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Thermal Conductivity and Viscosity of
2,2-Dichloro-1,1,1-Trifluoroethane (HCFC-123)

Y. Tanaka'? and T. Sotani'

Received May 30, 1995

The thermal conductivity and the viscosity data of CFC alternative refrigerant
HCFC-123 (2,2-dichloro-1,1,1-triflucroethane; CHCI1,-CF;) were critically
evaluated and correlated on the basis of a comprehensive literature survey.
Using the residual transport-property concept, we have developed the three-
dimensional surfaces of the thermal conductivity-temperature~density and the
viscosity-temperature-density. A dilute-gas function and an excess function of
simple form were established for each property. The critical enhancement con-
tribution was taken no account because reliable crossover equations of state and
the thermal conductivity data are still missing in the critical region. The correla-
tion for the thermal conductivity is valid at temperatures from 253 to 373 K,
pressures up to 30 MPa, and densities up to 1623 kg -m 3 The correlation for
the viscosity is valid at temperatures from 253 to 423 K, pressures up to 20
MPa, and densities up to 1608 kg-m~3. The uncertainties of the present
correlations are estimated to be 5% for both properties, since the experimental
data are still scarce and somewhat contradictory in the vapor phase at present.

KEY WORDS: 2.2-dichloro-1,1,1-trifluoroethane; HCFC-123; R123; thermal
conductivity; thermal diffusivity; transport properties; viscosity.

1. INTRODUCTION

Several years have already passed since a program was started to develop
new environmentally acceptable CFC alternative refrigerants and to
investigate their thermophysical properties all over the world. HCFC-123
(2,2-dichloro-1,1,1-trifluoroethane) has been considered a promising sub-
stitute for CFC-11 (trichlorofluoromethane), one of the most widely used
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CFC refrigerants. In recent years, however, the selection criteria of alter-
native refrigerants have become more and more difficult from the view
points of both the environmental properties of refrigerants such as ozone-
depleting potential and global-warming potential and the cycle-performance
characteristics such as energy efficiency and refrigerating capacity. CFCs and,
now, HCFCs regulations have been accelerated in association with recent
findings of ozone depletion. Concerns in the last several years have changed
the situation in research and development of the alternative refrigerants con-
siderably. The investigation of the thermophysical properties of alternative
refrigerants is now concentrated mainly on HFCs and their mixtures as well
as natural refrigerants to search for so-called a “post HCFC-22.”

In spite of the rapid transition of our concern to new, more environ-
mentally friendly working fluids, there is a definite need for good data and
models of the thermophysical properties of more or less new alternative
refrigerants and their mixtures. Two annexes of the International Energy
Agency (IEA) Program on Advanced Heat Pumps [1] have dealt with
such works, namely, Annex XIII-State and Transport Properties of High
Temperature Working Fluids and Nonazeotropic Mixtures and Annex
XVIII-Thermophysical Properties of the Environmentally Acceptable
Refrigerants. At the fifth meeting of Annex XVIII held in Maastricht, The
Netherlands, on April 30, 1993, the equation of state developed by Tillner-
Roth and Baehr [2] for HFC-134a and that of Younglove and McLinden
[3] for HCFC-123 have been authorized internationally as the standard
equations of state. Concerning the transport properties, new correlations of
HFC-134a have been presented by Krauss et al. [4]. This paper is a con-
tinuation of our group work under the auspices of IEA on the transport
properties of alternative refrigerants. In the present work, the thermal con-
ductivity and the viscosity data of HCFC-123, which has been investigated
most often among the alternative refrigerants together with HFC-134a,
were critically evaluated and correlated on the basis of a comprehensive
literature survey.

2. THERMODYNAMIC KEY DATA

The critical evaluation and correlation of the transport properties
require the knowledge of basic thermodynamic data such as the critical
parameters, a vapor-pressure equation, and a thermal equation of state to
convert the temperature and pressure coordinates of the transport proper-
ties into those of the temperature and density. For this purpose we adopted
the equation of state developed by Younglove and McLinden [3]. The
critical parameters cited are (see Appendix I)

T.,=456.831K, P.=3.668MPa, p.=550kg-m™>
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The vapor-pressure equation presented by Japanese Association of Refrige-
ration [5] was also used to calculate the vapor pressure conveniently.

In(P,)=T "[—7.5998(1 — T,) +3.0970(1 — T,)"*
—3.014(1 = T,)>—0.864(1 — T.)*] (1)
where P, = P/3.666 MPa, and T, = T/456.86 K.

3. CORRELATION PROCEDURE

According to the residual transport property concept [ 6-11], the ther-
mal conductivity A(p, T) of a pure fluid at a given density p and tem-
perature T can be considered to be composed of three terms as follows:

Mp, Ty=Ao(T) + Ahg(p, T)+ 42 (p, T) (2)

where Ao(7) is a dilute-gas term (4 at the zero density limit) which depends
on temperature only, AAx(p, T) is an excess term (residual term) which
accounts for the density or pressure dependence, respectively, and
di[p, T) is a contribution which represents the critical enhancement in a
region extending around the critical point. However, it is generally found
for pure simple fluids that the representation of the excess term AAgx(p, T)
as a function of density and temperature does not show any significant
temperature dependence within the uncertainty of the measurements up to
three times the critical density. Therefore, Eq. (2) is simplified as

Mp, T)=Ao(T)+ dAx(p) + 4AAp, T) (3)

This equation can be used to correlate and calculate the three-dimensional
surfaces of the thermal conductivity as a function of temperature and den-
sity.

The correlation of the viscosity can be also carried out according to
the residual viscosity concept which asserts that the viscosity #(p, T) at a
given density and temperature can be split into a dilute-gas term #,(T)
which depends on temperature only, and into an excess term dng(p, T).
Strictly speaking, the third contribution, 47.(p, T), the critical enhance-
ment of the viscosity should be added around the critical point. However,
it is quite small for the viscosity and can be neglected in a practical correla-
tion [7,9]. Hence,

n(p. T)=noT)+ dne(p, T) (4)

Concerning the viscosity of polar refrigerants, however, the initial density
coefficient of the viscosity, (84/@p)r in the vapor phase definitely depends
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on temperature. At low temperatures, (0%/8p )1 is negative. It increases with
increasing temperature gradually and becomes positive at high tem-
peratures going through zero at a specific inversion temperature. Therefore,
the temperature dependence in A4ng(p, T) cannot be neglected for the
viscosity. Hence, either Eq. {(4) or the following equation may be used for
the viscosity correlation:

1(p, T) =1o(T) +1:(T) p + dng(p) (5)

where #,(T)p is an initial density dependence term which represents the
density dependence of the viscosity at low densities, and Ang(p) is an
excess term which accounts for the density dependence at higher densities
where a dependence on temperature can be neglected.

4. DATA SURVEY AND CRITICAL EVALUATION

The collected experimental data for HCFC-123 are summarized in
Tables I and II for the thermal conductivity and in Tables III and IV for
the viscosity. It is found that the pressure range covered with the existing
data exceeds by far the region in which heat pumps and refrigeration cycles
operate. On the other hand, the temperature range does not cover the criti-
cal and supercritical regions, since the critical temperature of HCFC-123
456.831 K is appreciably high.

