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170 K to 455 K and Pressures up to 70 MPa
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A fundamental equation of state for the Helmholtz free energy of R 134a (1,1,1,2-
tetrafluoroethane) is presented which is valid for temperatures between 170 K and 455 K
and pressures up to 70 MPa. It is based on the most accurate measurements of pressure-
density-temperature (p,p,T), speed of sound, heat capacity, and vapor pressure which are
currently available. A linear regression analysis and a non-linear least squares fitting
technique, based on the selected measurements, were used 10 determine the structure of the
fundamental equation of state and the values of its 21 coefficients. The equation represents
nearly all selected experimental data within their estimated accuracy with the exception of
heat capacities and speed of sound in the region close to the critical point. Typical
accuracies are *£0.05% for-density, *=0.02% for the vapor pressure or 0.5 and =1% for
the heat capacity. This equation of state has been compared to equations established by

other research groups by Annex 18 of the International Energy Agency (IEA) and has been

selected as an international standard formulation for the thermodynamic properties of
R 134a by this group.

Key words: data analysis; fundamental equadon of staie; Helmholtz-free energy correlation, R 1344, 1,1,1,2-

tetrafluoroethane; thermodynamic properties.
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1. Introduction
1.1. Background

HFC-134a (1,1,1,2-tetrafluoroethane, CF;CH,F) is an envi-
ronmentally acceptable refrigerant which has replaced the
ozone-depleting CFC-12 (dichloro-difluoro-methane) 'in a
wide range of applications especially in automotive air-condi-

tioners and domestic refrigeration. Because of its current and

future importance, accurate knowledge of its thermodynamic
properties is essential in order to design economic refrigera-
tion cycles. In particular, a common standard for the thermo-
dynamic properties of HFC-134a is desirable for the refriger-
ation industry.

This task has been taken on by a group working under the
auspices of the Heat Pump Programme of the International
Energy Agency (IEA). This program was established in 1978
and is currently supported by fifteen countries. It offers op-
portunities of international collaboration in research, develop-
ment, demonstration, and promotion of heat pumping and
related technologies. The aim is to accelerate the knowledge,
acceptance, and implementation of this energy saving and
environmentally important technology. Eight member coun-
tries (Austria, Canada, Germany, Japan, Norway, Sweden, the
United Kingdom, and the United States) have joined together
to form Annex 18 ~ Thermophysical Properties of the Envi-
ronmentally Acceptable Refrigerants. One of the goals of this
Annex is to provide property formulations that will become
de facto international standards for the most 1mportant alter-
native refrigerants.

It was proposed at the meeting of Annex 18 in Heidelberg,
Germany, in Novermber 1990 and agreed at the meeting held
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in Boulder, Colorado, USA in June 1991, that comparisons
should be made of existing equations of state for the refriger-
ants HFC-134a and HCFC-123. These two fluids have the
most immediate industrial applications, since they are’ pro-
posed as replacements for CFC-12 and CFC-11, respectively.
For both of these fluids, a large amount of experimental re-
sults exists and more than one equation of state has been
. correlated for each.

Two indépendent groups were asked to carry out these
comparisons, namely the Center for Applied Thermodynamic
Studies (CATS) at the University of Idaho, Moscow, Idaho,
USA and the International Union of Pure and Applied Chem-
istry (TUPAC), Thermodynamic Tables Project Centre, Impe-
rial College, London, UK. These two groups prepared inde-
pendent preliminary reports for the meeting held in July 1992

at Purdue University, West Lafayette, Indiana, USA., The .

TUPAC report comprised comparisons of three equations of
state for HFC-134a with the ideal gas, saturation and single
phase PVT-properties while the CATS report gave compari-
sons of four equations of state for HFC-134a and of three
equations of state for HCFC-123 with all available data., At
that meeting several suggestions were made for modification
of the final report. It was decided that draft final reports
should be distributed one month before the next Annex meet-
ing on April 30, 1993, and with that aim in view, all new
experinemtal results and new equations of state were to be
submitted to both participating groups by 1st December 1992,

At the meeting of the Annex 18 in Maastricht, The Nether-
lands, in April 1993 both groups presented their results of the
equation of state comparisons for HFC-134a and for HCFC-
123. After discussion of the advantages and disadvantages of
each equation of state it was decided to recommend the equa-
tion presented in this paper as an international standard for
thermodynamic properties of HFC-134a.

1.2. Other Equations of State for HFC-134a

Three other equations of state (EOS) for HFC-134a were
revicwed as part of the Anncx 18 work. They differ in struc-
ture and also in the ranges of validity. Huber and McLinden
established a 32-term EOS® (referred to as HM-EOS) the
structure of which corresponds to the modified BWR-type
originally developed for nitrogen by Jacobsen and Stewart®.
It is valid in about the same ranges of temperature pressure as
our own equation of state, namely from the triple point tem-
perature to 455 K for pressures up to 70 MPa. Huber and Ely**
used a 32-term equation of state for the Helmholtz free energy
(referred to as HE-EOS) which was originally developed for
oxygen by Schmidt and Wagner®. It is valid between 170 K
and 453 K for pressures up to 70 MPa. The equation of Piao,
Noguchi, Sato, and Watanabe* (referred to as PNSW-EOS) is
a modified BWR-equation with 18 coefficients. The range of
validity is for temperatures from 180 K to 450 K and pres-
sures up to 70 MPa.

Furthermore, a cross-over model was developed by Tang et
al % describing thermodynamic properties in the critical re-
gion. This model has been extended into regions beyond the
critical, but does not predict these properties accurately. It
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will, therefore, only be used for comparisons in the critical
region.

1.3. Organization of the Paper

In Sec. 2, a survey of experimental data for the thermody-
namic propertics of HI'C-134a is summarized. The experi-
mental results which were used to establish the fundamental
equation of state are identified.

Section 3 is concerned with the development of the funda-
mental equation of state. Briefly, the optimization process is
described, especially the application of different strategies
during different steps of optimization. Furthermore, structure
and coefficients of the fundamental equation of state together
with relations between thermodynamic properties and the
Helmholtz free energy are given.

In Sec. 4, the equation of state is compared with experimen-
tal data and the equations of state mentioned in Sec. 1.2.
Tables of thermodynamic properties are also included in this
paper. More detailed tables will be published separately in a
properties bulletin by the International Institute of Refrigera-
tion (IIR).

All experimental data, available up to January 1993 are
discussed. All temperatures for the new equation are based on
the ITS-90. For simplification our own equation of state will
be referred to as EOS or fundamental EOS.

2. Experimental Results

2.1. Survey of Available Measurements
2.1.1. Triple Point

Only one experimental value of the triple point temperature
has been reported which is by Magee®. They found

Ty = (169.85£0.01)K.

Their measurements were performed with a sample of
99.999% purity; thercfore, their value is regarded as highly
reliable. Density and pressure at the triple point have not been
measured. Calculation from the fundamental EOS yields

Pe=391Pa and pe = 1591.1 kg/m®.

2.1.2. Critical Point

Experimental values of the critical parameters are summa-
rized in Table 1. All values are in close agreement. The
measured critical emperatures differ by only 0.18 K, the
pressure p, by less than 0.4%, and the critical density by less
than 1.6%. Critical parameters were only used to define the
dimensionless variables 7:=7*/T and 8:=p/p*. For this pur-
pose we selected

T* =37418 K and p* = 508 kg/m®,
We did not constrain the equation of state to any of these
measurements because this would unnecessarily restrict the

J. Phys. Chem. Ref. Data, Vol. 23, No. §, 19¢
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optimization. Another approach to consider the behaviour in
the critical region is described in Sec. 3.2.2.

2.1.3. Single-Phase Properties .

Extensive measurements of various thermodynamic prop-
erties in the single-phase have been carried out for HFC-134a.
The sources are listed in Table 2. 18 data sets of (p,p,T)-prop-
erties are reported comprising 2611 data points within 180 K
and 453 K at pressures up to 70 MPa. Numerous caloric
properties, namely speed of sound, isochoric and isobaric heat
capacity and Joule-Thomson coefficients, were measured in
the vapor and liquid regions.as well.

Second virial coefficients were reported by six sources
listed in Table 2. These values weré derived from other mea-
surements such as speed of sound or (p ,p,T)-measure-ments,
covering the range.from 233 K to 453 K.

2.1.4. Saturation Properties

The. majority of available saturation “property measure-
ments are for vapor pressure and saturated liquid density. For
the saturated. vapor. density; six data sets are. available for
temperatures ‘above 293 K. 160 isochoric heat capacities in
the two-phase region have been measured by Magee® which
are very useful to check an equation of state with respect to
its representation of the whole (p,p,T)-surface. Available sat-
uration property ‘measurements-are listed in Table 3.

2.2.  The Data Set for the Formulation of the
Fundamental Equation of State

In this section, the results of the data analysis are outlined
briefly. The selection of single-phase measurements is mainly
based on tests.of consistency as described in Sec. 2.2.1 for the
liquid phase. Further criteria, which apply to the assessment
of all data sets, are the uncertainties claimed by the authors,
the scatter of a set of data when compared to an equation of
state, or systematic deviations between different sets of data.
The reasons for selecting or rejecting a certain set of measure-
ments are given'in detail in Sec. 4 where experimental data are
compared with the fundamental equation of state.

Figure 1 shows the distribution of experimental values in
the single-phase region which were used to establish the fun-
damental equation of state. The values cover the range be-
tween 180 K and 453 K for pressures up to 70 MPa. From the
large amount of available (p,p,7')-data only those measured
by Tillner-Roth and Baehr’*** and of Dressner and Bier'2 were
selected because they agree extremely well and cover an
extended rangc of pressurc and. tcmperature. (p,p,T")-mea-
surements of other authors were not used because they gener-
ally overlap the selected data or show systematic deviations.
In the liquid and in the vapor phase, speed of sound values of
Goodwin and Moldover'® and Guedes and Zollweg', isobaric
heat capacities of Giirtner and Emst®® and of Wirbser® are
included in the data set. Furthermore, measurements of iso-
choric heat capacity by Magee® were selected and found to be
consistent with the selected data so were included during the
formulation of the fundamental equation of state.

J..Phys. Chem. Ref, Data, Vol: 23, No. 5; 1994

From:available saturation properties four sets of measured
vapor pressures by Goodwin et al.” Baehr and Tillner-Roth?,
Weber®, and Magee and Howley** were selected which agree
extraordinary well with each other, cf. Fig. 26. They-cover
nearly the whole vapor pressure curve between 180 K arnid the.
critical point. We refrained from using measurements of satu-
ration densities because the single-phase regions adjacent to
the saturation boundary are well-defined by (p,p,T)-data. Ad-
ditionally, isochoric heat capacities:in. the two-phase region
by Magee® below. 190-K were included. Those measured. at
higher temperatures were not used because they contain about
the same information of state as-the single-phase heat capac-
ities reported from the same source and already selected.

2.2.1. Consistency Tests.Between Thermal
- and Caloric Properties

In this section,.a test of consistency between thermal and
caloric properties in the liquid: phase. is described which was
carried out prior-to the formulation of the. fundamental equa-
tion of state. This test was performed.to find out the best
combination of thermal and caloric data which obey the laws
of thermodynamics. Furthermore, it has -been:necessary to
find an explanation for the systematic difference between the
liquid density values reported by Tillner-Roth and Baehr™
and those measured by Hou et al ..

The consistency test is based on the followmg thermody-
namic equations relating. caloric properties with the thermal
equation of state p=p(v,T). The speed of sound w is written

as
Ty (@)
c, \aT/, - \ov/y’

the isobaric heat capacity c, as

() (@)
&=c, T(aT)“ ), @

and the Joule-Thomson coefficient is given by

%) )
av/r ) aT,,

= 7 N -
%) (),
T( 37) "\ 30,

9

w=v

©)

Using these equations, a value of the isochoric heat capac-
ity can be transformed into any other desired caloric property
when the thermal equation of state is-known. Alternatively,
any other kind of transformation between caloric propertics is
possible, for example speed of sound can be calculated from
a value of the isobaric heat capacity using Eqgs. (2) and (1). For
this purpose, the thermal equation of state must be consistent
with the caloric information otherwise a transformation would
produce results which disagree with reliable measurements.
Thus, consistency between sets of thermal and caloric mea-
surements can be checked by ‘setting up thermal equations of
state based on different sets of denisty measurements, trans-
forming different caloric measurements. into a unique prop-
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erty, and comparing the results with measured values of that
property. Results which agree would indicate consistency be-
tween the thermal and caloric values while disagreement indi-
cates inconsistency.

For liquid HFC-134a, two equations of state were estab-
lished. The first one was based exclusively on the densities of
Tillner-Roth and Baehr*® for temperatures between 243 K and
413 K, for densities p>750 kg/m®, andfor pressures up to 20
MPa. The second one was fitted to the densities of Hou et al.”
in the same ranges of temperatures and pressure. The equa-
tions of state in the liquid had the form:

' §= 8° (g{r‘1 +2:0° + g3 + g47483)+g51'8§ exp(—3)
) :

+8° eXp(482)(g6158 + g7T—l + 2578 + go1 + glo'r'_‘a) @

with 7= T*/T, 8 = p/p*, po= 1 MPa, T* 374.18 K, and p* =
508 kg/m’. The coefficients and exponents are given in Table
4. For both data sets the same structure of Eq. (4) was used.
Therefore, only the coefficients are different.

The choice was made to transform all available caloric
mcasurcments into speed of sound values because there exists
a correlation function w=w(p,T) reported by Guedes and
Zollweg' for the region of interest by which transformed and
originally measured values can be compared. The results are
plotted in Fig. 2. In the upper plots, Fig. 2a, density deviations
from Eq. (4) are shown using the respective set of coeffi-
cients. The densities of Tillner-Roth and Baehr® are repre-
sented within =0.05% while the densities of Hou et al.* are
predicted within *0.12% due to their greater uncertainty. On
the average both equations represent well the (p,p,T)-be-
haviour incorporated in the respective input values.

The second row of plots, Fig. 2b, shows deviations of
measured speed of sound reported by Guedes and Zollweg'
and by Takagi*? from the correlation function reported by the
first mentioned authors. The values of Guedes and Zol]weg’9
are represented within +0.3% while the results of Takagi*
are about 0.7% lower.

The last three rows of plots, Flgs. 2c-2e, present deviations
of speed-of-sound values obtained from transformation of
isobaric and isochoric heat capacities and of Joule-Thomson
coefficients using the correlation function of Guedes and
Zollwegt. The plots on the left-hand side show the values
transformed with Eq. (4) using the set of coefficients obtained
for the data of Tillner-Roth and Raehr®S. The plots on the
right-hand side represent values transformed using the coeffi-
cients obtained using the density data of Hou et al.?. Gener-
ally, transformation leads to smaller deviations when using
the densities of Tillner-Roth and Baehr™ to establish: the ther-
mal equation of state. Using the information of the densities
of Hou et al.” leads to higher systematic deviations. The
maximum deviations in the latter case are 4% for transformed
cp-values, 1.5% for transformed c,-values, and —8% to 8%
for the Joule-Thomson coefficients, while the respective devi-
ations are only 1.5%, 0.4% and —2% to 8% when using the
densities of Tillner-Roth and Baehr™.

Based on this result, we concluded that the densities of Hou

et al.? are not very much consistent with the available caloric

properties and, therefore, should not be used to develop a
fundamental equation of state with high accuracy. Therefore,
our equation of state is based on the densities of Tillner-Roth
and Baehr* although they do notextend to very. low temper-
atures. This decision is confirmed by the density measure-
ments by Klomfar et al.?® which were published after the
work on the equation of state was finished. The densities of
Klomfar et al.®® agree with the EOS within +0.05% at tem-
peratures below 243 K, cf. Fig. 6, that is for temperatures for
which no (p,p,T)-measurements were selected by us.

From' the available caloric measurements the w-values
measured by Guedes and Zollweg'®, c,-values of Magee®
and ¢,-values reported by Wirbser* were used as input data.
We did not include the ¢,-values of Nakagawa et al.* and of
Saitoh et al. in the data set because they overlap those of
Wirbser®. Furthermore, the large scatter of the transformed
Joule-Thomson coefficients gave us reason also to exclude
these data in order to prevent convergence problems during
the optimization process.

3. The Fundamental Equation of State

The cquation of statc for HI'C-134a prescnted here is a
fundamental equation of state for the dimensionless
Helmbholtz free energy

P(1,0): = =% = 5= = O7,8) + <I>’(T,8) )]

where R,,=8.314471 J/(mol K) is the universal gas constant
according to Moldover et al.¥, R=R./M the gas constant of
HFC-134a with the molar mass M=0.102032 kg/mol. A is the
molar free energy, A the specific free energy, 7=T*/T the
inverse reduced temperature, and 8=p/p* the reduced density.
For reduction of temperature and density the critical parame-
ters T*=T,=374.18 K*® and p*=p,=508 kg/m> ** were used.
The dimensionless form @ of the fundamental equation of
state is split into an ideal part ®° describing ideal gas proper-
ties and into a residual part @ taking into account the be-
haviour of the real fluid.

3.1. The Free Energy for the Ideal Gas
The ideal part ®° of the fundamental equation of state is
analytically derived from the ideal gas law and an equation for
the isabaric heat capacity ¢, of the ideal gas. Starting from the
Helmholtz free energy of the ideal gas
A%p,T) = u*(T) — Ts°(p,T) = hXT) = RT — T s°(p,T) (6)

and introducing the c¢;-equation leads to

T
A%p,T) -=j ¢, dT + h, — RT —
T, -
T
¢ —R
Tj —”—T—— dT — RT In (p/pa) — Tsy @))
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where p,=p,/(RT,) is a reference density. Equation (7) re-
quires reference values for the temperature 7,, the pressure
D, the entropy s,, and the enthalpy A,. For HFC-134a, we
chose to set a reference entropy s,=1 kJ/(kg K) and a reference
enthalpy 4,=200 kJ/’kg at the state of saturated liquid at
T,=273.15 K and p,=py(T,). Since the residual part ®" of the
fundamental equation of state is needed to calculate the satu-
ration properties at the reference state, the normalization of
the equation of state is carried out after the residual part &
hiad been established.

Ideal gas heat capacities have been derived by Beckermann
and Kohler®, Goodwin and Moldover', Chen et al., and
Giirtner and Ernst” either from speed of sound measurements,
extrapolation of heat capacities to zero pressure, or from fre-
quency spectra by the relations of statistical thermodynamics.
HFC-134a is a derivative of ethane where rotation occurs with
respect to the C—C-axis. The frequency of this energy level
is very difficult to resolve, thus determination of c¢,-values
from frequency spectra becomes quite uncertain. Therefore,
we excluded the cp-values of Chen et al.’ during the formula-
tion of the cy-equation which is written as

=ci+efr e )

1

with 7=T*/T according to Sec. 3. Preliminary values of the
coefficients were obtained from fitting Eq. (8) to values re-
ported by Goodwin and Moldover® and by Giirtner and
Emst® in the temperature range between 230 K and 420 K. In
subsequent steps the coetficients were improved by fitting the
¢, -equation together with the residual part " to caloric mea-
surements of the real fluid which are available in a more
extended temperature range. Because each caloric property of
the real fluid is related to the ideal gas heat capacity c,,
additional information is introduced into the ¢;-equation, thus
extending its range of validity from 172 K to 473 K. The final
coefficient values are c¢f =—0.629789, c; = 7.292937, and ¢35
= 5.154411.

Figure 3 shows deviations of experimental heat capacities
¢; from those calculated with equation (8). The results ob-
tained by Goodwin and Moldover™® derived from speed of
sound measurements and those of Giirtner and Ernst™® extrap-
olated from c,-measurements are represented within +0.5%.
¢,-equations used for the HM-EOS, HE-EOS, and PNSW-
EOS agree well in the intermediate temperature range, while
at higher temperatures deviations exceed 1%. There. devia-
tions are attributed to the fact that the real gas caloric proper-
ties were not taken into account by the other authors during
the formulation of the c,-equation. The equation established
by Basu and Wilson® is based exclusively on c,-values
derived from spectral data and shows deviations up to +2.5%
similar to the data reported by Chen et al.’.

The dimensionless form ®°=A°/(RT) is finally obtained
from Eq. (7) using the ¢,-Eq. (8), yielding:

D°(rd) =a’+agr +asin 7+ In 3+ aFg™ ' + ar™ ¥ (9)

where  a=—1.019535, 4;=9.047135, a=—1.629789,
ai=—9.723916, and a$=—3.927170. The coefficients a5, a3
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and a5 are derived from the coefficients of the ¢,-equation.
The values of the coefficients ay’ and a; were calculated from
enthalpy A, and entropy s, at the reference state chosen above.

3.2. The Formulation of the Residual Part ®'

In contrast to the simplicity of establishing the ideal part
@°, it is much more difficult to find a mathematical expres-
sion [or the residual part $°(7,0) of the Helinholte free energy.
Since the laws of thermodynamics do not provide general
relationships about the shape of the residual part, such a
function must be established by fitting an appropriate equa-
tion to experimental values with the lowest standard deviation
possible. Because the Helmholtz free energy cannot be mea-
sured directly, the information about it must be obtained from
other thermodynamic properties accessible to measurement
and related to the free energy by the equations given in
Table 5. All measureable thermodynamic properties are ap-
propriate to form the data set for the optimization process.
Fitting an equation of state to different thermodynamic prop-
erty data is often called a multiproperty fit.

The goal of any optimzation procedure is to minimize a
sum of squares. For the formulation of the residual part ®" we
used a weighted form of the least squares sum:

S= 'Z-"X (Zexp,i_Z(:alc(-xexp,i sYexp,i 9¢rsd)))2 Ui_ ? — Min, (10)

z=z(x,y,d"@) denotes a relationship between any thermody-
namic property (such as p, ¢,, v, ...), the residual part @" of
the free energy, the parameter vector @ to be optimized and
the independent variables x and y, which are in our case T and
3. The relationships given in Table 5 allow us to include
residuals for experimental values Zexp(Xexp.yexp) Of different
thermodynamic properties.

The residual quantity Az = Zex,—Zeale i8 divided by the total
uncertainty o obtained from the Gaussian error propagation
law according to

g, 0y, 0, denote the uncertainties of the variables x, y, and
z, respectively which are obtained from estimated experimen-

“tal uncertainties. The partial derivatives may be calculated

from ancillary equations given in Sec. 3.2.3 or from a prelim-
inary fundamental equation of state when available during the
optimization process. However, changing -the total uncer-
tainty by recalculation has negligible influence on the result
of the optimization.

