l.l)137bar] % I B n A D(1.013 bar) oy
K or °C 1053/ kmol  wPa s mi/m X 107%n%/s K or °C 10733 /knol  wPa s W/m K 107%m%/s
50 K -250.11 5.55 6.34  0.0115  0.0217 50 x  -1308.38 5.42 3,08 0.0093 0.0312
100 ~-64, 49 10.865 12.04 0.0444 0.0654 100 -255.04 9.94 5.62 0.0361 0.0790
150 -24.66 15.30 17.13  0.0948  0.1095 150 118 55 14,35 a. o1 0.0776  0.1378
200 -9.10 19.51 21.68  0.1597 0.1379 200 -63. 61 18.81 10.32 0.1314  0.1772
250 -0.75 23.29 25.77  0.2373 0.1573 250 -38.20 23.19 12.53 0.1960 0.2048
300 4.38 26.74 29.52 0. 3262 0.1710 300 -23.23 27,27 14.58  0.2703 0.2248
0°C 1.9 24,92 27.55  0.2771 0. 1642 asc 10,49 25.11 13.45  ©.2293 0.2149
20 3.80 26.28 29.03 0.3134  0.1694 20 24,01 26.73 14,31 0.2596  0.2324
40 5.40 27. 60 30.46  0.3513  0.1739 40 -20.25 28. 30 15.10  0.2913  0.2291
60 6.76 28.88 31.86 0.3908 0.1779 60 -16. 25 29.82 15.87 0.3244 0. 2351
80 7.94 30.13 33.22 0.4319 0.1813 0 -12.78 31,31 16.62 0. 3588 0. 2403
100 8.96 31.35 34.55 0.4746 0.1843 100 -9.75 32.77 17.36 0.3946 0. 2450
150 10.99 34.28 37.76 0.5877 0.1903 150 ~3.60 36.26 19.13 0. 4894 0.2544
200 12.51 37.07 40.8L 0.7099  0.1944 200 1.07 39,58 20.82 0.5918  0.2614
250 - 13.66 39.73 43.74 0. 8406 0.1970 250 4.73 42.74 22.45 0.7014 0. 2663
300 14.57 42.29 46.57  0.9798  0.1985 300 7.67 45.78 24.02 0.8180 0. 2696
350 15.30 44.77 49.30  1.1273 0.1989 350 10.08 48,70 25.53 0.9413  0.2715
400 15.92 47.16 51.90 1.2828 0.1984 400 12.11 51,32 27.01 1.0712 0.2724
450 16.45 49.49 54.42 1.4465  0.1989 450 13.83 54.25 28.38  1.2078  0.2716
500 16.90 51.76 56.91 1.6178  0.1999 500 15,29 56.90 29.74  1.3510  0.2716
600 17.57 56.14 61.75  1.9825  0.2014 €00 17.63 61.99 32.37  1.6563 0.2718
700 18.03 60. 35 66.41 2.3757  0.2018 700 19.34 66.84 34.89  1.9860  0.2715
200 18.34 64. 42 70. 91 2.7968  0.2014 200 20,61 7. 49 37,32 2. 3304 0.2709
200 18.54 €8.35 75.27 3.2452 0.2006 200 21.55 75.97 39.66  2.7158  0.2699
1000 18. 68 72.18 79. 51 3.7203 0.1995 1000 22.25 80. 30 41.93  3.1147  0.2689
1500 18.99 90. 06 99.31 6.4814  0.1938 1500 23,88 100,27 52.46  5.4326  0.2633
2000 18.92 106.47  117.51 9.8493  0.1893 2000 24.61 118.28 62.02 8.2575 0.2587
2500 18.66  121.89  134.61 13.7875  0.1858 2500 25.04  135.05 70.04 11.5567  0.2550
3000 18. 34 136.57 150.89 L8, 2659 0.1831 3000 25.16 150.98 79.43 15. 3059 0.2520
Table 20. Properties of the bipary mixture of neon and Table 22 Properties of the binary mixture of neon and
argon with zy =0.75 and g, =0.25 as a function . krypton with x,,=0.50 and z. =0.50 as a function
of temperatur of temperature
[ ] n A D(1.013 bar) o, I R n by D(1.01% har) o,
.33 -4 2 T o -5 3 -4 2 :
Kor °C 10 “m”/kmol wPa s mW/m K 10 "m"/s K or °C 10 “m”/kmol wPa s mW/m K 10 "m“/s
50 K -112.03 6.46 8.61 0.0115  0.0256 50 K —642, 44 5.99 4.3 0. 0093 0.0374
100 -26.39 12.39 16.34  0.0443 0.0764 100 -127.76 11,28 8.89  0.036l 0.0950
150 -6.23 17.39 22.80  0.0947  0.1268 150 -55.87 16.13 12.51 0.0775 0. 1650
200 2.20 21.75 28.41 0.15% 0.1591 200 -26.31 20. 74 15.79  0.1310  0.2116
250 6.84 25.65 33.43  0.2366  0.1810 250 -12.18 25.10 18.81 0.1952 0. 2440
300 9.52 29,20 38.02 0.3249  0.1965 300 -3.83 29.13 21.60 ° 0.2688  0.2673
0°C 8.24 27.33 35. 60 0.2762 0.1889% 0o°C -7.83 27.01 20.13 0.2201 0.2587
20 9.22 28.73 37.41 0.3122  0.1947 20 -4.76 28. 60 21.23  0.2582 0. 2645
40 10.03 30..09 39.17  0.3499  0.1998 40 -2.17 30.14 22,30  0.289 0.2723
60 10.72 31.42 40.86  0.3892 0.2042 60 0.03 31.65 23.35  0.3225  0.2792
80 11.20 32.71 42.56  0.4301 0. 2081 80 1.93 33.11 24.37  0.3566  0.2852
100 11.78 33.97 44.19  0.4725  0.2115 100 3.58 34.54 25.37  0.3920  0.2906
150 12.76 37.01 48.13  0.5849  0.2182 150 6.89 37.97 27.78  0.4860  0.3015
200 13.51 39, 90 51.80  0.7063 0.2227 200 9.38 41,23 30.08  0.5875 0.3094
250 14.08 42.68 55.51 0.8363 0.2256 250 11.31 44,35 32.30  0.6961 0.3149
300 14.53 45.36 59.01 0.9747  0.2271 300 12.84 47,34 34.45  0.8117  0.3185
350 14.89 47.95 62.40  1.1214 0.2275 350 14.09 50.23 36. 54 0.9339  0.3205
400 15.20 50. 47 65.65  1.2761 0.2271 400 15.14 53,02 38.58  1.0628  0.3213
450 15.47 52.92 8. 81 1.4388  0.2278 450 16.05 55,72 40.47  1.1983 0.3204
500 15.69 55,32 71.93  1.6091 0.2289 500 16.84 58, 36 42,34  1.3404 0.3203
600 16.02 59.97 77.99  1.9717  0.2306 600 18.09 63.44 45.99  1.6433 0.3204
700 16.23 . 64.44 83.85  2.3628  0.2310 700 19.00 68. 30 49,52 1.9705  0.3201
s8I0 16. 36 68.78 89,32 2.7816 0.2305 BOO 19. 66 72.99 52.92 2.3212 0. 3192
%00 16. 42 72.99 95.03 3.2278  0.2295 200 20.14 77.51 56.22  2.6948  0.3180
1000 16. 45 77.09  100.39  3.7006  0.2283 1000 20.48 81.90 59. 43 3.0909  0.3167
1500 16.28 96.34  125.56  6.4492 0.2217 1500 21.11 102,31 74. 43 5.3927  0.3100
2000 15.93 114.06  148.75 9. 8031 0.21686 2000 21.19  120.87 88.17  8.1990 0. 3045
2500 15.53 130.74  170.56 13.7245  0.2126 2500 21.11 138,23  101.06 11.4771 0. 3002
3000 15.14  146.61 191.33 18,1849  0.2095 3000 20.91 154.74  113.33 15.2029  0.2966
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Table 23. Properties of the binary mixture of neon and
krypton with N =0.75 and £,.=0.25 as a function
ft ture' Kr
of temperatu
T B n A (1,013 bar) o,
Kor °C  10n%kmel  wPas  mé/mk  107%n%/s
50 K -218.44 6.74 7.44 0.0093 0.0468
100 44,42 12.87 13.85 0. 0361 0.1193
150 -14.98 18.11 19.25 0.0773 0.2059
200 -2.39 22.80 23.96 0.1305 0. 2629
250 3.94 27.07 28.21 0.1942 0. 3022
300 7.63 30.99 32.11 0.2672 0.3304
0°C 5.87 28.93 30.05 0.2269 0.3164
20 7.23 30.47 31.59 0. 2567 0. 3270
40 8,35 31.97 33.09 0.2878 0.3364
60 9.30 33.43 34.55 0.3203 0.3447
80 10.11 34.86 35.97 0. 3541 0. 3520
100 10. 80 36.24 37.36 0.3892 0.3584
150 12,18 39.58 40.73 0.4822 0.3714
200 13,23 42.76 43.96 0.5827 0.3806
250 14.03 45,81 47,07 0.6902 0.3869
300 14,66 48.74 50.08 0.8046 0.3909
350 15.17 51.58 53.02 0.9258 0.3929
and 15.60 84313 55.900 1.N83A n. 30233
450 15.97 57.01 58,59 1.1879 0.3924
500 16.29 59.63 61,25 1.3287 0.3923
600 16.79 64.69 66. 45 1.6289 0.3922
700 17.14 69.56 71.48 1.9533 0.3916
800 17.37 74.27 76. 35 2.3011 0. 3903
200 17.52 78.84 81.09 2.6717 0.3888
1000 17.60 83.29 85,70 3.0646 0. 3870
1500 17.54 104.10 107. 34 5.3488 0.3786
2000 17.22 123.21 127.27 8.1346 0.3718
2500 16.85 141.15 146.02 11.3896 0.3664
3000 16.47 158,22 163.87 15.0898 C.3620
Table 24. Properties of the binary mixture of neon and
xenon with ay =0.25 and xy =0.75 as a function
- l e
of temperaturée
T B n A U(1.015 bar) Q,
o -3 3 -4 2 T
K or °C 10 “m”/lkmol wPa s mW/m X 10 "'m“/s
50 K -6058. 39 5.22 2.26 0.0079 0.0470
100 -611.11 9,42 4.05 0.0305 0.0877
150 -273.27 13.35 5,69 0.0656 0.1524
200 -157.70 17.26 7.23 0.1113 0.1957
250 -97.62 21.23 8.73 0.1661 0. 2262
300 -64.84 25.23 10.19 0.2291 0. 2482
0°C -79.98 23.09 9.41 0.1943 0.2372
20 -58.29 24,69 9.99 0.2200 0. 2456
40 -$8.83 26.28 10.56 0.2470 0.2530
60 -50.87 27.84 11.12 0. 2751 0. 2596
80 ~44,08 29.36 11.67 Q.3044 0. 2655
100 -38.21 30.86 12.21 0.3347 0.2707
150 -26.51 34.47 13.51 0.4153 0.2813
200 -17.74 37.91 14.76 0.5024 0. 2891
250 -10.92 41.20 15.96 0. 5955 0.2947
300 -5.45 44.36 17.13 0.6945 0.2986
350 -0.95 47.41 18.26 0.7992 0. 3010
400 2.84 50. 35 19.35 0.9096 0.3021
450 6.07 53.19 20,26 1.0259 0.299%
500 8.87 55.95 21,22 1.1480 0.3017
600 13.41 61.25 23,16 1.4078 0.3082
700 16.89 66. 30 25.06 1.6867 0.3129
800 19.60 71.12 26,88 1.9842 0.3152
200 21.73 75.76 28.62 2.2999 0.3157
1000 23.41 80.23 30.31 2.6335 0.3151
1500 27.93 100. 72 38.04 4.5633 0.307C
2000 29.43 119.03 45,01 6.9090 0. 2993
2500 30.11 135.89 51.48 9. 6460 0.2934
3000 30.67 151.70 57.60 12.7546 0. 2889
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Table 25.