In this section, the comparison and critical evaluation of available
experimental data are discussed for each physical state in the following
order: (1) saturated liquid (LS), (2) compressed liquid (LP), (3) vapor at
atmospheric pressure (GA), (4) saturated vapor (GS), and (5) superheated
vapor (GP).

To compare the existing data with each other, empirical temperature
dependence and temperature—pressure dependence correlations have been
performed tentatively for each physical state independently with the aid of
simple polynomial equations of T or T and P. The scattering of data, tem-
perature and pressure dependences of 4 and n were compared with each
other.

4.1. Thermal Conductivity of HCFC-123
4.1.1. Saturated Liquid

More than seven sets of experimental data have been reported for the
saturated liquid thermal conductivity of HCFC-123 in the temperature
range from 159 to 354 K: those of Tanaka et al. [ 12], Yata et al. [ 14, 16],
Gross et al. [17,22], Shankland [18], Kobayashi et al. [19], Ueno et al.
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[20, 21], Assael and Karagiannidis [ 23], and Tsvetkov et al. [25]. Among
these data, those of Kobayashi et al. [19] and Ueno et al. [20, 21] are
substantially the same data which have been reported by one research
group. All measurements except for those of Tsvetkov et al. [25] were
obtained with the transient hot-wire method. It is very difficult to measure
the thermal conductivity just at saturation pressures. Therefore, most of the
data mentioned above were obtained by extrapolation of the liquid thermal
conductivity at high pressures along the isotherms down to the saturation
pressures. Almost all data agree within +2%.

Tsvetkov et al. [25] measured 19 data from 159 to 291 K near the
saturation line by a transient coaxial-cylinder apparatus. The asserted
uncertainty of the measurements is 2-3%. However, it should be noted that
the sample fluid used was an isomeric blend of 95% HCFC-123 and 5%
HCFC-123a (CHCIF-CCIF,).

4.1.2. Compressed Liquid

Tanaka et al. [12], Yata et al. [14, 16], Fukushima and Watanabe
[15], Ueno et al. [20,21], Kobayashi et al. [19], Gross et al. [17, 22],
Assael and Karagiannidis [23], and Venart [ 24] measured the compressed
liquid thermal conductivity by the transient hot-wire method in the tem-
perature ranges from 193 to 373 K and the pressure ranges from 0.1 to 200
MPa. The data of Venart [24] were obtained recently. They reported in
their previous paper [43] that strong fluid radiation effects have been
observed in the measurements of thermal conductivity, thermal diffusivity,
and isobaric heat capacitiy of HCFC-123 by the transient hot-wire method
in both liquid and vapor phases which require substantial corrections. On
the other hand, Assael and Karagiannidis [23] reported that no radiation
correction was necessary for the temperature range from 253 to 333 K and
the pressure range up to 20 MPa. Other researchers did not discuss this
problem. The collected data mentioned above were compared with each
other in terms of an empirical equation given by Ueno et al. [20,21] as a
tentative standard. It is found that the existing data are mutually consistent
within + 3%. The data of Assael and Karagiannidis [23], Fukushima and
Watanabe [15], Tanaka et al. [12], and Yata et al. [14, 16] agree with
the equation of Ueno et al. [20,21] within +1.5%, whereas those of
Venart [24] and Gross et al. [ 17, 22] are systematically a little higher than
the equation by about 3 and 2%, respectively.

4.1.3. Vapor at Atmospheric Pressure

Four sets of data are available in the literature at temperatures from
290 to 373 K: those of Tanaka et al. [27], Gross et al. [22], Yamamoto
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et al. [29], and Venart [24]. Among them, the data of Tanaka et al. [27]
were measured with a steady-state coaxial-cylinder apparatus. Although
the absolute values of these data agree within 1%, the temperature coef-
ficient (04/0T), of Tanaka et al. [27] is a little higher than those of Gross
et al. [22] and Yamamoto et al. [29].

4.1.4. Saturated Vapor

Only three sets of experimental data could be found in the literature:
those of Richard and Shankland [ 18, 26], Gross et al. [ 17, 22], and Ueno
et al. [28]. The differences between the vapor data at atmospheric pressure
and at the saturation pressure are small since the temperature range
covered by experimental data is far from the critical point. The experimen-
tal results measured by Richard and Shankland [18, 26] are found to be
larger than those of Gross et al. [17, 22] by 3-8%.

4.1.5. Superheated Vapor

Only four sets of data are available for the superheated vapor of
HCFC-123: those of Tanaka et al. {27], Gross et al. [17, 22], Yamamoto
et al. [29], and Venart [24]. Among them, the data of Tanaka et al. [27]
were obtained with a steady-state coaxial-cylinder apparatus, whereas
other data were measured by the transient hot-wire method. These data
were compared with the aid of an empirical temperature—pressure
dependence correlating equation made by Tanaka et al. [27] as a tentative
standard. It is found that these four sets of data agree mutually within 4%
in the temperature range from 304 to 353 K. However, the deviations reach
about 10% near the saturation pressures in the temperature range from 353
to 373 K. It is possible that the effect of natural convection is included in
the data obtained with a steady-state coaxial-cylinder apparatus. The
pressure coefficients (64/0P)+ of these data contradict each other. More
precise measurements are urgently needed in the vapor phase.

4.2. Viscosity of HCFC-123
4.2.1. Saturated Liquid

Five sets of data are available in the literature: those of Shankland
[ 18], Kumagai and Takahashi [ 31], Diller et al. [ 32, 33], Peckover [36],
and Lagasse [36]. Shankland [ 18] measured 12 data from 277 to 327 K by
a coiled capillary-type viscometer. Kumagai and Takahashi [31] measured
nine data from 273 to 353 K using a straight capillary viscometer. Diller et
al. [32, 33] obtained 23 data from 170 to 320 K with a torsionally oscillat-
ing-quartz viscometer. Peckover [36] and Lagasse [36] measured nine
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data separately at the same temperatures from 253 to 333 K by the same
rolling-ball viscometer. The data of Peckover [36] are 3% higher
systematically than Kumagai and Takahashi [31] throughout the tem-
perature range. On the other hand, the results of Lagasse [36] deviate
more than +5 to +9% from those of Kumagai and Takahashi [ 31] below
283 K, although these data agree within about 1.5% in the higher-tem-
perature range above 293 K. The data of Shankland [18] are systemati-
cally higher than those of Kumagai and Takahashi [31] by about 13%.
The data of Diller et al. [32, 33] agree well with those of Kumagai and
Takahashi [31] throughout the experimental condition.

4.2.2. Compressed Liquid

Ohta [30], Diller et al. {32, 33], and Okubo et al. [34, 35] measured
the compressed liquid viscosity of HCFC-123. We compared these data
with each other using an empirical correlating equation presented by
Okubo et al. [34, 35] as a tentative standard. It is found that the data of
Diller et al. [32, 33] at 250 and 300 K are systematically larger than those
of Okubo et al. [34, 35] by 4-5%, whereas the data of Ohta [30] agree
with Okubo et al. [34, 35] within 2% at 293 and 313 K.