Two optimization strategies have been employed to estab-
lish the fundamental equation of state for HFC-134a. The first
one is the regression analysis developed by Wagner”. Based
on statistical significance this algorithm selects from a so-
called bank of terms those terms which form an equation
giving the best fit to a given data set. Since it is a linear
method, only those experimental data can be used which
linearly depend on the independent variables 8 and 7. Such
linear experimental values are (p,p,T’)-values, isochoric heat
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capacities or virial coefficients. Linear properties are marked
in Table 5. Beside these, any other linear relationship may be
included during optimization (see Sec. 3.2.1). However, since
the form of the equation of state is unknown at the beginning
of the optimization process, only measured linear property
data can be used at a first step.

The bank of terms which we used contained 615 terms. It
may be written in the following form:

No 5 Ny
@'BOT=%a; Sd’ T+ kz} (exp(—Sk) * E

a,-8""'r"‘>. (12)
i=Ng_1+1

A detailed description of exponents is given in Table 6. A
similar bank of terms has already successfully been employed
by different correlators to establish various fundamental equa-
tions of state (Setzmann and Wagner®', Saul and Wagner,
Marx et al.*). The bank of terms does not include the two-
dimensional Gaussian terms which have been used by Wag-
ner his co-workers to improve the representation in the critical
region. For HFC-134a too few experimental data exist in the
immediate vicinity of the critical point to justify the use of
such terms.

A large initial bank of terms causes a significant increase
of computing time. Therefore, the regression analysis is based
on a subset of about 100 terms. During regression analysis,
this subset is continuously modified. Useful terms were kept
in the working bank of terms while unused terms are ex-
changed with terms from the mother bank of terms. By this
pre-optimization of the working bank of terms computing
time could be decreased to about 5%. A detailed description
of this procedure is given by Tillner-Roth™.

Once a preliminary structure of the residual part has been
determined it is transferred to a non-linear optimization rou-
tine. For this purpose, we used the Gauss-Newton-method
described by Dennis et al.'°. The non-linear optimization
allows us (o cunsider also non-linear experimental data, such
as speed of sound, isobaric heat capacities or vapor pressure,
according to. the direct method proposed by Ahrendts and
Raehr!. The least squares sum is given according to Eq. (10).
The result is a very much improved equation of state which is
used to linearize non-linear data to be considered additionally
in a subsequent step of the regression analysis. Therefore, the
whole optimization process is a cycle, Fig. 4, switching con-
tinuously between regression analysis (improving the struc-
ture) and non-linear optimization. Whenever an improved
eyuation of state was obtained from the non-linear regression
the linearized non-linear data have been recalculated to al-
ways provide the actual information of thermodynamic be-
haviour to the regression analysis.

3.2.1. Linearization of Non-linear Relationships

The most important relationships to be linearized are those
for the saturation properties, namely the combination of vapor
pressure, saturated liquid and saturated vapor density. These
properties are calculated by iteration for a given temperature
from the following set of equations written in the free energy
form

ps = RTp'(1+8'P7)(7,8") (13)

and Ps = RTp"(1+3"®)(7.d"), (14)

& _1_ —_ .l.) — _pi = J n—Pr ul
RT(pn pr In pn @(T,S) CI)(T,B )° (15)

Each of these equations is linear with respect to the coeffi-
cients of @ when all three saturation properties p;, p', p'' are
given at a unique temperature (cf. Bender’). However, mea-
sured properties which fulfill this requirement are rarely
found. Therefore, the saturation properties have been pre-
correlated by separate equations for the vapor pressure (19),
saturated liquid density (20), and saturated vapor density (21)
thus enabling artificial measurements to be generated at
unique temperatures. The equations for vapor pressure and
saturation densities are given in Sec. 3.2.3. For HFC-134a,
130 artificial quadruples (ps,p',p",T) were generated between
180 K and the critical temperature every 2 K. At temperatures.
close to the critical point the intervals were decreased down
to 0.2 K.

Further linearization of non-linear data was carried out
after a preliminary equation of state had been established.
This linearization is applied to caloric data that are non-linear,
namely the isobaric heat capacity and speed of sound. It is
based on Egs. (1) and (2) which connect an isochoric heat
capacity with derivatives of pressure with respect to density
and temperature. Each of these components is linear itself and
the information contents of such a caloric property can be
linearized by calculating values for

P _Rroq +8¢g—87d>g,)andg%=

oT
RT(1 + 23®% + 3'®%y) (16)

from the preliminary equation of state., These are used to
transform speed of sound or isobaric heat capacity into a value
of the isochoric heat capacity which linearly depends on the
fundamental equation and, therefore can be used during re-
gression analysis. Additionally, the derivatives according to
Eq. (16) were used as input values. By this linearization ¢,- or
w-values can be considered during the optimization of the
structure. The artificial linearized data must be recalculated at
every iteration, if an improved equation of state has been
found after non-linear optimization.

3.2.2. Restrictions in the Critical Area

To obtain a physically correct shape of the isotherms in the
immediate vicinity of the critical point a special restriction in
the critical region has been introduced during non-linear opti-
mization. It is based on the condition of stability which is
written as

(8p/dp)r = 0, )

that must be fulfilled at every single-phase state. From this
condition the residual T

- (22)2
R= £ \(Z as)
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has been derived which is considered in the sum of least
squares at predefined points (7,p) immediately above the
highest measured critical temperature. Those points have
been chosen on two isotherms at 374.30 K 374.60 K for
densities between 450 kg/m® and 560 kg/m’. Outside of this
range there are enough experimental data to ensure a correct
fit of the equation of state. These residuals force the optimiza-
tion process to act in the following way:

When thermodynamic stability is met the derivative
(dp/op) is positive and therefore the residual quantity of
Eq. (18) will be zero. When the derivative becomes negative
the stability condition is not fulfilled. This results in a com-
paratively large residual quantity, thus forcing the optimiza-
tion to correct the shape of the (p,p,T)-surface. The advantage
of this strategy is the smoothness of this restriction compared
to a strategy of constraining the equation of state to a mea-
sured critical point. The optimization process is only influ-
enced, when the equation of state does not obey the stability
condition (17), while there is maximum flexibility for opti-
wization in other parts of the (p,p,T)-surface when the stabil-
ity condition is fulfilled.

3.2.3. Ancillary Equations

This section describes three equations which were used to -

linearize saturation properties to be included during the re-
gression analysis. These are namely a vapor pressure equation
and equations for the densities of saturated liquid and satu-
rated vapor. All equations were established by employing the
regression analysis of Wagner®.

The vapor pressure is represented by

— 7.686556 6 + 2.311791 9*2 — 2.039554 6* — 3.583758 6*
' 19

where ¥ = T/374.18 K, 6 = 1 — & and p. = 4.05629 MPa. It

is based on the same vapor pressure measurements as used to
establish the fundamental equation of state covering tempera-
tures between 180 K and 374.15 K. The data are represented
within =20 Pa or 0.03% whichever is greater. The critical
pressure used in Eq. (19) was determined by fitting it, sxmul-
tancously with the coefficients, to the input data.

The equation for the saturated liquid density is based on a
selection of available data. It is valid between 180 K 374 K
although its uncertainty increases in the vicinity of the critical
temperature. It is written as

‘éﬁn? = 518.20+884.13 6'°+485.84 §7°+193.29 6'”* (20)

with the same definitions used in Eq. (19). It represents the

selected input values within 0.2% except those for tempera-

tures above 370 K where deviations increase up to 1%.
The equation for the saturated vapor density is written as

In % = —2.837294 '3 — 7.875988 6%° + 4.478586 '
0
—14.140125 6°* —52.361297 9'12 @n
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where py = 516.86 kg/m® was determined during the formula-
tion of that equation. The definitions of variables correspond
to those used in Eq. (19). Equation (21) has been fitted to
experimental values above 293 K and to artificial values
which were calculated down to 180 K from the function for
the second virial coefficient reported by Goodwin and Mold-
over', It represents the artificial and originally measured in-
put data within 0.6% except for temperatures above 368 K
where deviations increase up to 2%.

3.2.4. The Residual Part ®' for HFC-134a

The function of the residual part for HFC-134a resulting from
the optimization process described is written as

§ 1 17
= 3 a8+ exp(—0) T oyt + exp(—8) 3 ayrd

20
exp(~d% i_S{sarr"S"" + an exp(—d)rud, (22)

Coefficients exponents are given in Table 7. The definitions
of variables are chosen according to the description given in
Sec. 3.

Derivatives of the fundamental EOS are required to evalu-
ate thermodynamic properties. They are given in the follow-
ing equations corresponding to the most general form of the
EOS given by Egs. (9) and (12). The first derivatives are
calculated according to :

oy = 1/8 (23)
D= a3 +2 + Ea torf L (29)
T Jed

a,~ (d,—k8") Sdi-lT'i)
(25)

Ni
@a—Za,d8¢ e 4 E (exp( 8") 2

Ng—1+

N
P! = 2?a,-t,—8*1’" + 2 (exp( - 2

i= Nim+1

ait;S"'T"") (26)

The second derivatives are obtained from

DY = —1/3* 27
@ = -2 + Ea, 20— 1)7 2 (28)

=0 29

No
D = 21 a;d;(d;—1) 3% %"

+k2 (exp( 3 2 a,[d2 di— kS"(2d+k—1+k8")]8d 27"))
1 i=Np_+1
(30)
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Y 4 N, !
@ = Sa (- DT E (exp(—B")‘ Ni aii(t— l)ad-ffv‘z)
(31

L
% =

N 4 N;
;:;a,-d,»t,- Sd'_ 11'"_ l+k21 (exp(— 8") Nzk Ia,-t; (d,'_ k 8")8‘1‘— ! T l) (32)
i - =Nyt

The counters N, are No=8, Ni=11, N,=17, N;=20, N;=21.
4, Comparisons with Experimental Data

In the following section comparisons are given between
experimental values, our own EOS, and the equations of state
mentioned in Sec. 1.2. Generally, deviations shown in the
figures are based on our own EOS. Where comparisons with
the other equations of state are made, those equations were
evaluated for temperatures or pressures lying in the middle of
the interval of the specific plot. If a deviation plot is con-
cerned with a certain isotherm or isochore the equations were
evaliated at the temperature or density values.indicated in the
respective plot.

4.1. Single-Phase Properties
4.1.1. (p,p,T)-Data

Because of the large number of measurements the (p,p,T)-
surface is divided into four sections for appropriate discus-
sion:

« vapor region (p<0.8p., 7<385 K),

 liquid region (p>1.3p,, 7<385 K),

* near-critical region (0.8p.<p<1.3p,,
370 K <T<385K),

*+ supercritical region 7>385 K.

Pressure deviations between values calculated from our
own EOS and experimental results in the gaseous phase are
shown in Fig. 5. The data of Dressner and Bier'? and of
Tillner-Roth and Baehr** are generally represented within
*0.05%. Deviations are slightly larger for the two lowest
Burnett-isotherms of Tillner-Roth and Baehr’* reaching

+0.08%. This is due to the larger uncertainties of the relatively -

short Burnett-isotherms. Good agreement is also observed
for the values measured by Qian ef al.® and those of Weber™
at densities below 100 kg/m® with deviations mostly below
+0.05%. At higher densities, Weber’s results show devia-
tions up to +0.12% increasing with density. The other three
equations of state had also been fitted to the values of Tillner-
Roth and Baehr* and predict about the same behaviour in
the gaseous phase. Differences in representation are observed
near the saturation boundary and for densities approaching
the critical value, where deviations of the HE-EOS and
the PNSW-EOS from our own EOS increase up to +0.3%
which is higher than the estimated uncertainties of the mea-
surements.

In the liquid, Fig. 6, our own EOS represents the densities
of Tillner-Roth and Baehr™ generally within +0.06% without

considerable systcmatic. deviations. These measurements are
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in slight contradiction to the extensive series of Hou ef al.?
whose densities deviate from them by almost 0.2%. Ap-
proaching the critical temperature, the deviations between
both series increase up to 1%. The decision to prefer the data
of Tillner-Roth and Baehr® was based on a consistency test
between liquid densities and caloric measurements in the lig-
uid phase described in Sec. 2.2.1. This test indicates that the
densities of Hou ef al.” are not consistent with the measured
caloric properties in the liquid. Another indicator for the accu-
racy of the liquid densities of Tillner-Roth and Baehr™ is the
HM-EOS, originally fitted to the densities of Hou et al. . The
HM-EOS predicts density values about 0.2% lower than our
own EOS at low temperatures but agreement with the densi-
ties of Tillner-Roth and Baehr*® improves with rising temper-
ature. Obviously, the influence of the slightly inconsistent
densities of Hou et al.*® is superseded by the influence of
caloric input data in the liquid phase forcing the HM-EOS to
tend more to the consistent densities of Tillner-Roth and
Baehr®, although they had not been used for establishing the
HM-EOS. Very recently, a new set of liquid densities was
published by Klomfar et al.?®. Their measurements confirm
the densities of Tillner-Roth and Baehr’® within +0.08%. The
HE-EOS and the PNSW-EOS show density deviations from
our own correlation of about 0.2% at low temperatures but
they increase when approaching the saturation boundary at
higher temperatures.

Deviations of pressure and density in the near-critical and
supercritical region are shown in Fig. 7. The fundamental
EOS represents the pressures of Tillner-Roth and Baehr’*™
and Dressner and Bier'? within =0.2% even as close as 1 K
to the critical temperature. For higher supercritical tempera-
tures density deviations are within +0.2% for these two sets
of data. Good agreement is also observed for the (p,p,T)-data
of Piao et al.® in the vicinity of the critical point. The HM-
EOS, HE-EOS, and the PNSW-EOS show relatively large
deviations from the experimental data up to 0.5% of pressure
in the near-critical region. For higher supercritical tempera-
tures, density deviations of these three equations of state from
our own EOS are particularly large for high pressures, ex-
ceeding +0.5%. Deviations of (p,p,T)-properties calculated
from the extended cross-over model developed by Tang
et al.”® are included in Fig. 7. The range of validity of Tang’s
model is from 200 kg/m® to 800 kg/m® for temperatures up to
450 K. Differences in pressure are within +0.5% in the near-
critical region and deviations in density are below +0.5% in
the supercritical region except tor the highest isotherm evalu-
ated at 447.5 K which is rather close to the upper limit of
validity of Tang’s model. The agreement between our own
EOS and Tang’s model is best for densities and temperatures
close to the critical point where deviations are below +0.2%
of pressure. Generally, deviations of Tang’s model increase
for high and low density values.

In the following paragraphs the results of data analysis for
all available (p,p,T)-measurements are referred to seperately
for each source listed in Table 2.

1. (p,p,T)-values of Baroncini et al.* (Fig. 8)

These values comprise a temperature range from260 K
to 360K in the vapor phasc and overlap with the
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selected values of Tillner-Roth and Baehr**. As shown
in Fig. 8, these values show large scatter from —0.5%
to +1.2% of density and were not selected.
(p,p,T)-values of Basu and Wilson® (Fig. 9)

These were among the first experimental (p,p,T)-val-
ues reported for HFC-134a. On the average, these data
agree with the selected densities. Because of their large
scatter ranging from —1% to +1%, indicating their
larger uncertainty, the measurements of Basu and
Wilson® were not used as input values.

(@ .p,T)-values of Dressner and Bier'? (Figs. 5, 7)
Dressner and Bier'? performed Burnett-measurements
on 4 isotherms between 333 K and 423 K which agree
to within £0.06% with the Burnett-values of Tillner-
Roth and Baehr™ in the whole range of temperature
and pressure. Although these data overlap with the
other selected (p,p,T)-data in the vapor phase, they
were used as input values due to their exceptional
accuracy.

(p ,p,T)-values of Déring" (Fig. 10)

The investigations of Déring!' were carried out in the
gaseous phase for temperatures between 260 K and
400 K at medium densities overlapping the values of
Tillner-Roth and Bachr’®, The densities show large
systematic deviations up to +2% and do not supply
accurate information.

(p,p,T)-values of Fukushima et-al.” (Fig. 11)

This series has been rejected due to its scatter of
about *1% of density and because it overlaps the
selected more accurate data. On the average the values
agree with the selected measurements.
(p,p,T)-values of Hou et al.® (Fig. 6)

This extensive experimental study comprises 429 lig-
uid densities between 180 K and 380 K and pressures
up to 70 MPa. The values are about 0.2% lower than
the densitics obtained by Tillner-Roth and Bachr®
used in the selected data set. The consistency test pre-
sented in Sec. 2.2.1 proves that the values of Hou
et al.? are inconsistent with the available caloric mea-
surements in the liquid phase, and thus were not used
to develop the EOS.

(p,p,T)-values of Kesselman et al.”” (Fig. 12)

Most of the liquid densities of Kesselman et al.” agree
with the selected values within 0.3% but some data
points show deviations up to 1% of density especially
in the vicinity of the saturation boundary and at very
high pressures. Since they also overlap the selected
liquid densities they were not included.
(».p,T)-values of Maezawa et al.® (Fig. 13)

Ten densities in the liquid phase were measured by
Maezawa et al.*® overlapping other measurements.
They agree well with the measurements of Hou et al.
and are, therefore, about 0.2% lower than the measure-
ments of Tillner-Roth and Baehr thus being not se-
lected.

(p,p,T)-values of Magee™ (Fig. 14)

150 liquid densities were reported by Magee™® obtained
during his isochoric heat capacity measurements. His
results are located betwecen thosc of the scrics of Hou
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et al.” and of Tillner-Roth and Baehr™® showing devi-
ations of about —0.1% on the average. Furthermore,
deviations on isochores increase with increasing tem-
peratures. Due to these deviations and due to the result
of the consistency test, Sec. 2.2.1, we decided not to
select the (p.p.T)-data of Magee™®.

(p,p,T)-values of Morrison and Ward® (Figs. 15a,b)
These measurements were performed with a vibrating
tube densimeter in the liquid phase between 280 K and
365 K and pressures up to 5.5 MPa completely over-
lapping the results of Tillner-Roth and Baehr®. Al-
though deviations from the fundamental EOS are
within +0.1% for temperatures below 340 K the scat-
ter is about two times larger than that of the selected
densities of Tillner-Roth and Baehr™. Deviations at
temperatures above 340 K occasionally reach 0.4%.
The densities of Morrison and Ward® were not used
due to these deviations and due to overlapping the
selected measurements. ‘

(p,p,T)-values of Piao et al.® (Figs. 16a,b)

The results of Piao et al.® cover both the vapor and the
liquid region and agree within +0.5% with the se-
lected input values. They have not been used as input
data because they completely overlap the selected data
and because their uncertainty is about three times
larger compared to the input values in the region of
interest. )

(p.p,T)-values of Park®? (Fig. 17)

Large systematic deviations exceeding —3% of den-
sity are observed between the Burnett-measurements
of Park® and our own EOS at higher pressures. There-
fore, these measurements were not selected.
(p,p,T)-values of Qian et al.“ (Fig. 5)

All 21 Burnett-values reported by Qian ef al.* agree
within 0.1% with the Burnett-values of Tillner-Roth
and Bachr’. They completcly overlap with the sc-
lected measurements and, therefore, can be neglected
without loss of experimental information. :
(p.p.T)-values of Tillner-Roth and Baehr** (Figs. 5. 7)
This set of measurements comprises 411 values for
temperatures between 293 K and 453 K at pressures
from 0.1 MPa to 16 MPa. Comparisons between these
values and measurements of Qian ef al.* and Dressner
and Bier'? show excellent agreement. Furthermore,
comparisons between derived second virial coeffi-
cients and results reported by other sources'™ '
firm the accuracy of these measurements. 393 of these
(p.p,T)-data were used as input values. for thecorrela-
tion process except for the first one or two values of the
supercritical Burnett-isotherms at the highest pres-
sures, which are generally of lower accuracy than the
remaining points of a Burnett serics.

(p,p.T)-values of Tillner-Roth and Bachr* (Figs. 6, 7)
432 (p,p,T)-values in the liquid and supercritical re-
gion at high densities between 243 K and 413 K at
pressures up to 16 MPa arc reported from this source
measured with a vibrating tube densimeter. From these
data, 413 values were sclected but those at low densi-
tics in thc supercritical region at pressures below

Cult-
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4 MPa were excluded because their accuracy was sig-
nificantly lower. - : '
16. (p,p.T)-values of Weber® (Figs. 5, 7, 18):
The isochoric measurements performed by Weber™
are based upon a Burnett expansion series performed at
368.15 K to which the densities of - the isochoric
measurements are related. His results agree
within *+0.05% of pressure with the Burnett measure-
ments of Tillner-Roth and Bachr™ at low densitics but
show deviations up to +0.12% at pressures above 2
MPa (cf. Figs. 5, 7). A more detailed comparison be-
tween the (p,p,T)-data of Tillner-Roth and Baehr®,
Dressner and Bier'?, and Weber™ is given in Fig. 18. It
shows deviations of pressure between 360 K and
400 K for pressures between 1 MPa and 5 MPa. The
‘esults of Tillner-Roth and Baehr** and of Dressner and
Bier®?, which were both selected, agree within 0.05%
which is smaller than the combined limit of uncertainty
cstimated to be about +0.08% for thesc scts of mca-
surements. The pressures reported by-Weber™ are sys-
tematically higher than those of Tillner-Roth .and
Baehr and also than those of Dressner and Bier for
densities around 200 kg/m®. Deviations occasionally
exceed the combined limits of uncertainty. Due to
these systematic deviations, we decided not to select
the measurements of Weber™,
17. (p,p,T)-values of Zhu et al.®® (Fig. 19)

The results of Zhu ef al.®® are located in the gaseous
phase and show systematic deviations of density
from—1% to +0.7% compared to other reliable values.

4.1.2. Second Virial Coefficient

Values of the second virial coefficient were reported by six
authors (see Table 2). They were mostly derived from (p,p,T)
or speed of sound measurements. We preferred not to include
virial coefficients during the correlation process because they
are derived properties and, therefore, their accuracy may be
affected by deficiencies of the models used to derive them.
However, the experimental information of the second.virial
coefficient- is still considered because speed of sound and
(p,p,T)-properties from which they were derived are included
during the optimization process. _

- Deviations of B-values from the fundamental EOS are plot-
ted in Fig. 20. Above 290 K, the virial coefficients of Tiliner-
Roth and Baehr’, Dressner and Bier'?, and Goodwin and
Moldover'® are represented by our own EOS within =1%. At
temperatures below 290 K the results of Goodwin and Mold
over'® are represented within 1.5% because their speed of
sound:values had been included during the formulation of the
equation of state. Another set of second virial coefficients by
Beckermann and Kohler® was also derived from speed of
sound measurements showing deviations of about +1%. The
values reported by Schramm et al. ®” show deviations up to
3%. .

The HM-EOS and the HE-EOS agree well with the own
equation. within +2%. The PNSW-EOS shows deviations up
to 4% at the upper and lower temperature limits of Fig. 20.

