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The viscosity and thermal conductivity coefficients of dilute argon, krypton, ¢nd xenon are re-
viewed and tables of recommended values presented. The tables were generated using the appropriate
kinetic theory expressions with the m—6—8 potential. The temperature range covers from about one-
half critical temperature to 2000 K for each gas. A general estimate of the accuracy is one percent
increasing tu vne and Lhn:c-quaucls percont for tewperatuics abuve 1000 K.
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1. Introduction

In this paper the dilute gas transport properties of
the gases argon, krypton, and xenon are discussed and
tabulated values of the viscosity and thermal con-
ductivity coefficients presented. The temperature
region covered ranges from about one-half ecritical
temperature to 2000 K for each gas,

The tables are based strongly on data which have
become available in the last six years or so. On experi-
mental grounds these data are judged to be generally
more reliable than corresponding data produced prior
to that time. Further, the tables were generated by
combining kinetic theory with the data leading to a con-
sistent representation of hoth the viscosity and thermal
conductivity coeffictents for a given gas. Moreover,
kinetic theury cnables one to verifly that these coel-
ficients are compatible with other transport properties—
the diffusion coeflicient and the thermal diffusion
factor— and with equilibrium properties via the second
virial coefficient.

2. Experimental Methods and Data

Experimental techniques will not be discussed in this
paper. Some general references are: viscosity, the article
hy Bruges and Whitelaw [1]! and the references therein,
and the older book of Barr [2]; thermal conductivity,
the two volumes edited by Tye [3], which contain
several articles on-experimental techniques and numer-
ous references. Reference should also be made to the
books of Golubev on viscosity [4], and of Vargaftik
[5] and Tsederberg [6] on thermal conductivity.
Discussions on recent experimental procedures include
those given by Kestin [7, 8] for viscosity and by
McLaughlin [9] for thermal conductivity.

However, there ar. three remarks:

1. Most of the viscosity data for the common gases have
been obtained from one of two procedures known as
the capillary flow and oscillating disc methods, re-
spectively. However, prior to about 1968, apparently
self-consistent measurements obtained from the former
technique tended to differ systematically from cor-

' Numhers in brackets refer to the references.
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responding measurements obtained from the latter.
The discrepancies were most noticeable at tempera-
tures above 400 K.2 For this reason, an evaluation of
viscosity data was inconclusive. But since about 1968,
several authors have re-examined the capillary flow
technique [8, 13, 14] and new results have been
published [13-17] which are consistent with the
results from the oscillating disc. On this basis, the
general conclusion is that many of the older capillary
flow viscosity data were incorrect; this conclugion is
reinforced by studies on the istermolecular potential
function [10] and, to a lesser extent, by a re-evaluation
of some of the older experiments [18].

2. Most of the methods that measure the thermal con-
ductivity coefficient are based on setting up a steady
state condition in the fluid, viz., a constant known heat
flux is maintained at one boundary of the initiully
isothermal fluid and the resultant temperature gradient
measured after reaching the steady state. The several
techniques which employ the steady state are generally
designated the parallel plate, concentric cylinders,
and hot wire methods. We refer to reference [3] for
discussions on these approaches. However, the draw-
back to the procedure is that convection (and to a
lesser extent radiation) contributions, have to be
properly accounted for, which is a very difficult experi-
mental problem. Consequently, many of the sets of
thermal conductivity data available for a particular
gas disagree by amounts outside the experimental
errors quoted by the authors concerned, and even
sets from a particular author are often not internally
consistent. In short, on experimental grounds, we are
presently nnable to set the reliability of the majority
of therr'nal. conductivity data at less than five percent.?-

*For example. we compared {10] the capillary flaw viscosities of Trantz and co.workers
{11], with equivalent oscillating disc data from Kestin [12b] and concluded that the viscosity
coefficients could differ by as much as ten percent at 2000 K.

3 Several papers have recently been published which deseribc a non-stationary state
(transient) method. For example. sec the work of Mani and Vemnart [19], Haarman [20], Davis,
et al. 1211 and McLaugldin and Pitunan [9]. These authors discuss the determination of the
thermal conductivity coefficient by ing the rise in a thin ded wire
from the time a current is passed through the wire. The concept is not ncw but the rccent
advances result from modemn technolagy which, in particular, allows for the accurate meas-
urement of a small temperature rise within a fraction of a second after the heating current is

applied. It seems the trancient hat wire technigue is capable of giving aceurate results al-
though only Haarman [20] has given results of direct relevance to this paper.
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3. It will be shown in section 3 that kinetic theory gives
a very simple relation between the viscosity and thermal
conductivity coefficients of a dilute monatomic gas:
given the viscosity coefficient one can calculate the
thermal conductivity coefficient directly. For this reason,
thermal conductivity data are not required as primary
input but are needed only to check on the consistency
of the correlating procedure.

In view of the above remarks, our correlation is based
on the viscosity data and strongly weighted to favor the
viscosity results published since about 1968. A con-
certed attempt was made to estimate accuracy and
reliability of the data from an objective evaluation of
the experimental papers helped by discussions with the

authors and observations of the apparatus for as many
sources as possible. References for the measurements

selected are listed in table 1.1 General lists of experi-
mental sources are given in references [30-32].

Thermal conductivity references are also presented

in table 1. As remarked above, it is not possible to be
as selective on experimental grounds with the thermal
conductivity data as one could like. The data from
references [20], [26], and [37] are judged to be the most
reliable but we have no strong reason to exclude any of
the data from the other references listed. Other experi-
mental references can be found in references [30], [31],

and [50].
3. Kinetic Theory Equations

The Dilute Gas: A dilute gas is a gas whose physical
properties can be completely described in terms of
uncorrelated binary collisions between its molecules;
three body or higher order collisions do not contribute
to its properties. One characteristic of a dilute gas is
that the viscosity and thermal conductivity cocfheicnts
are independent of density or pressure.

The kinetic theory equation for the viscosity of a
dilute gas is, to a second approximation [51]:

5 (wmkT)Y2
=16 w0 5 S 0

where
3 02, 3)% 2
fr=1+ 355 (8 e =)’ @

Here T is the temperature in kelvin, and the quantities
Q@ 9* (in general; [, s=1, 2, 3) are dimensionless
collision integrals which take into account the dynamics
of a binary collision and are characteristic of the inter-
molecular potential of the colliding molecules. For a
given potential, ®(r), with an energy parameter €
(defined as the value of ®(r) at the maximum energy
of attraction) (9% can be determined as a function
of reduced temperature T*

4 Tables have been placed at the end of this paper.
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T* =T/(elk). ®)

The parameter o is a distance parameter, also charac-
teristic of the intermolecular potential given by ®(o)=0.

The specific relationship between Q9% and ®(r)
is as follows. A parameter g* is defined as the reduced
relative kinetic energy of two colliding molecules:
g*2=1/2 (ug?/e), where u is the reduced mass, and g
the relative velocity. A parameter b is defined as the
distance of one molecule from the direction of approach
of another before collision.