4.2.3. Vapor at Atmospheric Pressure

Only two sets of measurements are reported for the vapor viscosity
at atmospheric pressure: those of Takahashi et al. [37] and Nabizadeh and
Mayinger [38, 39]. Takahashi et al. [37] measured five data from 323 to
423 K with an oscillating-disk viscometer. Nabizadeh and Mayinger
[38, 39] reported six data from 303 to 423 K measured by an oscillating-
disk viscometer. These data agree quite well within 1%.

4.2.4. Saturated Vapor

No experimental data could be found in the literature at present.

4.2.5. Superheated Vapor

Only two sets of data are available for superheated vapor viscosity of
HCFC-123, those of Takahashi et al. [37] and Nabizadeh and Mayinger
[38, 39]. We compared these data using an empirical correlating equation
adopted in the thermophysical property tables published by JAR [5] Itis
found that these two data agree reasonablly within 2% from 332 to 373 K,
although the data of Nabizadeh and Mayinger [38,39] become higher
than those of Takahashi et al. [37] by 2-4% at 423 K above 1 MPa. The
pressure coefficients (9r/0P) of these data are definitely inconsistent in the
region above 373 K and 0.5 MPa. In this connection the data of Nabizadeh



304 Tanaka and Sotani

and Mayinger [38, 39] for the superheated vapor viscosity of HCFC-142b
have also been compared with those of Takahashi et al. [40]. It is found
that the data of Nabizadeh and Mayinger [38, 39] become higher than
those of Takahashi et al. [40] by 2-7% at 373 K in the higher-pressure
range above 0.8 MPa, although these data agree quite well, within 1%,
from 304 to 333 K at low pressures. A similar behavior is also reported for
HFC-134a [4]. The eminent difference of (9#/0P), at high temperatures
and high pressures may be ascribed to the intrinsic characteristics of their
oscillating-disk viscometers. ‘

5. RESULTS OF RESIDUAL CONCEPT CORRELATION

5.1. Thermal Conductivity

5.1.1. Dilute-Gas Function

Since zero-density data of the thermal conductivity are lacking, the
data measured at atmospheric pressure or below were used for the correla-
tion. In view of the scattering of the data this is justified. The resulting
error lies within the uncertainty of the measurements. The data sets of
Gross et al. [17,22] and Yamamoto et al. [29] were selected as the
primary data. It turned out that the temperature dependence of the gaseous

T T T N T T T

«Gross et al.

14+ o Yamamoto et al. 1
;c L J
Tg 12
=
S
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101 .

300 320 340 360 380
Temperature , K

Fig. 1. The zero-density thermal conductivity of
HCFC-123 as a function of temperature. The solid line
represents the values as calculated from Egq. (6).
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density thermal conductivity data from the final
correlation.
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thermal conductivity at atmospheric pressure could be represented by a
straight line as follows:

2o(T)= —4.646772 + 5.006573 x 10T (6)

with a mean deviation of 0.82%, a maximum deviation of 1.72%, and an
uncertainty of 2%. The equation is valid at 253-373 K. The dilute-gas func-
tion of the thermal conductivity of HCFC-123 is shown in Fig.1 together
with the selected experimental data. The corresponding deviations are
plotted in Figs. 2 and 3 for the primary data and the secondary data, which
were not used for the present correlation, respectively. It is found that the
data could be fitted with an uncertainty of less than 2%.

5.1.2. Excess Function

The excess thermal conductivity 4Ax(p) can be calculated by subtract-
ing the corresponding dilute-gas value Ay(7) and the critical enhancement
term 4i(p, T) from the actual thermal conductivity A(p, T) at the same
temperature. For HCFC-123, no experimental data are available so close
to the critical point and the critical enhancement can be neglected.

T T T T T T T
100+ ¢ GP(Gross) * LP(Gross) E
o GP({Yamamoto) ¢ LP(Ueno}
[ = GS{Gross) + LP(Assael)
- o ° GS(Ueno) N
L 8
£
2 60r .
£ L
« | 4
~ 40
<
201 a LS(Gross) |
+ LS(Ueno)
v LS(Assasl)
0_ | . ] N 1 1 7
0 500 1000 1500
Density , kg-m™

Fig. 4. The excess thermal conductivity of HCFC-123
as a function of density. The solid line represents the
values as calculated from Eq. (7).
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Fig. 5. Percentage deviations of primary thermal con-

ductivity data from the final correlation.
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The excess function is based on the measurements of Gross et al.
[17,22], Ueno et al. [20,21], and Assael and Karagiannidis [23] in the
liquid phase and of Ueno et al. [28], Gross et al. [17, 22], and Yamamoto
et al. [29] in the vapor phase. The excess thermal conductivity can be
represented as a function of the density by a third-order polynomial as
follows:

AAg(p) =2.722289 x 10 ~%p —2.581605 x 10 —°p +2.626926 x 10~%p*  (7)

Adg, mW.m~'". K~ 253<T<373 K, and 0< p <1623 kg-m~3, with a
mean deviation of 0.93%, a maximum deviation of 3.23%, and an uncer-
tainty of 3%. The parameter values for an optimal respresentation of the
selected data were obtained from a least-squares fit. The residual themal
conductivity is shown in Fig. 4 as a function of density according to Eq.
(7). Percentage deviations of the primary data sets from the correlation and

Table V. Comparison of Experimental Thermal Conductivity Data with the Correlation

Data T Thax  Pmin Pemax Mean Max.
First author Ref. No. points (K) (K) (MPa) (MPa) dev. (%) dev. (%)

Primary data

Gross (GP) 21 22 314 364 0.1 0.6 1.25 2,61
Yamamoto (GP) 27 9 313 373 01 0.7 2.52 3.23
Gross (GS) 16 6 305 364 0.1 0.6 0.78 2.10
Ueno (GS) 26 13 323 373 0.2 0.8 042 1.04
Gross (LP) 21 42 254 354 001 6.2 0.97 2.31
Ueno (LP) 18, 19,20 24 253 353 10 300 0.78 2.17
Assael (LP) 22 36 253 333 01 283 0.69 1.88
Gross (LS) 16 15 255 354 001 0.5 0.65 1.43
Ueno (LS) 18, 19, 20 6 253 353 001 0.5 1.23 2.16
Assael (LS) 22 5 253 333 001 0.3 0.90 1.93

Secondary data

Tanaka (GP) 25 24 313 343 0.1 04 142 381
Venart (GP) 23 27 289 360 002 04 3.00 15.3

Shankland (GS) 17 6 306 328 0.1 0.2 438 6.67
Richard (GS) 24 6 306 328 0.1 0.2 438 6.84
Ohta (LP) 11 8 283 323 0.l 25.1 1.92 3.65
Fukushima (LP) 14 37 294 333 0.1 4.6 1.99 392
Yata (LP) : 13, 15 47 262 3714 02 308 2.34 1.87
Venart (LP) 23 52 260 360 0.1 300 2.14 5.35
Shankland (LS) 17 8 308 342 0.1 0.4 0.92 L.75
Tanaka (LS) 11 4 283 323  0.05 0.2 292 492

Tsvetkov (LS) 46 5 260 291 0.02  0.07 0.94 1.16
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those of the secondary data sets are shown in Figs. 5 and 6, respectively,
(also see Table V). These comparisons are made on the basis of the total
thermal conductivity A(p, T) rather than the residual thermal conductivity
A2x(p).

