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Tables of values for the viscosity and thermal conductivity of fluorine are presented in the
range 70-300 K for pressures up to 200 atmospheres. Experimental results were reviewed but were
judged to be unreliable. Accordingly, dilute gas values were determined from kinetic theory using
the m—6-8 potential, and dense gas and liquid values were obtained from the modified Enskog
theory. The critical point anomaly in the thermal conductivity coefficient is also discussed.
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1. Introduction

~ Fluorine is so toxic and reactive that its physical
properties are difficult to measure, but it is potentially
an important cryogenic fluid and such properties are
needed. In this paper we examine the transport properties
of fluorine and present tables of the viscosity and thermal
conductivity coefficients. Because, as we will discuss, the
experimental data are generally unreliable, the tables
cannot be regarded as definitive; nevertheless we believe
they represent the best values one can obtain at this time.

2. Data

The experimental situation was first investigated, and
it was apparent at once that the data available were
scarce and scattered. A literature search carried out by
the Cryogenic Data Center, National Bureau of Stand-
ards, Boulder, yielded the following experimental refer-
ences applicable for temperatures less than 300 K:
liquid viscosity'[Z],“ liquid thermal conductivity [19],
dilute gas viscosity [4, 10}, and dilute gas thermal con-
ductivity [3]. We plot data from these references in
figures 1 and 2.°

We evaluated the data as follows: the viscosities of
Kanda, reference [10], cannot be considered reliable.
From comparisons between the results of several proper-

ties measured by Kanda (FPVT, dielectric constant,

1 Work carried out at the National Bureau of Standards under the sponsorship
of the Office_ of Standard Reference Data and the U.S. Air Force (MIPR No.
FO 4611.70-X-0001).

2 To whom correspondence should be addressed.

3 Present address: Norsk Hydro a.s., Bygdgyalle 2, Oslo 2, Norway.

4 Numbers in brackets refer to literature references in the last section of this
paper.

5 Figures have been placed at the end of this paper.

Copyright © 1972 by the U.S. Secretary of Commerce on behalf of the United States. This
copyright will be assigned to the American Institute of Physics and the American Chemical

q

Society, to whom all req ing reproduction shouid be add d

1101

surface tension) and more recent work [2, 14], we have
concluded that the fluorine used by Kanda was impure.
We also have to reject the thermal conductivity values
of reference [19]. The data were intended to be taken
close to the saturated liquid boundary but the pressures
reported at the various temperaturcs do not scem plau-
sible. Our opinion is that either the temperature control
in the experiment was inadequate, or hydrogen fluoride
was present in the fluorine. Based on an examination of
references [3] and [4], and our experience of the work of
Frank, we place an error estimate of five percent on the
data reported therein. It is difficult to judge the relia-
bility of the data quoted in reference [2] since the experi-
mental procedure is not reported in sufficient detail.

In summary, the experiments on the transport proper-
ties are elcarly limited, and we considered it cssentially
impossible to base a correlation over a significant range
of temperature and pressure on the available data.
Accordingly. we decided to construct tables from pre-
dictive techniques only. This decision was also influenced
by the fact that Prydz and Straty {14] bave recently
measured several equilibrium properties to a high degree
of precision over a wide pressure and temperature range,
from the triple point to 300 K for pressures up to 21
MN/m? (~200 atm). An equation of state was derived.
This equation of state plays an essential role in our
predictive procedure.

Transport coefficients will be discussed in three sections
corresponding to the dilute gas. the dense gas and liquid.
and the region around the critical point. The experi-
mental range covered is from 70 to 300 K for pressures
up to 200 atmospheres.

3. Dilute Gas

Dilute gas coefficients form the basis for transport
property calculations for the entire gas and liquid phases.
In the absence of reliable data, the most practical way
to determine them is to use kinetic theory.
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3.1. Viscosity

The kinetic theory equation for the viscosity is [8]:
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where m is the weight of a molecule, k is Boltzmann’s
constant, and T the temperature in Kelvin. The quantity
Q@2* js a dimensionless collision integral which takes
into account the dynamics of a binary collision and is
characteristic of the intermolecular 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) Q2»* can be determined
as a function of reduced temperature T*:

T*=T/(¢/k). @)

The parameter o is a distance parameter, also char-
acteristic of the intermolecular potential, which approxi-
mates an effective hard sphere diameter, and is the value
of r when ®(r)=0. The specific relationship between
Q@2* and &(r) is as follows. We define a parameter g*
as the reduced relative kinetic energy of two colliding
molecules: g*=14ug2/¢, 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.

If r is 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
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where the variables are reduced according to the rela-
tions: b¥=b/c, i*=r/c, r*,=r./c, ®P*=d/c. Integration
of x over all values of b* produces the cross section, Q%,

Q*(g*) =3 / - (1— cos® x)b*db*, (4)
0

(Q* is dimensionless and has been reduced by the corre-
sponding value for molecules interacting with a hard
sphere potential.) Finally, 2@2* is obtained by integra-
tion of Q over all values of g¥,

aean(r) = . [~ exp (g T )

A full discussion on these equations is given in reference

[9].
3.2. Thermal Conductivity

The kinetic theory expression for a polyatomic gas
used by us is the expression derived by Mason and
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Monchick [13]:
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In equation (6), ¢,”’ is the internal ideal gas specific heat
per molecule, Z the rotational collision number (defined
as the number of collisions needed to relax the rotational
energy to within 1/e of its equilibrium value, where e is
the natural logarithm base), and pDy is the product of
the self-diffusion coefficient and the density, p, which
can be obtained from the expression:
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Here QD% js the collision integral for diffusion, similar
to equation (5).

3.3. The Intermolecular Potential Function, & (r)

It is apparent from equations (1-8) that, given c¢,”’
and Z, the calculations for the viscosity and thermal
conductivity coefficients require the function ®(r) to be
known. Unfortunately, obtaining ®(r) for a fluid presents
a problem: except for the very simplest systems, &(r)
has to be based on a model of the intermolecular inter-
action and so uncertainty is inevitably introduced into
kinetic theory or statistical mechanical calculations.
Nevertheless, model functions are often all that one
requires if they are employed carefully. For example, a
recent function, proposed by Klein and Hanley [11], has
been found to be very useful. The function is called an
m—6-8 and has the form:

m
2)/e= 1o+ (%)
m—6 r*
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where d=r,/s. The potential given by equation (9) has
four parameters; in addition to ¢ and e, defined pre-
viously, the repulsion between molecules is represented
by m while v represents attraction due to the 1/r*8 term.

The m~6-8 has been tested by examining the relation-
ship between experimental and theoretical properties of
the simple gases such as the viscosity coefficient, given by
equation (1) and the second virial coefficient, B. The
second virial coefficient is given by the expression, for a
mouatomic gas,

*
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or

B=3%rNo*B*(T*), 11

where IV is Avogadros number. (Equations (10) and
(11) should, strictly speaking, be modified for a poly-
atomic gas but that is not necessary here.) We have
found that equation (9) can be used to correlate and
predict the properties of simplé non-polar polyatomic
gases (oxygen, nitrogen, carbon dioxide, for example) to
within about five percent of experiment.