With r the intermolecular separation and r. the dis-
tance when the molecules are closest, we can show that
the angle of scatter, x, after a collision is related to
the potential by

b *2 *7)-1/2
X=m—2b* Ldr*/r*z [1 ~%—2—%] , 4)

where the variables are reduced according to the rela-
tions: b*=blo, r*=rlo, rf=rdo, ®*=d/e. Integra-
tion of x over all values of &* praduces the cross section,

0%,

_ 2
Q= [1 ET=D) ]
2 1+e

f (1 — cos'x)b*db*. (5)

(QM* is dimensionless and has been reduced by the
corresponding value for molecules interacting with a
hard sphere potential.) Finally, (2(2:2* is obtained by
integration of Q over all values of g*,

. : 2 ®
Qs (T*) = _(m fo

exp (— g*2[T*)g*C+0QW* (g*)dg*. @

For a dilute monatomic gas, the thermal conductivity
coefficient is related to the viscosity by the expression -

=Rk i
Y
where
1 [, ReP*  \2
=1+ (80(”)* )
®

For the purposes of this paper we do not have to
discuss how equations (1) and (7) were denved or the
necessary background assumptions [52]

3.1. Calculation Procedure

Correct use of equations (1) and (7) resolves into the
problem of properly selecting a model for the inter-
molecular potentlal function for insertion into the
collision integral expressions via equation (4). Hanley
and Klein have discussed such a selection process {53}
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Ficure 1. Top drawing: percentage deviation plot between experimental dilute gas viscosity co-
efficients for argon and values calculated from equation (1) with the m—6-8 potential: m=11,
+=3.0, o—3.297 & and ¢/k—152.8 K.

Bottom drawing: Deviations between the virial coefficients of argon [57] in cm3/mol compared to
values from equation (9) using the same m~6-8 parameters.
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FIGURE 2. Deviation curves for the viscosity and second virial coefficients of krypton. Theoretical
values determined for equations (1) and (3) with the m—6—8 patential, parameters as given in

table 2.
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FIGURE 3. Deviation curves for the viscosity and second virial coefficients of xenon. See table 2.
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and various models have been compared and con-
trasted (for example, see reference [54]). A particular
model, called the m—6-8, was proposed [55] and shown
to be successful and practical when used to relate
statistical mechanical expressions, such as equations
(1) and (7), with experiment. In this paper, we will
calculate the dilute gas transport properties with the
m—6—8 potential.
The m—~6-8 potential has the form:

¥ _ 1 i m
or=—22 (6+2] (%)

Lty -0 (3 (3), ©

m—©6 \r

where d=rn/o with ®(rn)=—¢€ (or d ®(rn)/dr=0).

m and ¥y are parameters representing the repulsion and
the attraction due to a 1/r® term, respectively. In refer-
ence [55] we have described in detail how the param-
eters m, ¥, o (or I'm), and € of equation (8) are determined
for a given fluid. Essentially, the viscesity and second
virial coefficients (B) in the low temperature region
(defined as temperatures for which T* < 2) are fitted
simultaneously to equation (1) and to the equivalent
statistical mechanical expression for B:

[ *
B=§7TNO'3 f r*3 ((i;f* exp [ — ®*/T*] dr*, )
0

or

B=§7TN0’3 B* (T*), (9a)

where N is Avagadro’s number. Tables of (2:2)* and
B* for several values of m and vy have been published
in reference [56). We have discussed the selection of
the viscosity data in section 2. Second virial data were
selected carefully by Klein and Lew{qlvt___S_engqr_s_"[S"i].

Paramecters obtained from this simultaneous fit were
checked by fitting the viscosity coefficient over a wide
temperature range. Clearly, if the data are reliable
and the potential function sufficiently flexible, the
parameters required for a wide temperature range fit
of the viscosity coefficient should be those found from
the simultaneous fit. This was the case for argon,
krypton, and xenon. Parameters for these gases are
listed in table 2. Collision integrals and second virial
coefficients presented in reference [56] are reproduced
here in anappendix.

Having a potential which can properly calculate the
viscosity from equation (1), the thermal conductivity
coefhicient follows from equation (7).

4. Results aond Discussion

Tables for the viscosity and thermal conductivity
coefhcients for argon, krypton, and xenon were gener-
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ated from equations (1) and (7) as a function of tempera-
ture and presented as tables 3 to 5. Figures 1 to 3 show
deviation plots between the selected viscosity data and
corresponding tabulated values together with second
virial difference plots between experiment and values
calculated from equation (9).

In our opinion a proper correlation of the viscosity
coefficient has been achieved: the only feature shown in
the curves which is not satisfactory is that the two sets
of high temperature viscosity data—due to Smith and
co-workers and to Guevara and co-workers— differ
systematically by about one and three quarters percent.
This difference cannot be properly accounted for by
using an identical reference viscosity. We cannot

_prefer one set over the other on experimental grounds

but our correlation tends to faver the Smith data. It
should be recalled that the high temperature viscosity
correlation is largely based on a correlation of low
temperature viscosity data and the second virial coeffi-
cient. The low temperiture correlation gives a potential
function, and the high temperaturc data were used to
check on the parameters selected.

Figures 4 to 6 illustrate the deviations between our
calculations and experiment for the thermal conduc-
tivity coefficient. Considering the scatter in the data,
ascribed to experimental problems (section 2), the curves
are satisfactory and reinforce the opinion that our cor-
relation procedure is sound. As discussed, thermal
conductivity data played no role in the parameter
selection of the potential function,

4.1. Accuracy Assessment

In general there are two ways by which one can
assess the accuracy of the tabulated values:

1. From experimental arguments, that is by attempting
to judge the accuracy of the data on which the tables
are based by evaluating the experimental procedures.
by checking the internal consistency of the data re-
sulting from a particular experiment, and by inter-
comparing equivalent data obtained from different
authors, giving special weight to comparisons between
results from different techniques.

2. From semi-theoretical arguments, that is by examining
how well the potential required to generate the viscosity
and thermal conductivity coefficicnts can represent
independent properties, given the appropriate statistical
mechanical expressions. If the potential is satisfactory
in this context, one can conclude that the transport
tables are consistent with other properties and that
serious systematic errors are most likely absent. It
would be improbable that any systematic errors in the
data for different properties, together with the inexact-
ness of the potential model, would fortuitously cancel.

1. To discuss the first approach: such arguments are
basic to the correlation procedure and have been already
invoked since our correlation is based on selected data
(section 2). However, in section 3 and above in this
section, it was pointed out that the correlations were
especially dependent on a proper fit of viscosity data at
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low temperatures. A further accuracy assessment can
be made by examining such data in more detail.

Let us consider argon only because much of the data
for all three gases, argon, krypton, and xenon, were
obtained from the same sources. Figure 7 expands
figure 1 and plots deviations between experimental
viscosity coefficients and the tabulated values. Five
data sets are represented: Kestin [12], Johnston [22],
Clark [14], Gracki [23], and the very recent data of
Haynes [27]. The figure indicates that these data scts
lie within about one percent of each other above 120 K
and are within one percent of our correlation; on the
basis of an examination of these experimental papers,
we assigned accuracies to the data as follows: [12], 0.5
percent; [22] and [27], 2 percent; [14] and [23], 1 percent.
Moreover, the sets represent three different experi-
mental procedures, the oscillating disc [12, 22], the
capillary flow [14, 23], and the oscillating crystal [27].
We therefore conclude that one percent is a fair esti-
mate of uncertainty for our representation.