667
4.1.3. Isochoric Heat Capacity

150 isochoric heat capacities were measured by Magee® in
the liquid region: A detailed sample of the deviations from the
EOS is given in Fig. 21. Most of these experimental data are
represented within £1% which corresponds to twice the un-
certainty given by Magee®. The highest deviations occur for
the isochores in the high temperature range while at lower
temperatures deviations arc gencrally less than *0.6%. Al-
though deviations are comparatively low, it seems that there
are sometimes deviations on an isochore being systematic
with respect to temperature. These effects may be related to
the deviations observed for Magee's (p ,p,T)-values discussed
in Fig. 14.

There are small differences. of data representation between
our own EOS and the other three equations of state being
largest at temperatures above 300 K where they reach £1%.

4.1.4. Isobaric Heat Capacity

Measurements of the isobaric heat capacity ¢, are reported
by Giirtner and Ernst® in the gaseous phase, and by Wirbser™,
Saitoh et al. , and Nakagawa et al.* in the liquid phase. Only
those by Giirtner and Ernst® and 117 of those measured by
Wirbser™ were used as input data during the optimization
process. The values of Saitoh et al. *® and of Nakagawa et al.*
overlap those of Wirbser” and, therefore, were not selected.

Deviations of isobaric heat capacities from the fundamental
EOS are plotted for several isobars in Fig. 22. The c,-values
of Wirbser”, Nakagawa et al.®®, and of Saitoh et al.®® are
generally represented within = 1%. Exceptions are the critical
region where deviations increase up to 60% and the supercrit-
ical region above 500 K where deviations are up to 2%. In the
critical region there are only a few ¢,-measurements avail-
able. Therefore, caloric properties are not represented well
near the critical point by the analytical equation of state pre-
sented here. Thus, calculation of heat capacities and speed of
sound should be avoided for densities within 400 kg/m’ to 600
kg/m?® at temperatures between 370 K and 380 K. This exclu-
sion does not apply to (p,p,T)-properties; they are represented
within £0.15% of pressure as shown in Fig. 7. For tempera-
tures above 480 K, HFC-134a is supposed to decompose®'.
This might explain slightly larger deviations. above 500 K.

The three other equations of state show good agreement
with our own EOS in the lhiquid phase, especially -at low

" temperatures. In the gas, when approaching the state of satu-

rated vapor, the three other equations of state all exhibit a
downturn in heat capacity of about 3% compared to our own
EOS and available measurements. This effect is particularly
large for the PNSW-EOS and for the HE-EOS while the
amount of deviation between the HM-EOS and our own cor-
relation is generally below 2%. These differences between the
equations are attributed to the small number of available ex-
perimental ¢, -data in the immediate vicinity of the saturation
line, thus allowing too much flexibility during the optimiza-
tion of any equation of state. At higher temperatures, devia-
tions increase particularly for the HM-EOS and the HE-EOS
cxhibiting valucs up to =5%. The PNSW-EOS agrees better

1 Dhue tham Raf. Data. Vol. 23. No, 5. 1994
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with our own EOS. Large differences between all four equa-
tions of state occur in the critical area also for the cross-over
model developed by Tang er al.®. c,-values calculated from
their model show large systematic deviations from the mea-
surements located outside the limits of the diagrams of
Fig. 22.

4.1.5. Speed of Sound

Four sets of speed of sound measurements are reported in
the literature which are listed in Table 2. In the gaseous phase,
the speed of sound was measured by Goodwin and Mold-
over'® and by Beckermann and Kohler® for temperatures be-
tween 233 K and 410 K at pressures up to 0.6 MPa. In the
liquid phase, speed of sound measurements are reported by
Guedes and Zollweg' and by Takagi*? for temperatures be-
tween 180 K and 380 K at pressures up to 70 MPa. Deviations
between values calculated from the fundamental EOS and the
measurements are plotted in Fig. 23 for the gaseous phase and
in Fig. 24 for the liquid phase.

In the gaseous phase, our equation has been fitted to the
values of Goodwin and Moldover® which are represented
within +0.03%. The measurements of Beckermann and
Kohler® generally agree with the values of Goodwin and
Moldover'® within the limits of uncertainty but on some
isotherms they reveal systematic deviations up to +0.07%.
Therefore, the values of Beckermann and Kohler® have not
been used as input data. The HM-EOS predicts about the
same values as our own correlation but deviations increase up
to =0.06% when approaching the saturated vapor state. This
effect corresponds to the respective c,-deviations shown in
Fig. 22 attributed to the absence of caloric measurements in
the immediate vicinity of the saturation boundary.

Furthermore, an offset of about 0.02% between our own
equation of state and the equations of the other authors is
observed at higher teinperatures for diminishing pressure due
to a slightly different representation of the ideal gas heat
capacity ¢, at high temperatures (cf. Fig. 3) corresponding to
the c-deviation of ahout 0.5%.

In the liquid, our equation is based on the speed of sound
values of Guedes and Zollweg'® which are predicted within
*0.3% except for some values in the critical region. The
values of Takagi® are up to 0.7% lower than those of Guedes
and Zollweg' and, therefore, were not used to establish our
EOS. Comparisons with the HE-EOS and the HM-EOS reveal
small systematic deviations although these equations still pre-
dict the speed of sound measurements within +0.3%. The
PNSW-EOS shows large systematic errors especially at low
temperatures and low pressures.

4.1.6. Joule-Thomson Coefficient

108 Joule-Thomson coefficients measured by Wirbser®
cover the range of temperature between 333 K and 423 K at
pressures up to 20 MPa. Deviations are plotted 1n Fig. 25. In
the gaseous phase, the measurements are represented within
*3% compared to our own equation of state. In the liquid
phase at increasing pressures the value of the Joule-Thomson

coefficient decreases exhibiting negative values at tempera-
tures below 375 K. These data are represented with deviations
up to 10% due to their small values. Absolute deviations in the
liquid phase are always less than 0.1 K/MPa. In the whole
range of measurements, all equations of state predict about the
same Joule-Thomson coefficients as indicated in Fig. 25.

4.2, Saturation Properties
4.2.1. Vapor Pressure

Four sets of measured vapor pressures fulfil the require-
ments of being highly accurate data and were selected for the
formulation of the EOS. These are namely the measurements
of Goodwin et al.'’, Weber®, Tillner-Roth and Baehr’, and
the six lowest pressures measured by Magee and Howley**.
Deviations between these values and the fundamental EOS
are shown in Fig. 26. The values are represented within
*0.05 % at temperatures above 220 K and within *+20 Pa at
lower temperatures. The offset of about 0.1% observed for the
values of Goodwin et al.'” at 265 K results from changing the
apparatus. At temperatures above 310 K the series of Tillner-
Roth and Bachr® and of Weber® agree remarkably well,
within +0.01%. Both series are represented by the EOS
within about the same limits of uncertainty. The representa-
tion of vapor pressure by the HM-EOS is about the same in
the whole temperature range. The HE-EOS and the PNSW-
EOS show larger systematic deviations up to +0.4% in the
vicinity of the critical temperature.

The 12 remaining series listed in Table 3 were not used as
input values. These data either show larger scatter or system-
atic deviations from the above mentioned measurements as
shown in Fig. 27.

4.2.2. Saturated Liquid Density

Available measurements of the saturated liquid density are
listed in Table 3 and are plotted as deviations from the EOS
in Fig. 28. The equation of state has not been fitted to any
saturated liquid densities. These were mostly derived from
compressed liquid densities of which numerous values were
used as input data.

Four data sets agree well within +0.15% and are repre-
sented by our EOS within the same narrow limits. These are
namely the measurements performed by Yokoyama and
Takahashi®, Kruse®, Niesen ef al.®’, and Tillner-Roth and
Baehr™, At lower temperatures, the fundamental EOS shows
deviations from the measurements of Hou eral” and
Maezawa et al.* similar to their compressed liquid densities
(see also Fig. 6). At temperatures approaching the critical
point, the values reported by Fukushima ez al.'® are smaller
while the densities reported by Kabata er al.* arc larger than
the p'-values predicted by the EOS.

From the other equations of state, the HM-EOS agrees best
with our own equation although at low temperatures, system-
atic deviations are observed which accord with the results for
the compressed liquid density. The HE-EOS and the PNSW.
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EOS show their largest deviations when approaching the crit-
ical temperature.

4.2.3. Saturated Vapor Density

There are six sets of measurements for the satrated vapor
density which are listed in Table 3. Comparisons of them to
our own EOS are shown in Fig. 29. The results obtained by
Weber®®, Fukushima'“!%, and Niesen ef al.® agree with our
own equation within 2% which is in most cases within the
estimated uncertainty. The deviations for the values reported
by Morrison and Ward® are considerably large, reaching val-
ues up to 18%. In the vicinity of the critical region the equa-
tion agrees best with the data of Fukushima'* while the values
of Kabata et al.? show large negative deviations. The predic-
tion of the saturated vapor density by the other three equations
of state is similar to our own EOS at high temperatures. At
lower temperatures, deviations are up to *2% due to the
diffcrent prediction of the second virial coefficient.

4.2.4, I1sochoric Heat Capacity in the Two-phase Region

160 values of the isochoric heat capacity ¢& in the two-
phase region were measured by Magee™. This kind of prop-
erty is very complex. In Fig. 30, the shape of a c,-isotherm is
qualitatively plotted versus volume. A value for the two-phase
heat capacity ¢ is obtained from the two-phase heat capac-
ities at saturated liquid and saturated vapor &, and ¢}/according
to

I . P
c? =2+ v (Cy—0y). (33)

The jumps AgZ), and Ag, of the isochoric heat capacity on the
saturation boundaries are calculated from

o d - o T) = —7] 9 (32 } 911)"
Acy =2, - ¢,(v,\T) T[ T ( 6T>‘, ( P (B4

v
and

dp ANNCAN
A A " = — —s _
A=ty = a(vT) T[dT (aT),,.,] (av),,,.’ 35

The single phase isochoric heat capacities and the derivatives
(3p/8v) and (8p/0T) are obtained from the fundamental equa-
tion of state according to the relations given in Table 5. The
first derivative of the vapor pressure is calculated from the
law of Clausius-Clapeyron

dPs §"—g'

a7 V"=’

(36)

These relations illustrate the complexity of the two-phase heat
capacity which contains information about the whole
isotherm reaching from ideal gas to compressed liquid. Thus,
comparisons of this property are a sensitive test for an equa-
tion of state concerning the consistency of the whole data set.

Deviations between the measured values and values calcu-
lated from the EOS are shown in Fig. 31. They are less than
*1% in the whole temperature range of Magee’s experi-

ments. The good representation was achieved by using
Magee’s single-phase isochoric heat capacities as input values
being related to the two-phase heat capacity ¢ by the rela-
tions indicated above. For temperatures below 190K,
Magee’s cP-values were used to establish the fundamental
BOS because for these temperatures no single-phase c¢,-values
were available.

The equations of other authors reveal deviations which are
below 1% at temperatures above 260 K but increase for lower
temperatures. They become larger when approaching the
triple point where the values predicted by the HM-EOS are
too small while those predicted by the HE-EOS and th
PNSW-EQS are larger than the measured values.

4.3. Critical Point

From the conditions of the critical point

) _ » ffﬂ) -
( av)c 0 and ( 55) =0, 37

the critical parameters can be calculated. The critical point of
the fundamental equation of state is located at:

T, =37421K p. = 511.95kg/m’ p. = 4.05928 MPa.

Critical temperature and critical density are compared with
measured critical parameters in Fig. 32. The critical tempera-
ture is very close to those of Kabata et al.? and of Fukushima
et al.'®, It is located within the estimated uncertainties of most
researchers which are indicated by the rectangular areas in
Fig. 32. The critical density agrees within 1% with mea-
sured values being also within the estimated uncertainties.

5. Conclusion

A fundamental equation of state has been established for
the Helmholtz free energy of HFC-134a. It covers the temper-
ature range from 170 K to 455 K for pressures up to 70 MPa.
The fundamental equation of state represents nearly all avail-
able measurements within their experimental uncertainties for
the properties in the single-phase regions as well as for satu-
ration properties. The only exception is the representation of
heat capacity and speed of sound in the vicinity of the critical
point because only very few experimental data are available
in this part of the thermodynamic surface to support the equa-
tion of state. The results for the isobaric heat capacity at
temperatures above 453 K show that extrapolation up to
523 K is possible within narrow limits of uncertainty. Com-
parisons with the HM-EOS at high pressure shows that rea-
sonable results can be expected even at pressures up to 100
MPa.

Although there are about 4000 experimental data available,
there are still some additional experimental data needed. Re-
ferring to the Secs. 4.1.4 and 4.1.5, there are only a few caloric
measurements in the immediate vicinity of saturated vapor
state which lead to different predictions from different equa-
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jons of state. Furthermore, a set of liquid densities of high
accuracy at temperatures below 240 K would be very valuable
because the only set of densities available in this region (Hou
et al.® ) has been proven to be somewhat inconsistent with
other reliable measurements. Due to these deficiencies in the
experimental data, Annex 18 decided to reopen the process of
data evaluation for HFC-134a in the future when new reliable
measurements become available. Nevertheless, with this large
amount of experimental information available, HFC-134a is
already one of the fluids for which the thermodynamic prop-
erties are known at a superior level of accuracy.
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‘TABLE 1. Summary of experimental critical parameters. The sample purity is given in mass percent

‘Source Year Purity TJK p/MPa po/(kg/m®)
Basu and Wilson®’ 1989  99.95 37422*0.15 4.0670,027 5122%5"
McLinden et al.* 1989  99.94 374.18+0.01 4.056%0.01 5153x1
Yamashita et al.% 1989  99.9 374.2420.05 4.065%0.005 —
Kubota et al.®™ 1989 99.9 374.24+005 . 4.065:£0.005 P
Kabata et al.® 1989  99.8 37427001 — 508.0x3
Bier et al.® 1990  99.9 374.09+0.05 4,052%0.06 514,010
Bier et al.® 1990 999 374.10+0.05 4.050+0.06 514.0%10
Fukushima et al.'* 1991 99.99 374,16£0.02 4.06720.005 507.0%5
Morrison and Ward® 1991  99.95 374.23+0.01 4,068+0.005 515.2x2

“The values reported by® and®® probably result from the same measurements.
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TABLE 2. Summary of measurements in the single phase (v: vapor, I: liquid)"
Source Year Purity Number Range of data Uncertainties
total/used T/K p/MPa st Sp Sy

(p.p,T)-measurements (y = p)
Basu and Wilson® 1989 v 99.95 52/0 317-447 1-6.7 30 mK 0.001p 0.003p
Dressner and Bier" 1993 v 99.9 121/121 333-423 0.3-58 5 mK 0.0002p 0.001p
Doring"! 1990 v — 112/0 247-368 0.1-3.5 — — —_—
Weber® 1989 v 99.95 69/0 321-423 0.2-5.3 1 mK 107p 0.0005p
Piao efal.” 1989 v,1 Yu.¥ 159/0 313-423 U.¥-12 10 mK 2 kbPa -0.002p
Maezawa eral . © 1990 1 99.99 10/0 280-340 0.5-2 15 mK 5 kPa 0.002p
Kesselmann et al.”’ 1991 1 99.9 65/0 212-345 0.4-21 20 mK 1.5 kPa 0.0008p
Morrison and Ward® - 1991 1 99.95 120/0 278-367 0.7-5.8 5 mK 1 kPa 0.0003p
Hou et al.? 1992 1 99.98 429/0 © 180-380 0.9-70 10 mK 10 kPa 0.001p
Baroncini ef al.* 1990 v 99,98 46/0 263-358 0.2-2.0 20 mK 0.003p 0.002p
Tillner-Roth and Baehr* 1992 v 99.97 411/393 293-453 0.1-16 5 mK 107%p 0.0003p
Tillner-Roth and Baehr™ 1993 Lv 99.97 432/413 243-413 0.6-16 10 mK 0.0002p 0.0003p
Fukushima et al. " 1990 v 99.8 63/0 294-424 0.6-5.7 10 mK 3 kPa 0.002p
Magee™® 1992 1 99.99 150/0 186-340 2.9-35 30mK 0.0007p 0.0015p
Qian etal.® 1992 v 99.99 21/0 320-340 0.1-2 10 mK 0.3 kPa 0.002p
Zhu et al.® 1992 v 99.95 . 42/0 283-353 0.1-1.3 15 mK 2 kPa —
Park* 1993 v — 220/0 333-423 0.3-14 5 mK 0.0002p 0.001p
Klomfar et al.® 1993 I 99.9 89/0 204-298 1-56 50 mK 0.00lp = 0.001p

Speed of sound (y = w)

Beckermann and Kohler® 1993 v 99.9 230/0 253-410 0-0.6 10 mK 0.0002p 2:107% w
Guedes and Zoliweg'® 1992 1 99.8 206/193 180-380 0.9-70 10 mK 0.0015p <lm/s
Goodwin and Moldover'® 1990 v 99.94 94/94 233-340 0-0.5 1 mK 50 Pa 1074w
Takagi® 1991 1 99.9 80/0 290-370 2-70 30 mK 0.001p 0.002w

Isobaric heat capacity (y = c,)
Wirbser™ 1993 Lv 99,95 151/117 273-523 0.5-30 5 mK 0.0002p  (0.001-0.1)c,
Girtner and Ernst® 1992 v 99.95 42/42 253-423 0-0.5 5mK 0.0001p 0.002¢,
Nakagawa et al.* 1990 1 — 37/0 273-356 0.5-3 10 mK 3 kPa 0.003¢,
Saitoh er al.* 1990 1 99.97 31/0 275-356 1-3 10 mK 3 kPa 0.003¢,

Isochoric heat capacity (y = ¢,)
Magee™® 1992 1 99.99 150/150 186-340 2.9-35 30 mK 0.0007p 0.005¢,

Joule-Thomson coefficient (y = )
Wirbser™ 1993 Ly 99.95 108/0 333-423 0.3-20 5 mK 0.0002p  (0.003-0.1)
Second virial coefficient (y = B)

Beckermann and Kohler® 1993 v 99,9 15/0 233-420 — 10 mK — 0.01B
Goodwin -and Moldover'® 1990 v 99.94 10/0 235-440 — 1 mK — <0.01B
Schramm ef al. ¥ 1992 v — 5/0 303473 — 10 mK — <0.02B
Schramm and Weber®? 1991 v —_ 40 233-293 — 10 mK — <0.03B
Tillner-Roth and Baehr* 1992 v 99.97 19/0 293-453 — 5 mK — <0.015B
Dressner and Bier'? 1993 v 99.9 40 333-423 — 5 mK — <0.01B
Weber™ 1989 v 99.95 12/0 323-423 — 5 mK — <0.01B

"The sample purity is given in mass per cent
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TABLE 3. Summary .of measurements of saturation: properties*

. Source © Year  Puwity  Number ‘Temperamre-  Uncertainties
total/used range T/K st Sy

 Vapor pressure (7 = p,)

‘Basu and Wilson® 1989 - 9995 3210 210-369- . 30 mK 0.001p.

Weber™ - 1989. 99.95 22/22 313-373 1t mK 0.1 kPa.
Piao etal.® 1989 99.99 46/0 308-374 10 mK 2kPa
~:Morrison and Ward 1991 99.95. 12/0 268-374 1 mK 1.5 kPa
Maczawa et al. ™ 1990 199.99 13/0 279-350 15 mK 7 kPa
‘Kubota et al:* 1989 99.9 25/0 253-373 50 mK ;2 kPa
:Bier* 1990 99.9 41/0 204-374 10 mK {0,001-0.01)p
Doring' 1990 B 22/0 218-358 — —
Baroncini e al.* 1990 99.98 - 64/0 242-358 20 mK 0.003p
Baehr and Tillner-Roth® 1993 99.94 31137 303-374 _ SmK_ 0.0002p
‘Fukushima ef al. ' 1990 99.99 41/0 262-371 10 mK 3 kPa
Nishiumi and Yokoyama® 1990 - 16/0 247-373 10 mK 0.0015p
Arita et al.” ' 1991 99.5 3/0 273-323 20 mK 0.7 kPa
Goodwin et al."” 1993 99.95 3137 214-265 10 mK 20 Pa
99.95 20120 266313 1 mK 0:1 kPa
" Niesen et al.® 1993 99.9. 12/0- +316-370. 01K 3.5 kPa
Zhu et al.* ...1992 99.95 4310, 279-363 10 mK 0.5 kPa

Magee and Howley™ 1992 99.99 1915 180-350 30 mK 0.02~1.8 kPa

 Saturated liquid density (y = p")

~Basu.and Wilson® 1989 9995 " 9/0 238-371 . 30 mK 0.003p
~Déring"! 1990 — 2000 . 243-338 _ R
Fukushima et af.** 1990 99.99- 30 323-357 10 mK 0.002p
Fukushima et al. ™ , 1991 99.99 8/0 369-374 20 mK 1.5 kgfm®

. Fukushima'® 1991 9999 “7/0 244-291 20 mK 3 kg/m®
Hot et al.” 1992 99.98 10/0 180-360 10 mK 0.001p
Kabata et al.® 1989 '99.8° 12/0 343-374 10 mK™ '0.0055p
Kruse® 1990 — 9/0 232-312 20 mK 0.001p
Maezawa et al. 1990 99.99 ~25/0 199-370 15 mK 0.002p
Morrison and Ward™® 1991:. 99.95 26/0 268-368 . t mK 0.003p
Niesen et al.® 1993 99.9 120 316-370 K 0.5 kg/m®
Piao etal.® 1989, 99.6 70 313-372 20 mK 0.005p

- Tillher-Roth and Baehr® 1993 99.97° 13/0 243-353 10 mK 0.0005p

Yokoyama and Takahashi® 1991 99.8 200 251-367  20mK 0.003p

Saim'éted vapor density (y = p")

Fukushima'® 1991 99,99 6/0 293-371 20 mK 0.002p
Fukushima er al.'* 1991 9999 90 371-374 20'mK - 1.5 kg/m?®
‘Kabata. er al.®® 1989 99.8 15/0 361-374 10 mK 0.0055p
Morrison and Ward® 1991 99.95' 8/0 298-365 I mK 0.003p
Niesen et al.® 1993 99.9 12/0 316-370 0:1 K -0.5 kgim®
Weber™ 1989 99.95 5/0 7320365 1'mK: 0.001p

*The sample puritie are given in mass per cent

I Phue: Chem. Ref:'Data. Vol. 23; No. 5, 1994
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TasLE 4. Coefficients of K. (4) for liquid HFC-134a

i 8 i

i gi i g 4
Based on the data of Tillner-Roth and- Bachr®® )
i 14.4523550 4 5.07020933-107* 7 22.22226808 10 » -—1.58754782
2 0.491185102 5 —2.7877891524 8 3.986022479
3 —13.9840437 6 52.2926435 9 —66.2525696
Based on the data of Hou et al.”
1 14.4937330 4 5.84703389-1074 7 25.29622142 10 —2.95713405
2 0.505043520 5 —2.9525905643 8 4.745207617
3 —13.9754460 6 62.3707965 9 —78.4183305
TABLE 5. Relations between the dimensionless free energy and thermodynamic properties

Property Relation

Pressure' p(7.9) = RTo(1+3%f)

Internal Energy' %f) - 7 (P+ DY)

Enthalpy' %’T@ - 1@ 4 B 4 BB

Entropy‘ fi‘;?’s_). - T (@2 + q):) - ° -

Gibbs Energy' % . 1450+ 0%+ D

Isochoric Heat Capacity' @ = —¥ D2+ DL

. . c(1,8) i (1 + 3% — 81d)*
Isobaric Heat Capacity R (cu/R) + _'&—1—[ 7250 4570,
: w(1,9) r s, (Lt B®E — &7 OL)
Speed of Sound T 1 + 289§ + 8Dy, + /R
. — (3} + B°®f; + 51dL)
Joule-Thomson Coefficient wTd)Rp (1 + 50 — 1PL) + (c/RY1 + 200, + 5200
: 11 , 5

Maxwell Rule' £ G- = PR P+ ng

Second Virial Coefficient' B(7) pc - ibi_rg @i(1,3)

Third Virial Coefficient' C@) p? = Ll_’r% Di(r,9)

'Depending linearly on the Helmholtz free energy.

aT

J. Phys. Chem. Ref. Data, Vol. 23, No. 5, 1994
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TABLE 6. Exponents of the terms in the bank of terms (Eq. (12))

Sort of term
(Counter)

8-Exponents (d))
7-Exponents (f;)

7h §%
(No = 210)

di=1;15..7; 8

4= —0.5;0,05;..4,5,6, 7; 8 10

exp (—9) 778%
(Ny = 353)

di= 1,15, ...7

r==051,..45 67 8 10; 12, 15

exp (—8%) 1%5%
(N2 = 443)

di=12..6

=225 ..89 10

exp (—8°%) 3%
(N3 = 520)

di=3;35;,..6
4=5;15; ...215; 30

exp (—8%) 5%
(N4 = 565)

di=34568
t=1;5;10; ... 40

exp (—8°%) 715%
(Ns = 615)

d=3456;8
t=1;5;10; ... 45

TaBLE 7. Coefficients and exponents of the residual part of the fundamental equation of state for HFC-134a

i a; t d; i a; [ d;
1 0.5586817E~1 -1/2 2 12 0.1017263E—3 1 4
2 0.4982230E+0 [} 1 13 —-0.5184567E+0 5 1
3 0.2458698E—1 0 3 14 ~0.8692288E—1 5 4
4 0.8570145E-3 (0} 6 15 0.2057144E+0 6 1
5 0.4788584E—3 3/2 6 16 ~0.5000457E—-2 10 2
6 —0.1800808E+1 372 1 17 0.4603262E—3 10 4
7 0.2671641E+0 2 1 18 ~0.3497836E—2 10 1
8 ~0.4781652E—1 2 2 19 0.6995038E—2 18 5
9 0.1423987E—1 I 5 20 ~0.1452184E—1 22 3
10 0.3324062E+0 3 2 21 ~0.1285458E-3 50 10
11 ~0.7485907E—2 5 2

1 BPhue tham Ref Data. Vol. 23. No. 5. 1994
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(ppT)—information from (poT)—information from

Tillner—Roth & Baehr Hou et al.