Kor °C

50 K
100

300

350
400
450
500
€00

700
800

1000
1500

2000

2500
3000

Table 26.

Properties of the binary mixture of neon and

xenon with z,_=0.50 and =, =0.50 as a function
N Xe

of temperatur:

B n X D(1.013 bar) o,
-3 3 -4 2 T
10 °m”/kmol uPa s mW/m K 10 "m"/s

-2765.32 5.83 3.92 0.0079 0.0581
-288. 95 10.83 7.12 0.0305 0.1092
-125.54 15.32 9.95 0.0655 0.1893
~-68. 09 19.57 12.48 0.1108 0. 2425
-38.02 23.7t 14.83 0.1652 0.2797
~21.44 27.76 17.05 0.2277 0.3065
—29.13 25,60 15,87 0.1932 0.2932
-23.19 27.21 16.75 0.2187 0.3033
-18.37 28.80 17.61 0.2454 0.3123
-14.33 30.35 18.45 0.2732 0.3203
-10.88 31.86 19.27 0.3022 0.3273
-7.91 33.34 20.07 0.3322 0. 3336
-2.01 36.91 22.01 0.4120 0. 3463
2.37 40. 30 23.88 0.4981 0. 3555
5.75 43,54 25.68 0.5902 0.3621
8.44 46. 66 27.43 0.6883 0. 3665
10.64 49,66 29.14 0.7920 0.3691
12.51 52.57 30.81 0.9013 0.3701
14.12 55. 39 32.11 1.0164 0.3679
15.52 58.12 33.53 1.1372 0. 3706
17.80 63.39 36.47 1.3940 C. 3785
19.53 68,42 39.37 1.6699 0.3839
20.86 73.25 42.16 1.9643 0. 3865
21.89 77.91 44,86 2.2769 0.3869
22.69 82.42 47.47 2.6074 0. 3860
24.63 103.25 59. 53 4.5210 0.3759
25.04 122.06 70.50 6.8485 0.3664
25.08 120,51 80.77 a.s640 0.3502
25.02 155.97 90.53 12.6507 0.3536

Properties of the binary mixture of neon and
xenon with z,, =0.75 and x,_=0.25 as a function
A Xe
of temperature

B n A 0(1.013 bar) e
107 %% mol P, 42
wPa s mW/m K 10 "m“/s
-757.98 6.67 6.65 0.0079 0.0762
-86.92 12.65 12.21 0.0305 0.1447
-33.07 17.76 16.92 0.0653 0.2496
-12.80 22.33 21.03 0,.1104 0.3188
~2.10 26.58 24.74 0.1642 0. 3668
3.90 30.57 28.17 0, 2260 0.4012
1.10 28. 46 26.36 0.1919 0.3841
3.26 30.04 27.72 0.2171 0. 3971
5.02 31.59 29.04 0. 2435 0.4086
6.49 33.09 30.33 0.2710 0.4187
7.73 34.56 31.59 0.2997 0.4276
8.80 35.99 32.82 0.3293 0. 4355
10.91 39.44 35.80 0.4081 0.4514
12.48 42.72 38.66 0.4932 0. 4629
13.69 45,87 41.43 0.5842 0. 4708
14.64 48.90 44.12 0.6811 0.4758
15.41 51.82 46.75 0.7837 0.4786
16.06 54.66 49.31 0.8919 0.4792
16.63 57. 42 51.41 1.0057 0.4780
17.12 60.10 53.65 1.1249 0. 4821
17.91 65. 30 58.23 1.3783 0.4921
18.49 70.28 62.73 1.6507 0.4987
18.91 75.09 67.10 1.9416 0.5014
19.21 79.7% 71.32 2.2508 0.5016
19.42 B4. 28 75.43 2.5778 0.5002
19. 7t 105. 39 94.53 4.4729 0.4865
19.46 124.70 112.05 6.7795 0.4741
19.10 142.75 128.50 9.4726 0.4648
18.75 159.88 144.17 12,5326 0.4576



Table 27.

T
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50 K
100
150
200
250
300

o°C
20
40
60
30

100
150

Table 28.

TRANSPORT PROPERTIES OF NOBLE GASES

Properties of the binary mixture of argon and

krypton with «
of temperature

B n
10303/ kmol P2 s

-1734.05 4.84
-357.72 8.70
-168. 34 12.75

-95.11 17.03
-61.01 21.25
-40, 69 25.20
-50.48 23.11
-42.98 24.67
-36.60 26.19
-31.10 27.68
-26.31 29.12
-22.09 30.53
-13.47 33.92
-6.83 37.14
-1.59 40,21
2.64 43.14
6.11 45,97
8.98 48.69
11.38 51.32
13.40 53.87
16.55 58.75
18.84 63.39
20.52 67.83
21.77 72.09
22.71 76.20
25.23 95.03
26.73 111.95
27.97 127.7L
28.12 142.68

A
mW/m K

2.12
3.84

10.99

10.09
10.77
11.42
12.06
12,69

13.30
14.76
16.16
17.49
18.77

20.00
21.18
22.33
23.44
25.57

27.60
29.54
31.41
33.21
41.53

48.95
55, 534
62.39

D(1.013 bar)
10-4m2/s

0.0044
0.0165
0.0365
0.0642
0.0988
0.1397

0.1170
0.1337
0.1514
0.1700
0.1895

0.2098
0. 2644
0.3239
0.3881
0.4568

0.5298
0.6069
0. 6880
0.7729
0.9537

1.1486
1.3569
1.5781
1.8118
3.1583

4.7926
B, 7LL2
8.8982

r=0'25 and 'xKr=0'75 as a function

a,

0. 0662
0.0272
0.0178
0.0318
0.0525
0.0700

0.0610
0.0678
0.0741
0.0800
0.0855

0.0907
0,1023
0.1122
0.1207
0.1281

0.1246
0.1402
0.1452
0.149%
0.1568

0.1624
0.1668
0.1701
0.1725
0.1755

0.1669
O.16L1
0.1581

Properties of the binary mixture of argon and

krypton with g
of temperature

B n
10 szlkmol wPa s
-1322.86 4.69
~-295.62 8.52
-137.24 12.58
~77.74 16.81
-49.07 20.87
-31.70 24.65
-40.09 22.65
-33.67 24.14
~28.19 25.60
~23,45 27.01
-19. 31 28. 39
-15.66 29.73
-8.19 32.96
-2.45 36.02
2.07 38.94
5.7 41.73
8.68 44. 41
11.12 47,00
13.14 49,50
14.83 51.93
17.44 56.57
19.30 60.99
20.64 65.22
21.63 69. 28
22.37 73.20
24,57 91.20
25.93 107. 45
26.67 122.63
26.96 137.07

A
m/m K

29.24

31.53
33.72
35.84
37.88
47,35

55.84
63.73
71.24

D(1.013 bar)
10"%%/s

0.0044
0.0165
0.0365
0.0642
0.0988
0.139%

0.1169
0.1336
0.1513
0.1698
n.1R493

0. 2096
0.2639
0.3233
0. 3872
0.4556

0.5283
0.6050
0.6856
0. 7701
0.9499

1.1436
1.3506
1.5705
1.8029
3.1424

4.7707
6.6822
8.8607

=0.50 -and ©,=0.50 as a function

4

0.0705
0.0289
0.0190
0.0341
0.0563
0.0749

0.0653
0.0725
0.0793
0.0856
0_nars

0.0970
0.1093
0.1198
0.1289
0.1368

0.1436
0.149%
0.1549
0.1595
0.1672

0.1731
¢.1777
0.1811
¢.1836
0.1863

0.1769
0.1708
C.1676

Table 29.

Kor °C

50 K
100
150
200
250
300

0°C

40

100

Table 30.