It could be argued that a one percent estimate is too
conservative for the data around room temperature
_ and that our correlated values are too high. At these
temperatures, extremely precise results have been
reported; Kestin, et al. [12b], for example, quote a
precision of their experimental viscosity coeflicient at
298.15 of 0.2 percent. (The accuracy of this datum point
is not necessarily so well defined.)

" However, by examining data for a wide temperature
range for all three gases, shown in figures 1-3 and 7
(and figures 4-6 for the thermal conductivity coeflicient)
we suggest that an overall accuracy estimate of =1 per-
cent for the viscosity coefficient in the temperature
range 100-1000 K properly reflects the accuracy in the
data and that our tables, for both transport coefficients,
reflect this estimate. Giving equal weight to the low
temperature data of references |14] and [22] and to the
high temperature data of references [15] and [13, 16, 17],
the estimate could be increased to = 2 percent below
100 K and to *1%4 percent above 1000 K.

2. The second approach supplements the first. In
fact, it has been directly applied because second virial
coefficient data were required to assist in the selection
of m—6-8 potential parameters used to gencrate the
viscosity and thermal conductivity coefficients. Figures
1-3 reveal that the fits of experimental virial coefficients
are exccllent. Even though the m—6-8 is not, of course,
an exact representation of the intermolecular interac-
tions for the rare gases, and the virial data clearly are
not error free, one has to conclude from figures 1-3
that the viscosity cocfficients and sccond virial coeffi-
cients are consistent. '

It has been discussed in reference [55] that the m—6—8
potential also leads to a satisfactory and consistent
representation of the self-diffusion coefficient and the
isotopic thermal diffusion factor for argon, krypton, and
xenon. Given the parameters of table 2, comparisons
between theory and experiment for these properties

are presented here. The statistical mechanical equations
are:
Thermal Diffusion Factor, o

Kihara’s [55] equation for & is
ap— ag (14 8), (10)
where

, 15 (6C* —'5) (24* +5)
%= 94% (164% — 129B* + 55)’

a1

with & given by

B {(35/4) + TA* + 4F*
w1 (7(5 —6C*) + A*I*)
x [H + 2 5+ 24*
% ((“5/3) + 284* —6F*)
214%
5 (e T (3=6C%\ _3I*
7 [H 5 (5 +2A*) 10]}’ 12)
where
I* =7—8E*, 13)
and

«_ (34— 3B* — 6C*)

H 5=6C*

14)

The potential function enters into the equation for a,
through the ratios of collision integrals 4*, B*, C*, E*,
and F*;

A* —_ Q(?.,‘))*/QU ,1)*’

B* = (5QL2* — 40 0,30%) [ (1.1)%
C* = QU2 Q% (15)
E* = Q@.%/()2.20% '
F*=QB3¥Qu.1%
Self-diffusion Coefficient, D

The equation for the self-diffusion coefficient is:

(15)

_ 5 (wmkT)*?
PD =g 7oz Quw /o>
" where
fo=1+ (6C* —5)2/(164* +40), (7

and p is the mass density.

J. Phys. Chem. Ref. Data, Vol. 2, No. 3, 1973



628 H. J. M. HANLEY

6
o 4 &
O A
— oL
>
(&) 0 RAA 8 OA
Dg 3‘ g O&)o
L)
_2_ o o]
| P 2

a

>

A
A
-6 ﬁj’ l ] ]
0 [e]e] 200 300 400 500

TEMPERATURE, K

a[58], a{59], 5[60]

FiGURE 8. Comparison between experimental self-diffusion coefficients of argon and to theoretical values determined
from equation (16) with the m—6—8 potential using the same parameters required by the viscosity and second virial
coefficients. Note: the data from [59] are relative to D at 298,15 K. We used the calculated value for this reference
point. .

KRYPTON

-6 J | | L L
0 400 800 1200 1600 2000 2400

TEMPERATURE K

FIGURE 9. Deviation curve for the sclf-diffusion coefficient of krypton
from equation (16) with the parameters given in table 2, experiment
from [60)].

J. Phy;. Chem. Ref. Data, Vol. 2, No. 3, 1973



VISCOSITY AND THERMAL CONDUCTIVITY OF RARE GASES

0.5 : .
THERMAL DIFFUSION
OF ARGON
04t
03t
a, 02f
0.1}
0 —
0.1 l | | |
0 100 200 300 400 500
TEMPERATURE, K

e [o2],m[65]

Ficure 10. Experimental and theoretical (equation (10)) thermal
diffusion factors for argon. We use the same m—~6-8 potential as for

629

the other transport coefficients.
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Diffusion coefficients were calculated for argon and
krypton from equation (16) using the parameters listed
in table 2. Comparisons between calculated values and
data from references [58-61] are shown in figures 8
and 9. Isotopic thermal diffusion factors were obtained
from equation (10) for argon, krypton, and xenon and

compared to data from references [62-65] in figures’

10-12.
~ To summarize, figures 1-3 and 8-12, in conjunction

with the experimental considerations, reinforce the
conclusion that the tabulated viscosity and thermal
conductivity cocflicients are consistent with other
properties of the gases, are free from serious systematic
errors, and that the accuracy estimate quoted above is
reasonable. In fact, based on the consistent representa-
tion of the virial coefficients, the diffusion coeflicients
and the isotopic thermal diffusion factor at low tempera-
tures, the previous estimate of =2 percent accuracy
for the tabulated viscosity and thermal conductivity
coefficients may be too high. Accordingly, we lower the
estimate to = 1 percent for temperatures between 80
and 100 K.

Unfortunately, the figutes 1-3 and 8-12, do not
properly resolve the discrepancy between the two sets
of viscosity data, for all gases, above 1000 K. An ac-

curacy assignment of +1%4 percent, based on the’

difference between these data, is therefore given to our
tabulated values for temperaturcs between 1000 and
2000 K.

4.2. The Potential Function and Extrapolation of the
Tables

Although the m—6-8 is a very practical model to insert
into statistical mechanical equations, it is not exact.
We have discussed the various model potentials—

particularly those for argon—that have been proposed .

[54, 55] and indicated how they can represent data on
the one hand, and how they are compatible with known
information on the nature of intermolecular interactions
on the other hand. It seems that for ‘‘normal” tempera-
tures—a reduced temperature range of 0.5 < T™ < 20,
say —the m~6-8 potential is completely adequate when
required to represent macroscopic properties. Outside
this range, however, intermolecular interactions de-
pend strongly on the nature of the potential at small
intermolecular separations (high temperatures) or at
very large separations (low temperatures), and we have
previously discussed that the form of the m—6-8 is
insufficiently flexible to represent intermolecular inter-
actions at these extremes. For example, it is shown in
reference [55] that the potential is too hard at small r,
and that numerical values of the dispersion coefficients
(the coefficients of the 1/r® and 1/r® terms of equation
(8)) do not agree with independent quantum mechanical
estimates.

However, it is not yet clear how a “normal” temper-
ature range can be properly defined, so one can only
estimate at what temperaturcs the m—6-8 will fail
to reproduce data. The problem is compounded because
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the available data for gases tend to become progressively
more imprecise at very high or at very low temperatures.
Our estimate is that the procedure presented here could
be used to calculate transport properties for tempera
tures up to about 4000 K. An estimate for a lower limit
would be about the triple point temperature. In any case,
these limits are somewhat academic because ionization
would occur at high temperatures, and the gas can only
exist at an extremely low pressure at very low tempera-
tirres.