1 Oo(p/pber—1 )

8 T T T T = T T
4 - B

0 ] Mm Hu

4l 1)L

-8 1 1 1 I E‘ - | 1 |
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p/MPa

FiG. 2. Results of the consistency test in the liquid phase of HFC-134a. (a): Deviations of densities at 7<350 K and p<20 MPa from Eq. (4) using the respective
set of coefficients. X: Tillner-Roth and Baehr™, +: Hou et al. %, (b)- (¢): Deviations of measured speed of sound from the correlation fanction reported
by Guedes and Zollweg'. (b): Measured speed of sound: (I Guedes and Zollweg'® , 4: Takagi® . (c): Speed of sound calculated from isobaric heat
capacities: (1: Wirbser™ , ©: Saitoh eral.* , ®: Nakagawa et al.*, (d): Speed of sound calculated from isochoric heat capacities: P: Magee® . (e):

Speed of sound calculated from Joule-Thomson coefficients: ™: Wirbser™.
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100(cg/cg’calc—1)

FiG. 3. Deviations of reported ideal gas heat capacity values from values calculated from Eq. (8). #: Giirtner and Emst® , @: Goodwin and Moldover'®, [J
Beckermann and Kohler®, O: Chen et al.’, HM-EOS and HE-EOS, ~-—— PNSW-EOS, — -~ Basu and Wilson.
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FIG. 4. Optimization cycle during the formulation of the residual part ®* of the fundamental equation.
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FiG. 5. Pressure deviations of (p;p,T)-properties in the gaseous phase from our-own EOS. [J: Tillner-Roth-and Baehr™, #: Tillner-Roth and Baehr™ , : Qian
etal® , O: Dressnier and Bier'”? , @: Weber™ HM-EOS, ——— HE-EOS, — ~—-— PNSW-EOS.
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FIG. 6. Density deviations of (p,p,T)-properties in the liquid phase from our own EOS. [J: Tillner-Roth and Baehr** , ©: Tillner-Roth and Bachr® , ©: Klomfar
etal.” , @ Hou eral., HM-EOS, —~— HE-EOS, ——— PNSW-EOS.
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Fic. 7. Pressure and density déviations of ’(p’,b,f‘)-'pfoperﬁ‘e‘s in near-critical and supercritical states from our own EOS. (J: Tillner-Roth and Baehr™, e:

" Tillner-Roth and Baehr™, @: Basu and Wilson ®; O: Dressner and Bier'?, II: Piao ef al.®, €. Weber™, I: Saturation,
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FIG. 9. Density deviations of (p,p,T)-properties reported by Basu and Wilson® from our own EOS. @: 51 kg]m’, O: 156 kg/m?, [I: 261 kg/m®, @: 361 kg/m®,

O: 520 kg/m’.
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F1G. 10. Density deviations of (p,p,T)-properties reported by Doering'! from our own EOS. ©: 3.75 kg/m’, O: 12.8 kg/m’, [B: 24.5 kg/m’, X: 35 kg/m’,
51 kg/m?®, O: 72 kg/m’®, @: 93.5 kg/m®, O: 114 kg/m’, @: 156 kg/m®, P 232 kg/m’.
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FiG. 11. Density deviations of (p.p,T)-properties reported by Fukushima et al.'* from our own EOS. O: 23 kg/m’, @:28 kg/m’, [0: 51 kg/m”, B 75 kg/m’, #:
109 kg/m?, O: 152 kg/m’, @: 218 kg/m®, @: 313 kg/m’®, Ok: 501 kg/m®, P: 548 kg/m®, M: 700 kg/m’, ®: 897 kg/mr’, I: 968 kg/m®, ©: 1100 kg/m’.

= 10 - I —6—— *—5
| ®

T 05 o ¢ .
N @ 9 2

S 0.0 |—& £ if g8
N’ .

([ .

?_ —0.5 | | | | |

200 230 260 290 320 350 380

T/K ——

FiG. 12. Density deviations of (p,p,T)-properties reported by Kesselman ef al.”’ from our own EOS. O: <1 MPa, [I: 1-2 MPa, <: 2-5 MPa, ®: 5-10 MPa,

@: 10-20 MPa.
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Fic. 13. Density deviations of (p,p,T)-properties reported by Maezawa ef al.*? from our own EOS. O: 280 K, {I: 300 K, @: 320K, #: 340K.
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FIG. 14. Density deviations of (p,p,T)-properties reported by Magee® from our own EOS. O: 1130 kg/m®, B: 1215 kg/m’, <: 1225 kg/m’, @: 1280 kg/m®, [:
1345 kg/m®, ®: 1385 kg/m’, @ 1440 kg/m’, +: 1475 kg/m®, &: 1500 kg/m’. X: 1545 ke/m’.
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FIG. 15a. Density deviations of (p,p,T)-properties reported by Morrison and Ward™. X: 279 K, @: 288 K, [: 293 K, #: 298.5 K, <: 304.5 K, M: 308 K, +:
3145 K, ¥: 318 K, O: 324K, (k: 328 K.
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FiG. 15b. Density deviations of (p,p,T)-properties reported by Morrison and Ward®® from our own EOS. O: 333 K, W: 337.5 K, - 3425 K, @: 3475 K, [:
352K, X: 357 K, ¢: 365 K, II: 367 K.
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FIG. 16a. Density deviations of (p.p,T)-properties reported by Piao et al. from our own EOS. @: 37 kg/m’, [I: 87 kg/m’, (I: 151 kg/m’, #: 155 kg/m’, O
203 kg/m’, B 242 kg/m®, ®: 273 kg/m®, O: 380 kg/m’, ®: 459 kg/m’.
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FiG. 16b. Density deviations of (p,p,T)-properties reported by Piao et al. ®® from our own EOS. O: 483 kg/m’, [J: 495 kg/m®, <: 508 kg/m’, @: 590 kg/m’, B
691 kg/m®, #: 780 kg/m’, +: 839 kg/m’, X: 903 kg/m’, I: 1064 kg/m?’, 9 1143 kg/m’.

FiG. 17. Density deviations of (p,p, T) -properties reported by Park® from our own EOS. @: 333 K, B: 348 K, #: 363 K, O: 378 K, [1: 393 K, ©: 408K, 9:
423 K.
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FiG. 18. Pressure deviations of (p,p,T)-properties between 350 K and 400 K from our own EOS. @: Weber (Bumett-measurements)™ , O: Weber (isochoric
measurements)*™® , X: Tillner-Roth and Baehr*.
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Fic. 19. Density deviations of (p,p,T)-properties reported by Zhu er a.* from our own EOS. @: 283K, O: 293 K, [: 303 K, B 313K, ©: 325K, ¥: 333K,
X: 343 K, M: 353 K.
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FIG. 20. Deviations of second virial coefficients from the EOS. #: Tillner-Roth and Baehr™ , O: Dressner and Bier'? , ®: Goodwin and Moldover'®, :
Beckermann and Kohler® , EI: Schramm et al. %% , —— HM-EOS, — — —HE-EQS, —-—~:— PNSW-EOS.
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FiG. 21. Deviations of isochoric heat capacities measured by Magee® from our own EOS. O: Magee® , —— HM-EOS, — — — HE-EOS, —+~-—
PNSW-EOS.
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FiG. 22. Deviations 6f isobaric heat capacities from values calculated from our own EOS. <: Saitoh etal.®
O: Wirbser™ , I: saturation boundary, HM-EOS, — — — HE-EOS,

350 400 450 500 550

, ™: Nakagawa er al."” . @: Giirtner and Emst®,
———— PNSW-EOS,

------ Tang et al.™.
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FIG. 23. Deviations of speed of sound values in the gaseous phase from our own EOS, &: Goodwin and Moldover'® , @: Beckermann and Kohler® , I: saturation
boundary, HM-EOS, — — — HE-EOS, —+—-— PNSW-EOS.
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'Fi6. 26. Deviations of selected- vapor pressures from the fundamental equation of state. OB Magee and Howley* , ¢: Goodwin eral.'” , @: Bachr and
Tiliner-Roth" , [: Weber™® , ‘HM-EOS, — — — HE-EOS, —-—-— PNSW-EOS.
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FiG. 27. Deviations of measured vapor pressures from the fundamental EOS not being used during the correlation process. @: Arita ez al.?, +: Baroncini et al.®,

B Fukushima er al.'* , @: Bier et al %, X: Piao ef al.®, [: Kubota ef al.* , M: Maezawa et al. ™ , O: Magee and Howley* , O: Morrison and Ward®®
, ®: Niesen eral.**, I: Nishiumi and Yokoyama® , I0: Basu and Wilson® , ®: Zhu eral. , ©: Doring et al."' .
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FiG. 28. Deviations of saturated liquid densities from the fundamental equation of sta!e_.. x: Doring et al."', O, &, ®: Fukushima ef al.'*!*'°, O: Hou et al. ™, +:
Yokoyama and Takahiashi®, @: Kabata e al.” , ®: Maczawa eral. ™ , ©: Kruse” , B: Morrison and Ward®® , #: Niesen et al. , ©: Piao eral. ®,
“O: Basu ‘and Wilsor® , ®: Tillner-Roth arid Baehr*® ;' ——"HM-EOS, — — — HE-EOS, =-=-= PNSW-EOS.
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FiG. 29. Deviations of saturated vapor densities from the fundamental equation of state. [J, #: Fukushima er al.'*'%, @: Kabata et al.?, B Morrison and

Ward™®. @: Niesen ef al ©, Fl: Weber®, . HM-EOS, — w — HE-EOS, =+~ PNSW-EOS.
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FiG. 30. Qualitative plot of the isochoric heat capacity on an isotherm.
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F1G. 31. Deviations of two-phase isochoric heat capacities measured by Magee™ from our own EOS. The other equations of state were evaluated at 1100 kg/m’
which is about in the middle of the density range covered by the experiments. HM-EOS, — — — HE-EOS, —*—-~ PNSW-EOS.
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8. Appendix consistency. Temperature and pressure intervals were chosen

Tables of Thermodynamic Properties in order to minimize the inaccuracy in interpolation. How-
ever, interpolation in the critical region is not recommended

All values in Tables 8 and 9 were calculated from the  because of the extreme shape of the (p,p,T)-surface.
fundamental equation of state to preserve thermodynamic

TABLE 8. Thermodynamic properties of HFC-134a at saturation

T s P ke s & —%__
K MPa kg/n?® ki/kg KI/(kgK) KI/(kgK) W/(kgK) m/s
169.85°  0.00039 1591.1 71.454 0.4126 0.7922 1.1838 1119.9

0.02817 33494 1.9639 0.5029 0.5853 126.79

170 0.00040 1590.7 71.632 0.4136 0.7921 1.1838 1119.2
0.02862 335.02 1.9630 0.5033 0.5856 126.84

172 0.00049 1585.4 74,000 0.4275 0.7914 1.1840 1109.0
0.03529 336.18 1.9518 0.5080 0.5904 127.49

174 0.00061 1580.1 76.368 0.4412 0.7910 1.1844 1098.8
0.04325 337.34 1.9410 0.5126 0.5952 128.14

176 0.00075 15748 78738 0.4547 0.7909 1.1851 1088.6
0.05270 338.51 1.9307 0.5173 0.6000 128.78

178 0.00092 1569.5 81.109 0.4681 0.7909 1.1860 1078.5
0.06388 339.69 19208 0.5220 0.6048 129.42

180 0.00113 1564.2 83.482 0.4813 0.7912 1.1871 1068.3
0.07701 340.88 19113 0.5267 0.6096 130,05

182 0.00137 1558.9 85.858 0.4945 0.7916 1.1884 1058.1
0.09239 342,07 1.9022 0.5313 0.6145 130.67

184 0.00165 1553.5 88.236 0.5075 0.7923 1.1898 1048.0
0.11030 343.26 1.8935 0.5360 0.6193 131.29

186 0.00198 1548.2 90.618 0.5203 0.7930 1.1914 1037.8
0.13106 344.47 1.8852 0.5407 0.6242 131.90

188 0.00237 1542.8 93.002 0.5331 0.7939 1.1931 1027.7
0.15503 345.68 1.8771 0.5453 0.6290 13251

190 0.00282 15375 95.391 0.5457 0.7949 1.1949 1017.6
0.18259 346.89 1.8695 0.5500 0.6339 133.11

192 0.00334 1532.1 97.783 0.5582 0.7961 1.1969 1007.5
0.21416 348.12 1.8621 0.5546 0.6388 133.70

194 0.00394 1526.7 100.17 0.5707 0.7973 1.1989 997.55
0.25017 349.34. 1.8550 0.5593 0.6437 134,28

196 0.00463 1521.3 102.57 0.5830 0.7986 1.2011 987.54
0.29110 350.57 1.8483 0.5639 - 0.6486 134.85

198 0.00541 15159 104.98 0.5952 0.8000 1.2034 977.55
0.33745 351.81 1.3418 0.5685 0.6536 135.42

200 0.00631 1510.4 107.39 0.6073 0.8015 1.2057 967.60
0.38977 353,05 1.8356 0.5732 0.6586 135.98

202 0.00733 1505.0 109.80 0.6193 0.8031 1.2081 957.68
0.44864 354.30 1.8297 0.5779 0.6636 136.53

204 0.00849 1499.5 112.22 0.6312 0.8047 1.2106 947.80
0.51465 355.55 1.8240 0.5825 0.6687 137.07

206 0.00979 1494.0 114.65 0.6430 0.8063 1.2132 937.94
0.58846 356.80 1.8185 0.5872 0.6737 137.60

208 0.01126 1488.5 117.08 0.6548 0.8081 1.2159 928.12
0.67075 358.06 1.8133 0.5919 0.6789 138.12

210 0.01291 1483.0 119.51 0.6664 0.8098 1.2186 91833
0.76222 359.32 1.8083 0.5966 0.6841 138.63

212 0.01475 14715 121.95 0.6780 0.8116 1.2214 908.57
0.86364 360.58 1.8036 0.6013 0.6893 139.12

214 0.01681 14710 124.40 0.6804 0R135 1.2242 898.84
: 0.97578 361.84 1.7990 0.6060 0.6946 139.61

216 0.01909 1466.3 126.85 0.7008 0.8154 1.2271 889.15
1.0994 363.11 : 1.7946 0.6108 -~ 0.7000 140.09

218 0.02163 1160.8 ’ 120.31 ‘ 07122 ‘ 0.8173 1.2301 879.48
1.2355 364.38 1.7905 06155 0.7054 140.55

220 0.02443 1455.1 131.77 0.7234 0.8193 1.2331 869.85

1.3850 365.65 1.7865 0.6203 0.7109 141.00
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TasBLE 8. Thermodynamic properties of HFC-134a at saturation — Continued

z P p t_ s Cy —% L2

K MPa kgm® kJ/kg kJ/(kgK) kJ/(kgK) k¥/(kgK) m/s
222 0.02753 1449.5 13425 0.7346 0.8212 1.2362 860.24
1.5486 366.92 1.7826 0.6251 0.7164 141.44
224 0.03094 14439 136.72 0.7457 0.8233 1.2394 850.67
17275 368.19 1.7790 0.6300 0.7221 141.86
226 0.03469 1438.2 139.21 0.7567 0.8253 1.2426 841.12
1.9227 369.46 1.7755 0.6348 0.7278 142.27
228 0.03879 14325 141.70 0.7677 0.8274 1.2459 831.60
2.1351 370.73 1.7722 0.6398 0.7336 142.67
230 0.04329 1426.7 144.19 : 0.7785 0.8295 1.2492 822.10
2.3659 372.00 1.7690 0.6447 0.7395 143.05
232 0.04819 1421.0 146.70 0.7894 0.8316 1.2526 812.63
2.6162 373.27 1.7660 0.6497 0.7455 143.42
234 0.05354 14152 149.2] 0.8001 0.8337 1.2561 803.19
2.8872 37454 1.7631 0.6547 0.7516 143.77
236 0.05935 1409.4 151.72 0.8108 0.8359 1.2596 793.77
3.1801 375.80 1.7603 0.6597 0.7578 144.11
238 0.06565 1403.5 154.25 0.8215 0.8380 1.2632 784.37
3.4962 - 377.07 1.7577 0.6648 0.7641 144.43
240 0.07248 1397.7 156.78 0.8320 0.8402 1.2669 774.99
3.8367 378.33 1.7552 0.6699 0.7705 144.73
242 0.07987 1391.8 159.32 0.8426 0.8424 1.2706 765.63
42030 379.59 1.7528 0.6751 0.7770 145.02
244 0.08784 1385.8 161.87 0.8530 0.8447 1.2745 756.29
4.5965 380.85 . 1.7505 0.6803 0.7837 145.28
246 0.09643 1379.9 164.43 0.8634 0.8469 1.2784 746.97
5.0185 382.10 1.7483 0.6855 0.7904 145.53
246.78° 0.10000 13775 165.44 0.8675 0.8478 1.2799 743.30
5.1932 382.59 1.7474 0.6876 0.7931 145.63
248 0.10568 1373.8 166.99 0.8738 0.8492 1.2824 737.67
- 54707 383.35 1.7462 0.6908 0.7973 145.77
250 0.11561 1367.8 169.56 0.8841 0.8514 1.2864 728.38
5.9545 384.60 1.7442 0.6961 0.8044 145.98
252 0.12627 1361.7 172.14 0.8943 0.8537 1.2906 719.11
6.4715 385.84 1.7423 0.7013 0.8116 146.17
254 0.13768 1355.6 17473 0.9045 0.8560 1.2948 709.85
7.0233 387.07 1.7405 0.7069 0.8189 146.35
256 0.14989 1349.5 177.33 0.9147 0.8584 - 1.2992 700.60
7.6117 388.31 1.7388 0.7123 0.8263 146.50
258 0.16293 1343.2 179.94 0.9248 0.8607 1.3036 691.36
B 8.2384 389.53 1.7372 0.7178 0.8340 146.63
260 0.17684 1337.0 182.55 0.9348 0.8631 1.3081 682.14
8.9051 390.75 1.7356 0.7234 0.8417 146.75
262 0.19166 1330.7 185.18 0.9449 0.8655 1.3128 672.92
9.6138 391.97 1.7341 0.7289 0.8497 146.84
264 0.20742 1324.4 187.81 0.9548 0.8679 1.3176 663.71
10.366 393.17 1.7327 0.7346 0.8578 146.91
266 0.22418 1318.0 190.46 0.9648 0.8703 1.3224 654.51
11.165 394.37 17314 0.7402 0.8660 146.95
268 0.24197 1311.6 193.it 0.9747 0.8727 1.3275 645.31
12.011 395.56 1.7301 0.7459 0.8745 146.98
270 0.26082 1305.1 195.78 0.9845 0.8752 1.3326 636.12
12.908 396.75 1.7289 0.7517 0.8832 146.98
272 0.28080 1298.5 198.45 0.9943 0.8776 1.3379 626.93
13.857 397.93 1.7277 0.7574 0.8920 146.96
274 0.30193 1291.9 201.14 1.0041 0.8801 1.3433 617.74
14.861 399.09 1.7266 0.7633 0.9011 146.91
276 0.32426 1285.3 203.84 1.0139 0.8826 1.3489 608.55
15.923 400.25 1.7255 - 0.7691 0.9103 146.84
278 0.34784 1278.5 206.54 1.0236 0.8851 1.3547 599.36
17.044 401.40 1.7245 0.7750 0.9198 146.74
280 0.37271 1271.7 209.26 1.0332 0.8877 1.3606 590.17
18.227 402.54 1.7235 0.7809 0.9296 146.62
282 0.39892 1264.9 212.00 1.0429 0.8902 1.3667 580.98
19.476 403.67 1.7226 0.7869 0.9396 146,47
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TABLE 8. Thermodynamic properties of HFC-134a at saturation — Continued
r Ls_ P _h s ) % v
K MPa kg/m® ki/kg Kl/(kgK) KI/(kgK) Kl/(kgK) ms