5.2. Viscosity

5.2.1. Dilute-Gas Function

Since the zero-density data of the viscosity are lacking, the data
measured at atmospheric pressure or below by Takahashi et al. [37] and
Nabizadeh and Mayinger [ 38, 39] were used to determine the zero-density
function. Due to the scattering of the data sets, the resulting error lies
within the uncertainties of the measurements.

According to the rigorous kinetic theory of gases, the viscosity of a
dilute gas is given by the Chapman-Enskog equation [41]. Nabizadeh and
Mayinger [38, 39] determined the optimum values of the scaling factors
&/k and o from their viscosity data for the collision integral given by Kestin
et al. [42] as follows:

g/k=275.16 K, g =0.5909 nm

Similarly, Takahashi et al. [37] obtained the following scaling parameters
for the collision integral based on the Lennard-Jones 12-6 potential [41];

efk=340K, o =0.56 nom

It was found that the Chapman-Enskog equation and these scaling
parameters provide a good representation of their data, with a mean devia-
tion of 0.3%. Thus, the present correlation of dilute gas function was made
based on the measurements of Takahashi et al. [37], and Nabizadeh and
Mayinger [38, 39] and the values calculated from the Chapman-Enskog
equation at lower temperatures, below 303 K.

1o(T) = —2.273638 + 5.099859 x 10 ~2T — 2.402786 x 10 ~°T"> (8)

with a mean deviation of 0.16%, a maximum deviation of 0.34%, and an
uncertainty of 0.3%. The dilute-gas function of the viscosity is shown in
Fig. 7 together with the experimental data of Takahashi et al. [37] and
Nabizadeh and Mayinger [38, 39]. The relative deviations are plotted in
Fig. 8. Equation (8) is valid at temperatures from 253 to 423 K, but it can
be extrapolated outside this temperature range with a modest loss of
accuracy.

840/17/2-3
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Fig. 7. The zero-density viscosity of HCFC-123 as a
function of temperature. The solid line represents the
values as calculated from Eq. (8).
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Fig. 8. Percentage deviations of the primary zero-den-
sity viscosity data from the final correlation.
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5.2.2. Excess Function

The excess viscosity 7g(p) can be calculated by subtracting the corre-
sponding dilute-gas value #4(7) and the initial density-dependence term
m(T)p from the actual viscosity #(p, T) at the same temperature. The criti-
cal enhancement can be neglected since no experimental data are available
close to the critical point.

The initial density-dependence term #,(T)p was determined first based
on the vapor viscosity values at low densities measured by Takahashi et al.
[37] as follows:

m(T) = —2.226486 x 10 72 4 5.550623 x 10 ~°T 9

where 7, 1s in uPa-s, and 298 < T<423 K.

The excess function 4ng(p) is based on the measurements of Kumagai
and Takahashi [31], Diller et al. [32,33], and Okubo and Nagashima
[34,35] in the liquid phase and of Takahashi et al. [37] in the vapor
phase. The low-temperature data (200 and 250 K) of Diller et al. [32, 33]
were omitted.

The steep increase in the viscosity at very high densities made it
impossible to correlate the excess viscosity by an ordinary polynomial in
density with sufficient accuracy. A variety of functional forms was tested for
the correlation. The sixth-degree polynomial functions gave a quite satisfac-
tory fit to the selected data in both gaseous and liquid phases. However, we
were unable to eliminate some systematic error patterns in the inter-
mediate-density region. Instead, we used a hyperbolic function which
turned out to be successful in reproducing the extreme gradient of the
viscosity at very high densities. It was found that a third-degree polynomial
combined with a hyperbolic term [4,6,7,9] could represent best the
excess viscosities as extracted from the above selected data as follows:

dy

Ang(p)=

a
+=+a,p+ap’+asp’ (10)
o Po

po= 1828263 x 10° ap= —3.222951 x 10°
a;=—1.009812x 107", a,=6.161902x 103
a,= —8.84048 x 108
where Ay is in uPa-s, 253 <T<423 K, and 0<p <1608 kg-m >, with
a mean deviation of 1.17%, a maximum deviation of 5.16%, and an uncer-

tainty of 5%. Several supplementary data were added to combine the
dilute-gas region and the compressed liquid region smoothly. A tem-
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Fig. 9. The excess viscosity of HCFC-123 as a func-
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calculated from Egq. (10).
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perature dependence was not included since the experimental data are still
scarce and somewhat contradictory at present. The adjustable parameters
were obtained from a nonlinear fit of weighted least squares.

The excess viscosity of HCFC-123 as calculated from Eq. (10) is
illustrated in Fig. 9. Percentage deviations of the selected data sets from the
correlation, (Table VI) and those which were not used for the correlation,

Table VI. Comparison of Experimental Viscosity Data with the Correlation

Data Tpin Twax  Pmin Pmax Mean Max.
First author Ref. No. points (K) (K) (MPa) (MPa) dev. (%) dev. (%)
Primary data
Takahashi {GP) 35 37 323 423 0.1 20 0.26 0.81
Diller (LP) 30, 31 9 300 300 35 322 1.89 3.83
Okubo (LP) 32,33 54 253 418 1.1 20.7 1.52 3.88
Diller (LS) 30, 31 14 255 320 0.1 1.9 1.70 5.16
Kumagai (LS) 29 9 273 353 03 49 1.26 3.77
Secondary data
Nabizadeh (GP) 36, 37 23 313 423 01 20 1.94 8.08
Tanaka (LP) 28 6 293 313 99 29.5 1.68 313
Shankland (LS) 17 12 278 328 04 24 125 13.0
Lagasse (LS) 34 9 253 333 01 29 3.82 9.61
Peckover (LS) 34 9 253 333 0.1 29 3.02 4.62
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are depicted in Figs. 10 and 11, respectively. All deviations are calculted in
terms of the total viscosity #(p, T') rather than in terms of only the residual

part 4ng(p).

6. THE CRITICAL REGION

As shown in Tables [-IV no experimental data are available in the
literature near and over the critical point for the thermal conductivity and
the viscosity at present. Reliable crossover equations of state are still mis-
sing. Therefore the critical enhancement term 41.(p, T) was not considered
here. Detailed information about the calculation of the thermal conduc-
tivity in the critical region is given by Sengers et al. [44-46] and Krauss
et al [4].