5. Conclusion

We have generated tables for the dilute gas viscosity
and thermal conductivity coefficients for argon, krypton,
and xenon using the m—6-8 potential with selected
experimental data. On the basis of an analysis of the
input data and from the results obtained when the
m—6-8 potential, with parameters chosen to correlate
the viscosity coefficients, was inserted into statistical
mechanical equations for other properties, we place an
estimate of uncertainty of one percent in the tabulated
values for temperatures up to 1000 K. The uncertainty
estimate is set at one and three quarters percent for
temperatures between 1000 and 2000 K. A feature of
this viscosity and thermal conductivity correlation is
that thesce cocfficicnts are consistent with other macro-
scopic properties of the dilute and moderately dense gas.
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TABLE 1. Selected references for viscosity and thermal '
conductivity data
Cas Viscosity references Therr:\g.} eﬁggggftivity
Ar 12-15, 2227 20, 3343, 48
Kr 12, 14-16 20, 40, 4448
Xe 14, 15, 17, 28, 29 40, 44—49

TABLE. 2. Values of the parameters of the m—6-8 potential function
that fit both transport and equilibrium properties

o " elk

Gas " Y A, @A =10-10m) K
Ar 11 3 3.297 152.8
Kr 11 3 3.513 215.8
Xe 11 3 3.843 294.6
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TABLE 3. Viscosity and thermal conductivity coefficients of argon

TEMPERATURE  VISCOSITY THERMAL TEMPERATURE VISCOSITY THERMAL
CONDUCTIVITY CONDUCTIVITY
K G/CM-S W/ CH-K K G/CM-S W/ CM-K
1034 103x 103, 1033

80 Je.0603 0e 0517 330 De 2477 0.193%5
85 0.0701 Oe D547 335 0. 2508 0.1960
30 0. 0740 0.0578 340 0. 2538 0.1983
95 0.0779 0. 0608 345 0. 2569 0.,2007
100 0.0818 0.0638 350 0. 2599 0.2031
105 0.0857 0. 0669 355 0. 2629 0.2054
110 0. 0897 0. 0700 360 0. 2659 0.2078
115 00937 0640732 365 0.2688 062101
120 0.0977 0.0763 370 0.2717 0.2124
125 0.1016 0.0793 375 0. 2747 0, 2147
130 0.1055 0.08824 380 e 2776 0.2170
135 0.1095 00 0855 385 0.,2805 0.2193
140 6.1135 0.0886 390 0.2834 0.2215
145 8.127% 0, 0917 39% 0. 2862 3.2238
150 0.1214 0. 0947 400 0.2890 0.2260
155 0.1253 0. 0978 405 . 02919 0.2282
160 0.1292 0.1008 410 0e 2947 0.2304
165 Ge1331 0+ 1038 445 0.2978 0.2326
170 0.1369 0.1069 420 0.3003 0.2348
175 . 0.1408 01099 425 : 0. 3030 0.2369
180 B.1%46 0.1129 430 0. 3057 0.,2391
185 0e1484 0.1158 435 0.3085 0.20612
190 J.1522 0e 1188 440 0,3112 De2634
195% 0.1559 0.1217 445 03139 - 0. 2455
200 0.1596 001246 450 0 3166 Qe 2076
205 0.,1633 01275 455 03192 0.2497
210 0.1670 01304 460 0. 3219 0.2517
218 0.1706 01332 465 03245 0.2538
220 01742 0.1360 W70 . 0. 3271 0.2559
225 0.1778 0,1388 475 0. 3298 0.2579
230 0.10614 0.1416 480 0. 3324 0.2600
23% 0.1869 0s 10406 L85 0e 3349 0.2620
240 6.1885 0. 1472 430 03375 0.2640
245 0.1920 0. 1499 495 0. 3400 . 0.26680
250 0.1955 0e 1526 500 0s3426 0.2680
255 0.19689 0.1553 510 0o 3477 0.2720
260 D.2024 0. 1580 520 0. 3527 0.2760
265 0.2858 0.1607 530 0.3577 0.2799
270 02091 01633 540 0.3626 0.2837
275 0.2125 8.1659 550 ‘03675 0.2876
280 0.,2158 0. 1685 560 0. 3723 0.2914%
285 8. 2191 0.1711 570 0.3772 0.2952
290 0.2223 0.1737 580 0.3819 0.2989
295 0.2356 0.1762 590 0.3866 0.3026
300 0.2288 0.1787 600 0. 3913 0.3063
305 0.2320 01813 610 04 3960 80«3099
310 0.2352 0,1837 620 0. 4005 0. 3135
315 G.2383 0.1862 630 0. 4052 03174
320 062615 0.41887 640 0. 4097 0.3207
325 0.2446 001911 650 0o 4142 0e 32643
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TABLE 3. Viscosity and thermal conductivity coefficients of argon— Continued

TEMPERATURE  VISCOSITY THERMAL TEMPERATURE  VISCOSITY THERMAL
CONDUCTIVITY CONDUCTIVITY
K G/CM-S W/CM-K K G/CM~S W/ ChmK
1034 1032 103, 103

660 0. 4187 0. 3278 1160 046140 04811
670 0« 4232 0e3313 1170 06176 G.4839
680 B.4276 0o 3348 1180 0.6210 00,4866
690 0.4320 03382 1190 06245 0« 4893
700 Q. 4364 03417 1200 0.6280 0+492¢
710 0. 4407 03451 1210 0,631 004948
720 044650 0. 3484 1220 0, 6348 0.4975
730 04493 033515 1238 0.6382 0.5001
740 0.4535 0. 3551 1240 0, 6416 2.5028
750 0.4578 0. 3585 1250 0. 6451 0.5055
760 0. 4620 0,3618 1260 0. 6484 0.5081
770 0. 4661 0. 3650 1270 0. 6518 0.5108
780 0.4783 0. 3683 1280 06552 0.5134
790 0o 4Tik 8. 3715 1290 0. 6585 . 0.5161
880 G.4285 Be 3748 1300 0.6619 D.5187
810 0.4826 0.3780 1310 8.6655 0.5213
820 0.4867 0.3812 1320 0.6685 0.5239
830 0.4907 0. 3843 1330 0.6719 0.5265
840 0.49486 0. 3875 1340 0.6752 0.5291
850 0.4987 0. 3906 1350 0.6784 045317
860 0.5027 0. 3938 1360 0.6817 © 0.5342
870 0.5067 0. 3969 1370 0. 6850 0.5368
880 0.5206 0. 3399 1380 0.6883 0.5394
890 8.5145 0. 4030 1390 0.6915 0.5419
900 0.5184 004061 1400 0. 6947 0. Silele
910 0.5223 0.4091 1410 046980 0.5470
920 0.5262 0. 4122 1420 0.7012 0.5495
938 0.5300 0. 4151 1430 0.7045 0. 5521
9490 0.5338 Ges&182 1440 0.7077 005546
950 0.5376 004212 1450 0.7109 9.5571
960 0.5414 0 4201 1460 0. 7140 0.5596
970 0.5452 0. 4271 1470 0,7172 0.5621
980 0.5430 0. 4301 1480 0. 7204 0. 5646
999 0.5527 Do 4330 1490 0.7236 0.5671
1000 0.5564 0.4359 1500 0.7267 0.5696
1010 0.5601 0.4388 1510 0.7299 0.5720
1020 0.5638 0o 4417 1520  0.7330 0.5745
1030 0.5675 0. 4446 1530 0. 7362 0.5769
1040 01.5712 N &4L75 1840 0.7363 0.5794
1050 0.5748 0. 4504 1550 0.7423 0.5818
1060 0.5%85 0.4532 1560 0.7454 0.5842
1670 0.5821 0. 4561 1570 0.7486 0.5867
1080 0.5857 0.4589 15890 0.751?7 0.58921
1090 9.5892 0.4617 1590 0.7548 0.5916
1100 6.5929 0. 4645 1600 0.7579 005940
1110 0.5964 0.4673 1610 0.7610 0.5964
1120 80.6000 Qe 4701 1620 D.7640 0,5988
1130 0. 6035 0. 4729 1639 8.7671 06012
1140 0.6071 0. 4757 1640 0.7701 0.6836
1150 0.6106 0. 4784 1650 0.7732 0.6060
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TABLE 3. Viscosity and thermal conductivity coefficients of argon— Continued