284 0.42651 1258.0 21474 1.0525 0.8928 1.3730 571.78

20.794 404.79 1.7217 0.7929 0.9498 146.30

286 0.45553 1251.0 217.50 1.0621 0.8954 1.3796 562.57

22.182 405.89 1.7208 0.7990 0.9603 146.10

288 0.48603 12439 220.27 1.0717 0.8981 1.3863 553.36

23.645 406.99 1.7200 0.8051 0.9712 145.87

290 0.51805 1236.7 223.05 1.0812 0.9007 1.3933 544.14

25.186 408.07 1.7192 0.8112 0.9823 145.61

292 0.55165 1229.5 22585 1.0907 0.9034 1.4005 534.91

26.808 409.14 1.7184 0.8174 0.9938 145.32

294 0.58688 12222 228.66 1.1002 0.9061 1.4080 525.68

28.516 410.19 1.7177 0.8236 1.0057 145.01

296 0.62378 1214.7 231.49 1.1097 0.9088 1.4158 516.42

30.313 411.23 1.7169 0.8299 1.0180 144.66

298 0.66241 1207.2 234.33 1.1192 0.9116 1.4239 507.16

32.204 412.25 1.7162 0.8362 1.0306 144.28

300 0.70282 1199.6 237.18 1.1286 0.9144 1.4324 497.88

. 34.192 413.26 1.7155 0.8426 1.0438 143.87

302 0.74506 11919 240.06 1.1380 09172 1.4412 488.59

36.284 414.25 1.7148 0.8490 1.0574 143.43

304 0.78918 1184.1 24295 1.1475 0.9201 1.4504 479.28

38.483 415.22 1.7142 0.8554 1.0715 142.95

306 0.83524 1176.1 245.86 1.1569 0.9230 1.4600 469.95

40.796 416.18 1.7135 0.8620 1.0862 142.44

308 0.88330 1168.1 248.78 1.1663 0.9259 1.4701 460.60

43.228 417.11 1.7128 0.8685 1.1016 141.90

310 0.93340 1159.9 251.73 1.1756 0.9288 1.4806 451.23

45,785 418.03 1.7121 0.8751 1.1176 141.32

312 0.98560 11515 254.69 1.1850 0.9318 1.4917 441,83

48.475 418.92 17114 08818 1.1344 140.70

314 1.0399 1143.1 257.68 1.1944 0.9349 1.5034 432.42

51.305 419.79 1.7107 0.8886 1.1521 140.05

316 1.0965 11345 260.68 1.2038 0.9380 1.5157 422,97

54.282 420.63 1.7100 0.8954 1.1706 139.36

318 1.1554 1125.7 263.71 1.2132 09411 1.5288 413.50

57.415 421.45 1.7092 0.9023 1.1902 138.62

320 1.2166 1116.7 266.76 1.2226 0.9443 1.5426 403.99

60714 42295 1.7085 0.9003 1.2108 137.85

322 1.2802 1107.6 269.84 1.2320 0.9475 1.5572 394.45

64.189 423,01 1.7077 09163 1.2328 137.03

324 1.3462 1098.3 272.94 1.2414 0.9508 1.5729 384.88
67.851 423,74 1.7068 0.9235 1.2561 136.18 -

326 1.4148 1088.7 276.07 1.2508 0.9542 1.5896 375.26

71.713 424.44 1.7060 0.9307 1.2811 135.27

328 1.4860 1079.0 279.23 1.2603 0.9576 1.6074 365.60

75.789 425.10 1.7050 0.9381 1.3078 134.32

330 1.5599 1069.0 282.41 1.2698 0.9611 1.6267 355.89

80.093 425.72 1.7041 0.9456 1.3366 133.32

332 1.6364 1058.8 285.63 1.2793 0.9647 1.6474 346.13

84.644 426.31 1.7030 0.9532 1.3677 132.28

334 1.7158 1048.3 288.89 1.2888 0.9684 1.6699 336.30

89.459 426.85 1.7019 0.9609 1.4015 131.18

336 1.7981 1037.5 292.18 1.2984 0.9722 1.6944 326.41

94.563 427.34 1.7007 0.9688 1.4384 130.03

338 1.8833 1026.4 295.51 1.3081 .0.9761 1.7212 316.43

99.978 427.78 1.6994 0.9769 1.4789 128.83

340 1.9715 1015.0 298.88 1.3177 0.9801 1.7507 306.36

105.73 428.17 1.6980 0.9851 1.5237 127.56

342 2.0628 1003.2 302.29 1.3275 0.9843 1.7834 296.19

111.86 428.49 1.6965 0.9936 1.5736 126.24

344 2.1574 990.99 305.76 1.3373 0.9888 1.8199 285.89

118.40 428.74 1.6948 1.0023 1.6296 124.86

346 2.2552 978.30 309.27 1.3472 0.9934 1.8610 275.45

125.40 428.92 1.6930 1.0112 1.6930 123.42
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THERMODYNAMIC PROPERTIES OF 1,1,1,2-TETRAFLUOROETHANE (HFC-134A) 699

TasLE 8. Thermodynamic properties of HFC-134a at saturation —  Continued
I Be L b 5 o 3 .

K MPa kg/m kl/kg kJ/(kgK) KI/(kgK) kJ/(kgK) m/s
348 2.3563 965.10 312:85 ‘ 1.3572° 0.9984 © 19077 © 26485 .
- 132.90. 42902 ‘169117 1.0208 1.7655 121.91
350 2.4610 951.31 316.49 1.3674 1.0036 1.9613 254.05
. 140.99 429.02 1.6889 1.0300 1.8493 120.33
352 2.5693 . 936,88 320.21 -1.3776 . 1.0094 120239 - 24303
o ] " 14972 42892 “1,6865 - 1.0400 1.9476 - 11867
354 - -.2:6812 921,68 . 32401 1:3880 1.0156 - 2.0978 23176

159.20 428,70 1.6838 1.0504 2.0645 116.94
356 2.7969 905.61 32791 1.3987 1.0225 2.1870 220.20

: L 169.56; 428.33: . 1.6808 1:0614 22063 .. 115:13+
358 29166 - . 888,49 33191 114095 1.0302 2.2971 208.31: -
e : 180.95 427.80" 1:6774 1.0730 23822 113:23°
360 3.0404 870.11 336.05 1.4207 1.0389 2.4367 196.04

193.58 427.07 1.6735 1.0853 2.6063 111.24
362 3.1685 850.16 340.36 1.4322 1.0490 2.6206 18336,
i o 207.75 426,10 116690 1.0986 . .2:902¢ 109.15.
364 -3.3010 828.21- 34487 . 1.4442 ©-1.0608 - 28751 170:21
223.89 424.82 1.6638 11131 3.3131 106:94
366 3.4382 803.56 349.65 1.4568 1.0749 3.2526 156.54

o 242.67 423.14 1.6576 1.1291 3.9212 104.60
368 3.5803 775,05 135483 1.4704 1.0923 3.8750 . 14226
o ©.265.24. * 42087 1:6499 11474 49182 102:10-
370 "3.7278 174031 " 360.64 1.4856 C11145 75.1048 127.23"

293.89 417.68 1.6398 “1.1690 6.8621 99.370
372 3.8811 693.10 361.71 1.5041 1.1459 8.7028 11110
334.83 412,67 1.6250 L 1965 12,375 96.219
374 40416 58791 - 380.85 15387 712120 101.66 92.401
o C 434.05. .399:50 71,5885 +1,2409 13723 91:389
374.21¢ 40593 511.95 389.63 1.5620 — — -
511.95 389.63 _1.5620 —_ —_ -
*Triple point.

*Normal boiling’point.’
“Critical point.
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TABLE 9. Thermodynamic properties of HFC-134a in the single-phase region

I P _h 5 ¢y ¢ W T p h s 3 ¢ w_
K kg/m® Ki/kg /(kgK) KlikgK)  ki(kgK) /s K g/m® Wkg kI/(kgK) K/(tgK) WikgK) mis
0.01 MPa 0.02 MPa

170 1590.7 71636 0.4136 0.7921 1.1838 11192 170 1590.7 71.641 0.4136 0.7521 11838 11192
175 1577.5 77.557 0.4479 0.7909 1.1847 1093.8 175 1577.5 77.562 0.4479 0.7509 11847 1093.8
180 1564.2 83,486 0.4813 0.7912 1.1871 1068.3 180 1564.2 83.491 0.4813 0.7512 11871 1068.3
185 1550.9 89.430 0.5139 0.7926 1.1906 1042.9 185 1550.9 89.435 0.5139 0.7526 11905  1043.0
190 15375 95.394 0.5457 0.7949 1.1949 1017.6 190 15375 95.398 0.5457 0.7650 1.1949 1017.7
195 1524.0 101.38 0.5768 0.7980 1.2000 992.56 195 1524.0 101.38 0.5768 0.7580 12000 992,61
200 1510.4 107.39 0.6073 0.8015 1.2057 967.62 200 15104 107.40 0.6073 0.8C15 12057 967.67
205 1496.8 112.43 0.6371 0.8055 12119 942.87 205 1496.8 113.44 0.6371 0.8C55 12119 94292
20629 14932 115.00 0.6448 0.8066 1213 936.50 210 1483.0 119.52 0.6664 0.898 12186  918.36
206.29 0.60000 356.99 1.8177 0.5879 0.6745 157.67 215 1469.1 125.63 0.6952 0.8144 12256 894.00
210 0.58902 356.49 1.8298 0.5937 0.6797 138.86 216.74 14643 '127.76 0.7050 0.8161 12282 88557
215 0.57487 362.91 1.8459 0.6020 0.6874 140.42 21674 1.1483 363.58 1.7931 0.6125 07019 14026
220 0.56142 366.37 1.8618 0.6107 0.6956 141.97 220 1.1303 365.87 1.8036 0.617t 0.7058 141.30
225 0.54863 366.87 1.8775 0.6196 0.7041 143.49 225 1.1038 369.42 1.8195 0.6247 07125  142.88
230 0.53643 37241 1.8931 0.6287 0.7128 144.99 230 1.0787 373.00 1.8352 0.6229 07199 14442
235 0.52478 377.00 1.9085 0.6378 0.7217 146.47 235 1.0548 376.62 1.8508 0.6413 07278 145.94
240 051364 38063 1.9238 0.6470 0.7307 147.94 240 1.0320 380.28 1.8662 0.6500 07360 147.44
245 0.50298 38431 1.9390 0.6563 0.7397 149.38 245 1.0102 383.98 1.8815 0.6588 07444 14892
250 0.49277 388.03 1.9540 0.6655 0.7488 150.81 250 0.98939 387.72 1.8966 0.6677 0.7529 150.38
255 0.48297 39179 1.9689 0.6747 0.7579 152.22 255 0.96944 391.51 19116 0.6767 07615  151.82
260 0.47356 395,61 1.9837 0.6839 0.7663 153.62 260 0.95030 395.34 1.9265 0.6856 07702 15324
265 0.46452 396.46 1.9984 0.6931 0.7760 155.00 265 0.93194 399.21 1.9412 0.6946 07789  154.64
270 0.45582 403.37 2.0130 0.7022 0.7850 156.37 270 0.91429 403.13 1.9559 0.7G36 07877 156.03
275 0.44744 407.31 2.0275 0.7113 0.794 157.73 275 0.89732 407.09 1:9704 0.7125 07964  157.41
280 0.43938 41131 2.0419 0.7203 0.8029 159.07 280 0.83098 411.09 1.9848 0.7214 08052 15877
285 0.43160 41534 2.0562 0.7293 0.8118 160.40 285 0.86525 415.14 1.9992 0.7303 08139 160.11
290 0.42410 419.43 2.0704 0.7382 0.8207 161.72 290 0.85008 41923 20134 0.7292 08226 16145
295 0.41685 42155 2.0845 0.7471 0.8295 163.03 295 0.83544 423.37 2.0275 0.7480 08313 162.77
300 0.40985 42772 2.0985 0.7560 0.8383 164.32 300 0.82131 421.55 20416 0.7567 08399  164.08
305 0.40309 43193 2.1124 0.7647 0.8470 165.61 305 0.80766 431.77 2.0555 0.7655 08486 16537
310 10.39654 436.19 2.1263 0.7735 0.8557 166.88 310 0.79447 436.03 2.0694 0.7742 08572  166.66
315 0.39021 440.49 © 2.1400 0.7822 0.8644 168.14 315 0.78170 44034 2.0832 0.7628 08657  167.93
320 0.38408 44284 2.1537 0.7908 0.8730 169.40 320 0.76935 444,69 2.0969 0.7514 08742  169.19
325 0.37814 44922 2.1673 0.7994 0.8816 170.64 325 0.75738 449.08 2.1105 0.800 08827  170.44
330 0.37238 453.65 2.1808 0.8080 0.8901 171.87 330 0.74579 453.52 2.1241 0.8(85 08912 171.69
335 0.36680 458.12 2.1943 0.8165 0.8986 173.09 335 0.73455 457.99 2.1375 0.8170 08996 17292
340 036138 461.64 2.2077 0.8250 0.9070 174.31 340 0.72365 462.51 2.1509 0.8254 09080 17414
345 035612 467.19 2.2210 0.8334 0.9154 175.51 345 0.71307 467.07 2.1642 0.8338 09163 17535
350 0.35101 47179 2.2342 0.8418 0.9238 176.71 350 0.70280 471.68 2.1775 0.8422 09246 17656
355 0.34605 476.43 2.2474 0.8501 0.9321 177.90 355 0.69282 476.32 2.1906 0.8505 09329 17775
360 0.34122 481.11 2.2604 0.8584 0.9404 179.08 360 0.63313 481.01 22037 0.8588 09411 178.94
365 0.33653 485.84 22735 0.8667 0.9486 130.25 365 0.67371 485.73 22168 0.8670 09493 180.11
370 0.33197 490.60 22864 0.8749 0.9568 181.41 370 0.66454 490.50 2.2298 09575 18128
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TABLE 9. Thermodynamic properties of HFC-134a in the single-phase rezion — Continued

I P b s cy < A I L _h_ s G & __ X
K - kg/m kJ/kg 1/ (kgK) kJ/(kgK) kJ/(kgK) m/s K kg/m kl/kg kJ/(kgK) kJ¥/(kgK) kl/(kgK) m/s
0.01 MPa 0.02 MPa
375 0.32753 495.40 2.2993 0.8831 0.9649 182.57 375 0.65562 495.31 22427 0.8834 0.9656 182.44
380 0.32320 500.25 23122 0.8912 0.9731 183.72 380 0.64694 500.16 2.2555 0.8915 0.9737 183.60
385 0.31899 505.13 2.3249 0.8993 0.9811 184.86 385 0.63849 505.04 2.2683 0.8996 0.9817 184.74
390 0.31489 510.06 2.3377 0.9074 0.9892 185.99 390 0.63026 509.97 2.2810 0.9076 0.9898 185.88
395 0.31090 515.03 2.3503 09154 0.9972 187.12 395 0.62224 514.94 2.2937 0.9156 0.9977 187.01
400 0.30700 520.03 2.3629 0.9234 1.0052 188.23 400 0.61442 519.95 2.3063 0.9236 1.0057 188.13
410 0.29949 530.17 2.3879 0.9393 1.0210 190.45 410 0.59936 530.09 2.3313 0.9394 1.0215 190.36
420 0.29235 540.45 2.4127 0.9550 1.0367 192.64 420 0.53503 540.38 2.3561 0.9551 1.0371 192.55
430 0.28554 550.90 2.4373 0.9706 1.0523 194.80 430 0.57137 550.83 2.3807 0.9707 1.0527 194.72
440 0.27903 561.50 2.4617 0.9860 1.0677 196.94 440 0.55834 561.44 2.4051 0.9862 1.0681 196.87
450 0.27282 572.26 2.4858 :1.0014 1.0831 199.06 450 0.54589 572.19 2.4292 1.0015 1.0834 198.99
460 0.26688 583.16 2.5098 1.0166 1.0982 201.15 - 460 0.53398 583.10 2.4532 1.0167 1.0985 201.09
0.03 MPa 0.04 MPa

170 1590.7 71.645 0.4136 0.7921 1.1838 1119.3 170 1590.7 71.650 0.4136 0.7921 1.1837 1119.3
175 1577.5 71.566 0.4479 0.7909 1.1847 1093.8 175 1577.5 77571 0.4479 0.7909 1.1847 1093.9
180 1564.2 83.495 0.4813 0.7912 1.1871 1068.4 180 1564.2 83.500 0.4813 0.7912 1.1870  1068.4
185 1550.9 89.439 0.5139 0.7926 1.1905 1043.0 185 1550.9 89.443 0.5139 0.7926 1.1905 1043.0
190 1537.5 95.402 0.5457 0.7950 1.1940 10177 190 15375 95.407 0.5457 0.7950 1.1949 1017.8
195 1524.0 101.39 0.5768 0.7980 1.2000 992.65 195 1524.0 101.39 0.5768 0.7980 1.2000 992.69
200 1510.5 107.40 0.6073 0.8015 1.2057 967,71 200 1510.5 107.40 0.6072 0.8015 1.2057 967.76
205 1496.8 113.44 0.6371 0.8055 1.2119 . 942,96 205 1496.8 113.45 0.6371 0.8C55 1.2119 943,01
210 1483.0 119.52 0.6664 0.8098 1.2185 918.41 210 1483.1 119.52 0.6664 0.8098 1.2185 918.46
215 1469.2 125.63 0.6951 0.8144 1.2256 894.05 215 1469.2 125.63 0.6951 0.8144 1.2256 894.10
220 1455.2 131.78 0.7234 0.8193 1.2331 869.88 220 1455.2 131.78 0.7234 0.8193 1.2331 869.93
223.46 1445.4 136.06 0.7427 0.8227 1.2385 853.21 225 1441.0 137.97 0.7512 0.8243 1.2410 845.93
223.46 1.6784 367.85 1.7800 0.6287 0.7205 141.75 228.55 14309 142.39 0.7707 0.8279 1.2468 828.96
225 , 1.6660 368.95 1.7849 0.6306 0.7220 14225 228.55 2.1372 371.08 1.7713 0.6411 0.7352 142,78
230 1.6272 372,58 1.8008 0.6375 0.7277 143.84 230 2.1821 372.14 1.7759 0.6428 0.7364 143.25
235 1.5903 376.23 1.8165 0.6451 0.7343 145.40 235 2.1315 375.84 1.7918 0.6493 0.7413 144.86
240 1.5552 379.92 1.8321 0.6532 0.7415 146.94 240 2.0335 379.56 1.8075 0.6565 0.7474 146.43
245 1.5218 383.65 1.8474 0.6615 0.7492 148.45 245 2.0380 383.31 1.8230 0.6€43 0.7542 147.98
250 1.4899 387.41 - 1.8627 0.6700 0.7571 149.94 250 1.9946 387.10 1.8383 0.6724 0.7615 149.50
255 1.4594 391.22 1.8777 0.6787 0.7653 151.40 255 1.9532 390.93 1.8534 0.6807 0.7691 150.99
260 1.4303 395.07 1.8927 0.6874 0.7736 152.85 260 1.9136 394.80 1.8684 0.6892 0.7770 152.46
265 1.4023 398.96 1.9075 0.6962 0.7820 154.28 265 1.8757 398.70 1.8833 0.6977 0.7851 15391
270 1.3754 402.89 1.9222 0.7050 0.7904 155.69 270 1.8393 402.65 1.8981 0.7C64 0.7932 155.34
275 1.3496 406.86 1.9368 0.7138 0.798 157.08 275 1.8045 406.63 1.9127 0.7150 0.8015 156.76
280 1.3248 410.88 1.9512 0.7226 0.8075 158.46 280 1.7710 410.66 1.9272 0.7237 0.8098 158.15
285 1.3009 41494 1.9656 0.7313 0.8160 159.82 285 1.7388 414.73 1.9416 0.7324 0.8181 159.53
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TABLE 9. Thermodynamic properties of HFC-134a in the single-phase region — Continued
T p ko s Co _Cp w I p h 5 Cy G w_
K kg/m® kIkg KkJ/(kgK) kKikgK)  XI/(kgK) ws K kg/m® kg k¥ (kgK) KI/(kgK) Kl(kgk) /s
0.03 MPa 0.04 MPa
290 1.2779 419.04 1.9799 0.7401 0.8245 161.17 290 1.7078 418.84 1.9559 0.7411 0.8265  160.90
295 1.2558 423.18 1.9940 0.7488 0.8331 162.51 295 1.6779 423.00 1.9701 0.7497 08349 16224
300 1.2344 42137 2.0081 0.7575 0.8416 163.83 300 1.6491 427.19 1.9842 0.7583 0.8433  163.58
305 1.2137 431,60 2.0221 0.7662 0.8501 165.14 305 1.6213 431.43 1.9982 0.7669 0.8517 16490
310 1.1937 43537 2.0360 0.7748 0.8586 166.43 310 1.5945 43571 20122 0.7755 0.8601 166.21
315 1.1744 440.19 2.0498 0.7834 0.8671 167.72 315 1.5685 440.03 2.0260 0.7841 08684  167.50
320 1.1558 44454 2.0635 0.7920 0.8755 168.99 320 1.5434 444,40 2.0397 0.7926 08768  168.78
325 1.1377 44894 20772 0.8005 0.8839 170.25 325 1.5192 448.80 2.0534 0.8011 0.8851 170.05
330 1.1202 45338 2.0907 0.8090 0.8923 171.50 330 1.4957 453.25 2.0670 0.8095 0.8934 17131
335 1.1032 457.36 2.1042 0.8175 0.9006 17274 335 1.4729 A457.73 2.0805 0.8179 09017 17256
340 1.0868 46239 2.1176 0.8259 0.9090 173.97 340 1.4509 462.26 2.0939 0.8263 09099  173.80
345 1.0708 46695 2.1309 0.8342 09172 175.19 345 1.4295 © 466.83 2.1072 0.8346 09182  175.03
350 1.0553 471.56 2.1442 0.8426 0.9255 176.40 350 1.4087 471.45 2.1205 0.8429 09264 17624
355 1.0403 476.21 2.1574 0.8509 0.9337 177.60 355 1.3886 476.10 2.1337 0.8512 09345 17745
360 1.0257 480.90 2.1705 0.8591 0.9419 173.79 360 1.3690 480.79 2.1468 0.8594 09427 17865
365 1.0115 485.63 2.1835 0.8673 0.9500 179.98 365 1.3500 485.53 2.1599 0.8676 09508  179.84
370 0.99772 490.40 2.1965 0.8755 0.9582 18..15 370 1.3315 49030 2.1729 0.8758 09589  181.02
375 0.98429 495.21 2.2094 0.8836 0.9663 182.32 375 1.3135 495.11 2.1858 0.8839 0.9669  182.19
380 097122 500.06 2.2223 0.8917 0.9743 183.48 380 1.2960 499.97 2.1987 0.8920 09749 18335
185 0.95850 504.95 2.2351 0.8998 0.9823 184.62 385 1.2790 504.86 22115 0.9001 09829 18451
390 0.94610 509.89 22478 0.9078 0.9903 185.77 390 1.2624 509.80 22242 0.9081 0.9909  185.66
395 0.93403 514.36 2.2605 0.9158 0.9983 186.90 395 1.2462 51477 2.2369 09161 0.9988 18679
400 0.92227 519.87 2.2731 0.9238 1.0062 183.03 400 1.2305 519.79 2.2495 0.9240 1.0067  187.93
410 0.89961 530.01 2.2981 0.9396 1.0219 190.26 410 1.2002 529.93 2.2745 0.9398 10224 190.17
420 0.87805 540.31 2.3229 0.9553 1.0376 192.46 420 11714 540.24 2.2994 0.9555 1.0380 19238
430 0.85751 550.76 2.3475 0.9709 1.0531 194.64 430 1.1439 550.69 2.3240 0.9710 1.0535 19456
140 0.83791 561.37 23719 0.9863 1.0684 196.79 440 1.1177 561.31 2.3484 0.9864 10688  196.72
450 0.81919 572.13 2.3961 1.0016 1.0837 198.92 450 1.0927 572.07 2.3726 1.0017 1.0840  198.85
460 0.80130 583.05 2.4201 1.0168 1.0988 201.02 460 1.0688 582.99 2.3966 1.0169 1.0991 20096
0.06 MPa 0.08 MPa