T
Kor °C
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Properties of the binary mixture of argon and
krypton with zpp =0.75 and =z =0.25 as a function

of temperature

B n

10303 /kmol  wPa s
-982,66 4.52
239,08 8.28
-109. 71 12.32
~62.20 16. 45
-38.32 20. 31
-23.60 23.88
-30.74 22.00
-25.28 23.41
-20. 61 24.78
-16. 56 26.11
_13.02 27.4
-9.89 28.68
-3.49 31.72
1.43 34.60
5.20 37,34
8.38 39.97
10,07 42,50
12.91 44,93
14.59 47.29
15.97 49.57
18.08 53.95
19.55 5R8.11
20.59 62.10
21.35 65. 94
21,93 69. 64
23.88 86. 69
25.07 102.14
25.61 116.62
25.77 130,39

A
m/m K

2.86
5.27
7.84
10.41
12.81
15.03

13.86
14.74
15.59
16.42
17.23

18.02
19.92
21,72
23.44
25.08

26.66
28.19
29.66
31.09
33.84

36.46
38.97
41.38
43.72
54.55

64.33
73.45
82.13

D(1.013 bar)
10"%n%/s

0.0044
0,.0165
0.0365
0.0642
0. 0987
0.1395

0.11e8
0.1335
0.1511
0.1697
0.189%0

0.2093
0.2635
0. 3226
0. 3862
0.4543

0.5266
0.6029
0.6831
0.7670
0.9457

1.1382
1.3439
1.5624
1.7933
3.1253

4.7472
6.6511
B.8208

O
T

0.0756
0.0309
0.0205
0.0369
0.0608
0.0809

0.0705
0.0783
0.0856
0.0924
0.0987

0.1046
0.1178
0.1291
0.1389
0.1473

0.1546C
0.1611
0.1667
0.1716
0.1798

01861

0.1909
0.1945
0.1970
0.1992

0.1889
0.1824
0.1790

Properties of the binary mixture of argon

and xenon with z

function of temp‘é{:

B n
10 3mslkmol wPa s
-6719, 52 4.75
-753.26 8.38
-343.23 12.00
=200.97 15.78
-128.98 19.66
-89.03 23.55
-107.64 21.47
-93.29 23.02
-81.56 24.56
=71.62 26.08
¢3.08 27.56¢
-55.66 29.01
-40.71 32.52
-29, 38 35.85
-20.49 39.05
-13.32 42.11
-7.43 45.06
-2.51 47.90
1.65 50. 65
5.19 53.31
10.88 58. 42
15.19 63.26
18.50 67.89
21.08 72.32
23.12 76.59
28,74 96.08
31.16 113.42
32.52 129.39
33.53 144.40

A
mW/m K

1.48
2.65
3.82
4.98
6.15
7.32

.51

D(1.013 bar)

10"4m/s

0.0037
0.0134
0.0295
0.0518
0.0799
0.1133

0.0947
0.1084
0.1229
0.1382
0.1542

0.1709
0.2159
0. 2650
0.3182
0.3752

0. 4359
0.5000
0.5676
0.6384
0.7893

0.9522
1.1264
1.3115
1.5070
2.6321

3.9885
5.5731
7.3769

=0,25 and gz,_.=0.75 as a
ature Xe

o,

0.1198
0. 0687
0.0374
0.0359
0.0603
0.0841

0.0718
0.0810
0.0897
0.0979
0.1056

0.1128
0.1291
0.1431
0.1553
0. 1660

0.1754
0.1837
0.1911
0.1976
0.2087

0.2175
0.2245
0.2301L
0.2345
0. 2440

0.2392
0.2318
0.2270

J. Phys. Chem. Ref. Data, Vol. 13, No. 1, 1984
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Table 31.

r
Kor °C

50 K
100
150
200
250
300

0°C
20
40
60
80

100
150
200
250
300

Table 32.

K or °C

50 K

250
300

350
400
450
500
600

700
BOO

1000
1500

2000
2500
3000

KESTIN ET AL.

Properties of the binary mixture of argon

and xenon with
function of temperature

B
10730’ /kano1

-3759.68
-509. 46
~233.79

-45. 66
-39.41

-33.95
-22.89
-14.45
-7.82
-2.48

1.90
5.53
8.57
11.15
15.22

18,24
20,51
22.24
23.59
27.37

29.26
30.31
30.95

n
yPa s

4.70
8.37
12.14
16.06
19.98
23.78

21.76
23.27
24.76
26.21
27.63

29.02
32.36
35.54
38.58
41.49

44,28
46,98
49,59
52.12
56.96

61.56
G5.95
70.17
74.24
92.84

109.51
124.96
139.56

=0,50 and xxe=0.50 as a

A
mW/m K

1.92
3.51
5.13
6.72
8.24
9.73

8.94

10.11
10.67
11.23

11.77
13.06
14.30
15.48
16.62

17.71
18.76
19.79
20.78
22.68

24,50
26G. 24
27.92
29.55
37.06

43.91
RO.158
56.05

D(1.013 bar)
10"%n?/s

0.0037
0.0134
0.0295
0.0517
0.0799
0.1132

0.0947
0.1083
0.1228
0.1380
0.1540

0.1707
0.2155
0. 2644
0.3174
0.3740

0.4343
0.4981
0.5652
0.6355
0.7853

0.9469
1.1197
1.3033
1.4972
2.6137

3.9622
5. 53R3
7.3323

Q,

0.1338
0.0768
0.0420
0.0406
0.0683
0.0952

0.0813
0.0918
0.1016
0.1108
0.1194

0.1275
0.1458
0.1615
0.1752
0.1872

0.1977
0. 2070
0.2152
0.2225
0.2347

0. 2445
0.2523
0.2584
0.2632
0.2732

0.2670
0. 9887
0. 2534

Properties of the binary mixture of argon
and xenon with 2,,%0.75 and Ty =0.25 as a
function of temperature €

B
107303 /kmo1

-1757.66
-321.97
-147.97

-84.39
-52.91
-34.07

-43.11

5.51

8.60
11.15
13.26
15.03
17.75

19.70
21.13
22.19
23.00
25.51

26.92
27.64
27.95

n
yPa s

4.57
8.27
12.17
16.18
20.04
23.66

21.74

40, 20

42.81
45,32
47.74
50.09
54.60

58.89
62.98
66.92
70.73
88.19

103.95
118.66
132.61

A
mW/m X

2.53
4.65
6.88
9.07
11.11
13.05

12.02
12.79
13.54
14.26
14.97

15.67
17.33
18,91
20.42
21.86

23.25
24.60
25.90
27.16
29.50

31.89
34.10
36.23
38.30
47.87

56.64
64.69
72.34

D(1.013 bar)
10"4m2/s

0.0036
0.0134
0.0295
0.0517
0.0798
0.1131

0.0946
0.1083
0.1227
0.1379
0.1538

0.1704
0.2150
0.2638
0.3164
V. 3727

0.4326
0. 4959
0.5625
0.6323
0.760%9

0.9411
1.1123
1.2942
1.4864
2.5936

3.9334
5.5003
7.2837
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Q.

0.1522
0.0873
0.0481
0. 0469
0.0791
0.1101

0.0941
0.1062
0.1175
0.1281
0.1380

0.1474
0.1683
0.1864
0.2020
0. 2157

0.2277
0.2383
0.2477
0. 2560
0.2699

0.2809
0.2897
0.2965
0.3018
0.3121

0.3039
0.2943
0. 2883

Table 33. Properties of the binary mixture of krypton
and xenon with =z, =0.25 and %e=0-75 as a
function of tempggéture e
g B n A D(1.013 bar) %
Kor °C 10%m%lmol wPas  mi/mk  107%%/s
50 K ~7662.88 4.82 1.28 0.0025 0.0634
100 -856. 20 8.46 2.25 0.0091 0.0416
150 -393.72 12.05 3.20 0.01L97 0.0249
200 -230.23 15.82 4,21 0.0346 0.0164
250 -148.03 19.77 5.25 0.0535 0.0180
300 -103.30 23.76 6.30 0.0763 0.0280
0°C -124.16 21.62 5.74 0.0636 0.0221
20 -108.08 23.22 6.16 0.0730 0.0265
40 -94.93 24.80 6.57 0.0829 0.0307
60 -83.81 26. 35 6.98 0.0934 0.0347
80 -74.26 27.87 7.38 0.1044 0.0385
100 ~65.97 29.36 7.77 0.1159 0.0421
150 -49.29 32.95 8.72 0.1469 0.0504
200 ~36.66 36.37 9.62 0.1809 0.0577
250 -26.74 39.65 10.48 0.2179 0. 0641
300 -18.73 42.79 11.31 0. 2575 0.0698
350 -12.13 45,81 12,11 0.2998 0.0749
40U -6.060 48.73 12.88 0. 3447 0.0794
450 ~1.91 51.55 13.63 0.3919 0.0835
500 2.10 54.29 14,35 0.4415 0.0872
600 8.57 59.52 15.74 0.5474 0.0935
700 13.50 64. 49 17.06 0.6619 0.0987
800 17.93 G9.23 18,31 0.7845 0.1030
200 20,33 73.77 19.52 0.9148 0.1066
1000 22.71 78.15 20.68 1.0526 0.1095
1500 29.13 98.08 25.98 1.8458 0.1179
2000 31.64 115.77 30.69 2.8000 0.1196
2800 13.22 13202 L 2.an7% n.1147
3000 34.45 147.28 39.07 5.1740 0.1082
Table 34. Properties of the binary mixture of krypton
and xenon with =z, =0.50 and P e=0.50 as a
function of temp€rature €
T B n A D(1.013 bar) o
X or °C 10503 /kmo1  yPa s mi/m K 107%n%/s
50 K -5267.95 4.88 1.44 0.0025 0.0669
100 -685.95 8.59 2.55 0.0091 0.0440
150 -320.66 12.30 3.66 0.0197 0.0264
200 ~-185.21 16.23 4.83 0.0346 0.0175
250 ~119.28 20.33 6.03 0.0535 0.019
300 -83.00 24,37 7.21 0.0763 0.0298
0°C -100.12 22.22 6.58 0.0636 0.0236
20 -86.96 23.83 7.06 0.0730 0.0283
40 ~76.04 25.41 7.52 0.0829 0.0327
60 -66.76 26.96 7.97 0.0933 0.0370
20 -58.75 28.47 8.42 0.1043 0.0410
100 -51.77 29.95 8.85 0.1158 0.0449
150 -37.66 33.52 9.90 0.1468 0.0536
200 ~26.91 36.91 10.89 0.1808 0.0613
250 ~18. 44 40. 16 11.85 0.2177 0.0681
300 -11.60 43.26 12.76 0.2572 0.0742
350 -5.95 46.25 13.64 0. 2994 0.0795
400 -1.24 49.14 14,49 0. 3441 0.0843
450 2.76 51.92 15.31 0.3912 0. 0887
500 6.16 54.62 16.11 0. 4407 0.0926
600 11.63 59.79 17.63 0. 5462 0.0992
700 15.76 64.70 19.08 0.6602 0.1047
800 18.93 69. 138 20. 46 0.7823 0.1093
900 21.38 73.88 21.79 0.9121 0.1130
1000 23.29 78.20 23.07 1.0492 0.1162
1500 28. 34 97.94 28.92 1.8388 0.1249
2000 30. 46 115.51 34.14 2.7892 0.1266
2500 31.93 131.69 38.97 3.8939 0.1206
3000 32.95 146.96 43.48 5.1576 0,1143
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35. Properties of the binary mixture of krypton
and xenon with =0.75 and zXE=0.25 as a
function of tempe?ature

B n A D(1.013 bar)
10_3m3/km01 uPa s mW/m K 10'4m2/s
-3452.41 4.93 1.63 0.0025
-542.64 8.7 2.89 0. 0091
-257.09 12.57 4.18 0.0197
~146.57 16.68 5.55 0.0346