TEMPERATURE VISCOSITY THERMAL TEMPERATURE VISCOSITY THERMAL
CONDUCTIVITY CONDUCTIVITY
K G/CM-S W/CM-K K G/CM-S W/CM-K
103, 1032 103, 1032

1660 0.7762 0.6084 1910 0.8500 06662

1670 0.7293 0.6107 1920 0.8529 0. 6685

1680 0.7823 0.6131 1930 0.8558 0.6707

1690 0.7853 0.6155 1940 0.8586 0.6730

1700 0.7883 0.6178 1950 0.8615 0.6752

1960 0.8644 0.6775

1710 0.7912 0.6201 1970 0.8672 0.6797

1720 047943 0.6225 1980 6.8700 0.6819

1730 0.7973 0.6249 199g G.8729 0.6842

1740 0.86003 D.6272 2000 0.8757 0. 6864
1750 0.8032 0.6296
1760 0.8062 0.6319
1770 0.8092 De 6342
1780 0.8121 0.6365
1790 0.8151 0.6388
1800 0.8180 0. 6412
1810 D.8210 0.6435
1820 0.8239 0. 6458
1830 0.8268 . 6481
1840 0.8297 0. 6503
1860 0.8326 0. 6526
1860 0.8355 0.6549
1870 0.8384 0.6571
1880 0.8414 0. 6595
1890 0.8443 0.6617
1900 0e8472 0.6640
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TanLe 4. Viscosity and thermal conductivity coefficients of krypton

TEMPERATURE YISCOSITY THERMAL TEMPERATURE YISCOSITY THERMAL
CONDUCTIVITY CONDUCTIVITY
K G/CM-S W/ CM-K K G/CM-S W/ CM-K
109y, 1032 108, 1032

80 0.0740 3. 0276 330 fe2789 9.1038
85 0,0780 3. 0290 335 0., 2827 7. 1052
90 0.,0819 0. 0305 340 0. 2865 01067
95 0.0859 30320 345 02903 0.1081%
4100 0.0899 0. 0335 250 0.2940 N.1096
105 0.0940 9. 0350 355 9.2978 9.1108
110 0.098C Je 013665 360 0. 3015 0e1122
115 0.1021 0. 03080 365 0« 3052 0«1136
120 0.1063 0.,0395 3780 0. 3088 0.115¢C
125 Us1105 Je UG11 375 0. 3125 0.1163
130 Jellbb De Q4L27 380 0e 31€1 0.1177
135 0.1188 0« 0442 28% 0s 3197 0.119¢C
140 D.1230 0. 0457 3390 0e 3233 01204
145 0.1271% 0.0473 336 0, 32€8 0.1217
150 Jdel1314 0e 0489 LoU 0e 3304 J. 1230
155 0.1357 0. 0509 435 Ge 3339 0.1243
160 0.16901 0.0521 410 03374 D.1256
165 Da1bt3 D. 03537 415 0. 340Ca Dea1269
170 0.1486 3, 3563 L2140 Ue 3443 0.1282
17% 0.1528 00568 425 e 3L78 3.1295
180 0.1570 Jd.0584 430 0. 3512 0.1308
185 0el1612 De 0600 435 Ge 3546 0.1321
190 0.1654 0. 0616 L4 e 3580 061333
195 0.1697 Ce 0631 445 03614 0.1346
200 0.1740 J. 0647 450 Ny 3648 J.1359
205 0.1782 Je 0663 455 C. 3681 Je1371
210 0.1825 0. 0679 463 e 3715 0.1384
215 0.,1867 0« 0695 465 0e 3748 Qo1396
220 0.1909 0.0710 470 0. 3781 0, 1408
225 0.1950 3.0726 475 0. 3814 0.1421
230 0,1992 00741 480 Do 3847 De1433
235 0.2034 0. 0757 L85 fi. 3880 0. 1445
240 0.2075 0e 0772 490 0e 3912 0. 1457
245 0s.2116 0.0787 495 0e 3944 9.1469
250 0-2}58 0,0803 500 0. 3977 0.1681
256 0.2199 0.0818 510 0o L0b1 0.1505
260 0.2239 0. 0833 20 0o 4104 0.1529
265 32280 Je 0848 530 C.167 G.1553
270 02320 0. 0863 540 0. 4229 D.1576
275 00,2361 0.,0878 550 De 4291 . 0.1599
280 0.2401 0. 0893 560 . 43563 0.1622
285 0.2640 0. 0908 570 0. tk13 0. 1645
290 02480 0. 0923 580 Qe 4474 0.1667
295 0.2519 0.0938 590 0. 4533 0. 1690
300 2.2559 0.0952 600 0. 4593 0.1712
305 0.,2597 3. 0967 610 0. 461 0.17 34
310 0.2636 0, 0981 620 J.4710 0.175¢
315 0.2674 0. 0995 630 0. 4768 0.1777
320 fe2713 e101C0 640 De 4825 0.,1799
325 2.2751 0.1024 650 0. 4882 Je 1820
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TABLE 4. Viscosity and thermal conductivity coefficients of krypton— Continued

TEMPERATURE VISCOSITY THERMAL TEMPERATURE VISCOSITY THERMAL
CONDUCTIVITY CONDUCTIVITY
K G/CM-S W/ CM-K K 6/CM-5S W/ CM-K
103, 1032 103y, 1032