170 1590.7 71.659 0.4136 0.7921 1.1837 1119.4 170 1590.8 71.668 0.4135 0.7921 11837  1119.4
{75 1577.5 77.580 0.4479 0.7909 1.1847 1094.0 175 1571.5 77.589 0.4479 0.7909 1.1847 10940
(80 1564.3. 83.509 0.4813 0.7912 1.1870 1068.5 180 15643 83.517 0.4813 0.7912 1.1870 10686
185 1550.9 89.452 05139 0.7926 1.1905 1043.1 185 1551.0 89.461 05138 0.7926 1.1905 10432
190 15375 95.416 0.5457 ©.0.7950 1.1949 1017.8 190 1537.6 95.424 0.5456 0.7950 1.1948 10179
195 1524.1 101.40 05768 0.7980 1.2000 992.78 195 1524.1 101.41 0.5767 0.7980 1.1999 . 992.87
200 15105 107.41 0.6072 0.8015 1.2056 967.85 200 1510.5 107.42 0.6072 0.8015 1.2056  967.94
205 1496.8 113.46 0.6371 0.8055 1.2118 " 943.10 205 1496.9 113.46 0.6370 0.8055 12118 94320
210 1483.1 119.53 0.6663 0.8098 1.2185 913.56 210 1483.1 119.54 0.6663 0.8098 12185  918.66
215 1469.2 125.54 0.6951 0.8144 1.2256 894.21 215 1469.3 125.65 0.6951 0.8144 12256 89431
220 1455.2 131.79 0.7234 0.8193 1.2331 870.04 220 1455.3 131.80 0.7233 0.8193 12330  870.14
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TABLE 9.. Ttehnodyhamié properties of HFC-134a i the single_’-pﬁaséjur_e_gig'q —  Continued

8

T p h s Co <, W 1 _P1 ‘ .-k : G .y, W
K keg/m’ kg Kl/(kgK) kl(kgk)  KI/(kgK)- s, K kg/m ki/kg KJ/(kgK) KJ/(kgK) KikgK) mis
0.06 MPa - 0.08 MPa

225 1441.1 137.97 0.7512 0.8243 1.2409 846.04 225 1441.1, 137.98 0.7511 0.8243 12409  846.15
230 14268 144.20 0.7785 0.8295 1.2492 822.20 230 1426.8 14421 0.7785 0.8295 1.2491  822.31
235 14123 150.47 0.8055 0.8348 1.2578 798.50 235 1412.3 150.47. 0.8055 0.8348 12578  798.62
236.21 14088 152.00 0.8120 0.8361 1.2600 792.75 240 1397.7 156.79, 0.8320 0.8402 12669  775.04
236.21 '3.2130 375.94 1.7600 0.6603 0.7584 144.14 242.03 13917 159.37 0.8427 0.8425 1.2707 765.47.
240 3.1560 378.81 1.7721 0.6642 0.7608 145.39 242,03 4.209 379.61 17527 0.6752 07771  145.02
245 3.0844 382,63 1.7878 0.6705 0.7653 147.01 245 4.1507 381.92 17622 0.6778 07782  146.02
250 3.0165 386.47 1.8033 0.6775 0.7709 148.60 250 4.0560 385.82 1.7779 0.6833 07815  147.68
255 2.9519 390.34 1.8187 0.6851 0.7773 150.15 255 3.9564 389.74 17935 0.6898 07863  149.29
260 2.8904 394.24 1.8338 0.6929 0.7842 151.67 260 3.8314 393.68 1.8088 0.6969 0.7919  150.87
265 2.8317 398.18 1.8488 0.7010 0.7915 153.17 265 3.8006 397.66 1.8239 0.7045 07983 152,42
270 2.7756 402.16 1.8637 0.7093 0.7990 154.65 270 3.7234 401.67 1.8389 0.7123 08050  153.94
275 27219 406.17 1.8784 0.7176 0.8067 156.10 275 3.6498 405.71 1.8537 0.7203 0.8121 155,43
280 2.6703 410.23 1.8930 0.7260 0.8145 157.53 280 3.5793 409.79 1.8684 0.7284 0.8195  156.90
285 2.6209 414.32 1.9075 0.7345 0.8225 158.94 285 3.5117 413.90 1.8830 0.7366 0.8270  158.35
290 2.5733 418.45 1.9219 0.7430 0.8305 160.34 290 3.4469 418.06 1.8975 0.7449 0.8346  159.78
295 2.5276 422.63 1.9362 0.7515 0.8386 161.72 295 3.3847 42225 1.9118 0.7532 0.8424 16118
300 2.4836 426.84 1.9503 0.7599 0.8467 163.08 300 ©3.3248 426.48 1.9260 0.7616 0.8502  162.57
305 2.4411 431.09 1.9644 0.7684 0.8548 164,42 305 /3.2672 430.75 1.9401 0.7699 0.8581  163.94
310 2.4002 43539 1.9784 07769 . 0.8630 165.75 310 3.2117 435.06 1.9542 0.7783 0.8660  165.30
315 2.3607 439.72 1.9922 0.7853 0.8712 167.07 315 3.i581 439.41 1.9681 0.7866 0.8739 16664
320 23225 44410 2.0060 0.7938 0.8793 168.37 320 _3.1065 443.80. 1.9819 0.7949 0.8819  167.96
325 2.2856 448.52 2.0197 0.8022 0.8875 169.66 325 " 3.0565 448.23 1.9956 0.8033 08899  169.27
330 2.2498 452.98 2.0333 0.8105 0.8956 170.94 330 3.0083 452.70 2.0093 0.8115 0.8979 170.56
335 2.2153 457.47 2.0469 0.8189 0.9038 172.20 335 2.9616 457.21 2.0229 0.8198 0.9059 171.85
340 2.1818 462.01 2.0603 0.8272 0.9119 17346 340 29164 461.76 2.0363 0.828t 09139  173.12
345 '2.1493 466.59 2.0737 0.8355 0.9200 17470 345 2.8726 466.35 2.0497 0.8363 09219 17437
350 2.1179 471.21 2.0870 0.8437 0.9281 175.93 350 302 470.98 2.0631 0.8445 09299  175.62
355 2.0873 475.88 2.1002 0.8519 0.9362 177.15 355 2.7891 475.65. 2.0763 0.8527 09379 17685
360 2.0577 430.58 2.1134 0.8601 0.9442 178.36 360 2.7492 480.36 2.0895 0.8608 0.9458  178.08
365 2.0289 485.32 2.1264 0.8683 0.9523 179.57 365 27104 485.11 21026 0.8689 09537 17929
370 ' 2.0009 490.10 2:1394 0.8764 0.9603 180.76 370 2.6728 489.90 2.1156 0.8770 0.9617  180.49
375 1.9737 494.92 . 2.1524 0.8845 0.9682 181.94 375 2.6362 49473 2.1286 0.8850 09696  181.69
380 1.9472 499:78 2.1653 0.8925 0.9762 183:11 380 2.6007 499.59. 2.1415 0.8931 09774  182.87
385 1.9215 504.68 2.1781 0.9006 0.9841 184.28 385 2.5661 504.50 2.1543 0.9011 0.9853  184.04
390 1.8965 509.62 2.1908 0.9085 0.9920 185.43 390 ©.2.5325 509.45 2.1671 0.9090 0.9931 185.21
395 1.8721 514.60 2.2035 0.9165 0.9999 186.58 395 2.4997 514.43 2.1798 . 0.9169 1.0010 18636 .
400 1.8483 519.62 2.2161 0.9244 1.0077 187.72 400 2.4678 519.46 2.1924 0.9248 1.0088  187.51
410 1.8026 529.78 2.2412 0.9402 1.0233 189.97 410 2.4065 529.62 22175 0.9406 1.0243  189.78
420 1.7591 540.09 2.2661 0.9558 10388 192.20 420 2.3482 539.94 2.2424 0.9561 1.0397 192,02
430 17177 550.56 22907 09713 1.0542 194.40 430 2.2927 550.42 2.2670 - 09716 1:0550°  194.23
440 1.6782 561.18 2.3151 - 0.9867 1.0695 196.57 440 22398 561.04 2.2914 0.9870 10702 -~ 196.41
450 1.6405 571.95 2.3393 1.0020 1.0847 198.71 450 2.1893 571.82 2.3157 1.0022 1.0853  198.57
460 1.6045 582.87 2.3633 10171 1.0997 200.83 460 2.1411 58275 2.3397 1.0173 1.1004  200.69
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TaBLE 9. Thermodynamic properties of HFC-134a in the single-phase region — Continued
T ] _h_ s Cy < w T p h s Cy S o
K kg/m® Kikg i(kgK) kIi(kgK)  Kl/(kgK) s K kg/mt ki/kg kI/(kgK) Ki(kgK) Ki/(kgK) ms
0.10 MPa 0.12 MPa

170 1590.8 71.677 0.4135 0.7921 1.1837 1119.5 170 1590.8 71.686 0.4135 0.7921 1.1837 1119.6
175 1577.6 7.597 0.4478 0.7909 1.1846 1094.1 175 15776 77.606 0.4478 0.7909 1.1846 1094.2
180 1564.3 83.526 0.4812 0.7912 1.1870 1068.7 180 1564.3 83.535 0.4812 0.7912 1.1870 1068.7
185 15510 86.470 0.5138 0.7927 1.1905 1043.3 185 1551.0 89.479 0.5138 . 0.7927 1.1904 1043.4
190 15376 95.433 0.5456 0.7950 1.1948 10180 190 1537.6 95.442 0.5456 0.7950 1.1948 1018.1
195 1524.1 101.42 0.5767 0.7980 1.1999 992.95 195 1524.2 101.42 0.5767 0.7980 1.1999 993.04
200 1510.6 107.43 0.6072 0.8015 1.2056 968.03 200 1510.6 107.44 0.6071 0.8015 1.2056 968.12
205 1496.9 112,47 0.6370 0.8055 1.2118 943.29 205 1497.0 113.48 0.6370 0.8055 1.2118 943.39
210 1483.2 119.55 0.6663 0.8098 1.2184 918.75 210 1483.2 119.56 0.6663 0.8099 1.2184 918.85
215 1469.3 125.66 0.6950 0.8144 1.2255 894.41 215 14693 125.67 0.6950 0.8145 1.2255 894.51
220 14553 131.80 0.7233 0.8193 1.2370 870.25 220 14553 131.81 0.7233 0.8193 1.2329 870.35
225 1441.2 137.99 0.7511 0.8243 1.24C8 846.26 225 1441.2 138.00 0.7511 0.8243 1.2408 846.37
230 1426.9 14421 0.7785 0.8295 1.2451 822.43 230 1426.9 144.22 0.7784 0.8295 1.2490 822.54
235 1412.4 150.48 0.8054 0.8348 1.2577 798.74 235 14124 150.49 0.8054 0.8348 1.2577 798.85
240 1397.7 156.79 0.8320 0.8402 1.26€8 775.16 240 1397.8 156.80 0.8320 0.8402 1.2668 775.29
245 1382.9 162.15 0.8582 0.8458 1.27¢4 751.68 245 1382.9 163.16 0.8582 0.8458 1.2763 751.81
246.78 13775 165.44 0.8675 0.8478 1.2759 743.30 250 1367.8 169.56 0.8841 0.8514 1.2864 728.41
246.78 5.1932 382.59 1.7474 0.6876 0.7931 145.63 250.84 1365.3 170.65 0.8884 0.8524 1.2882 724.48
250 5.1144 385.14 1.7577 0.6901 0.7936 146.73 250.84 6.1676 385.12 1.7434 0.6984 0.8074 146.06
255 4.9976 38¢.12 1.7734 0.6952 0.79€2 148.42 255 6.0465 388.48 1.7567 0.7012 0.8074 147.52
260 4.8873 39111 1.7889 0.7013 0.80C3 150.05 260 5.9088 392.52 1.7724 0.7062 0.8095 149.22
265 4.7827 397.12 1.8042 0.7082 0.8055 151.66 265 5.7788 396.57 1.7878 0.7122 0.8133 150.88
270 4.6833 401.16 1.8193 0.7155 08114 153.22 270 5.6557 400.65 1.8031 0.7188 0.8181 152.49
275 4.5886 405.24 1.8343 0.7231 0.8178 154.76 275 5.5387 404.76 1.8181 0.7260 0.8237 154.07
280 4.4981 409.34 1.8491 0.7309 0.8246 156.27 280 5.4272 408.89 1.8330 0.7334 0.8299 155.62
285 4.4116 413.48 1.8637 0.7389 0.8316 157.75 285 5.3209 413.06 1.8478 0.7411 0.8364 157.14
290 4.3288 417.66 1.8783 0.7469 0.8388 159.21 290 5.2192 417.26 1.8624 0.7490 0.8432 158.64
295 42494 421.87 1.8927 0.7550 0.84€2 160.65 295 5.1218 421.49 1.8769 0.7569 0.8502 160.10
300 4.1731 426.12 1.9070 0.7632 0.8537 162.06 300 5.0284 425.76 1.8912 0.7649 0.8574 161.55
305 4.0997 430.41 1.9211 0.7714 0.8614 163.46 305 49387 430.06 1.90655 0.7730 0.8647 162.97
310 40291 43474 1.9352 0.7797 0.8690 164.84 310 4.8525 434.41 1.9196 0.7811 0.8721 164.37
315 3.9611 439.10 1.9492 0.7879 0.87€8 166.20 315 4.7696 438.79 1.9336 0.7892 0.8797 165.76
320 3.8955 447,50 1.9630 0.7961 0.8846 167.54 320 4.6897 443.20 1.9475 0.7973 0.8872 167.12
325 3.8322 447.95 1.9768 0.8044 - 0.8924 168.87 325 4.6126 447.66 1.9613 0.8055 0.8949 168.47
330 37711 452.43 1.9905 0.8126 0.9002 170.19 330 4.5382 452.15 1.9750 0.8136 0.9025 169.81
335 3712 456.95 2.0041 0.8208 0.9081 171.49 335 4.4664 456.69 1.9887 0.8217 0.9103 171.12
30 3.6548 46151 2.0176 0.8290 09159 172.77 340 4.3970 461.26 2.0022 0.8298 0.9180 172.43
345 3.53995 466.11 2.0310 0.8371 0.9238 174.04 345 4.3298 465.87 2.0157 0.8379 0.9257 173.71
350 35459 470.75 2.0444 0.8453 0.9317 175.30 350 4.2648 470.51 2.0290 0.8460 0.9335 174.99
355 3.4939 47543 2.0577 0.8534 0.9355 176.55 355 42018 475.20 2.0423 0.8541 0.9412 176.25
360 3.4435 480.14 2.0709 0.8615 0.9474 171.79 360 4.1408 479.93 2.0556 0.8622 0.9490 177.50
365 3.3947 484,90 2.0840 0.8695 0.9552 179.01 365 4.0816 484.69 2.0687 0.8702 0.9568 178.74
370 3.3472 489.70 2.0970 0.8776 0.9671 180.23 370 4.0242 489.49 2.0818 0.8782 0.9645 179.96
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TaBLE 9. Thermodynamic properties of HFC-134a in the single-phase region — Continued

L P _t_ s < ] » I p L s Co G __ ¥
K kg/m® kl'kg kH/(kgK) kJ/(kgK) - KJ/(kgK) m/s K kg/m® kl/kg kI/(kgK) kikgK)  kJ(kgK) ~ms
0.10 MPa 0.12 MPa
375 3.3011 49453 2.1100 0.8856 0.9709 181.43 375 3.9684 494.34 2.0948 0.8862 09723 18118
380 3.2563 499.41 2.1229 0.8936 0.9787 182.63 380 3.9142 499.22 2.1077 0.8941 0.9800  182.38
385 3.2128 504.32 2.1358 0.9016 0.9865 183.81 385 3.8615 504.14 2.1206 0.9021 0.9877  183.58
390 3.1704 509.27 2.1486 0.9095 0.9943 18498 390 3.8103 509.10 2.1334 0.9100 0.9954 - 18476
395 3.1292 51426 2.1613 09174 1.0021 186.15 395 3.7605 514,09 2.1461 09178 1.0031 185.93
400 3.0891 519.29 2.1739 0.9253 1.0098 187.31 400 37121 519.13 2.1588 0.9257 1.0108  187.10
410 3.0119 . 529.47 2.1990 0.9409 1.0252 189.59 410 3.6189 529.31 . 2.1839 09413 10262 189.40
420 2.9386 539.30 2.2239 0.9565 1.0405 191.85 420 3.5304 539.65 2.2088 0.9568 1.0414 19167
430 2.8689 550.28 2.2486 09719 1.0558 194.07 430 3.4463 550.14 2.2335 0.9722 10566  193.91
440 2.8024 56091 2.2730 0.9872 1.0709 196.26 440 3.3662 560.78 2.2580 0.9875 1.0717 19611
450 2.7391 571.70 22973 1.0025 1.0860 198.43 450 3.2898 571.58 22822 1.0027 1.0867  198.29
460 2.6786 582.53 23213 1.0176 1.101C 200.56 460 3.2169 582,52 2.3063 1.0178 1.1016  200.43
0.14 MPa 0.16 MPa