3.4. Calculations for Flyorine

We need, therefore, to determine potential parameters
for fluorine. We cannot do this from transport data so we
obtained the parameters by fitting the second virial
coefficients published by Prydz and Straty [14} as follows:

A set of reduced second virial coefficients, B* of equa-
tion (11), are available as a function of T* for several
values of s/ and v [12]. ' We do not have enough experi-
mental information to determine a unique set of m, v, ¢
and ¢/k so we fixed m at 12 and v at 2.0, based on our
experience with other gases. We varied o and ¢/k until a
best fit of the experimental second virials was obtained
via equation (ll)é The parameters chosen were: m=12,
v=2.0, ¢=332A (1A=10""m), and ¢k=138.0K,
table 1.°

We also have tables of the collision integrals, equation
(5), versus T* Hence, given the above parameters,
Q@2% was calculated at various temperatures for inser-
tion into equations (1) and (6). The internal specific heat
c,” and the rotational collision number Z are also re-
quired. However, the former quantity has been deter-
mined by Straty based on previous NBS work [20], The
latter quantity can be estimated sufficiently well from
the corresponding values for oxygen, nitrogen, and
methane given in reference [5]. For these gases, the
ditmnensionless Z varies between about 2.0 at T=100 K
and about 4.0 at T=300K according to the linear
equatjon (for this temperature range): Z=1.0+7/100.0.
It was assumed that the equation held for fluorine. (We
can verify that the contribution due to the last term on
the right hand side of equation (6) is small, so Z is only
required approximately.)

Having, then, values for ¢,”, Z, o, and the collision
integrals, the viscosity and thermal conductivity coeffi-
cients of dilute gaseous fluorine were calculated from
eqnations (1) and (6) and tabulated in table 2. We¢ judgo
the numbers to he accurate to within five percent based
(a) on the possible uncertainty introduced when param-
eters obtained from the virial coefficients are used to
calculate transport coefficients and (b) on the experi-
mental error in the virials themselves.

4. Dense Gas and Liquid

As for the dilute gas, transport measurements will not
be used 10 estimate the transport properties for the dense

¢ Tables have been placed at the end of this paper.
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gas and liquid. Before discussing our prediction method,
however, we introduce the transport coefficient excess
functions. These functions are defined for the viscosity
and thermal conductivity by the relations:

An=q(p, T)—no(T), (12)
AN=X(p; T)—Xo(T), (13)

where n(p, T) and M(p, T) are the values of the coefficients
at a particular density and temperature and 7,(7) and
Mo(T) are the dilute gas coefficients. The functions have
been found to be a convenient way to represent transport
coefficients over a wide range of temperatures and
densities [1) because experiment indicates that they are
generally a relatively weak function of temperature at
constant density. That is, the temperature dependences
of 7(p, T), and \(p, T) are apparently very close to the
temperature dependences of the dilute gas vuefficients.
In fact, except for the light molecules, the temperature
dependence can often be neglected, and it is therefore
possible to compress a considerable amount of informa-
tion on essentially a single curve of the excess function
plotted versus density.

4.1. The Modified Enskog Theory (MET)

At this time no rigorous transport theory can be
applied 1o fluorine, other than for the dilute gas. For
reasons given in the appendix, we also reject the straight-
forward use of the law of corresponding states to obtain
fluorine transport properties. The only procedure suitable
to predict hoth the viscosity and thermal conductivity
coefficients for this fluid over a wide experimental range
is the semi-empirical modified Enskog theory (MET).

Since a full discussion on the MET has been presented
in reference (6], it is not necessary to comment here on
the theoretical background or the derivation of the
expressions for the transport coefficients. However, the
basic characteristic of the MET is especially relevant to
this paper and should be stressed, viz., that transport
coefficients in the dense gas and liquid can be determined
by using only equation of state data and the dilute gas
transport coeflicients. The latter, in turn, can be cal-
culated in prineiple via equations (1-8) with an inter-
molecular potential function obtained from the second
virial coefficients. Thns, experimental trangport data are
not required.

The MET equations are:

Viscosity:
1
n=nbp [—— +0.800+0.761bpx] , (14)
bpx

Thermal Conductivity:
1 Ao’ '
A=N\g'b, | — 4+1.2040.755bpx | + — , (15)
bpx X
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where 1o, Xo’, and A"’ are dilute gas transport coefficients.
The viscosity 7, is given by equation (1), Ay’ by equation
(1)s and N’ = pDqc,”” from equation (6). The term bpy is a
function of the equation of state variables, pressure (P),
temperature (T), and volume (}V):

<£E> + 2 16
RT) " RT (10

v

aJ
box=T —

with p the density and R the gas constant. To find b we
write PV/RT as a virial expansion:

PV
— =] 24 ...

7 =1t Bp+Cp+ ..., amn
where B and C are the second and third virial coefficients.
Substituting equation (17) into equation (16) we have

"TdB TdCY
bpx‘—‘ (B+ -Td'f;) o+ <C+ ﬁ) P2+ ... (18)

But, in order that equations (14) and (15) approach the
correct limiting values as p—0, we require x—1 as p—0.
Hence, ’

dB
b= B+ ar’ (19)

Equations (16) and (19) also allow x to be found for
inclusion in equation (15).

We have determined MET transport coefficients for
many- fluids from the appropriate equations of state and
intermolecular potential functions [6]. Figures 3 and 4
illustrate selected comparisons of the MET calculations
against experiment for argon, nitrogen, oxygen, and
methane. The resnlts are shown in the excess function
format, equations (12) and (13). The temperature de-
pendence of both the theoretical and the experimental
excess functions has been neglected, which is justified for
temperatures not exceeding about 300 K.

A conclusion from figures 3 and 4—substantiated by
results for other fluids (H,, He, Ne, CO, [6, 7])—is that
the representation of experiment by the MET is good up
to the critical density, p,, and reasonable up to densities
of about 2p.. By reasonable, we mean that an agreement
of around 10 percent between experiment and theory is
achieved. Consequently, returning to fluorine, we have
every reason to assume that a straight-forward prediction
of the transport properties of fluorine by the MET from
the equation of state of reference [14] would be adequate
for densities up to ~2p.. Our objective is to produce
values from the triple point to 300 K for pressures up to
200 atmospheres; therefore the MET values would be
adequate for temperatures above 160 K. For tempera-
tures and pressures corresponding to densities above the
upper limit, we must expect the MET calculations to be
in error. However, an inspection of figures 3 and 4
indicates that the pattern of deviations between theory
and experiment can vary from one fluid to another and
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it is not obvious what kind of deviation would be ob-
served for fluorine if data were available. I\ vriunately,
we think this problem can be overcome. In our previous
work we attempted to clarify why, in a macroscopic
sense, deviations between MET and experiment appar-
ently do not follow a consistent pattern, and our con-
clusions can be applied to fluorine. In reference [6] we
investigated the density dependence of the excess funec-
tion at constant temperature, (0AX/dp)r, the tempera-
ture dependence at constant density, (dAX/dT),, and
the variation of the tramsport coefficients along the
saturated liquid boundary, (dX/dT)sa;., where X =1, A.
These last derivatives were most convenient to work
with, and because the behavior of the transport coeffi-
cients at saturation is indicative of their behavior in the
liquid as a whole, they gave a great deal of information.
The MET expression for (dn/dT)sq. is written here to
illustrate the procedure. From equation (14), a dimen-

sionless equation can be derived:
(i) _ Tdy T (%)
7 \dT/ . ndT ' BT " p \dT/,,,.