-94.865 20.91 6.94 0.0535
-65.43 24.99 8.28 0.0763
-79.37 22.83 7.57  0.0636
-68.67 24.44 8.10 0.0730
-59.68 26.02 8.62 0.0829
-52.00 27.57 9.13 0.0933
-45.34 29.07 9.62 0.1043
-39.51 30.55 10.11 0.1158
-27.67 34.09 11.28 0.1467
~18. 60 37.46 12.39 0.1806
-11.43 40.68 13.45  0.2174

-5.63 43.76 14.46  0.2569

-0.86 46.72 15.44 0. 29%0

3.13 49.58 16.39 0. 3435

6.49 52.34 17.30 0.3905

9,35 55.02 18.18  0.4397

13.91 60.14 19.87 0.5448
17.31 65.00 21.48 0.6584
19.89 69.64 23.02 0.7799
21.86 74.09 24.49 0.9091
23.37 78.39 25.91 1.0456
27.25 97.99 32.42 1.8314
29.07 115.48 38.23 2.7777
30. 40 131.66 43.63 3.8793
31.22 146.98 18. 70 5.1401
Table 36. Properties of the equimolar
ternary mixture of helium,
neon and argon as a function
of temperature
T B n A
K or °C 10—3m3/kmol wPa s m¥/m K
50 K -115.03 6.01 13.09
100 -24.28 11.11 22.94
180 -4._36 15 88 21,23
200 3.35 19,56 38.58
250 7.44 23.15 45,22
300 9.93 26.43 51.54
o°C 8.73 24.70 48.19
20 9.64 26.00 50. 69
40 10.42 27.26 53.00
60 11.10 28. 49 55.26
80 11.67 29.69 57.52
100 12.17 30.86 59.75
150 13.16 33.68 65,20
200 13.87 36.38 70.44
250 14.39 38.97 75.49
300 14.79 41.47 80.38
350 15.09 43.89 85.13
400 15.33 46,24 89. 72
450 15.52 48.53 94.20
500 15.67 50.76 98. 60
600 15.87 55.09 107.17
700 15.96 59.26 115.46
800 15.99 63.30 123.50
900 15.97 67.21 131.33
1000 15.93 71.03 138.98
1500 15.61 88,91 175.04
2000 15.20 10530 208_4%
2500 14.78 120.91 240.10
3000 14.38 135.70 270.35

Q,

0.0710
0.0467
0.0281
0.0187
0.0205
0.0319

0.0253
0.0303
0.0351
0.0396
0.0439

0.0480
0.0574
0.0656
0.0728
0.0793

0.0850
0.0901
0.0947
0.0988
0.1059

0.1118
0.1166
0.1206
0.1239
0.1331

0.1347
0.1280
0.12114

Table 37.

T
K or °C

50 K

300

300

350
400
450
500
600

700
800

1000
1500
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Table

=

50
100
180
200
250
300

0
20
40
60
80

100
150
200
250
300

350
400
450
500
600

700
800
200
1000
1500

2000
2500
3000

or °C

K

°C

38.

Properties of the equimolar
ternary mixture of helium,
neon and krypton as a function
of temperature
B n
10750 /kmot wPa s
~291.04 6.44
-52.49 11.81
-17.86 16.57
-3.73 21.01
3.01 25.17
6.96 29,01
5.06 26.98
6.52 28.50
7.75 29,97
8.80 31.4
9.71 32.81
10.50 34.17
12.08 37.47
13.24 40,61
14.12 43.63
14.79 46.53
15.33 49,34
15.76 52.06
16.12 54. 71
16.42 57.30
16.87 62.29
17.16 67.08
17.34 71.70
17.43 76.19
17.47 20.54
17.25 100. 87
16.87 119. 46
16.50 136.89
16.12 153.49
Properties of the equimolar
ternary mixture aof helinm,
neon and xenon
of temperature
B n
10730 mo1 P s
-1235.59 6.31
-123.55 11.48
-47.Mm 16.00
-21.15 20.21
-7.28 24,26
0.38 28.17
~3.18 26.09
-0.44 27.64
1.81 29.18
3.70 30.67
5.32 32.14
6.71 33.57
9.46 37.01
11.48 40. 30
13.01 43.46
14.20 46. 49
15.16 49,42
15.96 52.26
16.63 55.02
17.20 57.71
18.09 62.89
18.74 67.86
19.20 72.63
19.53 77.25
19.75 81.73
20.05 102.53
19.77 121.47
19.40 139.03
19.06 155.68

mW/m K

11.22
19.48
26.41
32.61
38.27
43.68

40.81
42,95
45.07
47,20
49.22

51.16
55.80
60.24
64.54
68.73

72.82
76.82
80. 68
84.48
91.90

99. 08
106.06
112.86
119.50
150.76

179.72
207.08
233.23

as a function

X
mW/m K

9.90
17.07
23.09
28. 46
33.39
38.14

35.62
37.51
39.29
41.02
42.73

44,41
48. 49
52.43
56.24
59.94

63.54
67.06
70.29
73.55
80.02

86.31
92. 42
98. 36
104.15
131.34

186, AR
180.19
202.85
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Table 39. Properties of the equimolar Table 41. Properties of the equimolar
ternary mixture of helium, ternary mixture of helium,
argon and krypton as a function krypton and xenon as a
of temperature function of temperature
T B n A T 3 n A
° -3 3 - .. - -3
Kor °C 10 “m”/kmol wPa s mv/m K K or °C 10 m3/kmol wPa s m/m K
50 K -598. 24 5.25 8.18 50 K -2354. 30 5.41 6.49
100 -128.04 9.45 14.21 100 -301.03 9,52 11.16
150 -53.70 13.62 19.49 150 -133.84 13.45% 15.14
200 -25.77 17.79 24.36 200 -71.83 17.47 18.84
250 -12.43 21.74 28.94 250 -41.79 21.56 22.38
300 -4.39 25.40 33.28 300 ~25.27 25.55 25.80
0°C -8.28 23.47 30.97 0°C -33.08 23.43 23.98
20 -5.31 24,91 32.69 20 -27.08 25.01 25.34
40 -2.75 26.32 34.32 40 ~22.08 -26.57 26.64
60 -0.53 27.69 35.94 60 -17.80 28.09 27.94
80 1.42 29.03 37.51 80 -14.11 29,57 29.19
100 3.13 30.33 39.04 100 -10.88 31.03 30. 40
150 6.65 33.47 42.73 150 -4.37 34,53 33,29
200 9.32 36.45 46.26 200 0.56 37.87 36.07
250 1.4 39. 30 49.66 250 4,42 41.07 38.76
300 13.07 42,04 52.95 300 7.52 44,13 41.26
350 14.39 44,69 56.16 350 10.04 47.09 43.90
400 15.47 47.24 59.28 400 12.13 49.95 46.37
450 16. 34 49,71 62.33 450 13.87 52.71 48.79
500 17.06 52.12 65.31 500 15.3% 55, 40 51.16
€00 18.12 56.75 71.10 600 17.67 60.56 55.75
700 18.84 61.17 76.68 700 19.37 65.47 60.18
800 19. 32 65,41 B82.09 800 20. 64 70.17 64.47
200 19.65 69. 50 87.35 200 21.59 74.69 68.64
1000 19.86 73.46 92.48 1000 22.31 79.06 72.70
1500 20.28 91.78 116.60 1500 23.90 99,12 91.76
2000 20, 43 108, 42 138.83 2000 24,29 117.11 1.09. 30
2500 20.37  124.01 159.78 2500 24.48 133,76  125.82
3000 20.17 138.85 179.R2 3000 24.5% 149,51 141.55%
Table 40. Properties of the equimeclar Table 42. Properties of the equimolar
ternary mixture of helium, ternary mixture of neon,
argon and xenon as a function argon and krypton as a function
of temperature of temperature
T B n A T B n A
K or °C 10 %% kol wPa s m/m K K or °C 1073 /knol  wPa s m/m K
50 K ~-1682.32 5.25 7.29 50 K -655.07 5.36 4.25
100 -222.50 9.31 12.61 100 -147. 71 10.09 7.95
150 -95. 60 13.25 17.22 150 -65.16 14.64 11.37
200 -50.17 17.21 21.44 200 ~33.11 19.03 14.54
250 ~27.79 21.09 25.41 250 -17.24 23.13 17.46
300 -14.96 24.81 29.23 300 -7.64 26,91 20.15
0°C -21.03 22.83 27.20 0 °C -12.27 24,92 18.73
20 -16.37 24, 3L 28,12 20 -8.73 26.41 19.80
40 -12.47 25.77 30.09 40 -5.72 27.86 20.83
60 -9.12 27.19 31.42 £0 -3.13 29,26 21.84
80 -6.22 28.57 32.76 80 -0.89 30.64 22.82
100 ~-3.68 29,93 34,09 100 1.07 31.97 23,78
150 1.45 33.20 37.35 150 5.02 35.18 26.09
200 5.34 36,31 40. 49 200 8.01 38.23 28.29
250 8.37 39.29 43.51 250 10.32 41.14 30.41
300 10.79 42,15 46.42 300 12.17 43.93 32.45
35N 12.75% 44. N 49. 95 350 13.67 46.62 34.43
400 14.35 47.57 52.01 400 14.93 49.21 36.33
450 15.67 50.15 54.69 450 16.00 51.73 38.14
500 16.78 52,66 57.32 500 16.90 54.18 39,92
600 18.49 57.48 62.41 600 18.31 _ 58. 89 43.38
700 19.71 62.07 67.32 700 16.31 63. 10 16,71
800 20.59 66.48 72.07 800 20.03 67.73 49,91
900 21.23 70.72 76.70 900 20.54 71.91 53.02
1000 21.70 74.82 81.20 1000 20.91 75.96 56.03
1500 22.77 93. 71 102.41 1500 21.83 94,75 70.10
2000 23.10 110,73 122.02 2000 22.21 111,86 82.94
2500 23.13 126.61 140. 42 2500 22.27 127.89 94.95
3000 23.05 141.63 157.99 3000 22.13 143.14 106. 40
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Table 43. Properties of the equimolar Table 45. Properties of the equimolar
ternary mixture of neon, argon ternary mixture of argon, krypton
and xenon as a function of and xenon as a function of
temperature temperature