7. THERMAL DIFFUSIVITY

The thermal diffusivity « is defined by the thermal conductivity A, the
isobaric specific heat capacity c,, and the density p as follows:

a=2/(c,p) (11)

The thermal diffusivity can be measured by several techniques, utilizing dif-
ferent ways of perturbing the fluid, namely, the dynamic light scattering,
the interferometric technique, and the simultaneous measurement of the
thermal conductivity and the thermal diffusivity with the transient hot-wire
technique.

Only two sets of measurements are available in the literature for the
thermal diffusivity of HCFC-123. Ibreighith et al. [47] measured the ther-
mal diffusivity in the liquid phase over the temperature range between 273
and 443 K and at pressures 2.0, 3.5, and 5.0 MPa. The principle of the
measurement is based on analyzing the Rayleigh spectrum by use of the
photon correlation spectroscopy. At temperatures above 443 K, HCFC-123
starts to decompose. As shown in Fig. 12, the measured thermal diffusivity
of the liquid HCFC-123 decreases almost linearly with temperature. The
effect of pressure on the thermal diffusivity is quite small. For comparison,
the data of CFC-11 are included together with the results of Venart [24]
for liquid HCFC-123 at 5 MPa. According to Ibreighith et al. [47] the
thermal diffusivity of HCFC-123 is about 25% lower than CFC-11. Both
curves have approximately the same slope. The reported accuracy of the
thermal diffusivity is better than 1.2%.
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Venart [24] measured the thermal diffusivity of HCFC-123 between
198 and 358 K at pressures up to 40 MPa along 11 isotherms in both the
liquid and the vapor phases. The measurements were carried out by the
transient hot-wire apparatus simultaneously with the thermal conductivity
and the isobaric specific heat capacity. Several isotherms are plotted
against pressure in Fig. 13. Judging from Fig. 12, large discrepancies, more
than 10%, are found between the results of Ibreighith et al. [47] and those
of Venart [24], although the temperature dependences of the thermal dif-
fusivity are approximately consistent each other.

The thermal diffusivity a is defined by Eq. (11). Therefore it can be
calculated from the thermal conductivity with the aid of the isobaric
specific heat capacity and the density, which can be obtained from the
equation of state by Younglove and McLinden [3].

8. TABULATIONS

The final representations of the thermal conductivity and the viscosity
of HCFC-123 are given in Tables VII-IX.

Table VII. Thermal Conductivity and Viscosity of HCFC-123 Along the Saturation Line

Density Thermal conductivity Viscosity
(kg-m™3) (mW.m~". K™Y (uPa-s)
Temperature  Pressure
(K) (MPa) 4 P’ A A n n"
260 0.179 1557.7 1.286 8742 8.405 670.0 9.346
265 0.229 1545.8 1.614 86.04 8.665 627.1 9.534
270 0.289 1533.8 2.007 84.68 8.926 5878 9.721
273.15 0.334 1526.2 2.292 83.82 9.091 564.7 9.838
275 0.362 1521.7 2474 83.32 9.188 551.7 9.906
280 0.449 1509.4 3.025 81.98 9.454 5184 10.09
285 0.553 1497.1 3.671 80.66 9.722 487.8 10.27
290 0.674 14846 4422 79.34 9.992 4594 1045
298.15 0919 1463.9 5.906 77.22 10.44 4176 10.74
300 0.983 1459.2 6.292 76.74 10.54 408.7 10.80
305 1.174 1446.2 7.438 75.46 10.82 386.1 1098
310 1.394 1433.1 8.742 74.19 11.11 3649 11.15
315 1.644 14198 10.22 7292 11.40 3452 1132
320 1.929 14064 11.89 71.67 11.69 3268 1149
325 2.251 13927 13.77 70.43 12.00 309.6 11.66
330 2,612 13788 15.88 69.19 12.30 2935 11.83
335 3.017 13647 18.24 67.96 12.61 2784 12.00

340 3468 13504  20.87 66.74 12.93 264.1 1217
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Table VIL. ( Continued)

Density Thermal conductivity Viscosity
(kg-m~3) (mW.m~'.K™Y (uPa-s)
Temperature  Pressure
(K) (MPa) ? o A A " n"
345 3.969 13357  23.80 65.53 13.26 2507 12.34
350 4.522 13208 27.04 64.32 13.59 2381 1252
355 5132 13055 30.64 63.12 13.94 2262  12.69
360 5.802 12899 3461 61.92 14.29 2149 12.87
365 6.535 12739  39.01 60.72 14.65 2043  13.05
370 7.336 12575 4386 59.52 15.02 1942 1325
375 8.207 1240.6  49.21 58.33 15.41 1846 1345
380 9.152 12232 55.12 57.13 15.81 1754  13.66
385 10.18 12052 61.64 5592 16.22 166.7 13.88
390 11.28 1186.5 68.85 5471 16.64 1584 14.13
395 12.47 1167.1  76.83 53.50 17.08 1504 14.39
400 13.76 11468  85.68 52.27 17.54 1428 14.69
405 15.13 11256 9552 51.02 18.02 1354 1502
410 16.61 1103.1 106.5 49.76 18.52 1282 1539
415 18.19 10794 1189 4847 19.05 1213 1582
420 19.89 10540 1329 47.15 19.60 1145 1633

The thermal conductivity can be calculated from Eq. (3), where the
correlation for the dilute-gas function A4(T) is presented by Eq. (6) and the
correlation for the excess function 4Ax(p) is given by Eq. (7). The critical
enhancement contribution 42.(p, T) is not taken into account in the pre-
sent work because reliable crossover equations of state and the thermal
conductivity data are still missing in the critical region. This contribution
may be neglected below 373 K but not above this temperature. The
correlation for the thermal conductivity is valid at temperatues from 253 to
373 K, pressures up to 30 MPa, and densities up to 1623 kg-m~—>. The
reason that the correlation is restricted to T'<373 K is the failure to
account for the critical enhancement.

The viscosity can be calculated from Eq. (5), where the correlation for
the dilute-gas function #(7T) is presented by Eq. (8), the correlation for
n.(T) is presented by Eq. (9), and the correlation for the excess function
Alg(p) is given by Eq. (10). The correlation of the viscosity is valid at tem-
peratures from 253 to 423 K, pressures up to 20 MPa, and densities up to
1608 kg-m 3,

Table VII contains the saturation properties as a function of tem-
perature, where a single prime and a double prime indicate values on the
liquid and on the vapor side of the coexistence curve, respectively. In
Tables VIII and IX the values for the thermal conductivity and the