o T]" [ jé -—0.761] L, (20

where L is given by

b= (), (GG e

To shorten the notation, we have written,

f=bpx (given by equation (16)),

[ L= <f1 +0.8-§—0.761f) .
By substituting experimental values for several fluids into
each of the dimensionless terms of equation (20) (and
into the corresponding terms for the thermal con-
ductivity equation), and by plotting these terms against
a dimensionless temperature, T/T., with T’ the critical
temperature, it was possible to compare MET results for
the different fluids in detail. Actually, the comparison
turned out to be relatively simple because the differences
showed up essentially only in the term involving the
second virial coefficient, T(db/dT)/b. Figure 5 illustrates
a plot of this dimensionless derivative against T/T, for
oxygen, methane, argon, and nitrogen.

We have avoided applying the law of corresponding
states directly but one could still hope that a restricted
form of correspondence between dense fluids might
occur. For instance, it is possible that fluids which have
a similar behavior in some dimensionless variable (such
as T{(db/dT)/b) as a function of reduced temperature
and density will show similar behavior in their transport
coefficients. This may well be so because a direct correla-
tion between the behavior of T(db/dT)/b and the devia-
tions between the MET and experiment seems to exist.
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For example, the MET predictions for argon and nitrogen
are too low for viscosity but too high for thermal con-
ductivity, whereas the predictions for oxygen and
methane are too high for both coefficients. Inspection of
figure 5 reveals that the values for T(db/dT)/b are

similar for argon and nitrogen, that is, they follow about’

the same curve when plotted against T/T.. Such values,
however, are substantially different from those for
oxygen and methane which are. in turn. quite similar. In
other words, plots of T(db/dT)/b against T/T. for the
four fluids seem to fall into two groups and can be asso-
ciated with a given MET prediction of experiment.
Observations with other fluids not discussed in detail
here, hydrogen, helium, and neon for example, reinforce
this.

4.2. Application to Fluorine

MET values for the viscosity and thermal conductivity
coefficients of fluorine were determined from equations
(14) and (15) using the fluorine equation of state [14].
The derivative T(db/dT)/b was also computed as a
function of T/T. for the liquid. Plotting this derivative
in figure 5, one notices the similarity with oxygen or
methane. We will, therefore, assume that the MET
representation of fluorine would be similar to the MET
representation of oxygen and methane. Further, we
assume that the fluorine prediction would deviate by the
same amount as observed for methane. Accordingly, the
MET viscosities and thermal conductivities for fluorine
were expressed in the excess function format and the
curves lowered by a percentage consistent with the
methane deviation pattern ~10-30 percent, the differ-
ence increasing with density. The MET values and scaled
adjusted values for fluorine are shown in figare 6. It
should be noted that the scaling adjustment affects the
transport coefficients significantly only at densities
greater than ~2p..

5. Critical Region

The adjusted viscosity as shown in figure 6 is effectively
our final result for that coefficient, but further calcula-
tions are required before the thermal conductivity
coefficients can be tabulated. It is now recognized that
this latter coefficient exhibits an anomalous rise in the
critical region and approaches infinity at-the critical
point. While the phenomenon cannot at present be
incorporated into any systematic theory, such as the
MET, it has been studied separately by several authors.
In particular, Sengers and Keyes [18], have an expression
for the critical excess conductivity close to the critical
point (p., T.). Nevertheless, calculations of the excess
conductivity away from the critical point present some
problems. A very elementary problem, for example, is to
decide how far from the critical point the excess is
significant.

The procedure adopted by us—which must be regarded
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as entirely preliminary—is based on a computation of the
critical point excess for oxygen proposed by Roder [15].
It is based on the fact that the specific heat at constant
pressure, C(p); approaches infinity at the critical point.
Extending equation (13), one can write:

A =X(p, T)—2(T)+2 o, T), (13a)
where \.(p, T) is the critical point excess thermal con-
ductivity at a given density and temperature. Consider a
critical excess specific heat C.(p) which has the property
of approaching infinity at p,, T, and zero far from p,, T..
One can then show X, is related to this quantity by the
equation (15)

\.=KC.(p)™, (22)

where K is a scaling constant, and m’ is a function of p
and T which varies between 1.0 far from the critical
point, and 0.6 at the critical point. When m’=0.6,
equation (22) approximates the result of Sengers and
Keyes. The detailed form of m’ is complicated; for tem-

. peratures along the critical isochore it is given by the

relation:

T-T,

Inm/=a}b {ln

b 23)

c

where a and b are constants; for temperatures along other
isochores, m’ varies in a pattern illustrated in figure 7.
In this figure, T, T5, T; are in the range T.<T,<T’
with x=1, 2, 3, and T"= an arbitrary temperature of
magnitude ~1.27.. Also shown as a dashed curve is an
isotherm representing temperatures less than T, i.e.,
T"<Ty<T. where T" is a temperature of magnitude of
~0.8T, (cee reference [15]).

For fluorine, we have no way of measuring the required
constants K, a, and b, or the details of the curves corre-
sponding to figure 7, but we have established that fluorine
transport coefficients roughly correspond with those for
oxygen or methane. Consequently, parameters for
fluorine were estimated from the recent similar cal-
culation for oxygen [15], but using the fluorine equation
of state with the result that K=0.0108, a=0.205614,
b=.0910835, T'=175.9 K, and 7"/ =113.0 K. The func-
tions for the curves similar to figure 7 at various tem-
peratures are available as a computer routine. The critical
point excess thermal conductivity coefficients were thus
generated for several temperatures and added to the
excess thermal conductivity previously determined. The
total excess curve is shown as figure 8.

6. Dense Gas and Liquid Tables

The viscosity and thermal conductivity tables were
generated from the excess function curves using the
equation of state to convert from density to pressure.
The results are given in tables 3 and 4. We also include
for convenience table 5 which gives the transport coeffi-
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cients at the saturated liquid and vapor boundaries.
Units chosen for the tables are: temperature in Kelvin,
pressure in atmospheres (1 atm = 0.101325 MN/m?),
viscosity in g/cm-s, and thermal conductivity in
mW/cm-K. We remark, however, that these tables have
been converted to other sets of units and will be published
shortly in an NBS Technical Note. We place an error
estimate on the numerical values of about 10-20 percent,
worse in the critical region for thermal conductivity
(~50 percent). The error estimate is based on the un-
certainties in the MET known for other fluids plus the
uncertainty in the dilute gas values discussed previously.

7. Comparison With Experiment

We have decided that, while the available experimental
transport data are too scattered or too imprecise to form
a basis for the construction of tables, theoretical cal-
culations permit acceptable tables to be generated. Since
transport data have effectively been eliminated on
experimental grounds, a comparison between theory and
these experiments throws no light on the reliability of the
predicted tables. Nonetheless, as a matter of interest, we
plot calculated viscosity and thermal conductivity
coefficients (solid lines) along with the experimental
points in figures 1 and 2. It turns out that agreement
between prediction and experiment is generally close.