T B n A T B n A

K or °C 10 3m:,’/kmol wPa s mi¥/m K : Kor °C 10 3m:"/kmc'l wPa s mW/m X

50 K -1745.94 5.36 3.68 50 K -3092.79 4.78 1.89
100 =244.71 9.93 6.80 100 -477.07 8.52 3.42
150 ~108.67 14.27 9.68 150 -222.41 12.37 4.99
200 -58.63 18.48 12.30 200 -127.58 16. 42 6.57
250 -33.42 22.52 14.72 250 -81.65 20.48 8.12
300 ie. 86 26.36 17.00 300 -55.40 24.38 .61

0°C -25.75 24.32 15.79 0°C -67.91 22.31 8.82
20 -20.46 25.84 16.70 20 -58. 31 23.86 9.41
40 -16.06 27.33 17.57 40 -50.26 25.37 9.98
60 ~12.32 28.78 18.43 60 -43,37 26.85 10.55
80 -9.09 30.20 19.27 80 -37.39 28.30 11.10
100 -6.29 31.58 20.09 100 -32.16 29. 71 11.63
150 -0.66 34,91 22.07 150 -21.52 33.10 12.93
200 3.57 38,06 23.95 200 -13.39 36.33 14.16
250 6.86 41,08 25.77 250 -6.98 39.40 15.33
300 9.48 43.97 27.53 300 -1.80 42.35 16.46
350 11.63 46.76 29.23 350 2.44 45.18 17.5%
400 13.44 49,45 30.87 400 5,97 47.9 18.60
450 14.98 52.06 32.31 450 8.93 50.55 19,61
500 16.29 54. 60 33.80 500 11.44 53.11 20. 60
600 18. 38 59.47 36.76 600 15.39 58.01 22.49
700 19,92 64.12 39,64 700 18. 32 62.67 24.29
800 21,07 68.59 42,41 800 20. 51 67.11 26.01
200 21.93 72.89 45.09 900 22.18 71.38 27.67

1000 29_88 77. 06 a7.69 1000 23464 7549 29.98

1500 24,22 96. 30 59.76 1500 26.95 94.33 36.69

2000 24.83 113.72 70.80 2000 28. 71 111.20 43.39

2500 25,01 129.96 81.05 2500 29,80 126.85 49,54

3000 25.01 145,34 90. 80 3000 30. 44 141.67 55.35

Table 44, Properties of the equimolar Table 46. Properties of the equimolar
ternary mixture of neon, krypton quaternary mixture of hejium,
and xenon as a function of neon, argon and krypton as a
temperature function of temperature

T B n A T B n A
K or °C 10 %3 /knol  wPa s m/m K K or °C 105030l wPa s mi/m K
S0 K -2423.68 5.51 3.12 50 K -374.31 5.74 8.67

100 -395.11 10,10 5.66 10n -R0.0A 10,60 15,2

150 -148.12 14. 42 7.99 150 -31.15 15.13 21.03

200 ~-81.18 18.69 10.15 200 -12.21 19.43 26.21

250 -48.11 22.91 12.20 250 -2.88 23.4 30.96

300 -29.70 26.99 14.13 300 2.74 27.08 35.45

0°C -38.40 24.83 13.10 Q°C 0.03 25.14 33.07
20 -31.72 26.44 13.87 20 2.10 26.59 34.85
40 ~26.16 28.02 14.62 40 3.87 28.00 36.55
60 -21.45 29.56 15.35 ) 60 5.40 29.37 38.24
80 -17.40 31.07 16.06 80 6.73 30.70 39.87

100 -13.89 32.54 16.76 100 7.89 32.01 41.47

150 -6.83 36.07 18.44 150 10.23 35.14 45,32

200 -1.52 39.43 20.06 200, 11.98 38.13 49, 00

250 2.62 42.64 21.61 250 13.32 40,98 52.55

300 5.94 45,72 23.11 300 14,37 43.73 56.00
350 8.66 48,68 24.57 350 15.21 46,38 59,35
400 10.96 51.54 25.99 400 15.90 48.94 62.61
450 12.93 54.31 27.22 450 16.47 51.44 65.76
500 14.62 57.00 28.48 500 16.94 53.86 68,85
600 17.35 62.17 31.01 600 17.66 58. 54 74,87
700 19.41 67.10 33.46 700 18.14 63.03 80.70
800 20.97 71.82 35.82 800 18.45 67.35 86.34
900 22.16 76. 37 38.10 200 18.65 71,54 91.83

1000 23.08 80.77 40.30 1000 18.77 75.59 97.18

1500 25.30 101.04 50. 51 1500 18.89 94. 49 122.36

2000 26.00 119.30 59.79 2000 18.76 111.75 145,60

2500 26. 36 136. 25 68. 48 2500 18.52 127.95 167.51

3000 26.52 152.28 76.69 3000 18.21 143.37 188. 45
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Table 47. Properties of the equimolar Table 49. Properties of the equimolar
quaternary mixture of helium, quaternary mixture of helium,
neon, argon and Xxenon as a argon, Kkrypton and xcnon as a
function of temperature function of temperature
T B n A T B n A
K or °C 10 %3 /Kol wPa s mit/m K Kor °C 10703 kol pPa s nit/m K
50 K -988. 52 5.73 7.89 50 K ~1749.74 5.17 5.62
100 -134.30 10.47 13.84 100 -265.58 92.19 9.78
150 -55.06 14.84 18.97 150 -118.65 13.17 13.45
200 -25.92 19.01 23.57 200 -63.93 17.24 16.87
250 ~11.31 22.98 27.81 250 -37.53 21.27 20.12
300 -2.87 26.73 31.86 300 -22.46 25.12 23.24
n°C -6.87 24.74 29. 71 0°C -29.65 23.08 21.58
20 -3.80 26,23 31.32 20 -24.13 24.61 22.82
40 ~1.23 27.68 32.81 40 =19. 49 26.10 23.98
60 0.96 29.10 34,27 60 -15.50 27.56 25.13
80 2.85 30.48 35.71 80 -12.03 28.98 26.26
100 4,49 31.84 37.14 100 -8.99 30. 37 27.36
150 7.78 35.09 40.62 150 -2.82 33.71 30.01
200 10. 24 38.19 43.96 200 1.88 36.89 32.55
250 12.13 41,15 47.1¢9 250 5.57 39.93 35.00
300 13,62 44, 00 50. 3L 300 B.52 42.85 37.37
350 14.83 46.75 53.34 350 10.92 45.66 39,67
400 15.82 49, 41 56.29 400 12.90 48,37 41.91
450 16.66 51.99 59.05 450 14.55 51.00 44.09
500 17.37 54.50 61.81 500 15.93 53.55 46,22
600 18.46 59.34 67.23 600 18.08 58.44 50. 35
700 19.23 63.97 72.49 700 19.64 63.10 54,33
800 19.78 68,43 77.59 800 20.77 67.56 58.17
900 20.17 72.73 82.54 200 21.60 71.85 61.9
1000 20. 44 76.90 R7. 36 1000 2222 76. 0N a5_54
1500 20.93 96.24 110.02 1500 23.70 95.07 82.60
2000 20.91 113.82 130.95 2000 24,28 112.24 98. 30
2500 20.71 130.24 150.63 2500 24.55 128.22 113.02
3000 20. 45 145.82 169. 41 3000 24.61 143.36 127.04

Table 48. Properties of the equimolar

quaternary mixture of helium, Table 50. Properties of the cquimolar
neon, krypton and xenon as a quaternary mixture of ncon,
function of temperature . argon, l_(ryptan and xenon as

a function of tempecraturc

T 3 n A T 3 n A
K or °C 10 3m3/kmol wPa s mi/m K K or °C 107 2n°/kmol wa s mi/m K
50 K -1370.67 5.87 7.14 50 K -1801.69 5.24 3.13
100 ~-179.57 10.66 12.44 100 -283.62 9,64 5.75
150 -77.04 15.05 16.98 150 -129. 32 13.90 8.22
200 -38.29 19.31 21.09 200 ~70.88 18.14 10.53
250 -19.21 23.48 24.92 250 -42.19 22.28 12.70
300 -8.59 27.47 28.58 300 -25.70 26.19 14.74
u°C -13.61 25.3% 26.63 0°C -33.56 24.12 13.66
20 -2.75 26,94 28.09 20 -27.53 25.67 14.47
40 -6.53 28,48 29,49 40 -22.47 27.19 15.25
60 -3.79 29.99 30.88 60 -18.15 28.66 16.02
80 -1.43 31.47 32.22 80 -14. 42 30.10 16.77
100 0.62 32.91 33.53 100 -11.16 31.50 17.50
150 4.73 36.38 36.67 150 ~4.59 34.88 19.27
200 7.80 39.68 39.68 200 0. 38 38.09 20.9
250 10.18 42.83 42.59 250 4.26 41.15 22.58
300 12.06 45,87 45. 41 300 7.38 44,08 24.14
350 13.60 48.79 48.17 350 9,93 46. 90 25.66
400 14.87 51.63 50. 86 400 12.07 49.63 27.12
450 15.95 54.37 53.37 450 13.89 52,027 28.45
500 16.87 57.04 55.88 500 15.43 54,93 29.79
600 18.32 62.18 60.82 600 17.89 A N 32.42
700 19.38 67.09 65.61 700 19.71 n4.44 34.96
800 20.15 71.81 70.25 800 21,00 [P 37.41
200 20.72 76. 36 74.76 900 * 73,27 39,77
1000 21.14 80.76 79.15 1000 77.45 42.06
1500 21,93 101.15 99.75 1500 6. 75 52.70
2000 21.94 119.59 118.73 2000 114,18 62.39
2500 21.82 136.76 136.62 2500 130.41 71.40
3000 21.64 153.02 153.66 3000 145.80 79.95
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Table 51. Properties of the equimolar TABLE 52. Quantum-mechanically calculated low-temperature properties
quintuple mixture of helium, of helium-3 as a function of temperature
neon, argon, Krypton and xenon
as a function of temperature