Tanaka and Sotani

318

SPE9 9SS €LL9 €669  8ITL  8bvL  T®9L  TT6L  L96L 8918 6P S6S8  9L98  6E68 SL
LUEY  TES9  ISL9  €L69  661L  OtvL  S99L  906L  TS6L  £SI8  SOP8 1858 €998 9768 0L
1679 80°S9  8TL9 TE69 6LIL  II'vL 8Y9L  D68L  9¢6L  S€I8  16€8  L9S3 698 €168 $9
€979  ¥8V9  90°L9  IE€69  091L  €6€L  1€9L  ¥L'SL  OT6L TTIS  9L'ES €568 S£98 0068 09
8€79  6S¥9 €899 Q0169  OFIL  SLEL  ¥I9L  8S8L  €06L  LOI8  T9E8  6£S8  TT9%  L88S $'sS
o179 vEY9 0999 8889  OTIL  9SEL  96SL  I¥SL  L¥8L 1608 LVES  STSS 8098  ¥L'8S 0
819 809  9€99 9989  00IL  LE£EL  6LSL  STSL  IL8L  9L08  TEES 1SS ¥6'S8 1988 Sy
$S19 T8€9  TI99  vF89  6L0L  SVEL  19SL  808L  bS8L 0908  8I'€ES L6V 0%S8  8¥'8S (114
STI9 9569 88'CH9  TT8Y  6S0L  66CL  EVSL  I6LL  8€'8L  SP0O8  €0E8  €8¥8 9968  <£'88 St
S609  6T€9 VYS9 66L9  8E0L  6LTL  SUSL  bLLL  1T8L 6708 88T 89V8  TSS8  TT8Y o€
S909  TOE9  6£SY  LLL9  LIOL  09TL  LOSL  LSLL  ¥0'8L €108  €LT8  ¥SP8  8€63 8088 ST
PEO9  HLT9  EI'S9 €59  S669  OvTL  88VL  OWLL  LSLL L66L  8ST8  OFY8  vTS8S  S6LS 0C
7009  9¥T9  88P9  0€L9  PL69  0TTL  OLVL  €TLL  OLLL  I%6L  £¥T8  STY8 OIS T8LS Sl
OL6S  LIT9  19v9  90°L9  TS69  00TL  ISVL  90LL  €SLL  ¥Y6L  8TT8  II'8  S6¥8  89'L8 ol
9%1 SIPl | SEP9 T899 0£69  O%IL  TEYL  889L  9ELL  8Y'6L  TI'T8  96E8 IS8 SSLS S0
10¢1 TSEL TOEl  €5TT €0°Tl ¥SI1 WOIL | vL9L  TTLL  SE6L  00T8  PRES  OLY8  #HLS o
0LE 09¢ 0s¢ (1143 0£g 1743 ol 00€  SI'86T 06T 08¢ SI€LT  oOLT 092 (edIN)
U.Emmo.—nm
(31) aanyeradwa],
€T1-D4DH Jo (|- ,_w- pur) £41AnNdnpuc) [eulIsy [, 3y} jo uonemqel ‘[IIA dIqeL



319

Thermal Conductivity and Viscosity of HCFC-123

SETL
69°IL
0'IL
oL
0969
$8'89
LY'89
8089
89°L9
8T’L9
98'99
99
1099
LSS9
1rs9
S99
I¥'v9
LTY9
£6€9
89°¢9

SOvL
17eEL
oLTL
60TL
6 1L
89°0L
1£0L
P6'69
9569
81°69
6L'89
6¢£89
86'L9
95°LY
(ANE)
0L'99
8v'99
ST99
w09
6L'59

18°6L
0TsL
9SYL
(£33
STEL
LSTL
wiL
98°1L
0SIL
YUIL
9L0L
8€°0L
00°0L
09°'69
0C'69
6L89
85°89
LE'89
9189
$6'L9

YoLL
voLL
EvoL
18°sL
LTSL
[42 7%
81'vL
P8EL
0S€L
STeEL
6LTL
EV'TL
LOTL
0L
(A 12
£6'0L
ELO0L
vsoL
peoL
oL

£5°6L
968L
LE8L
LULL
OT'LL
£5°9L
Y475
88'GL
SSSL
TTSL
88'vL
YSvL
61vL
y8EL
8yeL
[AR 73
Y6'TL
SLTL
96T
LETL

0518
608
LE08
08'6L
1T6L
09'8L
0€'8L
66'LL
LYLL
9¢'LL
£0°LL
IL9L
8¢9L
Y0'9L
oLsL
9¢'SL
61'SL
10°6L
y8vL
9L

£5'E8
6678
44
6313
[4M¢]
vL08
SY'08
s1'08
S86L
SS6L
ST6L
P6'8L
798L
0£'8L
86°LL
99°LL
6V'LL
€E°LL
9I'LL
66'9L

£9°68
1168
65'v8
SOv8
1S°€8
S6'C8
L9T8
6£°C8
(1] 4
1818
[4pt:]
T8
£6'08
7908
08
1008
98'6L
oL'6L
PS6L
8¢°6L

£0'98
[A3%:1
66'v8
ac
6't8
LE'E8
60€8
88
[A%4
¥T'8
$6°18
9918
9¢'18
90°18
9L'08
S¥08
0¢°08
108
66'6L
£8'6L

18°L8
1e°L8
0898
6798
9L°68
£TS8
9618
6918
w8
1487
98°¢8
86°¢8
678
10°¢8
TLT8
ws
87'C8
€178
86’18
€818

90°06
8568
6068
6588
6088
8S°L8
L8
90°L8
0898
£5°98
9798
0098
7L68
Sy's8
81°68
06v8
ILY8
918
81’18
£E'Y8

$9°16
81’16
0L°06
1706
L68
68
L6388
7L'88
Ly'88
17°88
S6°L8
69°L8
EvL8
9I'L8
0698
£998
6v98
9¢98
(44}
8098

6£°76
w616
Sv'le6
L6'06
81'06
6668
vL'68
668
Y68
66'88
vL'88
8188
[44:t}
96'L8
0L'L8
£v'L8
0¢'L8
LT'L8
£0°L8
0698

6LV6
YEP6
88'¢6
wes
$6C6
87’76
e
00T6
9L’16
(4 (}
LT16
£0'16
8L°06
£5°06
8706
€006
06'68
8L°68
$9'68
568