8. Conclusion

Tables for the viscosity and thermal conductivity
coefficients of fluorine have been generated without
recourse to transport property data. The tables are
believed to be as good as possible at the present
time, but are not to be regarded as authoritative. We
place an error estimate of five percent on the values
in the dilute gas tables and 10-20 percent on the values
associated with pressures above five atmospheres.
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Appendix—Corresponding States

We think it necessary to comment on the law of
corresponding states which is a convenient correlating
tool for many properties of fluids and obviously comes to
mind in our case: it would be quite straightforward if
one could obtain the transport properties of fluorine
given the properties of another fluid. In fact, this ap-
proach has been followed in the past [9, 16, 17]. Unfortu-
nately, we can demonstrate that it does not work very
well. ‘A typical corresponding states diagram for the
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viscosity of oxygen, nitrogen, methane, and argon is
sketched in figure 9. Experimental saturated liquid
viscosities were reduced via potential parameters and the

~temperature by equation (1). Since the reduced viscosi-

ties do not fall on a common curve, the law of correspond-
ing states is not obeyed. While this can be explained as a
failure of the law to apply to polyatomic molecules, the
important conclusion to be drawn from the figure is that
one has no indication how fluorine would behave. One
could equally assume fluorine to be like nitrogen, say, or
like oxygen. (The fluids shown in figure 9 could be made
to fall on a common curve by incorporating extra
parameters into the reducing equations. Invariably, then,
knowledge of any extra parameters comes from the data
themselves, and here we have assumed that no reliable
fluorine data exist.)
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TasLe 1. Physical parameters for fluorine [14]

Molecular Weight = 37.9968

Critical Temperature, T: = 144.31 K

Critical Density, p. = 0.574 g/cm®

Critical Pressure, P, = 51.47 atm

Normal Boiling Point Temperature = 84.950 K

Triple Point Temperature = 53.481 K

m~6-8 Potential Function Parameters: m = 12,y = 2,
o =3.324 (3.32 X 10 m), ¢/k = 138K
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TasLe 2. Dilute gas transport coefficients for fluorine

T 102 4, Xo T 102 5 Ao
K g/ems | mW/em K[| K g/ems | mW/em K
70 0.059 0.062 190 0.153 0.164
80 0.067 0.070 200 0.161 0.172
90 0.075 0.079 210 0.168 0.180
100 0.083 0.087 220 0.175 0.189
110 0.091 0.006 230 0.182 0.197
120 0.099 0.104 240 0.189 0.206
130 0.107 0.113 250 0.195 0.214
140 0.115 0.121 260 0.202 0.223
150 0.123 0.130 270 0.208 0.231
160 0.131 0.138 280 0.215 0.239
170 0.138 0.147 290 0.211 0.248
180 0.146 0.155 300 0.227 0.256

No mW/cmK

10 -r,og/cm s

5l2 1 1 ) 1 1

100 200 300

TEMPERATURE , K

Ficure 1. Upper drawing: Dilute gas thermal conductivity co-
efficients due to Frank [3]. Lower drawing: Dilute gas viscosity
coefficients from Frank [4], squares, and Kanda [10], triangles.

The solid curves are our calculated values.
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AmW/cmK

1 i 1 1 ] ]
70 90 1[e} 130
TEMPERATURE , K
4 T T T T
2+ _
e °T
(3]
<L
o
S
)
(B .
0.5 t— | L | !
80 100 120 140

TEMPERATURE , K

Ficure 2. Upper drawing: Thermal conductivity coefficients for
the saturated liquid from reference [19]. Lower drawing: Vis-
cosity coefficients for the saturated liquid from reference [2].

Solid curves are our calculated values.