P B n 2 T s 33 7 A D(l.gl.‘i;:ar]
% or °C W05 kol wPa s /m K K 107> m’/kmol  uPas mW/mK 107*m (s
0.10 0.0713 0.7390 0.2037x10~3
0.20 0.1582 1.6358 01026 10—*
(0K -1159.54 o 2 0.30 0.2234 2.3148 0.2367x10™*
100 e Mw 1.2 0.40 0.2738 28399 0.3989x107*
200 -39.41 18.64 19.04 0.50 _ 0.3198 3.3148 0.581810™*
250 -20.64 22.72 22.59 0.60 0.3664 3.7931 0.7898x 1074
300 -9.86 26.58 25.97 0.70 0.4149 42922 0.1029x 103
0°C -15.00 24,54 24.17 0.80 0.4657 4.8163 0.1304x 1073
20 -11.06 26.06 25.52 0.90 0.5179 5.3553 0.1616 103
a0 AR 20 %0 2o 1.00 0.5711 5.9049 0.1966X 103
o T4 3042 3027 1.20 , 0.6763 6.9933 0.2777X10~3
100 0. 29 3180 30. 47 1.40 0.7745 8.0149 0.3713x 1073
“Ye - . 1.50 —167.704
Yoo S e a3 1.60 0.8619 8.9336 0.4752X 10~
250 9.83 41,32 38,81 200 — 128757 0.9982 10.4055 0.7026 % 103
300 11.85 44.22 41.40 2.40 1.0889 11.4168 0.9457x 1073
350 13.45  47.02  43.92 2.80 1.1481 12.0766 0.1197x 102
2 um o@s oaw 0 s :
e . . 3.20 1.1901 12.5280 0.1454 X 10~
800 Thae  colmo oAy 3.60 12249 128841 U1718X 1072
4.00 —61.352 1.2591 13.2237 0.1992x 102
;gg ;8 gg 2‘; gg 22 gi 4.50 1.3035 13.6607 0.2350x 10~2
s 20.33  c8.m 604 500 —46663 13518 141389 027271072
1000 21.31 77.52 72.10 5.50 1.4038 14.6584 0.3124x 102
1500 22.18 96.94 90. 76 600 —36.592 1.4589 15.2143 0.3543X 102
2000 2.3 114.52  107.95 7.00 1.5743 163892 0.4442x 102
2500 22.138 130. 96 124.09 8.00 — 23.766 1.6932 17.6100 0.5425x 1072
3000 22.24 146.54 139.47 9.00 1.8124 18.8388 0.6486x 102
10.00 — 15.862 1.9302 20.0558 0.7623 1072
12.00 2.1582 22.4181 0.1011x 107!
14.00 2.3752 24.6697 0.1287x 107!
1500 —5.144

16.00 2.5827 26.8235 0.15903< 10~
20.00 0.261 29717 30.8627 0.2269x 10!
25.00 3.485 34198 35,5147 0.3245%10"!
30.00 5.614 3.8370 39.8444 0.4352x10™!
35.00 4.2310 43.9344 0.5586x 10!
40.00 8.188 4.6052 47.8183 0.6939x 10~!
45.00 4.9637 51.8386 0.8408x 10~!
50.00 9.647 5.3096 55.1282 0.9985x 10!

60.00 . 10.551 5.9680 61.9601 0.1345

70.00 11,150 6.5910 68.4234 0.1703

80.00 11.560 7.1842 74.5754 0.2160

90.00 7.7529 80.4728 0.2625

100.00 12.046 8.3044 86.1918 0.3127
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TABLE 53. Quantum-mechanically calculated low-temperature properties
of helium-4 as a function of temperature

T B 7 A D(1.013 bar)
K 1073 m*/kmol pPas mW/mK 10™* m%/s
0.10 0.0074 0.0589 0.1135x 10~
0.20 0.0302 0.2454 0.1012 103
0.30 0.0779 0.6416 0.3976x 10~
0.40 0.1492 1.2128 0.1028x 10™*
0.50 0.2162 1.7043 0.1851x107*
0.60 0.2655 2.0688 02740 10~*
0.70 0.3001 2.3615 0.3783x 10~
0.80 0.3186 2.5337 0.4873x 10=*
0.90 0.3270 2.6096 0.6008 x 10~*
1.00 0.3309 2.6374 0.7176 X 104
1.20 0.3399 2.6882 0.9681x 1074
1.40 0.3576 2.8071 0.1252x 1073
.50  —271.331
1.60 0.3846 3.0052 0.1579x 1073
200  —190.637 0.4606 3.5878 0.2377x 103
2.40 0.5564 4.3354 0.3383% 103
2.80 0.6628 5.1666 0.4594% 1073
300 —118211
3.20 0.7728 6.0241 0.6013x 1073
3.60 0.8816 6.8692 0.7621x 1073
4,00 — 83.709 0.9868 7.6873 0.9407x 1073
4.50 1.1111 8.6548 0.1187x 1072
5.00 — 63.304 1.2276 9.5654 0.1457x 102
5.50 1.3362 10.4160 0.1781x 1072
6.00 — 49.791 1.4377 11.2122 0.2060x 10~?
7.00 1.6243 12.6773 0.2744 X 102
8.00 —32.866 1.7947 14,0151 0.3504 102
9.00 1.9546 15.2693 0.4336x 102
10.00 —22.706 2.1050 16.4483 0.5235%x 1072
12.00 2.3874 18.6618 0.7234x 102
14.00 2.6506 20.7233 0.9479% 102
15.00 —9.310
16.00 2.8966 22.6495 0.1194x 10!
20.00 —2.649 3.3557 26.2440 0.1750% 10~?
25.00 1.341 3.8839 30.3793 0.2558x 10~!
30.00 3.934 4.3724 342018 0.3485% 10~!
35.00 4.8307 37.7869 0.4524 10~
40.00 7.085 5.2648 41.1821 0.5674x 107!
45.00 5.6796 44.4259 0.6928 x 10~
50.00 8.833 6.0798 47.5557 0.8276x 10~
60.00 9.893 6.8466 53.5548 0.1123
70.00 10.584 7.5718 59.2265 0.1451
80.00 11.066 8.2567 64.5781 0.1815
90.00 8.9118 69.6966 0.2213
100.00 11.662 9.5487 74.6732 0.2644
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TABLE 54. Quantum-mechanically calculated low-temperature properties of the equimolar binary mixture of helium-3 and helium-4 as a function of

temperature
T B 7 A D (1.013 bar) ay
K 10~3 m®/kmol uPas mW/mK 10~*m?%s x(*He)=1 x(*He) =0
0.10 0.0184 0.1768 0.4421 X107 —0.3079 — 1.4672
0.20 0.0603 0.5791 0.3025%10~° —0.3376 — 1.1310
0.30 0.1197 1.1227 0.908610~> - 0.2310 — 0.5768
0.40 0.1855 1.6960 0.1849x10~* —0.1194 - 0.2493
0.50 0.2447 2.1996 0.3045x 10~ — 0.0490 —0.0926
0.60 0.2944 2.6346 0.444610~* — 0.0089 —0.0157
0.70 0.3362 3.0218 0.6039x 10" 0.0163 0.0272
0.80 0.3705 3.3485 0.7800x 10™* 0.0322 0.0522
0.90 0.3991 3.6230 09736107 0.0425 0.0684
1.00 0.4242 3.8618 0.1184x 103 0.0495 0.0802
1.20 0.4705 4.2951 0.1653x 1073 0.0577 0.0969
1.40 0.5163 47167 0.2187x 103 0.0625 0.1085
1.50 —203.721
1.60 0.5632 5.1458 0.2780x 1073 0.0658 0.1165
2.00 — 158.802 0.6591 6.0246 0.4138x 1073 0.0701 0.1234
2.40 0.7543 6.8938 0.5704x 10~2 0.0723 0.1218
2.80 0.8460 7.7220 0.7467x 1073 0.0735 0.1166
3.00 — 101178
3.20 0.9330 8.4964 0.9411x 1072 0.0741 0.1107
3.60 1.0151 9.2201 0.1153 102 0.0744 0.1051
4.00 - 72.272 1.0932 9.9042 0.1381%x 1072 0.0746 0.1006
4.50 1.1858 10.7123 0.1688x 1072 0.0746 0.0958
5.00 —54.791 1.2742 11.4847 0.2018x 102 0.0748 0.0923
5.50 1.3587 12.2254 0.2370% 1072 0.0750 0.0898
6.00 — 43.066 1.4402 12.9415 0.2744 X 102 0.0753 0.0881
7.00 1.5954 14.3120 0.3552x 1072 0.0758 0.0858
8.00 —28.234 1.7424 15.6147 0.4437% 1072 0.0763 0.0846
9.00 1.8831 16.8649 0.5396 % 10~2 0.0766 0.0839
10.00 —19.222 2.0178 18.0643 0.6425% 1072 0.0768 0.0836
12.00 2.2732 20.3413 0.8687x 102 0.0774 0.0835
14.00 2.5130 22,4828 0.1121x10™! 0.0780 0.0837
15.00 —17.187 .
16.00 2.7397 24.5100 0.1399x 10~ 0.0785 0.0840
20.00 — 1.174 3.1627 28.2893 0.2021x 10! 0.0784 0.0837
25.00 2415 3.6496 32.6374 0.2917x 10! 0.0778 0.0828
30.00 4.766 4.1018 36.6769 0.3939x 10! 0.0773 0.0821
35.00 ) 4.5274 40.4792 0.5080< 10! 0.0768 0.0815
40.00 7.622 4.9315 44,0896 0.6333x10~* 0.0763 0.0809
45.00 5.3182 47.5437 0.7693x 10! 0.0759 0.0803
50.00 9.230 5.6908 50.8725 0.9158x 10! 0.0754 0.0798
60.00 10.221 6.4017 57.2220 0.1239 0.0745 0.0788
70.00 10.871 7.0740 632249 0.1600 0.737 0.0780
80.00 11.320 7.7140 68.9408 0.1997 0.0731 0.0772
90.00 8.3274 74.4184 0.2430 0.0725 0.0765
100.00 11.858 8.9219 79.7258 0.2896 0.0720 0.0759

Note: Thermal diffusion factors are given at x{*He) = 1 and x{*He) = 0.
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Appendix A. Material and Physical Constants Including Scaling Factors;
Onset of lonization

TABLE Al. Universal constants®

Planck constant
Boltzmann constant
Avogadro constant
Universal gas constant

h=6.626176X10">J s
k=1.380662X10"2JK~!
N, = 6.022 045X 10> mol~!
R =831441Jmol~' K~

2Reference 28.