00¢
08¢
092
0¥t
0Te
00T
061
081
oLl
091
()
ol
0t
0Tl
011
00l
6

06

S8

08



Tanaka and Sotani

320

I'6E1 9TST T1'L91 T'€81 900T 661T SI¥C 9'S9T LT6T PEIE €8SE TBEE TWhh SESh SL6y L'6SS $809 6TE9 6°61L 9
$9€1 $0ST 0691 6081 861 §LIT €6£¢ P'EIT V06T 01T€ 8'SSE 9'S6E v'Ivb LOSP SP6b v'95S 1609 +'679 091L 09
YPEl 1'8P1 8791 8'8LI €961 LSIT TLET TI9T TSBT LBIE ¥'ESE 0€6e L8EY ®'Llvb SI6v TESS 9109 8679 ITIL Ss
0'ZET S'SPI 9091 99L1 TH6I SEIT O'SET 68T 6S8T €91 60SE v06E 6SEy O'Shy 988y Q0SS T86S €7T9 TSOL 0
S6Z1 vEPl €8S PvLl OT6L €117 $TEC L9ST 9E€8T 6'€IE ¥8ve $L8E 'ty TThy 9S8y 8IPS 8V6S 88I9 €VOL 194
89Z1 O'I¥1 0951 TTLI 8681 1'60T 90ET SH¥ST €187 STIE 6SPE TS8E €0ty v6ey 9T8Y 9EPS +'16S €SI9 ¥00L oy
0PZ1 S8E1 L'EST 6691 9L81 6907 €8TT TTST 06LT 1'60E vEPE 9TBE 9LTy 99¢v L'6Lv ¥O¥S 088 8119 9969 St
121 6'SE1 TISE 9491 €681 LPOT 19TC 66HT 99LT L'90E 60yt 008t 8¥Cy &€y L'ILy TLES 9P8S €809 LT6I ot
0811 I'EEl L'8P1 TSOU 0681 #T0T $€TT 9LVT E£PLT €POL ¥'8EE €LLE OTTY O'ley LELY OPES €186 8109 63889 X4
OPIl_£0E1 19Vl 8T91 L0081 100T 91ZC €S¥T 0TLT G10E 6SEE L¥PLE €61y TSIy BOLY 80ES 6LLS P'109 189 0t
oy st €16l €8L1 8L61 T6IT OEHT 9697 S66T VEEE 1TLE S9IY Y'STY L9 LLIS SPLS 6L6S T189 Sl
TOST 69vI LEVI POPI|6SLL SS61 6917 LOVT TLIT VTL6T 60¢E S69t LEIy 9TTY 6% SHIS TILS S¥6S ¥LLI 0l
68Vl 9SPl ¥TYI 06€1 9S€l TTEl L8TI| £BET 69T LP6T ¥'8ZE 899€ 011y 861y 0T €IS 8LIS 0165 9ELY $0
63¥L 8SHI 9THI v6El I19€l STEI ¥6TI 09T STTl 6811 vSIl LITI| 880V 9Ly 965y 8'8IS 1695 €885 90L9 I'0
Otk OIv 00r 06 08 OLE 096 OSE OE OEE 0IE OIE 00 SI'86C 06C 08T SI€Lc 0Lz 09¢  (BdW)
aInssald

(3) axmesadwa]

€T1-D:ADH Jo (s-ed7/) ANs0ds1A 3y} jo uonemqe] “XI dqeL



321

ty of HCFC-123

iscosi

Thermal Conductivity and Vi

L'881
P's81
| 41
88LI
1 47A!
0TLI
$891
691
€191
SLSI
Lesl
LISl
Levl
INA4!
294!
Sevl
184

£T0T
6861
9661
TTel
L'881
[4%:!
L1181
I'8L1
VoLl
L0LT
8991
691
6791
6091
6’851
89S
Lps1

gL
6¢1T
140¢4
6'90C
P'e0T
6661
£961
9T61
6881
1's8l1
£18I1
£6Ll
vLLI
¥SLl
VeLl
€I1L1
691

oveT
$0LT
6'9CC
£ECT
L'61T
91T
L4414
L'80T
6v0C
1’1oz
L6l
Ts6l
£'e6l
g6l
681
TL81
1's81

9Cst
6'8¥T
12944
LA 74
gLET
I'vet
£0tT
$9TT
9tT
L'8IT
8PIT
8TIT
801C
8'80C
890T
L¥0T
9°T0T

VELC
9'69T
89T
6'19¢
1'85¢
(4474
£0sC
Y'ore
&4 4
¥'8¢C
|4 2 X4
et
£0eT
£'87C
(4144
|8 744
07T

L96T
L'T6T
L'88C
Ly8C
L08T
L9Le
LeLe
9'89C
SY9T
$'09¢
£95C
[4 474
1'2st
05T
6'LYT
L'syt
9'evt

67e
L3It
9vIt
vole
790t
070t
8°L6T
9'¢6C
£'68C
1'68¢C
8082
98LT
§9LT
£vLT
1'TLt
00LT
8'L9C

9Tt
(4123
gevt
L4133
ocee
9°0¢e
9te
8'1te
viie
6CI¢
$80¢
90¢
0¥0e
L'10¢
§66T
TLet
0°s6C

£98¢
L'18¢
OLLE
yTLe
L9t
['€9¢
§°85¢
8ese
ovt
Sye
g6Le
SLEE
(4312
8tee
sote
1'8¢¢
8'6Te

vy
661¥
(3444
001¥
1'sov
(4404
[4Y:1%
£06€
14%:13
S08¢
9'sLt
I'eLe
9°0LE
89t
L'S9¢
Te9e
809¢

1'69¢
g'e9r
11194
esy
6Ly
Lvy
viey
(4434
oLy
L'ty
oIy
6tly
13 884
L'80¥
['90v
Seop
800y

(41743
SYIS
8'80¢
1't0s
v'Lev
g'l6v
1'98¢
S08y
6vLy
£69v
L'eoy
609%
['8sy
1844 4
1 ¥434
gety
oLyy

S0ES
Lyes
6815
cels
V'LOS
L'108
6'56v
(4174
S8y
6'8LY
TELY
yoLy
LY
LYY
6'19%
I'6Sy
£k

L'6LS
SELS
£L9S
I'19
(34%%
8'8vS
LS
9'9¢¢
1139
Sves
12189
14183
PTis
¥'60S
$'908
14109
§°008

§'6v9
LTY9
8'5€9
1629
£C09
919
6’809
09
9665
0685
y'C8s
T6LS
6'SLS
9TLS
$'69¢
1'99¢
679¢

SYoL
TL69
6689
9789
£'SL9
1'899
0’199
6'€S9
899
L'6£9
L9
609
8'5T9
£T09
8819
¥SI9
6119

['zeL
SYiL
691L
¥'60L
6'10L
S'v69
1'L89
L'6L9
y'TL9
1'$99
6'LS9
£VS9
L0s9
'Ly9
Sev9
0'0v9
¥'9¢9

608
£TC8
8EI8
£'608
6'96L
9'88L
£08L
'L
6'¢9L
8'6SL
L'Lvl
Levl
L6EL
L'SEL
L'TEL
8'LTL
8ETL

(1174
061
081
oLl
091
0s1
oyl
0el
0tl
011
001
S6
06
8
08
SL
0L



322 Tanaka and Sotani

viscosity are given as a function of temperature and pressure. The values of
the thermal conductivity and the viscosity in Tables VII to IX were
generated directly from the representation given here with the aid of the
equation of state by Younglove and McLinden [3]. The temperature and
pressure ranges in which the correlations are valid can be deduced from the
limits of the data tables. Any extrapolation to higher temperatures and
pressures can lead to a rapid reduction in the accuracy of the predicted
values and is not recommended. Because of the inconsistencies in the data
sets used, the overall uncertainties of the present correlations cannot be
better than + 5% for both properties of the background terms.

9. CONCLUSION

The thermal conductivity and the viscosity data of HCFC-123 have been
analyzed and critically evaluated on the basis of a comprehensive literature
survey. Based on the most reliable experimental data selected the residual
concept correlation has been carried out.

For both properties the existing data are still scarce and somewhat
contradictory except for the compressed liquid region. Experimental data
are more abundant in the compressed liquid phase than in the vapor phase
and lacking, in particular, in the critical and supercritical regions because
the critical temperature of HCFC-123 T, =456.831 K is so high. This situa-
tion is quite different from that of HFC-134a [4]. It is not suitable for the
residual concept correlation since this method is essentially more valid in
the dilute-gas and dense fluid regions.