660 0e4939 Je 1841 1160 0.7387 0.2758
670 0e 4995 0.1862 1170 Qe 7430 1.2774
680 05050 01883 1130 0e7L73 0.279¢C
690 d.5106 31904 1190 Ce7516 J.2808
700 05161 Js 1925 12080 0.75%9 Je2822
710 3.5215 0.1945 1210 0.7602 342839
720 0.527¢ 0. 1965 1226 0. 7645 1.2854
730 01.5324 d. 1986 1230 0. 76AR7 J. 2870
740 045377 0, 2005 1240 0s7729 J.2886
750 J.5431 Je 2026 1250 07771 Je 2902
760 Ne.5484 0. 2045 .12680 0.7813 J+2918
770 9.5536 0. 2065 1279 078655 042932
780 0.5588 0.208% 1280 0.7897 0.2349
790 05640 Je 2104 1290 067939 J. 2964
800 0.5632 02123 1300 N.7980 J.2938¢C
810 045743 0e¢2143 1310 0.8020 7+ 299¢
820 0.5795 0s 2162 1320 0.80€2 de 3011
830 0.5845 J.2181 1330 0. 81(C3 )¢ 3026
840 Je5896 02200 1340 Je81LY De 3041
850 Je¢5946 0e 2219 1350 0. 8185 2.3057
860 J. 5996 0. 2237 1360 0.8226 063072
879 3.6045 0. 2255 1370 Ce B2E6 3.3087
880 0.6095 02274 13870 0. 8306 Je3102
890 J.6144 02293 13390 0. 8347 1.3117
990 06193 0e2311 1600 0. 8387 3.3132
S10 J.6241% 0. 2329 164190 Ue 8427 J. 3147
920 0.6290 22347 1420 Qe 84ED 0.3162
930 0.6338 e 2365 1430 0e 8507 e 3177
S40 36386 Je 2383 1640 Ce 85406 Qe 3192
953 Je0L34 Je 2401 1450 0, 8586 2.3207
960 0.6481 Je 2419 1460 0. 8625 0.3221
970 0.6529 e 2437 1473 Qe BEEL 0+ 323€
980 J.657% Je 2454 1480 fe87Cl J. 3251
990 0.6622 Qe 2472 14940 0e 8743 Je 3265
10400 - J.6669 Je 2489 1500 CeB782 Je 3280
1010 0.6715 0.25¢06 1510 0. 8821 9.3294
1020 0.67561 32,2524 15219 P, 8859 33309
1030 Ue6837 e 2541 1530 N. 8897 )4 3323
1040 3+6853 0e 2558 1540 0+ 8937 063338
1050 0.6898 3.257% 15593 (.8975 D« 3352
1060 0.6944 e 2592 1560 0.,9613 0.3366
1670 0.6989 0.2609 1570 0.9051 3.3381
1C80 0s703% Je 2626 15890 B¢9090 03395
1690 8.7078 Je 2642 15990 J.9128 Je 3409
1104 Je7123 Ue 2659 160¢C 0.9166 0e3423
11140 0.71067 Je 2D70B 1610 Je92(3 Je 36438
1120 0.7212 0. 2692 1620 Ge 9241 Je 3452
1130 0.7256 Je 2709 1630 N.9278 Je 3466
1140 07299 062725 1640 09316 0e348C
1150 Ve7343 0e 2742 16510 09353 Je 3494
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TABLE 4. Viscosity and thermal conductivity coefficients of krypton— Continued

TEMPERATURE VISCOSITY THERMAL TEMPERATURE VISCOSITY THERMAL
CONDUCTIVITY CONDUCTIVITY
K G/CM-5 W/ CM-K K G/CM-S W/CH-K
1034 103 1034 1032

1660 2.9391 J. 3508 1910 1.0298 9. 3647

1670 0. 9428 1.3522 1920 1.0333 Je 3860

1680 09466 0.3536 1930 1.0368 3. 3373

1690 3.9523 043550 1940 1,0403 5o 3386

1700 3.9540 De 3563 1950 1,0438 0. 3899

1964 1.0473 0. 3912

1710 3.9577 2. 3577 1970 1.0508 0. 3925

1720 0.9614 9. 3591 1980 1.0542 8. 3938

1730 0.9650 Ge 3605 1990 1.0578 0. 3952

1743 0.9647 J. 3618 2000 1.0612 0. 3365
1750 0.9723 0. 3632
1760 0.9759 B« 3646
1770 449796 0. 3659
1780 93,9833 343673
1790 0.9869 Ge 3687
1800 3.9905 33700
1610 049941 O0e 3714
1820 0.9977 U, 3727
1830 1.0013 Do 3741
1840 1.0049 ’ 0e 3754
1850 1.0084 Je 3767
1860 1.012C 0. 3780
1870 1.0155 0e 3794
1880 1.0192 0.3807
1890 1.0227 0. 3821
1300 1,0262 B. 3836
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TABLE 5. Viscosity and thermal conductivity coefficients of xenon

TEMPERATURE VISCOSITY THERMAL TEMPERATURE VISCOSITY THERMAL

CONDUCTIVITY CONDUCTIVITY
K G/CM-S W/ CM-K K G/CM-S W/ CM-K
103, 103> 103, 1033

330 0.2556 0.0607

335 0. 2593 0.0616

340 0. 2630 0. 0625

345 0.2667 0.0633

350 0,27 04 0. 0642

105 0.0876 0.0208 355 0. 2740 0.0651
110 0.0911 00217 360 0.2777 0.0659
115 0.0946 0. 0225 365 0.2813 0. 0668
120 0.0982 0.0233 370 0. 2849 0.0677
125 0.1017 000262 375 0. 2685 0. 0665
130 0.1053 0.0250 380 0.2921 0. 0694
135 0.1083 0. 0259 385 0.2956 3.0702
140 0.1125 0.0267 390 0.2992 0.0711
145 0.1162 0.0276 395 0.3026 0.0719
150 0.1198 0.0285 400 0. 3063 0.0728
155 0.1235 0.0293 405 0.3098 0.0736
160 0.1271 0.0302 410 0. 3133 0.0744
165 0.1309 000311 415 0.31€8 0.0752
170 0.13647 0. 0320 420 0.3203 0.0761
175 0.1384 0. 0329 425 0. 3237 2.0769
180 001421 0.0338 430 0. 3272 2.0777
185 0.1458 0. 0346 435 0.3306 9.0785
190 0.1496 0. 0355 840 0. 3341 0.0794
195 0.1533 8. 0364 445 G. 3374 1.0802
200 0.1571 0.0373 450 0. 3409 0.0810
205 0.1609 0. 0382 455 0. 3443 0.0818
210 0.1648 0. 6391 460 0. 3477 0.0826
215 0.1687 0. 0401 465 0.3511 0.0834
220 0.1726 0.0410 “70 0. 3545 0.0842
225 0.1764 0.0419 475 0. 3578 9.0850
230 0.1802 0. 0428 480 0.3612 0.0858
235 01840 0. 0437 485 0. 3645 9. 0866
240 0.1877 0. 044D 490 0. 3679 0.0874
245 0.1915 0. 0455 495 0.3712 0.0882
250 0.1953 0. 046k 500 0. 3745 0.0890
25% 0«13%91 Oe 0473 510 00 3810 0. 0905
260 g.2029 0. 0482 520 0.3875 0.0921
265 0.2067 0. 0491 530 0. 2940 0.0936
270 0.2105 0, 0500 540 0.4003 0.0951
275 J¢21643 e 3509 550 Do 4067 D.0966
280 0.2181 0.0518 560 0.4129 0.0981
285 0.2220 0. 0527 570 0. 4192 9.0996
290 0. 2257 8.0536 580 Be 4254 0.1011
235 0.2295 0. 0545 590 0.4315 1.1026
300 0.2333 0.0554 600 0.4376 0. 1040
305 0.2370 0. 0563 610 0. 4437 0.1055
310 0.2407 0.0572 620 0. 4497 0.1069
315 0.2445 0. 0581 630 0. 4557 0.1083
320 0.2482 0.0589 640 0. 4616 0.1097
325 0.2519 0. 0598 650 0e 4675 0.1112
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TABLE 5. Viscosity and thermal conductivity coefficients of xenon— Continaed