J. Phys. Chem. Ref. Data, Vol. 1, No. 4, 1972



H.JL M
HANLEY AND R. PRY
_PRYDZ

1108

Gghae ,
2h2'0 920
ge2* 0 IHe*o £42°0
G20 8g2°0 0%2*0 ohz 0
1820 G20 1820 1820 9¢ze0
gz2'o z2ez°0 he2o GeZ*0 w£2'g 4g2°0
G220 622°0 1820 2¢2°0 1820 1£2°0 ez
22240 g22°0 8220 gg2*0 8220 6220 0s2°0 Hezeo
612°0 2220 522°0 lezeo 9z2°¢ g22°*0 2220 1€2°0 nezeo
9120 612°0 222°0 $22°0 €22°0 g£22°0 $22°0 g2zl 1820 £§2°0
£12°0 5120 6T2°0 122°0 122°0 022°0 1220 waaso g22°0 0gz°0 120
1120 2120 9T2°0 g12°*0 g712°0 1120 812°0 1220 5220 l22°¢ 92240 8220
8020 602°0 £12°0 §12°0 s1e*o wy2ep 512°0 8120 2220 haz2'e G22% 1 522°0 man
020 g90z°*0 6020 2¥20 £12°0 T12°0 212°0 st12'0 6120 1220 2220 2220 QMN
£02°0 £02°0 s02°0 602°0 pT2Z°0 8020 602°0 S AT gt12°0 812°0 6T2°0 612°0 . 2
102°0 0020 2p2'0 g0z*0 2020 Gez*0 902°0 g020 2120 GT20 9120 wam.o cwm
661°0 l6T°0 8610 202°0 %02°0 2020 spz*0 502°0 6020 Ty2°¢0 212°¢ eT2'0 c 2
16T°0 G6T°0 G6T° 0 66T °0 1020 002°0 poz*g 1020 90z o 802°0 eo2°¢ 602°0 chm
66T 0 2670 2610 9610 86T°D 161°0 96T°0 86T 0 cg2*n 5020 gg2*n g9p2* 0 mnm
£6T* 0 06T°0 68T 0 261°0 G6T°0 66T°0 £61°0 6610 66T°0 2020 £02°0 €020 ccm
610 98T 0 9g3° 0 88T 0 26T°0 26T°0 06T°0 1670 96T*0 66T°0 6p20 5g2°0 mmN
68T°0 9810 £OT°0 4810 8¢T°0 68T°0 l8%°0 g8T°0 2610 610 96T 96T am..N
9810 2810 187°0 T8T*0 G910 98740 ngTe o 5810 6810 2610 SBT*0 £6T°0 &2
28T° £8T* 627° 821°0 1810 £8T°0 781°0 T8T°0 G8T°0 88T L 06T°0 06T*0 592
0 0 2 0 [ 8.T° 08T LT 8LT* 187° 13 3871 9gT" ohne
28T°0 T81°0 210 A1°0 i{T°0 T*0 0 G i o ] 2 i} oo 1] o oc Gos
68T 0 6870 aLTte 2i1°0 hit*o L1T°0 SiT*D 2140 PA S 8T° G 10 H 10 0
T6T° 6LT° "t 691°* DLlT* wiT" ¢l1'0 T21°0 %21°0 2470 0810 210 £2
g o b g e g 8 [} Gl 9.1 921" c22
561°0 64T°0 221%0 291°0 gy Tep 02T°0 041°0 91°0 110 10 : o : T*0 o
gozeo 2810 1210 9910 £97°Q 297°0 28T°0 G910 l9T°0 TLT*0 LTt mhﬂoc m.ﬂw
gp2*0 5870 0430 2910 03710 £9T°0 hg9T°0 2910 £91'0 9970 69T nod.a o
622°0 T6T°'0 T21'0 £9T 0 4T Q 66T°0 7970 gsTe 6GT*0 9970 mmﬁwe .Nw.n.o ch
ggh* P 1020 Gl3'0 2910 G610 470 85T 0 G410 oGt . 1910 291 mm«-o ch
9280 ggz°*0 19T°0 291°0 4510 1670 5510 25610 2610 25T 0 6510 570 mmw
2T4°0 60S9°0 261'0 £9T*Q £6T°0 gqT1°0 2461°0 6610 6410 £57°0 GGTD SST*0 aw«
664°0 669°0 985° 0 69T 0 2¢T°0 GhT°0 g4t 1810 sHT°0 6491°0 1610 7691°0 mw«
606°0 880 G89°'0 2810 £4T*0 e91*0 w4qTe 0 wWh1°0 THT®0 T AN w¢«.= n¢a.m cmﬂ
420°1 g66°0 824'0 149°0 GST 0 2410 0910 2910 el m¢d.e LR X o:a.o mmﬁ
gHTT 510°T aggr g 8920 959° 29T 9gT* 0 6270 4eT0 £1°0 WJH.e m:a.a chﬂ
222°1 98T T G001 Gig*0 162%0 chI*n SCT D 510 IET*0 410 £Tp Nma.n mm«
coheT 692°1T 2211 566°0 £9g8°¢g ihi%0 1810 2e1'e 82T°0 621°0 eST 1 1] ooﬁ
189°T g24°1 192°'T STT*T G860 158°0 18T 0 8210 621°0 G210 62T*1 621°0 mmﬁ
9gg* T 029°7T £IN'T £62°1 60T°T wl6°0 gcg'0 %210 2210 1270 G210 5210 . T
thT'2 G681 609" T £0%°T 9421 00T°*T #96° 0 02T°0 02710 2110 1210 1270 mm«
LVA Ak 8etT°*2 £H8° T 865°7 £6E°T g2t 060°T £66°0 8TT0 £IT*0 8TT* LIT%0 a:ﬁ
2682 0gn*2 9712 TEB T 296°71 £8€°T 922*1 280°1 6110 0TI 0 5770 £IT°0 m#«
868 ¢ 2182 Qhy 2 4072 528°T glG*T wie*1 2121 140°T 9pT* 0 0TT0 60T cMﬂ
£00*H 188°¢ 2982 284 2 260°2 908°T G96° T hog*T 202°T 20T 0 90T 0 5010 mna
586°¢ 4ggrg ghge2 8142 080°2 962° T %56°T 5681 26T T 20F°0 T0T*0 cmﬁ
owm.w lhgeg 1882 won2 §90°2 987 eHG*T aHpe T 8600 160°0 mNd
66 FLT AT pggs 9782 1682 gg6°*2 £12°T 26T CTYRL] »60°0D naa
s 0ge g 41c°¢ 108°2 ggg*2 7490°2 292°1 126°T 060°0 mﬂ.ﬁ
a4 a16°'e 362°¢ 98.°2 g9g*2 Tg0%2 064°T 980 @ aoa
0% G68°e 6i2°¢ 2LL°2 2682 6T0°2 280°p WQﬂ
gg l68°¢ Y AR 2hi*? 4200 m._m
G2 0hg* g 622°¢ ngs*z 8
62 228°¢ gt12eg ce
8 7
ST pg*¢g
o ] cu.
: AL
Wby

'8 wo/3 s
. ﬁ:D .A.:.—>
H .—NMV oan
1exadue:
1 pue (sox
oyds
oune) oanssead jo
uorjoun:
. Jy € se ou
rony
3o £11800
. STA °