TABLE A3. Scaling parameters o;; and €;; for the correlation

oinm)

He Ne Ar Kr Xe
He 0.2691 0.3084 0.3267 0.3533
0.2755 0.3119 0.3264 0.3488
Ar | 0.3350 0.3660
TABLE A2. Atomic weights® (average isotopic composition) Kr 0.3753

He Ne Ar. Kr Xe €/k(K)
He 4.0026 6.6802 7.2762 7.6403 7.7684 He Ne Ar Kr Xe
Ne{ 20.179 26.814 32.526 34.981

39.948 54.104 61.257 He 19.44 30.01 31.05 29.77

83.800 102.30

131.29

#Reference 29.
3He: 3.0160; “He: 4.0026; values rounded to five significant figures.
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42.00 64.17 67.32 67.25
141.5 182.6
2254

2740
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TABLE A4. Quantum-mechanical de Boer parameters A *

TABLE A6. The high-temperature dimensionless scaling parameters,
p*=p/oand V=V, /¢

*He “He Ne Ar Kr Xe r*
3He 1.61 1.10 1.00 0.94 He Ne Ar Kr Xe
143 096 0.87 0.80
0.54 0.26 He 0.0797 0.0788 0.0791 0.0772 0.0764
Ar 0.11 0.0784 0.0795 0.0786 0.0785
0.08 Ar | 0.0836 0.0833 0.0835
0.06 Kr | 0.0831
Xe
V*x10~3
He Ne Ar Kr Xe
He 9.740 10.89 13.37
9.235 9.929 11.20

5.117 4.878
4.337

3.898

TABLE A7. First ionization limit. Temperature at which 1% of atoms are
ionized

TABLE AS. The low-temperature di ionless scaling parameters,
Ct=Cyec’ Temperature T, K
: Gases Pressure P, kPa
He Ne Ar Kr Xe 100 1
He 2.346 He 14500 12000
2.204 Ne 12500 10500
2.053 Ar 9500 7700
2.051 Kr 8500 7000
2.162 Xe 7500 6200

Appendix B. Correlation Equations for Functionals

Second Virial Coefficients
B*=B%+(A*B¥+(A* B}

+(A*BY 4 o 4 (A *)B Yertecr- (B1)
B3
T*<1.1
BY= —(T*"2exp(1/T*)[1.186 23 -+ 1.008 24T'*
+ 4.255 71T *)> — 18.6033(T*)*
+ 20.4732(T*)* — 8.719 03(T *
+ 1.148 29(T*)°]. (B2a)
1.1<T*<10 _
B} = — (T*)"2exp(1/T*)[0.746 85
— 1.0384(In T*) + 0.316 34(In T*)*
+ 0.020 96(In T*)* — 0.014 98(In 7*)*]. (B2b)
T*>10
Bf=B[1+cflnT*?
+ cylln T*)™* + ¢4lln T*)7°], (B2c)

where
B=(p*Plla+ 7]+ (m/2)a+7) + 2.404 11],
a=InV*—-InT*
y = 0.577 215...is Euler’s constant,

and

¢, = — 15.9057 + (9.859 58/8,0)
+ [(p*)/B 7 1125.6607(a o + )
—9.737 66(a, + y) + 42.2102]
+ 3.245 89[(p*/B10)?
X 3@ + 7)* + 77217,
¢, = 84.3304 — (61.9124/8,,)
+ [(p*V /B 11 — 227.258(aso + 7
+ 103.256(a o + 7) — 373.824]
— 34.4187[(p*1*/Bo)’
X [3ao + ¥f* + 77217,
ce = — 149.037 + (119.937/B;0)
+ [(P*)3/B o 11483.571(ay0 + iR
—273.727(a + ¥) + 795.442]
+91.2423[( p*2/By5])°
X 3@+ ¥)° + 77213,
in which B, is the value of 8 and a,, is the value of @ at the
matching point of 7* = 10.
Bt
T*<1.1
B¥ = (T*) 2 exp(1/T*)[0.158 192
—0.037 145 1T* — 0.010 312 5T **

+0.070 185 27** — 0.032 839 9T **].  (B3a)
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1.1<T*<10
B} =(T*~*?exp(1/T*)[0.148
+0.0241(In T*) — 0.0123(In T*?

+ 0.0096(In T'*)> — 0.0014(In T *)*]. (B3b)
T*>10
B¥=p,[1+(3.681 60/T*)
—(3.361 12/T*)*/> 4+ (2.70597/T*?], (B3c)
where
By =(5.047 06X 10™%/T *)[(In T*)
—26.4604 In T* + 175.683].
B}
T*<10
B¥= — (T*)~ "2 exp(1/T*)[0.0152
+0.0126T* + 0.00017*?]. (B4a)
T*>10
B =p,[1+15.0485/T*
—(10.0510/T*P/2 4 (6.43540/T*)*], (B4b)
where
By = —33.5437X 10~%1/T*?[(In T*?
— 21.4604(In T*) + 126.532].
B}
T*<1.1
B¥ =(T* "2 exp(1/T*)[0.001 300
+ 0.006 766T * — 0.0197T **
+0.032 76T ** — 0.0128T *5]. (B5a)
1.1<T*<10
B = — (T*~'/2exp(1/T*)[0.0051
—0.0113T* — 0.00217*2]. (B5b)

T*>10
B*=8.87759% IQ—S(Ta:)—-sla
X [1.0 — (5.680 52/T*) + (32.1756/T **/2

— {6.281 59/T *)]. (B5c)
B:crfect
B* .. *He) = 2.679 58 X 1073(T*)~3/2, (B6a)
B e (*He) = — 5.359 16 X 10~3(T%)=3/2, (B6b)
Collision Integrals
2
T*<1.2
0232 = 1.1943(C*/T*)/3?
X1+ a,(T*)'? 4 a)(T*P/? + ay(T*)
+aT*' + as(T*P” + a(T*7], (BTa)
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where

a, =0.18,
a; =0,
a;= — 1.204 07 — 0.195 866(C *)~'/3,
a,= —9.863 74 4+ 20.2221(C¥)~'73,
as = 16.6295 — 31.3613(C*)~'/3,
as= — 6.738 05 4 12.6611(C'*)~'/3,
1.2<T*<10

2% = exp[0.466 41 — 0.569 91 In T'*
+0.195 91(In T%)> — 0.038 79(In T'*)*

+ 0.002 59(In T *)*]. (B7b)
T*>10
0272 = (p*2a?[1.04 + a,(In T*)~!
+ay(In T*)72 4 a,(ln T#%)~3
+a,(ln T*)74], (B7c)
where
a, =0,
a,= —33.0838 + (a,, p*)~2[20.0862

+ (72.1059/u ) + (8.276 48/,)°],
a3 = 101.571 — (a5 p*)~2[56.4472
+ (286.393/a,4) + (17.7610/a,,)*1,
a;= — 87.7036 + (a,, p*)~2[46.3130
+ (277.146/a,4) + (19.0573/a,0)*],
inwhicha,, = In(V'3/10)isthe valueof @ = In(V'*) — In T*
at the matching point of 7* = 10.
o
T*<1.2
0 = 1.1874(C2/T*)'/?
X1+ 6y(T*)' 4+ by(T*P/? + by(T*)

+ by(T*)* + bs(T*P" + b(T*?], (B8a)
where
b, =0,
b,=0,
b, = 10.0161 — 10.5395(C ¥)~1/3,
b,= —40.0394 + 46.0048(C*)~ '/,
bs = 44.3202 — 53.0817(C %)™/,
bg= — 15.2912 + 18.8125(C*)~ /3,
1.2<T*<10
020 = exp[0.357 588 — 0.472 513 In T*
+ 0.070 090 2(InT *)?
+0.016 574 1{In T*)?
— 0.005 920 22(In T*)*]. (B8b)
T*>10
N = (p*Pa?[0.89 + by(T*) 2
+ by(T*)™* 4 bg(T*)~°1, (B8c)
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where
by = — 267.00 + (a0 p*)~2[201.570
+ (174.672/a,o) + (7.369 16/a,0)°1,
b, =26.700X 10° — (@, p*)~2[19.2265.
+ (27.6938/a,0) + {3.295 59/a1o)*] X 10%,
bg = — 8.90%10° + (@, p*)~2[6.310 13
+ (10.2266/a,0) + (2.330 33/a,/*1 X 10°

inwhicha,, = In(V#/10)isthevalueofa = In(V'¥) — In T'*
at the matching point of T* = 10.

F*
F*=0.9543 + 0.001 24T'*,

Appendix C. General Formulas
Recursion Relation and Other Quantities
a1 T* -dn (Ls)*

0 + U
s+2 dT*
T* dinQ""
— Ls)* - -
_gm[1+s+2 -z ] (1)
A* =0 /a (€2)
2,2)*
pr=ger/ger -1+ I oy
. T* dln Q"

— 0 L2* L1y —
C*=Q"H/0ON =14 =, (C4)
B* = [59(1,2)' — 40(1»31‘]/_(2(1.1)‘

. T*2 @m0t

—143ct—3cHp T 407

+ € 3 dr*?
2 (LY*
—4cr—3CcHp—L 4 8 (C5)

3 dinT*? ’
]

Isotopic thermal diffusion factor e,
15 (6C* —5)24* 1 5)
2 A*164*— 12B* + 55)

o

(1+x),  (CI5)

24* IH*_'_

H*=(3B*+ 6C*—35/4)(6C*—5)"
F*= !)(3,3)‘/_(2(1.1)‘,

3

— 14— 8E*— TP,
So=1+756 1 )
fD=1+—;-(6C*——5)2(M*+5)“,

1
=14+——(BE*—-77
i +42( )

Pure Substance
Second virial coefficient B

B= -i— 7N.oB*.

Viscosity 7
5 n t
”:—i—ﬁ—(ka/ﬂ')‘ -a—z‘(ﬁ.
Thermal conductivity A
75 s w2 __h
A= o (k>T /mm) P
RER) /Y
4 M f,

Self-diffusion coefficient D

_i 373 1/2 fD
D= g (k*T>/mm) Forg O’

1
’

257

(Co)
(€7

(C8)
(C9)

(C10)

(C11)

(C12)

(C13)

(C14)

where m is twice the reduced mass, m = 2mm,/(m, + m,).

[A4¥7 —8E*) — 7(6C* —5)][35/8 4 284 * — 6F *]

X, =i(7—8E*)[
9 35/4 + T4 * + 4F* |

el T6C*=5) 3 4_
T [H““ 524*+5 10 a SE*)”'

Note: A table of numerical values of x, can be found in Ref.

2.
Binary Mixture

Second virial cocflicient B

B{.}.:%ﬂNAg@.B# (C16)

ijs
B =x1By, + 2xx,815 + X385, (€17)
Viscosity iy

- 5 [ 2mm,kT }"2 1
12= -
m(my + my) L2 G(TY)

, (C18
16 (c18)

}

424 %24 * + 5)
(C15a)
-
1+ 2
Toie = 2, (C19)
X"? + Y"I

x =3 2m X

T N2 72

2
yn=_3_,,fz{_’1(ﬂ)
5 M \my

+ 2x1x, (m, +m2)2 ( Th )Jr
712 4m,m, M2

x
72

(

)
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i, - ! A a‘(‘u( e ) P2xx,
5 m,
XH (m, + m,)’ ] (;’Zx_z_f___lZ_)_ 1]
4mm, 1 T
(2
m,

Thermal conductivity A

PR { k3T (m, + m,)
1277~
64 2mm,m,

} (1+4)

oL 25T
Note that the term, 1 + 4, has been included. The expres-
sion for 4 is given in Eq. (C22a).