TEMPERATURE  VISCOSITY THERMAL TEMPERATURE  VISCOSITY THERMAL
' CONDUCTIVITY CONDUCTIVITY
K G/CM-S W/CM-K K G/CM-S W/CM-K
10%0 10°2 103, 10°2
660 2.4234 0. 1126 1160 0.7273 0.1732
670 1.4792 0.1139 1170 0. 7317 01763
680 0o 4850 01153 1180 0. 7362 0.1753
690 0.4908 0.1167 1190 0. 7405 0.1763
700 0.4965 0.1181 1200 0. 7451 0.1774
710 0.5021 01194 1210 0e74L9% 0.1785%
720 0.5078 0.1208 1220 0.7538 0.1795
730 0s5134 0si1221 1230 0. 7582 0.1806-
740 0.5190 0,123k 1240 0.7626 0.1816
750 0.5245 041248 1250 0. 7669 0. 1827
760 0.5301 0.1261 1260 0.7712 0.1837
770 065355 01274 1270 0. 7755 Q¢ 1847
780 80,5409 0.1287 12580 0e 7799 0.1858
790 0.5463 9. 1300 1290 0. 7861 0.1868
800 0.5517 0.1312 1300 0.7884 0.1878
810 0.5571 0.1325 1310 0.7927 0.1888
820 0.5624 0.1338 1320 0. 7969 d.1898
830 0.5676 041350 1330 0.8011 0.1908
840 0.5729 0.1363 1340 0. 8052 0.1918
850 0.5781 0.1375 1350 0.8095 0.1928
860 0.5832 0.1388 1360 0. 8137 0.1338
870 0.5884 0.1400 1370 0.8178 0.1948
880 0.5935 0.1412 1380 0.8220 0.1958
890 0.5986 0o 1424 1390 0.8261 0.1968
300 0.6037 0. 1437 1400 0. 8302 0.1978
910 0.6087 0. 1449 1410 0. 8344 0.1988
920 0.6137 0. 1461 1420 0. 8385 8.1998
930 0.6187 0.4473 1430 0. 8425 0.2007
94D 0.6237 01484 14490 D.8466 0.2017
950 0.6286 0. 1496 1450 0. 8507 0.2027
960 0.6335 0.1508 1460 0.8547 0.2036
970 0.6384 0.152¢0 1470 0. 8588 0.2040
9840 0.6433 0. 1531 1480 0. 8627 0.2056
990 0. 6481 0.1543 1490 0. 8667 0.2065
1000 0.6530 0. 1554 1500 0.8708 . 0.2075
1010 0.6577 0. 15866 1510 O 8747 0.2084
1020 0.6625 0.1577 1520 .0.8787 0.2094
1030 0.6673 0.1589 1530 0. 8827 0.2103
1040 0.6720 0.1600 1540 0.8866 0.2113
1050 0.6768 0.1611 1550 0. 8905 0.2122
1060 0.6814 0.1622 1560 0. 8945 0.2131
1070 0.6861 0.1633 1570 0. 8984 0.2141
1080 0.6908 0. 1645 1580 0.9023 0.2150
1090 0.6354 0. 1656 1590 0.9062 0.2159
1100 0.7000 0.1667 1600 0.9101 02169
1110 0.7046 0.1678 1610 0.9140 0.2178
1120 0.7092 8.1689 1620 0.9178 0.2187
1130 0.7137 8. 1699 1630 0.9216 0.2196
1140 0.7182 0.1710 1640 0. 9256 0.2205
1150 0.7228 0.1721 1650 0. 9293 0.2215
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"TABLE 5. Viscosity and thermal conducitivity coefficients of xenon— Continued

TEMPERATURE VISCOSITY THERMAL TEMPERATURE VISCOSITY THERMAL
CONDUCTIVITY ' A : CONDUCTIVITY
K G/CM-S W/ CM-K K G/CM-S W/CM-K
1030 1033 103, 103

1660 0.9331 0.2224 1918 1.0256 8. 2445

1670 0.9369 0. 2233 1920 1.0292 0. 2453

1680 0. 9407 0. 2242 1930 1.0327 0. 2462

1690 0.9445 0. 2251 1940 1.0363 0.2470

1700 009483 0.2260 1950 1.0398 0. 2478

1960 1.0435 0. 2487

1710 0.9521 0. 2269 1970 1.06470 0. 2496

1720 0.9558 0. 2276 1980 1.0506 0. 2504

1730 0.9536 0. 2287 1990 1.0561 0. 2513

1740 0.9633 0.2296 2000 1.0576 0. 2521
1750 0.9671 0. 2305
1760 0.9708 0.2314
1770 0.9745 0. 2323
1780 0.9782 0.2331
1790 0.9818 0. 2340
1800 0.9855 0.2349
1810 8.9893 0. 2358
1820 0.9929 0.2367
1830 0.9966 0.2375
1840 1.0003 0. 2384
1850 1.0039 0.2393
1860 1.0075 0. 2401
1870 1.0112 0.2410
1880 1.0148 0. 2419
1890 10184 0. 2427
1900 1.0220 0. 2436
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Appendix A

Collision integrals, and combinations of the integrals, reproduced from reference [56]. We also include tables
required for the transport property calculations are of the reduced second virial coefficients.

Collision integrals for the 11-6-8 (y=23.0) potential

T* . n* | 0, 2% e.2)* 3% e n* 6, 3)*
0.6000 1.77495683 1.50044068 1.97292436 1.31799182 1.75119807 1.62664569
0.6500 1.71029244 - 1.44430297 1.90393332 1.27150018 1.68427961 1.56699361
0.7000 1.65268780 1.39511086 ~ 1.83999062 1.23134857 1.62310690 1.51434932
0.7500 1.59908326 1.34980755 1.77844390 1.19570368 1.56853486 1.46629105
0.8000 1.55313883 1.31078609 1.72505031 1.16477532 1.52060206 1.42331600
0.8500 1.50943774 1.27685162 1.67759146 1.13794402 1.47708942 1.38516896
0.9000 1.46922464 1.24690235 1.63261115 1.11429982 1.43791883 1.35111649
0.9500 1.43430228 1.21885599 1.59074373 1.09308629 1.40277761 1.32011258
1.0000 1.40190117 1.19315885 ) 1.55245548 1.07387969 1.37099892 1.291'66006
1.1000 " 1.34357947 1.14923890 1.48592018 1.04096448 1.31621990 1.24211144
1.2000 ) 1.29400805 1.11350836 1.42835730 1.01376097 1.27020089 | 1.20067018