. ¢ U149V,

L

J. Ph
ys. Chem
. Ref. Data, Vol. 1, N

. 1, No. 4, 1972



1109

VISCOSITY AND THERMAL CONDUCTIVITY OF FLUORINE

2ee°n 4120 $€z2°0 he2* 0 9220 g92°0 caz*n 12620 Taz2*g L PARI hh2'o hheen aoe
2ee* 0 Hig°o l€2°0 £g2'0 G128 2920 pez*o gse* 6h2*Q gheeg 2420 Theel 562
£€e°0 Hieo 12 A4 ] 2828 Hr2°0 992§ §62°0 2520 PA AL ThZ* 6£2°0 gga°l 062
3280011 HTe°0 662°0 1820 g22°0 492° egee n62°8 % A 6g2*n 9ge*d Ge2° 0 582
-3 041} Hig 0 6620 T82°0 2iz2+n H92°¢Q 4992°0 gha*d 2h2*'0 gg2* e hezn 2820 08e
geg* g STL* 0 h62°0 age0 cl2°¢ g9z2°Q LET-Ad L A Gh2D he2n T€2°0 6220 al2
gee g qTL 0 #62°0 6228 Ti2°0 292°* @ £a2° @ H492°0 LorAd] 2826 6220 g22*0 022
o4e* 0 2T2°0 he2*0 942°8 FEAd 1920 262°0 £H2°0 2¢2°0 pga* ¢ 922°*0 w2290 492
eneen 24041 662°0 g22°0 0220 192°8 14a2°0 Tha*a hezo gzz*n ©22°0 122t 092
gHe*p 02¢ 0 ag2°*0 8l2*p 6920 gez o P A an2eg 2€2'0 Ggzen 222°'o 8120 562
6YE° @ e22°n 2620 2220 692z2°0 a92°0 ps2°0 6gean ggzee geeen gee*o 8120 gae
e6e*0 gz2¢g°0 862°*0 gl2°8 gaz*o gaz*¢g 6420 gge* o g22°0 1228 g12°0 LT AN ah2
gsee geeto T0£°*0 642°0 69280 6¢2°n 6h2*0 ge2*8 2228 [ 224 aT2'g PATA 8he
£98*10 heetn eoeg aez2*0 6Qz*D 6920 L A gee2°g 9220 320 £12°0 602°0 ag2
69E° @ 32320 1} 208°0 2e2°0 022°0 6s2' 0 6he* 0 l£2°0 g2z ERT-Ad] 1120 Z02°*0 gee
5180 ghetn TIE£0 L : Al i T2°0 gg2°p [ r-Ad] 2820 T2 A £3I2°0 6020 sg2*0 522
£6E* 0 262°0 9TL 820 wiz2*0 T92°8 ehe2* 0 282%0 w2z 212°*h Z82°0 gneeo g22
(-3 1] 6520 22¢e e 262°0 222D 292°8 pg2°o g£2°0 G22°8 T30 gp2°0 T02°¢ aT2
hah* gag*a gee*o le2°n yezce §92°0 1620 gg2°o G22°8 0720 ha2o 6670 0te
6TH* O 62¢°8 6¢e°8 40£°0 sqz*n 592°0 242°0 6£2°0 gzz2*0 [1a-A] £02°0 g6T* 0 502
9cH* 0 eag el gseco [ % 2] £62°0 h.2°0 PA-TAR] TheD 2228 TI2'0 £0e°0 6T 0 002
658 0 TTh*0 £eeeg H2e*0 £ne*e Teet o 1920 P2 P A g22°0 2120 goz*o G6T°Q $6T
w940 HeEH *0 ggeso lE8° 0 qTER*R Tez2°0 832°0 FA YA pg2°*0 g1 hp2*0 56T 0 0671
T¥ste £949°0 LA ] Hhaft 0 gee*e hie* 0 TR Hg2°'n £e2°0 612*n spe*o 96T* D G887
[15. 3] G64°0 hER 2280 6HE* 0 TL°0 162°0 £g82's gee o PATAR 8020 86T 9eT
T25°C 625°0 £l4°0 1% ] 2220 whet o 1T£°0 242°8 g42°0 T2t T12°0 2402°90 SLT
T99°0 H345°0 #7150 264D 6Th*D gi€°0 [ ] 8620 662°0 1220 4320 [ A 0T
h£3°0 6650 245°0 6as°0 Qlhl hewep 28¢2°0 Teecn Te2°0 [:3 Al T22°0 g02*0 49T
ga9+ 0 2¢9°0 6650 09s* o 6£5°0 26460 264%°0 2620 22e°*? 6s2° 0 heeto 412°0 0371
gTLce 929°0 2439 809°0 885° 01 995D eesn Teheeo sTH*0 [C3i3 54 t] #7920 Te20 s5%
202°0 222°0 8¢9°0 26910 TH3*O 229°p ngg*g el6°8 2260 CELUAEH 2ee'0 2820 g8t
7180 pe2*y PA 724 '] LA 7Ad ) 9630 .90 £5939°0 he*g 2790 286°0 2950 Tha*Q GhT
2880 Zhen 2880 L1228 FA 7 S 9%2°0 g24°0 802°0 599°*0 £99°0 269°0 tha*0 ohT
026°80 186°0 698°0 £68°0 Heyeo arg°*0 66.2°0 LT ©92°0 L VA 6£2°0 w2l*0 SeT
649°T T20°%Y Te6*D EA M bss5°0 2160 2680 2i8°n 298°0 geg“n 678°0 ene* D 0T
SGT°T 8TT*T os0°T FA LAY 0en* 1 eIn*T <66°0 2260 696°0 0h6°0 0€6°0 6760 s2tT
£92°7T 922°'7 ag1°T H61°7T 8CT*T TeT°T enTeT 88a°T T40°7 [R11 R 4 L EH0'T Heo*T 02t
1243048 4 fHET £0e°7 2221 ¢G2°7 242°1 €22°7T g2t 067°T 2LT°T hWQT°*T 68T T STt
ggs* T 26%°T Shh*T 604%° T I62°T ei€°T QGe*T eLe°T 12¢°7T e0e*T n62°% 98271 0TFT
922°7 9491 §29°17 Ges6° 1 Hoge1 461 4267 £0G°T e8N°*T oyt £6h*% Ehh*T S0T
Gh6°T 268°T 288°T G647 2LL*T T6l'T €24°7% 482°T S89° 7 £99°71 269°1T ch9°1 pOT
2672 2ht°e sg0°2 gHO2 2T0°2 n66°T I46°T eh6°T 426°% T06°T 688°7T 828°*7 56
214°2 gy 2 28g£°2 eZge* 2 enre*e qi2°2 6h2°2 e22*e 6612 9472 9912 261°2 06
9692 4282 26.L°2 468°2 5092 Te£9°2 2392 8162 hhge2 9152 2062 ggh*2 a8
649e° ¢ 6l2°¢g f6T°¢ £ETE g£nr*te viate o130 i R4 s00°g 2i6°2 o462 9262 016°*c g8
216 ¢ 228°¢g aglee 999+ ¢ 1€3°¢ G668 nggcg 624°¢ aeht e (L AN ggn*g 4T4°E sl
6£5% 4 ghh ok £6E8°Y 6L2°% Ghe*H gec*h 02T°4 CEI*w 960°% 6460°Hh Qhi*h 220*% 0L
AL
002 ST BsT 0eT Q27 eTT 007 06 1] 17 s9 69 <
wip‘dg

penuizuon)—s wo/F :s1up) *(waApy) smreredma) pue (sexoydsounre) sanssord o uonouny B §¥ SULIONYY JO A1ISCISIA "¢ EIAV],