.(C20)

1+2,
mix & o o C21
AR (ca1)
2
2x,x. x
X, =2l BX 2
A A A
2
Y, —__-%1_ W 4 ¥z 2x,x, U‘Y’+ U(z)

1 12 2
Z, =x;U" 4+ 2xx,u? + x2U®),
4 1 12
U0 =5t -4 an 4 1)
my 1 (m —my)?

X—+
m, 2 mpm,

4 1 12
U=t - (2B +1)

Xm—+1 (my — 1)
mm;,

{m, + mz)
4mm,

’112) 1 12

X B% 1
(,1,,12 12( s ot )

5 ( 152 BY, _‘5) (my — m,)? ,

*
324%, mym,

U(Z)ziATZ{[ (m1+m2)2]
15 4m,m,

A ,1,2) } 1(12 )
—1f——(==B* +1).
(,1,+A,, p\5 7t

Binary diffusion coefficient

_ 3 K*T3m, 4+ m,) |2 (14+4)
- —'[ 2rm,m, ] P, 5(TY)
(C22)
A =E(6CY — 5Pax,/(1 + bx,), (C22a)
where
£=13,
212 g

TR+ 1.8cF ger
= 10a(1 + 1.8¢ + 3¢3) — 1,

C=m2/m1<1’
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in which subscript 1 denotes the heavier component and sub-
script 2 denotes the lighter.

Thermal diffusion factor

X181 — X585,
X101+ x50, + x,%,0,,

ar =(6CY —3) (1+x,),
( )

(C23)
where &, is a correction term arising from the higher ap-
proximations of the theory and is small in magnitude, in
most cases being negligible in comparison with experimental
uncertainty. The other quantities in Eq. (C23) are

5= (2m )" 2 (2
my \m;+m, 2% \oy,

_ dmym,A Y,

(my + my)?

15my(m; — m;)
2(my + my)

0,= 2 ( 2m, )mn“"(a )
' mym, +my) \ . m, +m, 2% Aoy,

I

2 5

2
(252 ()
my+m, 2 5

dmmA Y, (11 12 )

<2 B=*
(my + my) 507

8(m, + my) [ o 25" } { 025" }
S(mymy)'? | o2 [ oo |
The expressions for S, and Q, are obtained from those for S,
and Q, by interchange of subscripts. ;
This formula has been used for *He-*He and all binary
mixtures. The reduced thermal diffusion factor is defined to
eliminate the composition dependence as

B‘,“n)m% +3m2 + %m,mgA ‘,"3].

%8, — x,5, -1
aR = aT ) P
X101 + %3 + x1%,0,5
=(6CT — 51 +«3), (C23a)
and s plotted in the deviation diagram. The solid line in the

diagram indicates the calculated value of (6C¥, — 5) as a
function of temperature.
Multicomponent Mixture
Second virial coefficient B
B=3 Y xxB8, (C24)
Jj=1i=1
Viscosity
H,, Hp, H, x
H, Hy H,, x,
H vl H v2 £%% X,
X1 X2 - X,
Nmix = — (025)
H 11 H 12 H 1v
H. 21 HZZ H 2v
H vl H v2 H £%%
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where L, L, L, x
Ly, Ly L, x
H. _f_f"_ Yo2xx,  mmy ( 5 +_’f£_) : :
’ 7 = Ma (mp+ m )\ 34% m; ’ L, L, L, =x,
k #i
A =4 L5122 * 91 (C26)
. Lll L12 o le
H;= — zxixj it ( 5 — 1) i#j. Ly L L,
Y 1y (m; + mj}z 4% :
Lvl Lv2 Lw
Thermal conductivity where
J
IR inxk[( —1-25—)m,2 + (%TS )mi —3miB% +4mm A%
L;,=— —_—— ’
A, 2’. (m, +m A %A (1+A4,)
k#i
L= Sl (-5-5——33;;—4/1 =;)
) (m; +mj)Aij/1ij(1 +Aq) 4 R

Note: For multicomponent mixtures, 4; in Eq. (C26) is the same as 4 in Eq. (C22a). However, x, should here be inter-
preted as the ratio

X.

i

X, = ,
X +x;

where x, refers to the heavier component of the i—f pair.

Appendix D. Deviation Plots

Note: In the deviation plots, the ordinate refers to the difference between the measured and calculated quantity, ie.,

Xoens — X.aio Or to the ratio (X, — X . V/Xooie -
8.0

—

O

=

<~ 4,0f

o>

>

T

(an}

- "oy * ) 4 a4

é 0 ;"( L X2 ES ] g‘ o e

O

— at

l—._

Ey.of

>

(1}

(am)]

-8.0 1 1 t 1
0 200 400 600 800 1000
TEMPERATURE, K

Y (9); O eu; A @26); X (38); X (MH2);
X (U3); A (HY); & (U8); Z (62); e (68);
+ 1) 4 (W ; 1 (80); A (83); ¥ (86);
o (98); *x (108); @ (109); X (112}

F1G. D1. Deviation plot for the second virial coefficient of He. [26]—primary data; others—secondary data.
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F16. D53. Deviation plot for the interaction second virial coefficient of He-Xe. Primary data.
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F1G. D54. Deviation plot for the viscosity of He~Xe. Primary data.
4.0
~ 2.0F
¢
'S o ¢
= ®
O 0 mgi®
o g . .
— o A
> -2.0F “
Ll a & & 4
] -
-4.0r

G 100 200 300 U00 500 600 700 800 800 1000
TEMPERATURE, K
m oW; A (U1); X (8W; © (85 ; o (99

FiG. D55. Deviation plot for the binary diffusion coefficient of He—Xe. Primary data.
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F1G. D56. Reduced thermal diffusion factor He-Xe. Secondary data.
This is defined as
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The solid line represents the calculated function.
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F1G. D57. Deviation plot for the interaction second virial coefficient of Ne-Ar. Primary data.
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Fi1G. D58. Deviation plot for the viscosity of Ne-Ar. Primary data.
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FiG. D59. Deviation plot for the thermal conductivity of Ne-Ar. Secondary data.
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FiG. D60. Deviation plot for the binary diffusion coefficient of Ne-Ar. Primary data.
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F16. DG1. Reduced thermal diffusion factur of Ne—Ar. Secondary data.
This is defined as
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The solid line represents the calculated function.
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F1G. D62. Deviation plot for the interaction second virial coefficient of Ne-Kr. Primary data.
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F1G. D63. Deviation plot for the viscosity of Ne—Kr. Primary data.
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F1G. D64. Deviation plot for the binary diffusion coefficient of Ne-Kr. Primary data.
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F1G. D65. Reduced thermal diffusion factor of Ne-Kr. Secondary data.

This is defined as
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The solid line represents the caiculated function.
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F1G. D66. Deviation plot for the interaction second virial coefficient of Ne-Xe. Primary data.
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F1G. D67. Deviation plot for the viscosity of Ne-Xe. Primary data.

J. Phys. Chem. Ref. Data, Vol. 13, No. 1, 1984



yA

DEVIATION,

FACTOR

DIFF.

REDUCED THER.

TRANSPORT PROPERTIES OF NOBLE GASES

293

u.0r
2.0k

0

¢
I ® m@mm
¢ a A a 7y

—2-0— N a A a A a a 4
~-4.0F

0 IbO QIOC] SbO LLIOO SIOO SbO 7;30 8|00 QIOO 1000

TEMPERATURE, K
(LS A (H1); & (39}
F1G. D68. Deviation plot for the binary diffusion coefficient of Ne-Xe. Primary data.
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Fi1G. D69. Reduced thermal diffusion factor of Ne-Xe. Secondary data.
This is defined as
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The solid line represents the calculated function
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FiG. D70. Deviation plot for the interaction second virial coefficient of Ar-Kr. [11}—primary data; [12}, [76}, [81)—secondary
data.
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F1G6. D71. Deviation plot for the viscosity of Ar-Kr. Primary data.
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FiG. D72. Deviation plot for the thermal conductivity of Ar-Kr. Secondary data.
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F16. D73. Deviation plot for the binary diffusion coefficient of Ar—Kr. [4], [41], [82], [99]—primary data; [45]—secondary data.
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F1G. D74. Reduced thermal diffusion factor of Ar—Kr. Secondary data.
- This is defined as
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F1G. D75. Deviation plot for the interaction second virial coefficient of Ar—Xe. [11]—primary data; [76], [81}—secondary data.
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F1G. D76. Deviation plot for the viscosity of Ar-Xe. Primary data.
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F1G. D77. Deviation plot for the binary diffusion coefficient of Ar-Xe. [4], [41], [99}—primary data; [1]—secondary data.
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FiG. D78. Reduced thermal diffusion factor of Ar-Xe. Secondary data.
This is defined as
x5 — x,5, - . _
ar[ x%Ql + x%Qz + x,%,0,, ] =(6Ck =31+
The solid line represents the calculated function.
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FiG. D79. Deviation plot for the interaction second virial coefficient of Kr—Xe. [11]—primary data; [76], [81]—secondary data.
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FiG. D80. Deviation plot for the viscosity of Kr-Xe. Primary data.
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F16. D81. Deviation plot for the binary diffusion coefficient of Kr-Xe. Primary data.

J. Phys. Chem. Ref. Data, Vol. 13, No. 1, 1984



300 KESTIN ET AL.

a-

o

— 0.8f

o

a

L

- 0.6

[ TN

L

i

[

0.y z

o

L

=

= 0.2t

o

[TH]

(&)

jun

(o Or

L

o 1 - 1 L 1 L 1 1 1

0 200 400 600 800 1000
TEMPERATURE, K
A (91
Fi1G6. D82. Reduced thermal diffusion factor of Kr-Xe. Secondary data.
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F1G6. D83. Deviation plot for the viscosity of He-Ne-Kr. Secondary data.
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F1G. D84. Deviation plot for the viscosity of He-Ar-Kr. Secondary data.
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FIG. D85. Deviation plot for the viscosity of Ne-Ar-Kr. Secondary data.
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Fi1G. D86. Deviation plot for the thermal conductivity of Ne-Ar-Kr. Secondary data.
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