170 1590.8 71.595 0.4135 0.7921 1.1837 1119.7 170 1590.9 71,704 0.4135 0.7921 1.1837  1119.7
175 15776 71515 0.4478 0.7909 1.184¢6 10943 175 1577.6 71.624 0.4478 0.7910 1.1846 10943
180 1564.4 83.544 0.4812 0.7912 1.187C 1068.8 180 1564.4 83.553 0.4812 0.7912 1.1869  1068.9
185 1551.0 89.487 0.5138 0.7927 1.1904 1043.4 185 1551.1 89.496 0.5137 0.7927 1.1904 10435
190 1537.7 95.450 0.5456 0.7950 1.1948 1018.2 190 1537.7 95.459 0.5455 0.7950 1.1948 10183
195 1524.2 101.43 0.5767 0.7980 1.1999 993.13 195 1524.2 101.44 0.5766 0.7980 1.1998  993.22
200 1510.6 107.45 0.6071 0.8015 1.2055 968.21 200 1510.7 107.45 0.6071 0.8016 12055  968.30
205 1497.0 113.49 0.6370 0.8055 1.2117 943.48 205 - 1497.0 113.50 0.6369 0.8055 12117 943.57
210 14832 119.56 0.6662 0.8099 1.2184 918.95 210 14833 119.57 0.6662 0.8099 12184  919.05
215 1469.4 125.57 0.6950 0.8145 1.2255 894.61 215 1469.4 125.68 0.6950 0.8145 12254 89471
220 1455.4 131.32 0.7233 0.8193 1.2326 870.46 220 1455.4 131.83 0.7232 0.8193 12329  870.56
225 1441.2 138.00 07510 0.8243 1.2408 846.48 225 14413 138.01 0.7510 0.8243 12407  846.59
230 1426.9 14423 0.7784 0.8295 1.2490 822.66 230 1427.0 144.24 0.7784 0.8295 12490  822.77
235 1412.5 150.50 0.8054 0.8348 1.257€ 798.97 235 1412.5 150.50 0.8053 0.8348 12576  799.09
240 1397.8 15631 0.8319 0.8402 1.2667 775.41 240 1397.9 156.81 0.8319 0.8402 12667  775.53
245 1383.0 163.16 0.8582 0.8458 1.2763 751.94 245 1383.0 163.17 0.8581 0.8458 12762 752,07
250 1367.9 169.57 0.8840 0.8514 1.2863 728.55 250 1367.9 169.58 0.8840 0.8514 1.2863 72868
254.39 1354.4 175.24 0.9065 0.8565 1.2957 708.04 255 1352.6 176.03 0.9096 0.8572 12969  705.34
254.39 7.1353 387.31 1.7402 0.7080 0.8202 146.38 257.56 1344.6 179.37 0.9226 0.8602 13026  693.39
255 7.1141 387.81 1.7421 0.7082 0.8201 146.60 257.56 8.0978 389.26 1.7375 0.7166 0.8323  146.61
260 6.9468 39191 1.7581 07116 0.8197 148.37 260 8.0022 391.29 1.7454 0.7176 0.8311 147.50
265 6.7895 396.02 1.7737 0.7165 0.8217 150.08 265 7.8156 395.45 17612 0.7212 0.8310  149.28
270 6.6411 400.13 1.7891 0.7224 0.8253 15175 270 7.6401 399.60 1.71767 0.7263 0.833] 151.00
275 6.5005 40427 1.8043 07290 - 0.830¢ 153.38 275 7.4744 403.78 1.7920 0.7323 0.8366  152.68
280 6.3669 40844 1.8193 0.7361 0.8354 15497 280 7.3175 407.97 1.8072 0.7389 0.8412 15431
285 6.2396 41263 1.8341 0.7435 0.8413 156.53 285 7.1683 412.19 1.8221 0.7459 0.8465 155.91
290 6.1182 41685 1.8488 0.7510 0.847¢ 158.06 290 7.0263 416.44 1.8369 0.7532 08523  157.47
295 6.0021 421.10 1.8633 0.7588 0.8543 159.56 295 6.8907 420.72 1.8515 0.7607 0.8584  159.00
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TABLE 9. Thermodynamic properties of HFC-134a in the single-phase region — Continued
T p h s Cy Cp W T p h s G Cp w
K kg/m® ki/kg KI/(kgK) Ki(kgK) . KJ/(kgK) s K kg/m® Ki/kg KI/(kgK) KJ/(kgK) Kli(kgk) m/s
0.14 MPa 0.16 MPa
300 5.8910 425.39 1.8778 0.7666 0.8611 161.03 300 6.7611 425.02 1.8660 0.7683 0.8649 160.51
305 5.7844 429.72 1.8921 0.7745 0.8681 162.48 305 6.6369 429.37 1.8803 0.7761 0.8716 161.99
310 5.6821 434.08 1.9062 0.7825 0.8753 163.91 310 6.5179 433.74 1.8946 0.7839 0.8785 163.44
315 5.5837 438.47 1.9203 0.7905 0.8826 165.32 315 6.4036 438.15 1.9087 0.7918 0.8856 164.87
320 5.4890 442,90 1.9343 0.7985 0.8900 166.70 320 6.2937 442.60 1.9227 0.7998 0.8927 166.28
325 5.3978 44737 1.9481 0.8066 0.8974 168.07 325 6.1880 447,08 1.9366 0.8077 0.9000 167.67
330 5.3099 451.88 1.9619 0.8146 0.9049 169.42 330 6.0861 451.60 1.9504 0.8157 0.9073 169.04
335 5.2250 456.42 1.9755 0.8227 0.9125 170.76 335 5.9878 456.15 1.9641 0.8237 0.9147 170.39
340 5.1430 461.00 1.9891 0.8307 0.9200 172.08 340 5.8930 460.75 19777 0.8316 0.9221 171.73
345 5.0638 465.62 2.0026 0.8388 0.9277 173.38 345 5.8014 ' 465.38 19912 0.8396 0.9296 173.05
350 4.9871 470.28 2.0160 0.8468 0.9353 174.67 350 5.7128 470.04 2.0046 0.8476 0.9371 174.35
355 49129 474,97 2.0293 0.8548 0.9430 175.95 355 5.6270 474.75 2.0180 0.8556 0.9447 175.64
360 4.8410 479.71 2.0426 0.8628 0.9506 177.21 360 5.5441 479.49 2.0312 0.8635 0.9522 176.92
365 47712 484 .48 2.0557 0:8708 0.9583 178.46 365 5.4636 484.27 2.0444 0.8715 0.9598 178.18
370 4.7036 489.29 2.0688 0.8788 0.9660 179.70 370 5.3857 489.09 2.0575 0.8794 0.9674 179.43
375 4.6380 494.14 2.0818 0.8867 0.9736 180.92 375 5.3101 493.94 2.0706 0.8873 0.9750 180.67
380 4.5743 499.03 2.0948 0.8947 0.9813 182.14 380 5.2367 498.84 2.0835 0.8952 0.9826 181.89
385 4.5124 503.95 2.1077 0.9026 0.9890 183.34 385 5.1654 503.77 2.0964 0.9031 0.9902 183.11
390 4.4522 508.92 2.1205 0.9104 0.9966 184,53 390 5.0961 508.74 2.1093 0.9109 0.9978 184.31
395 4.3937 513.92 2.1332 09183 1.0043 185.72 395 5.0288 513.75 2.1220 09187 1.0054 185.50
400 4.3368 518.96 2.1459 0.9261 1.0119 186.89 400 4.9633 518.80 2.1347 0.9265 1.0129 186.68
410 42274 529.16 21711 0.9417 1.0271 189.21 410 48375 529.00 2.1599 0.9421 1.0281 189.02
420 4.1236 539.50 2.1960 0.9572 1.0423 191.49 420 4.7182 539.36 2.1849 09575 1.0431 191.32
430 4.0250 550.00 2.2207 0.9725 1.0574 193.74 430 4.6048 549.86 2.2096 0.9728 1.0582 193.58
440 3.9310 560.65 2.2452 0.9878 1.0724 195.96 440 4.4970 560.52 2.2341 0.9881 1.0731 195.81
450 3.8416 571.45 2.2695 1.0030 1.0873 198.15 450 43943 571.33 2.2584 1.0032 1.0880 198.01
460 3.7561 582.40 2.2935 1.0180 1.1022 200.30 460 4.2963 582.28 2.2824 1.0182 1.1028 200.17
0.18 MPa 0.20 MPa

170 1590.9 71.713 0.4134 0.7922 1.1836 1119.8 170 1590.9 71.722 0.4134 0.7922 1.1836 11199
175 1577.7 77.633 0.4478 0.7910 1.1846 1094.4 175 1577.7 77.642 0.4477 0.7910 1.1846 1094.5
180 1564.4 83.562 0.4812 0.7912 1.1869 1069.0 180 1564.4 83.571 0.4811 0.7913 1.1869 1069.1
{85 1551.1 89.505 0.5137 0.7927 1.1904 1043.6 185 1551.1 89.514 0.5137 0.7927 1.1904 1043.7
et 1337.7 95.468 0.5455 0.7950 1.1947 1018.4 190 1537.7 95.476 0.5455 0.7950 1.1947 1018.4
193 15242 101.45 0.5766 0.7980 1.1998 993.30 195 15243 101.46 0.5766 0.7980 1.1998 993.39
il 1510.7 107.46 0.6071 0.8016 1.2055 968.39 200 1510.7 107.47 0.6070 0.8C16 1.2055 968.48
205 1497.1 113.51 0.6369 0.8055 1.2117 943.67 205 1497.1 113.51 0.6369 0.8055 1.2117 943,76
210 14833 119.58 0.6662 0.8099 1.2183 919.14 210 1483.3 119.59 0.6662 0.8099 1.2183 919.24
215 1469.4 125.69 0.6949 0.8145 1.2254 894.81 215 1469.5 125.70 0.6949 0.8145 1.2254 89491
220 1455.5 131.84 0.7232 0.8193 1.2328 870.67 220 1455.5 131.84 0.7232 0.8193 1.2328 870.77
225 1441.3 138.02 0.7510 0.8243 1.2407 846.70 225 1441.4 138.03 0.7510 0.8243 1.2406 846.81
230 1427.0 144.24 0.7784 0.8295 1.2489 822,88 230 1427.1 144.25 0.7783 0.8295 1.2489 823.00

90.
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S

T B b Cy - W T P ok S Gy (7S W
K kg/m kl/kg K/ (kgK) kl/(kgK)  kM(kgK m/s - K kg/m’ kl/kg kJ/(kgK) kJ/(kgK) Kl/(kgk) mfs
0.18 MPa 0.20 MPa

235 14126, . 15051, 0.8053 0.8348 1.2576 79921 235 14126 150.52 0.8053 0.8348. 12575 1799.33
240 1397.9 15682 0.8319: 0:8402. 1.2666 775.66. 240 1398.0. 156,83 08318 0.8402 12666 77578
245 1383.1° 16318 0.8581. 0.8458 1.2762 752.20 245 1383.1 163.18 0.8581 0.8458 12761 75233
250. 1368.0 169.58 0.8840 0.8514 1.2862 728.82 250 1368.0. 169.59 0.8839. 0.8514 12861 72895
255 13526 17604 0.9096 0.8572, 1.2963 705.48 255, 13527 176.05 0.9095 0.8572 12968  705.62
260 1337.0. 18255 09348 0.8631 1.308! 682.16 260 1337.1. 182.56 0.9348. 0.8631 13080 68231
260.43 13356 18343 0.9370 0.8636 1.3091 680.12 263.07 1327.3 . 186.59 0.9502 0.8667 13153  667.98
260.43 9.056: 39102 17353 0.7246 0.8435 146.77 263.07 10.012 392:61 1.7334 0.7320 08540  146.88
265 8.8578 39486 1.7499 0,7265 0.841l, 148.45 265 9.9171 30426 1.7396 0.7323 08523 14761
270 86534 399.06 1.7656 0.7305 0.8414 150.23 270. . 9.6815 39851 1.7555 0.7350 08504  149.45
275 8.4611 40328 17811 0.7357 0.8437 151.96 275 9.4609 402.77 L7711 0.7394. 08512 151:23
280 8.2794 40750 1.7963 0.7418 0.8473 153.64 280 9,2530 407.03 1.7865 0.7448 08537 152.96
285 8.1072 41175 1.8114 0.7484 0.8518 155.28 285 9.0566 41131 1.8016 0.7510 08574 15464
290 7.9435 41602 1.8262 0.7554 0.8570 156.88 290 8.8703 415.60 1.8166 0.7577 08620 15628
295 71876 42032 1.8409 0.7626 0.8628 158.44 295 +8.6931 419.93 1.8313 0.7647 08672 157.88
300 . 7.6388 42465 1.8555 0.7701 0.8683 159.98 300 .8.5243 42428 1.8460 0.7719 08729 159.45
305 7.4965 42901 1.8699 0.7777 0.8752 161.49 305 ‘8.3631 428.66 1.8604 0,7793 0:8789 160.98
310 7.3602 43341 1:8842 0.7854 0.8813 162.97 310 8.2089 433.07 1.8748 0.7869 08852 162.49.
315 7.2294 43783 1.8983 0.7932 0.3886 '164.42 315 8.0612 437.51 1.8890. 0.7945 08917 163.97
320 .7.1039 44229 1.9124 0.8010 0.8955 165:85 320 .17.9195 44198 1.9031, 0.8022 08984 16542
325 +.6.9831 44679 1.9263 0.8088 0.9026 16726 325 77834 446,49 1.9171 0.8100 09052  166.86
330 . 6.8669 45132 1,9402 0.8167 0.9097 168.65 330 7:6524 451.04 19309 0.8178 09122 16827
335 67549 455389 1.9539 0.8246 09170 170.02 335 7.5263 455.62 19447 0.8256 09193 169.66
340 6.6469 46049 1.9675 0.8326 0.9243 171:38 340 7.4048 460.23 1.9584 0.8335 09264 171,03
345 6.5426 46513 1.9811 0.8405 09316 172.71 345 7.2876 464.88 1.9720 0.8413 09336  172:38
350 6.4419 46981 1.9945 0.8484 0.9390 174.03 350 7.1744 469.57 1.9855 0.8492 09409 17371
355 . 6.3444 47452 2.0079 0.8563 09464 17534 355 70650 47429 1.9988 0.8570 09482  175.03
360 6.2501 47927 2:0212 0.8642 0.9539 176.63 360 69592 479.05 20122 0.8649 09556  176.33
365 6.1588 48406 2.0344 0.8721 09614 177.90 365 6.8568 483.85 20254 0.8728 09629 177.62
370 6.0703 48888 2.0475 0.8800 0.9689 179.16 370 .6.7576 488.68 2.0385 0.8806 09704  178.89
375 5.9845 49375 2:0606 0.8879 09764 180.41 375 6.6615 493.55 2.0516 0.8884 09778 180.15
380 5.9013 49865 2.0736 0.8957 0.9839 181.65 380 . 6.5682 498.46- 2.0646 0.8963 09852  .181.40
385 5.8205 50359 2.0865 0.9036 09914 -182:87 385 . 64777 503.40. 20776 0.9041 09927  182.63
390 5.7420 50856 2.0993 09114 0.9990 “184:08 390 .6:3899 508.39. 2.0904 0.9118 10001  183.86
395 5.6657 51358 2.1121 0.9192 1.0065 -185.28 395 6.3045 513.40 2:1032 0.9196 10076  .185.07
400 5.5915 51863 2.1248 0.9269 1.0140 186.48 400 62215 518.46. 2.1159 0.9274 10151 18627
410 5.4491 52884 2.1500 0.9424 1.0290 188.83 -410 6.0623 528.69 2:1412 0.9428 10300  188.63-
420 53141 53921 2,1750 0.9578 1.0440 191.14 420 59115 539.06 2.1662 0.9582 1.0449 190.96
430 5.1860 54973 2.1998- 0.9731 1.0589 193.41 430 5.7683 549.59 2.1909 0.9734 1,0597 193.25
440 5.0641 56039 22243 0.9883 1.0738 . 195.66 440 56322 560,26 2:2155 0.9886. 10746 195.50
450 4.9480 571.20 2.2486 1.0034 1.0887 197.86 450 5.5027 571.08 '2.2398 10037 10893 197.72
460 4.8373 582,16 22727 1.0185 1.1034 200.04 460 £5.3791 582.05 22639 1.0187 11040 19991
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TABLE 9. Thermodynamic properties of HFC-134a in the single-phase region — Continued
z o _h_ s c. <, v T o _h_ s <, o v
K kg/m kikg kJkgK) kI/(kgK) kJ/(kgK) m/s K W kirkg k¥/(kgK) kJ/(kgK) kJ/(kgK) m/s
0.25 MPa 0.30 MPa
170 1591.0 71.7145 0.4134 0.7922 1.1836 1120.1 170 1591.0 71.767 0.4133 0.7922 1.1836  1120.3
175 15778 77.665 0.4477 0.7910 1.1845 1094.7 175 1577.8 77.687 0.4476 0.7910 1.1845  1094.9
180 1564.5 83.593 0.4811 0.7913 1.1869 1069.3 180 1564.6 83.615 0.4810 0.7913 1.1868  1069.4 -
185 1551.2 89.536 0.5136 0.7927 1.1903 10439 185 1551.3 89.558 0.5136 0.7927 1.1903  1044.1
190 1537.8 95.498 0.5454 0.7950 1.1947 1018.6 190 1537.9 95.520 0.5454 0.7950 1.1946 10189
195 1524.4 101.48 0.5765 0.7980 1.1997 993.61 195 1524.4 101.50 0.5765 0.7980 1.1997 993.83
200 1510.8 107.49 0.6070 0.8016 1.2054 968.70 200 15109 107.51 0.6069 0.8016 1.2054 968.93
205 1497.2 113.54 0.6368 0.8056 1.2116 944.00 205 1497.3 113.56 0.6368 0.8056 1.2115 944.23
210 1483.4 119.61 0.6661 0.8099 1.2182 919.48 210 14835 119.63 0.6660 0.8099 1.2182 919.73
215 1469.6 125.72 0.6949 0.8145 1.2253 895.17 215 1469.7 125.74 0.6948 0.8145 1.2252 895.42
220 14556 131.86 0.7231 0.8193 1.2327 871.04 220 14557 131.88 0.7230: 0.8193 1.2326 871.30
225 14415 138.05 0.7509 0.8243 1.2406 847.08 225 1441.6 " 138.07 0.7508 0.8243 1.2405 847.35
230 14272 144.27 0.7783 0.8295 1.2488 823.28 230 1427.3 144.29 0.7782 0.8295 1.2487 823.57
235 1412.7 150.54 0.8052 0.8348 1.2574 799.63 235 14129 150.55 0.8051 0.8348 1.2573 799.92
240 1398.1 156.85 0.8318 0.8402 1.2664 776.09 240 1398.2 156.86 0.8317 0.8402 1.2663 776.40
245 1383.3 163.20 0.8580 0.8458" 1.2760 752.66 245 1383.4 163.22 0.8579 0.8458 1.2758 752.98
250 1368.2 169.61 0.8839 0.8514 1.2860 729.29 250 1368.3 169.62 0.8838 0.8515 1.2858  729.63
255 13529 176.06 0.9094 0.8572 1.2966 705.98 255 1353.0 176.08 0.9093 0.8572 1.2964 706.34
260 1337.2 182.57 0.9347 0.8631 1.3078 682.69 260 13374 182.59 0.9346 0.8631 1.3076 683.06
265 13213 189.14 0.9597 0.8691 1.3198 659.38 265 13215 189.16 0.9597 0.8691 1.3196 659.77
268.86 1308.7 194.26 0.9789 0.8738 1.3297 641.33 270 1305.2 195.79 0.9844 0.8751 1.3324 636.44
268.86 12.393 396.08 1.7295 0.7484 0.8782 146.98 273.82 1292.5 200.90 1.0032 0.8799 1.3428 618.56
270 12.322 397.07 1.7332 0.7483 0.8766 147.43 273.82 14.77C 398.99 1.7267 0.7627 0.9002 146.92
275 12.022 401.44 1.7493 0.7498 0.8724 149.36 275 14.679 400.05 1.7305 0.7625 0.8981 147.40
280 11.741 405.80 1.7650 0.7533 0.8714 151.22 280 14314 404.52 1.7467 0.7631 0.8921 149.41
285 11.478 410.16 1.7804 0.7580 0.8726 153.01 285 13.975 408.98 1.7624 0.7660 0.8899 151.33
290 11.230 414.53 1.7956 0.7637 0.8753 154.75 290 13.657 413.43 1.7779 0.7704 0.8900 153.18
295 10.996 418.92 1.8106 0.7699 0.8790 156.44 295 13.358 417.88 1.7931 0.7756 0.8918 154.97
300 10.773 423.32 1.8254 0.7766 0.8834 158.09 300 13.076 422.35 1.8081 0.7815 0.8948 156.71
305 10.562 42775 1.8401 0.7835 0.8884 159.70 305 12.809 426.83 1.8230 0.7879 .0.8986 158.40
310 10.360 432.21 1.8546 0.7907 0.8939 161.28 310 12.555 431.34 1.8376 0.7946 0.9031 160.05
315 10.167 436.69 1.8689 0.7980 0.8997 162.82 315 12.314 435.86 1.8521 0.8015 0.9081 161.66
320 9.9833 441.21 1.8831 0.8054 0.9058 164.34 320 12.084 440.42 1.8664 0.8086 0.9135 163.23
325 9.8067 445715 1.8972 0.8129 0.9120 165.82 325 11.863 445.00 1.8806 0.8159 0.9191 164.78
330 9.6372 450.33 19112 0.8205 0.9185 167.29 330 11.653 449.61 1.8947 0.8232 0.9251 166.29
335 9.4743 454.94 1.9250 0.8281 0.9251 168.72 335 11.450 45425 1.9087 0.8306 0.9312 167.78
340 9.3176 459.58 1.9388 0.8358 09319 170.14 340 11.256 458.92 1.9225 0.8381 0.9375 169.24
345 9.1667 464.26 1.9525 0.8435 0.9387 171.53 345 11.070 463.63 1.9363 0.8456 0.9440  170.67
350 9.0213 468.97 1.9660 0.8512 0.9457 172.90 350 10.89¢ 468.36 1.9499 0.8532 0.9506 172.09
355 8.8809 47371 1.9795 0.8589 0.9527 17426 355 10.717 473.13 1.9634 0.8608 0.9573 173.48
360 8.7453 478.50 1.9929 0.8667 0.9598 175.60 360 10.550 477.94 1.9769 0.8684 0.9641 174.85
365 8.6142 - 48331 2.0061 0.8744 0.9669 176.92 365 10.389 432.77 1.9902 0.8760 0.9710 176.21
370 8.4874 488.17 2.0193 0.8821 0.9741 178.22 370 10.234 437.65 2.0035 0.8837 0.9779 177.54
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T P b e Gy . T _p_’ b LS i€y
K kg/m’® KIkg Kikgk)  Wi(kgK)  KI(kgK) s K keg/m Wikg KikgK)  Wi(kgK)  ki(kgK) s
0.25 MPa - 0.30 MPa
375 8.3647 493.05 2.0325 0.8899 - 0.9813 179.51 375 ©-10.083 492.55 20166 0.8913 09849  178.86
380 .8.2457 497.98 2.0455 0.8976 0.9886 180.78 380 9.9380 497.50 2.0297 0.8990 09920  180.16
385 81304 50294 2.0585 0.9053 0.9958 182.04 385 - 9.7969 502.47. 2.0427 0.9066 ' 0.9991 181.45.
390 -8.0185 507.94 20714 0.9130 1.0031 183.29 390 -9.6601 507.49.. 2.0557 09142 10062 18272
395 -.7.9100 2.0842 0.9207 1.0104 184.52 395 9.5275 512.54 2.0685 0.9219 10133 18397
400 7.8045 2.0970 09284 1.0178 185:74 400 -9.3988 517.62 2.0813 0.9295 10205  185.22
410 7.6024 - 2.1223 0.9438 . 1.0324 188.15- 410 9.1524 527.90 2.1067 0.9447 1.0349 - 187.67
420 7.4111 538.69 2.1473 0.9590 1.0471 190.52 420 8.9196 538.32 2:1318 0.9599 10493 190.07
430 7.2298. 549.24 2.1722 09742 1.0618 192.84 430 8.6991 548.89 2.1567 0.9750 10638 - 192.43
440 7.0576 559.93 2.1967 0.9893 1.0764 195:12 440 8.4899 $59.60 2.1813 0.9900 10783 19474
450 6.8938 570.77 22211 1.0043 1.0910 197.37 450 8.2912 570.45 2.2057 . 1.0049 1.0927 197.02
460 67378 58175 2.2452 1.0192 1.1056 199.59 460 8.1020 58145 2.2299 1.0198 11071 199.26
.0.35 MPa 0.40 MPa