J. Phys. Chem. Ref. Data, Vol. 1, No. 4, 1972



1110

H. J. M. HANLEY AND R. PRYDZ

639¢°0

wl2°0 2420 2420 5920 £92°0 2920 £9¢°0 £92°9 252°0 0920 1529 00§
020 692°0 §92°0 5920 £92°0 6520 §62°0 6420 842°0 §a2°0 3520 gs2e | sé2
5920 53270 19240 292°0 842°0 g52°0 ng2°0 n92*0 5520 %92°0 2g2u 6%2°0 062
0920 192°0 092°0 952°0 952°0 Ts2°0 852°0 04¢° 6 1520 0820 g%e* 0 g42°0 542
9520 152°0 962°0 %5240 0620 8420 gnz*0 9%¢*0 ER) Gha* LR gnz 0 uee
2520 £52°0 2520 15240 44240 nh2*o 2h2°0 2420 £42%0 gne*u 6520 98240 §42
ghz*s gz o g4z0 o £42°0 0h2*p gea o lge0 ggael iene G£2*0 2e20 0Lz
SR rAL] 'LEAT 9920 gn2*0 0h2°0 9g2°0 ngz*o gLz c  wge") ££2°0 1320 gez o §32
gh2p 0nz*a 0n2°0 6£2°0 3240 2g20 0£2°0 6220 pge i 622°0 Lee*0 nez*o 092
9g£2°0 52240 9gz°0 sg2° 0 £g2°0 g2e* o 92240 5220 9220 5220 £e2*0 0220 562
££2°0 1£2°0 2g2*0 182°0 622°0 nzz'o 22z Teere 2221 1220 612°0 9120 062
622°0 1220 L2z 22280 G220 122*0 8120 1120 8121 412°0 §12°0 T12°0 sne
9220 £22°0 g22°0 £22*0 2220 8120 4120 2120 9120 £12°0 11240 £02°0 0he
2220 022°0 672°0 6T¢% 0 812°0 972°0 0720 8020 602°0 602°0 90e¢*0 go2u sg2
672°0 9720 w120 S12°0 n12°0 1120 9020 w02*0 5020 VA PYPRL 6670 0ge
3120 2120 gte e TT2°0 0rz°*e 102°0 2020 peeee 0ezeo 002°0 8630 567°0 522
£12°0 602°0 9020 90&° 0 342°0 no2* o 8670 96T°0°  96T*) $b1°0 nET0 06T 0 p22
T12°0 902°0 £02°0 202°0 202°0 0020 s6%1°0 2610 2610 2610 BET* D 98t*0 | s¥2
80z°0 £02°0 6610 861°0 ¥6T*0 3670 1671°0 8610 1870 §87°0 96%°0 2810 012
$02°0 002°0 9670 £61°0 n6T°0 2670 887D wgtTer £87°0 "g10 261°0 glip 502
gz o 8610 £67°0 061°0 06%°0 6870 S8T°0 081°0 6241°0 641°0 1210 wiT'0 002
102°0 9630 06740 981°0 597°0 59T°0 19740 910 L 821°0 £25°0 0470 561
661 °0 £6T°0 8UT*0 £81°0 T91°0 1870 g.7°0 2410 0470 TLT00 BSE*D 9310 061
8670 1670 S91°0 081°0 1170 1230 SL1°0 697°0 3979 i97°0 9410 T9T°C 587
267°0 06T*0 £87°0 1410 £iT° eLT TLT°0 597° 0 291°0 £97°0 191°0 L5T°0 097
3270 2970 8510 627°0 L61°0 £5T°0 st
2410 £97°0 9571 G57°0 g5t 0 64T °0 041
LT 9970 9570 ©s1°0 0s%°0 sntee | s97
32740 0910 £61°) 6n1°0 gnp* D 1910 093
w50 2910 Laad) uRTeg 1400 I£T 0 56T
T21°0 8570 £497) 8E U 9¢1°0 2670 057
691 *0 £51°0 LETD 2E1°0 281°0 8270 541
0470 LhTte 110 8210 821°0 4270 0%t
: 2810 TH1°0 621°) AL n21°0 611°0 | s£7T
£04°0 5690 8690 218°0 550 0120 0gT 0 921°) 02T*u 42T 0 al¥0 0e’
9.0 6320 29210 34240 8£4°0 62410 970 n2T*) STToL 97140 1170 521
1480 nhgep 8£4°0 2ee%0 G28°¢0 878°0 1180 neg o 127°3 2L 2110 010 621
£26°0 8¥6°0 2760 L0€°0 1160 9580 0690 5990 928°) 9070 L05°0 £07°0 13
000°7T §66°0 066°0 %96°0 6.6°0 £L6%0 936 °0 296°0 156°3 1460 £07°0 6600 033
180°T 920°7 TL0°T 190°7 290°7 150°7 250°T IETER: 240°T 8007 66uU 9600 S0T
291°71 851°7 £57°7 6417 5977 OhTeTy 9877 1877 L21°%% 22Ty 8TE°T 060°0 00t
g4z T 8£2°7F sg2°t T80T L2201 nzz*y 022°% 9721 T12°% L0¢°T £02°7T 980°C 56
s2e°1 1281 8TL T L3TLR 0IE*T 20807 g0g°T B0E*T 962°1 z62°7 692°7 280°0 06
Lon°T gon T 00%°T 165" T wog°T 0bg°T 8:°7 ngget TeET L0671 nig* T 8200 58
0647 anet ngh oy I LAk ITL: ain*t 2T 694 T 994° 1 £54°7 g9net L50°T 08
895°7T £96°T n95°1 19¢° 7 556°1T 3551 "G 1 T56°7T gha l gngey £45°7 THs°T 8L
JETLS: $h9°T 2493 009 T 8e9°T $£9°7 ££9°7 1891 629°1 929°%1 ni3*T 229°% 0
. nL
0°ss 5°0s 0°gn G0t begg 0*0g 0*a2 gree 05t gees 0*s o'y
wio'y

‘ureglIeduUn %~OE®.5%0 ale {orgm H:.JOQ 18911110 $Y1 03 3SO[2 S9NjeA 93BdIpUI Seaae @Q@Nﬁﬁm %>N®ﬁ— Y, "UIBIIDUN 3B YOIYMm ..—Emomm [eonLn <[} Ieou sanjeA I3eoIpur seole popeys H&W—— YT, 910N