. 1.3000 1.25350469 1.00291541 1.37936665 0.99076132 1.23131087 | 1.16550068
1.4000 1.21753570 1.05644518 - 1.33706527 0.97101082 1.19832065 ! 1.13518176
1.5000 1.18421312 1.03359443 1.30037160 0.95379473 1.16989256 1.10879871
1.6000 1.15504628 ! 1.01369579 1.26748280 0.93866542 1.14515079 1.08571844

l
1.7000 1.12997253 | 0.99605801 1.23842116 0.92523500 112343252 1.06539195
1.8600 1.10801605 0.98032225 1.21281020 0.91321359 1.10414466 1.04735142
1.9000 1.08807262 0.96617115 1.19000803 0.90233838 1.08693482 1.03119717
2.0000 1.06958556 0.95330369 1.16943369 0.89242579 ‘ 107150251 1.01661888
2.2000 1.03769859 0.93098908 1.13394880 0.87496953 | 1.04494356 0.99132506
2.4000 1.01099595 0.91222000 1.10430496 0.86001408 1.02282001 -0,97012749
2.6000 0.98812353 0.89605171 1.07911862 0.84700946 1.00399848 0.95198017
2.8000 0.96833164 0.88188385 1.05760250 0.83545818 0.98777679 0.93635700
3.0000 0.95078230 0.86935931 1.03897395 0.82511265 0.97355794 0.92267975
3.2000 0.93533311 0.85817805 - 1.02262673 0.81576952 0.96097407 0.91051120
3.4000 0.92165145 0.84808145 1.00809869 0.80725371 0.94971433 0.89959636
3.6000 0.90944407 0.83888754 0.99507016 0.79943579 0.93955025 0.88972610
3.8000 0.89830455 0.83048268 0.98332893 0.79220960 0.93029732 0.88074277
4.0000 . 0.88805170 0.82273302 0.97266670 0.78549248 0.92181381 0.87251447
4.5000 . 0.86583179 0.80570453 0.94972898 0.77053955 0.90331730 0.85454060
5.0000 0.84748180 0.79123150 0.93087726 0.75764824 0.88775363 .. 0.83942074
5.5000 ! 0.83178498 0.77866684 T 0.91494074 - 0.74632705 0.87436348 0.82639695
6.0000 0.81824763 0.76758447 0.90118200 0.73623864 0.86261104 0.81497356
6.5000 0.80636877 0.75767422 0.88909357 0.72714416 0.85214217 0.80481054
7.0000 0.79575232 0.74872313 0.87833881 0.71886917 0.84270646 0.79565537
7.5000 0.78617885 0.74056466 0.86866131 0.71128089 0.83411929 0.78732605
8.6000 0.77746627 0.73306709 0.85986201 ' 0.70427535 0.82623927 0.77968899
8.5000 0.76948072 0.72613592 0.85180140 0.69777133 0.81895853 - - 0.77263782
9.0000 0.76211483 0.71969252 0.84436560 ] 0.69170305 0.81219147 0.76608977
9,5000 0.75528526 0.71367522 0.83746685 0.68601729 0.80587034 0.75997739

10.0000 0.74893100 0.70803109 0.83103386 0.68066998 0.79993999 0.75424598

12,0000 0.72717121 0.68842604 0.80892213 0.66200350 071931602 0.13439495

14.0000 - 0.70961693 0.67234483 0.79097716 0.64660102 0.76234894 0.71800629

16.0000 0.69491929 0.65873431 0.77587443 0.63351590 0.74794007 0.70415536

18.0000 0.68228800 0.64695238 0.76283719 0.62216028 0.73542548 0.69214297

20.0000 0.67122838 0.63657807 0.75137094 0.61214403 0.72431144 0.68154551

26.0000 0.64454920 0.61136970 0.72350146 - 0.58775833 0.69736849 0.65570675

30.0000 0.63045621 | 0.59797285 0.70865817 0.57478102 0.68293315 0.64192048
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Collision integral combinations for the 11-6—8 (y=3.0) potential
T+ f A fo a ™ | A fo o
0.600 1.0002 1.0002 1.0001 0.0614 3.000 1.0038 1.0059 1.0041 0.4102
0.650 1.0001 1.0001 ‘ 1.0001 0.0566 3.200 1.0041 1.0064 1.0044 0.4267
0.700 1.0000 1.0001 | 10001 0.0547
0.750 1.0000 1.0001 1.0001 0.0543 3.400 1.0044 1.0069 1.0047 0.4406
0.800 1.0000 1.0001 1.0001 0.0534 3.600 1.0047 1.0073 1.0050 0.4524
: 3.800 1.0049 1.0077 1.0052 0.4633
0.850 1.0000 1.0000 1.0001 0.0631 4.000 1.0052 1.0081 1.0054 0.4735
0.900 1.0000 1.0001 1.0001 0.0770 4.500 1.0057 1.0088 1,0059 0.4950
0.950 1.0000 1.0001 1.0002 0.0825
1.000 1.0001 1.0001 1.0002 0.0889 5.000 1.0061 1.0094 1.0063 0.5110
1.100 1.0001 1.0002 1.0003 0.1100 5.500 1.0064 1.0099 1.0066 0.5239
: 6.000 1.0066 1.0103 1.0069 0.5339
1.200 1.0002 1.0003 1.0005 0.1358 6.500 1.0068 1.0106 1.0071 0.5417
1.300 1.0003 1.0005 1.0006 0.1528 7.000 1.0070 1.0109 - 1.0072 0.5482
1.400 1.0004 1.0007 1.0007 0.1717
1.500 1.0006 1.0009 1.0010 0.1972 7.500 Lo071 1.0111 LOU74 0.5536
1.600 1.0008 1.0012 10012 : 0.2215 8.000 1.0072 1.0112 1.0075 0.5581
8.500 1.0073 1.0114 1.0076 0.5619
1.700 1.0010 1.0016 1.0015 0.2411 9.000 1.0074 1.0115 1.0077 0.5652
1.800 1.0012 1.0019 1.0017 0.2577 9.500 1.0075 1.0116 1.0078 0.5679
1.900 1.0014 1.0022 1.0019 0.2740
2.000 1.0017 1.0026 1.0021 0.2909 10.000 1.0075 1.0117 1.0078 0.5702
2.200 1.0021 1.0033 1.0026 0.3210 12.000 1.0077 1.0119 1.0080 0.5762
14.000 1.0077 1.0120 1.0081 0.5793
2.400 1.0026 1.0040 1.0030 0.3475 16.000 1.0078 1.0121 1.0082 0.5809
2.600 1.0030 1.0047 1.0034 0.3710 18.000 1.0078 1.0121 1.0082 0.5817
2.800 1.0034 1.0053 1.0038 0.3913 20.000 1.0078 [ 1.0121 1.0082 0.5820

Second virial cueflivients for the 11-6-8 (y==3.0) potental

T* B* T* B*
0.60000 —4.8T008 3.20000 0.14054
0.65000 —4.17866 3.40000 0.18044
0.70000 —3.63207 3.60000 0.21519
0.75000 —3.19016 3.80000 0.24568
0.80000 —2.82595 4.00000 0.27260
0.85000 —2.52090 4.50000 0.32768
0.90000 —2.26188 5.00000 0.36984
0.95000 —2.03934 5.50000 0.40287
1.00000 —1.84619 0.00000 0.42925
1.10000 —1.52774 6.50000 0.45064
1.20000 —1.27637 7.00000 0.46820
1.30000 —1.07314 7.50000 0.48277
1.40000 —0.90561 8.00000 0.49495
1.50000 —0.76526 8.50000 0.50522
1.60000 ~0.64607 9.00000 0.51392
1.70000 —0.54368 9.50000 0.52134
1.80000 —0.45482 10.00000 0.52768
1.90000 —0.37705 |, 12.00000 0.54528
2.00000 —0.30844 || 14.00000 0.55495
2.20000 ~0.19307 | 16.00000 0.56008
2.40000 —0.10001 -.{: 18.00000 0.56244
2.60000 —0.02353 [} 20.00000 |  0.56304
2.80000 0.04033 |' 26.00000 |  0.55939
3.00000 0.09434 30.00000 0.55484
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