For the thermal conductivity, scattering of data and systematic devia-
tions between different data sets are evident in the vapor phase. Experimen-
tal data are still lacking in the intermediate-density region as well as in the
critical and supercritical regions. No theoretically based evaluation was
feasible in the critical region because reliable crossover equations of state
are still missing.

In the case of viscosity, only two sets of experimental data are available
in the superheated vapor region. Systematic deviations are found between
them at high temperatures and high pressures, although both measure-
ments were performed by similar oscillating-disk viscometers in an almost
same experimental condition. More precise measurements are needed for
the viscosity in both gas and liquid phases.

It is believed that the final representations of the thermal conductivity
and viscosity of HCFC-123 developed in this work are the most probable
ones that can be produced from the available data. However, it should be
noted that in the vapor phase both the thermal conductivity and the
viscosity data available differed significantly among researchers. According
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to the recent acceleration of the HCFC regulation, the main interest of the
researchers seems to have moved from HCFCs to HFCs and their
mixtures. However, more precise measurements of HCFC-123 are still
needed in almost the entire fluid region to establish the reference values of
transport properties. It is hoped that the present data analysis will
encourage new measurements of the transport properties of HCFC-123.

APPENDIX I

The density of HCFC-123 was calculated from the preliminary version
of the Younglove and McLinden equation of state [3]. In the preliminary
version the critical temperature, pressure, and density were chosen as
follows:

T.=456.831 K (ITS-90)

P, =3.668 MPa

pe="550kg-m—? = 3596417 mol - dm
R=8314471].K~'. mol~' (gas constant)

The modified BWR equation represents the pressure P as a function of the
absolute temperature 7 and the molar density p. The functional form is
given as

15

9
P=3 a,p"+exp(—p*/p?) Y, a,p> " (A1)

n=1 n=10

where the temperature dependences of the coefficient a; are given by
polynomial equations of 7. The newest version of the Younglove and
McLinden equation of state is reported in Ref. 3. In the newest version the
critical parameters adopted are as follows:

T.=456831 K
P.=3.6618 MPa
p.=550kg - m3=3.596417 mol dm —>

The functional form is identical to that mentioned above. The numerical
values of the coefficients were revised. However, the difference between the
density values calculated from two versions is negligible and does not affect
the correlations of the transport properties of HCFC-123 in the present
work.
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APPENDIX 11

Results of Temperature Dependence and Temperature-Pressure Dependence
Correlations

As described in Section 2, the temperature dependence and tem-
perature—pressure dependence correlations were carried out for each physi-
cal state indenpendently to compare the existing experimental data each
other. The correlations were made based on the primary data adopted in
the residual concept correlation with the aid of additional secondary data
to extend the valid ranges of temperature and pressure. The results of the
correlations are given here for practical use. These correlations are by-
products of the present work. They are not used to generate the recom-
mended values in Tables VII-IX.

Thermal Conductivity
Saturated Liquid.

A1s(T)=1573143 x 10> —2.702398 x 10~'T (A2)

where A isin mW.-m~!.K !, and 193 < T<354 K, with a mean deviation
of 0.64%, a maximum deviation of 3.70%, and an uncertainty of 2%. This
equation agrees with the recommended values in Table VII, with a mean
deviation of 1.38%.

Compressed Liquid.

(T, PY=cop+co T+ (cro+cnyT+c, TP —P)
+(caot e T+ T?)(P—Py)? (A3)
Coo=1573143% 102, ¢o = —2.702398 x 10~
cro=—1.155152x 1072, ¢ =1.757536 x 10 =3,
e = —1.274647 x 105
Cao= —6.657314 x 1073, €y =2.383249x 103,
Cro= —2.008162 x 108

where A is in mW-m~'-K~!, 193<T<373 K, P,<P<30 MPa, and P,
is vapor pressure calculated by Eg. (1), with a mean deviation of 0.96%,
a maximum deviation of 4.06%, and an uncertainty of 3%. This equation
agrees with the recommended values in Table VIII, with a mean deviation
of 1.20%.
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Vapor at Atmospheric Pressure. See Eq. (6) in Section 5.1.1.
Saturated Vapor.

Acs(T) = —2.555637 x 10% +2.190260T — 6.092891 x 10 ~>T">
+5.807255 x 10~°¢T"3 (A4)

where Agg is in mW-m™"' - K™™', and 305 < T<443 K, with a mean devia-
tion of 0.88%, a maximum deviation of 1.47%, and an uncertainty of 4%.
This equation represents the recommended values in Table VII, with a
mean deviation of 0.97%.

Superheated Vapor. Correlation could not be carried out due to the
serious inconsistencies of existing data.

Viscosity

Saturated Liquid.

In 7, §(T) = —4.724035 + 1.609689 x 10%/T+ 2.913943 x 10 2T
—3.730496 x 10 ~5T2 (AS5)

where 7, is in uPa-s, and 170 < T<353 K, with a mean deviation of
0.98%, a maximum deviation of 4.21%, and an uncertainty of 3%. This
equation represents the recommended values in Table VII, with a mean
deviation of 1.60%.

Compressed Liquid.

In g o(T, P)=coo+ cor/T+cor T+ cos T* + (co+ e T+, T?H(P—Py)
+(ex0+ € /T+cp T?)(P— P,)? (A6)

Coo= —4724035,  coy = 1.609689 x 103
Cn=2913943x 1072, coy = —3.730496 x 10~
£1o=1259303x 10!,  ¢;, = —8.473356x 10~
¢, = 1.543268 x 10~
£ = 42074951072, ¢y = —7.708875 x 10~
¢y=—1818444 x 102

where 7, p is in uPa-s, 233 < T<323 K, P,<P <20 MPa, and P; 1s vapor
pressure calculated by Eq. (1), with a mean deviation of 1.29%, a maxi-

840/17/2-4
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mum deviation of 5.17%, and an uncertainty of 4%. This equation agrees

with the recommended values in Table IX with a mean deviation of 1.55%.
Vapor at Atmospheric Pressure. See Eq. (8) in Section 5.2.1.

Saturated Vapor. Experimental data could not be found in the
literature.

Superheated Vapor.

nop(Ts P)=coo+ oy T+ ey T?+(cro+ ¢y T+ iy T?NP—P))
+(cxptenT+ey),TH(P—P))? (A7)
Coo= —2.273638, Cor =5.099859 x 102,
Cor = —2.402786 x 10>
C1o= —2.513182, ¢, =1.022390x 1072,
€= —1150218 x 103
€10 = —9.990764, 2 =4.934150 x 102,
cy=—5.833791x 1073
where n is in uPa-s, 323 < T<423 K, 0<P<P_, and P,=0.101325 MPa,
with a mean deviation of 0.18%, a maximum deviation of 0.86%, and an

uncertainty of 3%. This equation represents the recommended values in
Table IX with a mean deviation of 0.36%.
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