3 W/ Mux :spup) {wAPY) smierodwel pue (soivydsourre) eanssead yo uonouny e se suriony jo A1IAIONPUCD [BUWLINY, P ATLV,],

J. Phys. Chem. Ref. Data, Vol. 1, No. 4, 1972



1111

VISCOSITY AND THERMAL CONDUCTIVITY OF FLUORINE

26£°0 9geg0 Tcee 60£°0 £0£°0 PATAR] 162 0 382°0 082°0 PR £ic'0 £42°%U gog
tag°0 S8¢€°0 6T£°0 98¢0 pogeo ©62°8 382°0 PA XA 442°D 142’0 0L2%0 CETA] 4623
Tag ' gEE*0 L18°0 g g 862°0 1oe°0 4820 [SY AN %42°0 892U 9920 89¢°0 062
asge*o ceg*l R 20g*0 562°0 682°0 ¢g2°0 VAR 0L2°0 L ET A cYc¢* Ty 582
ehg g Te€°0 eTe* e 0ggeo £6e 0 982°0 jge o £€4¢* 0 4920 1928 642'0 L492°0 082
phe 0 TEL*0 2ig*o 862*0 T62°0 w820 1420 04c*0 H9e*0 89¢ 0 55¢2°0 £42°0 ale
6%e°0 oge*o T1¢°0 g6¢c*0 682°0 182°0 2420 EPARI] T9l*c EEYARI] PATAS] 64920 042
6hE 0 pgg*o 01g°0 9o02* 0 ,82°0 642°0 2420 a9ce LA cac'e R PAN ghe*o 99¢
pac o gggeo 60g°*0 £6¢°0 5382°0 LL2°0 0i2°*0 2g9et 9620 encte ghe* 0 PA P 092
18420 0gg*o 8080 1620 £82°0 g42°0 192°0 08¢0 2¢9¢'y ah¢* ehe’d bgE2*G gs¢e
gar 0 Teg*0 80&£°0 [LAd] 28c°0 2i2*0 592°0 26¢2°0 0920 LT 680 A ] 0se
982°0 2eg°0 6020 oA ] 1820 PP AN 2920 ag9¢*0 VA FARI] one*o gge'o PAR A ahe
6Se°0 ££e*0 60E*0 682°0 pge*p Ti2°0 292°0 £ge*l R A ie2°0 £8<*0 6220 (he
£92°0 Sge*o [R S d] 682°0 al2*0 0i2°0 192°0 Tse* s 2he* o LA gge'o 9¢2*0 gge
g9L°*0 bEE* 0 2ig*o 062°0 642°0 692°0 0520 6he*0 0%2°*0 1820 2¢'0 £22°'0 oge
wigen £he*0 wig°'0 1620 842°0 892°0 362°*0 gHe o e£2°0 bec'l G2¢'0 gee*o aée
28z 0 ehrg°l LIECO £62°0 820 692°0 1g2°0 FA TAd EEAR] PR-YAR P2 ] 8120 0ee
16l ‘9gg°0 Tee0 9620 282°0 692°*0 ta2ca 942 g CE ] §522°0 022'G s12°6 qt12
20n°g s49f£°0 l2£°0 g62° 0 g982°0 $42°0 4492 *0 ave*o 9820 £22°0 ATAS ! £12°0 0te
in*o 9.4¢g°0 Sge*0 IS ] gge*o £42°0 CETANY a4 0 £g20 12¢°0 912'0 'R ] q02
8ch g 68£°0 Shg*0. o0g*D 262°0 L42°0 ;920 Shetl £g2*0 gee v 41290 g02°¢0 goe
gYh 0 FUL A4 1] ggg 0l 6TE°0 Y- YAd cgz'e 592°0 8ho*p ££2°0 6120 £Tc'0 202°0 [1-%%
n9h°0 hWeh'to glg°0 TEE°0 b0£°*0 892°0 142 Tac*0 hee o 6120 FATAR: a6e°0 067
UL A ghy0 96£°0 gHe* o g2ee0 6620 942°0 952°0 gg£2°0 02e*0 PATAL!] w20 487
405°0 174 A ] 1LE°0 . * 087
T£5°0 PAY ] alt
9499°0 g2a°0 gen 0 0Ly
985°0 hsG6°0 815°0 a97
£19°0 489°0 £495°0 6140 ; 09t
hhg*g 8T9°0 165°0 19s°0 ghetl 2240 g ETR4
[YER ] h59°Q 9290 2080 685°0 2L6°0 2850 6¢4°0 st
8¥4°0 £69°0 499°0 £h9°0 T£9*0 LT9°0 £039°0 484°0 121
49.4°8 L VAS] FA YA} 689°0 849°0 $99°0 2990 8890 [ILRY
g2 0 964°0 494°0 PAFAN] 0gL*D Z14°0 #0Z.°0 169°0 849°%0 LEE R 959'0 84930 GET
9i8°0 2a8°*0 9280 408°C 26l0 [{EPAS\ L94°0 haltl 0neto 624G 874'0 0%L°0 0el
2€6°0 0T6°0 488°0 298°0 348°0 LA AR 428°0 228°0 0¥8°0 dol*i 064'0 €420 [TA3
Y6p°0 2i6°0 6h6°D 0g6°0 026°0 7160 106 °0 Te8°0 0880 vy U £98'0 4498°0 027
79067 0ho°1 8T0°T 6660 bs6°l bl6‘ 0 696°0 bab*{ 6n6°( 6£6°0 heo'l 826°0 191
0ET°T 0TT°T 680°T el £90°7 hao°1T 9ng°T ag0°7 520°% St0°*T 9107 a00*7 (1193
11 1P cBT°T 281°T CLASEY gel°*t 0gT°T 1211 eIt %017 So0°7T 060"'? 580°1 q07%
T42°T ha2*'T 9£2°T cce't L AT g02°7T $6T7°7 T61°T CHT°T B9il1°1 047’7 991°1 007
LA ' 82L°T STE*T gec' T T62*t h82°T IV AN 6921 29e°'t hge'*t 1s2'T FA T2 4 g6
6Th*T £00°T 88€°Y qlg°7 p9E°'T 29g°'t 958 T bvg*T che't TS cEe'T geg'y 06
hehT 08%°* ¥ 9349° 7 [33°% A4 A LS Thh°T sem°1 och*'l cen't E15 A1 S A 4 0TH*3 1
498°7 8548°7T chs*t Tea°t 328°1 12a°® $t5°7 6049° 7T hog*T goh*t Gbh'T 26h°% [1]]
6E£3°T 829°71 9719°T 2097 20s°yt 264°T 2651 28471 286°T LLa'T Wls't 245°*% 72
6047 669°71 889°%Y 089*7T 349°7 TL9°T 1991 £96°7 gay*t He9 7T 193’1 6931 0L
M1
6*o02 0°sdl 0°*0sT 0*0LT geoct 0*077 g*007% 006 008 0°Ge 0*59 0° 0%
. wioy

‘urelredoun %~QEQ.~HNQ ale yorgm HE_O.HH [EO1ILIO 3] 0] ISO[D SIN[BA IJBIPUI SBIIR PIPEYS %Nwmﬁ* Y J, "UIBLIDUN IV [OIYM #.CMOQ feonrxo 3Y1 IBIU SINJRA 3]1BOIPUT SBIIR PIprys uﬂw: YT, OI0N]

ponunuon—-y wWo/ AUl i3 :(GIARRY]) sanjerecwa) pue (soreydsounie) emssead yo uonouny e se ouriony Jo A1ATIONPUOD [EULIOY], H HTIAV],

J. Phys. Chem. Ref. Data, Vel. 1, No. 4, 1972



1112
300x10° 250%I0°% '
1
- ARGON ." MITROGEN i
Experimental~ ! 200~ ) ;
EZOO‘ -\lf' ” Experimental- /
MET L
?,, o / 5150 MET~ |
A p S
gloo— % oo
. 2
L fg Ilé 3l
| 1 I{l { 50~ ’g 2@
o 04 08 12 16 f
[T S R N | Y
16 o 02 04 06 08
- ARGON 20
7
)é 12 MET ol ox el
< Experimental E
; osl- xperimenta 2,
€ =
< T € o8
<« 04 <
- < 04

0 04 : 08 12 1.6 0 02 04 06 08
DENSITY.g/cm® DENSITY,g/cm

Frerre 3. Modified Enskog Theory (MET) determination of the
transport coefficients of nitrogen and argon compared
to experiment.

400xI0

150xIG>,
METHANE | OXYGEN
MET
Experimental
I
1
1
7
/
/
7
7/
4
g A%
| ] i 1
04 08 12
24
| METHANE ’
« / ol OXYGEN
£ e MET- [/ x MET
o £
~ : S ’
= - Experimental < Experimental /
[S = e
- b
< 08 E
=] <
L 3 k-
- 1 1 | ] |
0~ Ol 02 03 04 05 0 04 08 2

DENSITY.g/em® DENSITY,g/cm’

Ficure 4. MET determination of the transport coefficients of
oxygen and methane compared to experiment.
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TaBLE 5. Values of the transport coefficients at the saturated
liquid and vapor boundaries

Saturated liquid Saturated vapor

T 103 4 A 103 4 A

K g/ems | mW/cm K g/ems |mW/em K

70 3.801 1.621 0.060 0.062

80 2.729 1.456 0.069 0.072

90 2.011 1.285 0.079 0.083
100 1.520 1.116 0.089 0.094
110 -1.195 0.949 0.099 0.102
120 0.945 0.798 0.116 0.121
130 0.739 0.657 0.137 0.294
140 0.573 1.046 0.203 1.546

| | [
0r 08 09 |0

/T,

L { 1
0 05 Ose

Ficure 5. Plots of the dimensionless derivative T(db/dT)/b,
versus T/T. for fluorine, argon, nitrogen, oxygen, and methane.
Note that fluorine appears to correspoend to methane and
oxygen.
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The curves have been adjusted above a density of ~2p,. See text.
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Ficure 7. Sketch of the variation of the index m’ as a function of
density and temperature. See equation (23).
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Ficure 9. Typical variation of the reduced saturated liquid vis-

cosity versus reduced temperature for several fluids. n* =52/ Ve
where m is the molecular mass. Values of ¢ and e are the Lennard-
Jones values taken from reference [8].
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Fi1cURE 6. Excess function estimates of the transport properties of fluorine, excluding the critical point anomaly in thermal conductivity.
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FIGURE 8. Variation of the thermal conductivity coefficient in the

critical region.
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