(70 1591.1 71.790 0.4133 0.7922 1:1835 1120.4, 170 1591.1 71.813 0.4132 0.7922 11835  1120.6
175 1577.9 71709 0.4476 0.7910 1:1844 10951+ 175 1577.9.. 77732 - 0.4475 0.7910 11844 10952
180 1564.6 83.637 0.4810 0.7913 1.1868 1069.6 180 1564.7 ; -83.659 0.4809 0.7913 11867  1069.8
185 1551.3 89.580 0.5135 0.7927 1:1902 1044.3 185 1551.4 - 89.602 05135 0.7927 L1902 10445
190 1538.0 .95.542 0.5453 0.7950 1.1946 1019.1 190 1538.0 .95.563 0.5453 0.7951 11945 10193
195 1524.5 101.52 0.5764 0.7981 1.1996 994.04 195 1524.6.. 101.54 0.5764 0.7981 11996  994.26
200 15110 10753 0.6069 0.8016 1.2053 969.16 200 1511.0 107.56 0.6068 0.8016 12052 969.38
205 14973 113.58 0.6367 0.8056 1.2115 944.46. 205 1497.4- 113.60 0.6366 0.8056 12114 94470
210 14836 11963 0.6660 0.8099 1.2181 919.97 210 1483.7 119.67 0.6659 0.8099 12180 92021
215 1469.8 . 125.76 0.6947 0.8145 1.2251 895.67 215 14699 125.78 0.6947 0.8145 12251 89592
220 1455.8 131.90 0.7230 0.8193 1.232¢ 871.56 220 14559 . 131.92 07229 0.8193 12325  871.82
225 14417 138.09" 0.7508 0.8243 1.2404 847.63 225 1441.8 138.10 0.7507 0.8244 12403 847:90
230 1427.4 14431 0.7781 0.8295 1.2486 823.85 230 14275 144.33 0.7780 0.8295 12485  824.14
235 1413.0 150.57 0.8051 0.8348 1.2572 800.22 235 1413.1 150.59 0.8050 0.8348 12570 800.52
240 1398.4 156.38 0:8316 0.8403 1.2662 716.71 240 1398.5 156.90 0.8315 0.8403 12661 777.02
245 1383.5 163.24 0.8578 0.8458 1.2757 753.30 245 1383.7 163.25 0.8577 0.8458 12755  753.63
250 1368.5 . 169.54 0.8837 0.8515 1.2857 729.97 250° 1368.6 169.66 0.8836 0.8515 12855 73031
255 13532 176.09 0.9093 0.8572 1.2962 706.69 255 1353.3 176.11 0.9092 0.8572 12961  707.05
260 1337.6 182.50 0.9345 0.8631 1.3074 683.43 260 1337.7; 182.62 0.9345 0.8631 13072 . 683.80
265 13217 189.17 0.9596 0.8691 1.3194 660.17 265 1321.8 189.18 0.9595 0.8690 13192 660.56
270 1305.4 19530 0.9843 0.8751 1.3321 636.86 270 1305.6 195.81 0.9842 0.8751 13319 637.27
275 12887 202.49 - 1.0089 0.8813 - 1.3456 613.47- 275 1288.9 202:50 1.0088 0.8813 13456 613.90-
27817 12719 206.79 1.0244 0.8854 1.3552 598.54 280 12719 209.27 /10332 0.8877 13604  590.42
178.17 17.147 40150 17244 0.7755 0.9207 146.73- 282.08 1264.6 - 212:11 1.0433 -0.8903 13670.  -580.60
280 16.982 403.18 -1,7304 0.7749 0.9168 14751 282.08 19.528 403.71 117225 07872 09400 . 146.47
285 16.553 40774 17466 07752 09098 149.58 ©.285 19.223 406.45 17322 0.7859 09330 14775
290 16.156 41228 - 1.7624 0.7778 0.9066 151.55 . 290 18.734 411.09- 1.7483 0.7862 09254 - 149.86
295 15.785 41631 17778 0.7818.. .. 0.9060 153.45 295 18.281 415.71 1.7641 0.7887 09218  151.88
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TaBLE 9. Thermodynamic properties of HFC-134a in the single-phase region —- Continued
T P ko s Cy S 2 r 0 _h_ S Co S 2
K kgm® kikg KV(kgK) KIikgK)  KIi(kgK) m/s K kg/m® ki/kg KkJ/(kgK) kI/(kgK) kif(kgK) /s
0.35 MPa 0.40 MPx
300 15.437 421.35 1.7931 0.7869 0.9072 15528 300 17.859 420.31 17796 0.7926 09207  153.82
305 15.108 42539 1.8081 0.7926 0.9096 157.06 305 17.462 42492 1.7948 0.7975 09214  155.69
310 14.798 430.44 1.8229 0.7987 0.9129 15879 310 17.089 429.53 1.8098 0.8031 0.9234  157.50
315 14.503 435.02 1.8375 0.8052 0.9170 16047 315 16.737 434.16 1.8246 0.8091 09254  159.26
320 14.223 439.61 1.8520 0.8120 0.9215 16211 320 16.403 438.80 1.8392 0.8154 0930  160.97
325 13.956 44423 1.8664 0.8189 0.9265 16371 325 16.085 443.46 1.8537 0.8221 09343 16263
330 13.701 44838 1.8805 0.8260 0.9319 16528 330 15.782 448.14 1.8680 0.8289 0930 16426
335 13.457 45355 1.8946 0.8332 0.9375 16682 335 15.494 452.85 1.8822 0.8358 0.9441 165.85
340 13.223 458.26 1.9085 0.8405 0.9434 16833 340 15.218 457.58 1.8962 0.8429 0944  167.41
345 12.999 462.99 1.9223 0.8478 0.9494 169.81 345 14953 462.34 1.9101 0.8501 0.9551 168.93
350 12.783 461.15 1.9361 0.8553 0.9557 17126 350 14.700 467.13 1.9239 0.8573 09609  170.43
355 12.576 472.55 1.9497 0.8627 0.9621 17269 355 14.456 . 47195 1.9375 0.8646 09659  171.90
360 12.376 47137 1.9632 0.8702 0.9686 17410 360 14.222 476.80 1.9511 0.8720 0.9731 173.35
365 12.184 48223 1.9766 0.8777 0.9752 17549 365 13.997 481.69 1.9646 0.8794 0974 17477
370 11,998 487.12 1.9899 0.3852 09818 17686 370 13.780 486.60 1.9779 0.8868 09858  176.17
375 11.818 492.05 2.0031 0.8928 0.9886 17820 375 13.570 491.54 1.9912 0.8942 09924  177.54
380 11.645 497.01 2.0162 0.9003 0.9954 17953 380 13.368 496.52 2.0044 0.9017 0.99%0  178.90
385 11.477 502.01 2.0293 0.9079 1.0023 18085 385 13.172 501.53 20175 0.9092 1.0057  180.24
390 11315 507.04 2.0423 0.9154 1.0093 18214 390 12.983 506.58 2.0305 0.9167 1.0124 18157
395 11.157 512.10 2.0552 0.9230 1.0163 18342 395 12.800 51166 2.0435 0.9242 1.0192  182.87
400 11.004 517.20 2.0680 0.9306 1.0233 18469 400 12.622 516.77 2.0563 0.9316 1.0251 184.16
410 10712 527.50 2.0934 0.9457 1.0374 187.18 410 12.283 527.10 2.0819 0.9466 10399  186.69
420 10.437 537.95 2.1186 0.9607 1.0516 18962 420 11.963 537.57 2.1071 0.9616 1.0539  189.17
430 10.176 548.54 2.1435 0.9757 1.0659 19201 430 11.661 548.18 2.1320 0.9765 10679  191.60
440 9.9294 559.27 2.1682 0.9907 1.0801 19436 440 11376 558.93 2.1568 0.9913 1.0820  193.98
450 9.6950 570.14 2.1926 1.0055 1.0944 19667 450 11.105 569.82 2.1812 1.0062 10952 196.31
460 9.4720 581.16 2.2168 1.0204 1.1087 19893 460 10.847 580.86 2.2055 1.0209 1.1103 198.61
0.50 MPa 0.60 MPa

175 1578.1 71171 0.4474 0.7911 1.1843 10956 175 15782 77.821 0.4473 0.7911 11843 1096.0
180 1564.8 83.704 0.4808 0.7913 1.1867 10702 180 1565.0 83.748 0.4807 0.7914 1.1856  1070.6
185 1551.5 89.646 0.5134 0.7928 1.1901 10449 185 1551.7 89.690 0.5133 0.7928 1.1900  1045.3
190 1538.2 95.607 0.5452 0.7951 1.1944 10197 190 15383 95.650 0.5450 0.7951 1.1943  1020.1
195 15247 101.59 0.5763 0.7981 1.1995 99470 195 15249 101.63 0.5761 0.7981 11994 995.13
200 151122 107.60 0.6067 0.8016 1.2051 969.83 200 1511.4 107.64 0.6066 0.8017 12050  970.28
205 1497.6 113.64 0.6365 0.8056 1.2113 94516 205 1497.8 113.68 0.6364 0.8057 12111 945.63
210 14839 119.71 0.6658 0.8099 1.2179 92070 210 1484.1 119.75 0.6657 0.8100 12177 92118
215 1470.0 125.82 0.6945 0.8145 1.2249 89643 215 14702 125.86 0.6944 0.8146 12247 89693
220 1456.1 131.96 0.7228 0.8194 1.2323 87235 220 14563 132,00 0.7226 0.8194 12321 872.87
225 1442.0 138.14 0.7506 0.8244 1.2401 84844 225 14422 138.18 0.7504 0.8244 12399  848.99
230 14277 144.36 0.7779 0.8295 1.2483 82470 230 1428.0 144.40 0.7778 0.8296 12430 82527
235 1413.3 150.63 0.8048 0.8348 1.2568 80111 235 1413.6 150.66 0.8047 0.8349 12556  801.70
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TaBLE 9. Thermodynamic properties of HFC-134a in the single-phase region — - Continued
r p _h_ s o o 2 I o _h_ s . 6w
K kg/m® klikg kJi(kgK) kJ/(kgK) kJ/(kgK) nv's K kg/m ki/kg kJ/(kgK) kJ/(kgK) kJ/(kgK) m/s
0.50 MPa 0.60 MPa
240 1398.7 156.93 0.8314 0.8403 1.2658 77764 240 1399.0 156.97 0.8312 0.8403 1.2656 778.26
245 1383.9 163.29 0.8576 0.8458 1.2753 75427 245 1384.2 163.32 0.8574 0.8458 1.2750 754.92
250 1368.9 169.69 0.8835 0.8515 1.2852 73099 250 1369.2 169.72 0.8833 0.8515 1.2849 731.66
255 1353.6 176.14 0.9090 0.8572 1.2957 70775 255 1353.9 176.17 0.9088 0.8572 1.2954 708.46
260 1338.1 182.65 0.9343 0.8631 1.3068 68455 260 1338.4 182.68 0.9341 0.8631 1.3065 685.29
265 1322.2 189.21 0.9593 0.8690 1.3187 66134 265 1322.5 189.24 0.9591 0.8690 1.3183 662.12
270 1306.0 195.84 0.9841 0.8751 1.3314 63809 270 1306.3 195.86 0.9839 0.8751 1.3309 638.92'
275 1289.3 202.53 1.0086 0.8813 1.3450 61478 275 1289.8 202.55 1.0084 0.8813 1.3444 615.64
280 1272.3 209.29 1.0330 0.8876 . 1.3597 59135 280 1272.7 209.31 1.0328 0.8876 1.3591 592.27
285 1254.7 216.13 1.0572 0.8941 1.3758 56776 285 1255.2 216.14 1.0570 0.8941 1.3750 568.73
288.88 1240.7 221.50 1.0759 0.8992 1.3894 54928 290 - 12372 223.06 1.0810 0.9007 1.3925 545.00
288.88 24317 407.47 1.7196 0.8078 0.9761 14576 294.72 1219.5 229.68 1.1037 0.9071 1.4108 522.34
290 24.162 408.55 1.7234 0.8068 0.9722 14629 294.72 29.154 410.57 1.7174 0.8259 1.0101 144.88
295 23.509 413.38 17399 0.8049 0.9595 14859 295 29.105 410.85 1.7184 0.8255 1.0088 145.03
300 22,908 418.16 1.7560 0.8058 0.9521 15076 300 28.274 415.84 1.7352 0.8218 0.9914 147.50
305 22.352 42291 LI717 0.8085 0.9482 15284 305 27.517 420.77 1.7515 0.8214 0.9806 149.82
310 21.834 427.64 17871 0.8125 0.9468 15484 310 26.821 425.66 1.7673 0.8232 0.9741 152.03
315 21.349 432.38 .8022 0.8173 0.9470 15676 315 26.175 430.52 1.7829 0.8265 0.9707 “154.14
320 20.893 437.12 1.8171 0.8228 0.9485 15861 320 25.574 43537 1.7982 0.8307 0.9693 156.16
325 20.462 441.87 8319 0.8286 0.9510 16041 325 25.010 440.22 1.8132 0.8357 0.9695 158.11
330 20.053 446.63 1.8464 0.8348 0.9541 16216 330 24.479 445.07 1.8280 0.8411 0.9708 160.00
335 19.666 451.41 1.8608 0.8413 0.9579 16387 335 23.978 449.92 1.8426 0.8470 0.9730 161.82
340 19.297 456.21 1.8750 0.8479 0.9622 16553 340 23.504 454.80 1.8571 0.8531 0.9759 163.60
345 18.945 461.03 ..8891 0.8547 0.9668 167.15 345 23.054 459.69 1.8713 0.8594 0.9795 165.32
350 18.609 465.88 1.9030 0.8616 09718 16874 350 22.625 464.59 1.8855 0.8659 0.9834 167.00
355 18.288 470.75 1.9169 0.8686 0.9771 17029 355 22217 469.52 1.8994 0.8726 0.9878 168.64
360 17.979 475.65 1.9306 0.8756 0.9826 17181 360 21.826 474.47 1.9133 0.8794 0.9925 170.25
365 17.683 480.58 1.9442 0.8828 0.9883 17330 365 21.453 479.45 1.9270 0.8863 0.9975 171.82
370 17.399 485.53 1.9576 0.8900 0.9941 17477 370 21.094 484.45 1.9406 0.8932 1.0028 173.35
375 17.125 490.52 1.9710 0.8972 1.0001 17621 375 20.751 489.48 1.9541 0.9002 1.0082 174.86
380 16.861 495.53 1.9843 0.9045 1.0063 17763 380 20.420 494.53 1.9675 0.9073 1.0139 176.34
385 16.606 500.58 1.9975 09118 1.0126 17903 385 20.102 499.62 1.9808 09144 1.0197 177.80
3%0 16.361 505.65 2.0106 0.9191 1.0189 180.40 39 19.796 504.73 1.9940 0.9216 1.0256 179.23
395 16.123 510.77 2.0236 0.9265 1.0254 18176 395 19.500 509.87 2.0071 0.9288 1.0317 180.63
400 15.894 51591 2.0366 0.9338 1.0319 18309 400 19.215 515.05 2.020t 0.9360 1.0379 182.02
410 15.456 526.30 1.0622 0.9485 1.0451 18571 410 18.672 525.49 2.0459 0.9505 . 10505 184.73
20 15.045 536.82 2.0876 0.9633 1.0586 18827 420 18.164 536.06 2.0714 0.9650 1.0634 187.36
430 14.657 547.47 21126 0.9780 1.0722 19077 430 17.686 546,76 2.0966 0.9796 1.0765 189.93
440 14.291 558.26 2.1374 0.9927 1.0859 19321 440 17.236 §57.59 2.1215 0.9941 1.0898 192.44
450 13.944 569.19 2.1620 1.0074 1.0997 195.60 450 16.811 568.56 2.1461 1.0087 1.1033 194.90
460 13.616 580.26 2.1863 1.0220 1.1135 19795 460 16.408 579.66 2.1705 1.0232 1.1168 197.30

(v€1-04H) INVHLIOHONTAVHLIIL-Z L'} I 40 STILYIJOHd DINYNACOWHIHL

L



TABLE 9. Thermodynamic properties of HFC-134a in the single-phase region — Continued
T p _h s Cy Cp w_ T _h s < cp w
K kg/m® kikg kJ/(kgK) ki(kgK)  kJ/(kgK) m/s K @ kl/kg ki/(kgK) kJ/(kgK) kJ/(kgK) m/s
0.70 MPa 0.80 MPa

175 1578.3 773866 0.4472 0.7911 1.1842 1096.4 175 1578.4 77911 0.4471 0.7912 1.1841 = 1096.8
180 1565.1 83793 0.4806 0.7914 1.1865 1071.0 180 1565.2 83.837 0.4805 0.7914 1.1864 1071.4
185 1551.8 89733 0.5131 0.7928 1.1899 1045.7 185 15519 89.777 0.5130 0.7929 1.1898  1046.1
190 1538.5 95694 0.5449 0.7951 1.1942 1020.5 190 1538.6 95.737 0.5448 0.7952 1.1941  1021.0
195 1525.0 10167 0.5760 0.7982 1.1993 995.56 195 1525.2 101.72 0.5759 0.7982 1.1992 996.00
200 15115 10768 0.6065 0.8017 1.2049 970.73 200 15117 107.73 0.6063 0.8017 1.2048 971.18
205 14979 11372 0.6363 0.8057 1.2110 946.10 205 1498.1 113.76 0.6362 0.8057 1.2109 946.56
210 1484.2 11979 0.6655 0.8100 1.2176 921.66 210 1484.4 119.84 0.6654 0.8100 1.2175 922.15
215 1470.4 12590 0.6943 0.8146 1.2246 897.43 215 1470.6 125.94 0.6941 0.8146 1.2244 897.93
220 1456.5 13204 0.7225 0.8194 1.2320 873.39 220 1456.7 132.08 0.7224 0.8194 1.2318 87391
225 1442.4 13822 0.7503 0.8244 1.2397 849.53 225 1442.6 ' 138.26 0.7502 0.8244 1.2395 850.07
230 1428.2 14444 0.7776 0.8296 1.2478 825.84 230 1428.4 144.48 0.7775 0.8296 1.2476 826.40
235 i413.8 15070 0.8046 0.8349 1.2564 802.29 235 1414.0 150.74 0.8044 0.8349 1.2561 802.88
240 1399.2 157.00 0.8311 0.8403 1.2653 778.87 240 1399.5 157.04 0.8309 0.8403 1.2651 779.49
245 13845 16335 0.8573 0.8458 1.2747 755.56 245 1384.7 163.39 0.8571 0.8458 1.2744 756.20
250 1369.5 169.75 0.8831 0.8515 1.2846 732.33 250 1369.7 169.79 0.8830 0.8515 1.2843 733.01
255 1354.2 176220 0.9087 0.8572 1.2950 709.17 255 1354.5 176.23 0.9085 0.8572 1.2947 709.87
260 1338.7 18270 0.9339 0.8631 1.3061 686.03 260 1339.0 182.73 0.9338 0.8631 1.3057 686.77
265 1322.9 189.26 0.9589 0.8690 1.3178 662.90 265 13232 189.29 0.9587 0.8690 1.3174 663.67
270 1306.7 19538 0.9837 0.8751 1.3304 639.74 270 1307.1 19591 0.9835 0.8751 1.3299 640.55
275 1290.2 20257 1.0082 0.8813 1.3439 616.51 275 1290.6 202.59 1.0080 0.8812 1.3433 617.37
280 1273.2 20933 1.0325 0.8876 1.3584 593.18 280 1273.6 209.34 1.0323 0.8875 1.3578 594.10
285 1255.7 21616 1.0567 0.8940 1.3743 569.71 285 1256.2 216.17 1.0565 0.8940 1.3735 570.68
290 1237.7 22307 1.0808 0.9006 1.3916 546.03 290 1238.2 223.08 1.0805 0.9006 1.3908 547.07
295 1219.0 23008 1.1047 0.9074 1.4109 522.10 295 1219.6 230.08 1.1045 0.9073 1.4098 523.21
299.86 1200.1 23699 1.1280 09142 1.4318 498.52 300 1200.2 237.19 1.1283 09143 1.4312 499.04
299.86 34,053 413.19 1.7156 0.8421 1.0428 143.90 304.47 11822 243.64 1.1497 0.9208 1.4526 477.05
300 34.024 . 41333 1.7161 0.8419 1.0421 143.97 304.47 39.025 415.45 1.7140 0.8570 1.0750 142.84
305 33.007 41849 1.7331 0.8370 1.0206 146.60 305 38.89%0 416.02 1.7158 0.8561 1.0717 143.14
310 32.087 ' 42355 1.7496 0.8357 1.0069 149.07 310 37.684 421.31 1.7330 0.8505 1.0471 14591
315 31.246 42857 1.7656 0.8368 0.9982 151.39 315 36.598 426.50 1.7497 0.8487 1.0310 148.49
320 30.470 43354 1.7813 0.8395 0.9930 153.61 320 35.610 431.63 1.7658 0.8493 1.0205 150.92
325 29.749 43850 1.7967 0.8433 0.9902 155.72 325 34.702 436.71 1.7816 0.8516 1.0138 153.23
330 29.076 443.45 1.8118 0.8479 0.9892 157.76 330 33.861 441.77 1.7970 0.8551 1.0098 155.43
335 28.444 448.40 1.8266 0.8530 0.9895 159.72 335 33.079 446.81 1.8122 0.8594 1.0077 157.54
340 27.850 45335 1.8413 0.8585 0.9909 161.61 340 32.346 451.85 1.8271 0.8642 1.0071 159.56
345 27.288 45831 1.8558 0.8644 0.9930 163.45 345 31.658 456.89 1.8418 0.8695 1.0077 161.52
350 26.756 46328 1.8701 0.8705 0.9959 165.23 350 31.009 461.93 1.8563 0.8752 1.0092 163.41
355 26.250 46827 1.8842 0.8768 0.9993 166.96 355 30.3% 466.98 1.8707 0.88!1 1.0115 165.24
360 25.769 47327 1.8983 0.8832 1.003] 168.65 360 29.814 472.05 1.8848 0.8872 1.0143 167.03
365 25.310 47830 1.9121 0.8898 1.0073 170.30 365 29.260 477.13 1.8988 0.8935 1.0177 168.76
370 24.871 48335, 1.9259 0.8965 1.0119 171.91 370 28,733 482.22 1.9127 0.8999 1.0215 170.45
375 24.451 488.42 1.9395 0.9033 1.0167 173.49 375 28.230 487.34 1.9265 0.9065 1.0256 172.10
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TasLE 9. Thermodynamic properties ¢of HFC-134a in the single-phase region — Continued

T p _h s Cy cp w T p h s Cy (5 L
K kg/m® Klikg . KJikgK) Kli(kgK)  kJ(kgK) ws K kg/m® kJkg kJ/(kgK) KI/(kgK) kl/(kgK) ms
0.70 MPa 0.80 MPa
380 24,049 493.51 1.9530 0.9102 1.0218 17504 380 27.749 492.48 1.9401 0.9131 1.0301 17371
385 23.662 498.64 1.9664 0.9171 1.0271 17655 385 27.289 497.64 1.9536 0.9199 1.0349  175.29
390 23.290 503.79 19797 0.9241 1.0326 17804 390 26.846 502.83 1.9670 0.9267 10398  176.83
395 22932 508.95 1.9928 09312 1.0382 17950 395 26.422 508.04 1.9802 0.9336 1.0450  178.35
400 22.587 514.17 2.0059 0.9382 1.0440 18093 400 26.013 513.28 1.9934 0.9405 1.0504 179.84
410 21.933 524.67 20319 0.9525 1.0560 18373 410 25.241 523.84 2.0195 0.9544 10617 18273
40 21.322 53529 20575 0.9668 1.0683 18645 420 24,521 534,52 2.0452 0.9685 10734 185.54
30 20.750 546.04 20827 0.9811 1.0810 189.10 430 23.849 545.31 2.0706 0.9827 1.0855  188.26
440 20.211 55691 2.1077 0.9955 1.0939 19167 440 23.218 556.23 2.0957 0.9969 1.0980  190.90
450_ 19.704 567.92 2.1325 1.0099 1.1069 194.19 450 22,624 567.27 2.1205 1.0112 1.1107 193.47
450 19.224 579.05 2.1570 1.0243 1.1202 196.64 460 22.064 578.44 2.1451 1.0254 1.1236 195.99
1.00 MPa 1.20 MPa

175 1578.7 78.001 0.4469 0.7912 1.1839 10975 175 15789 78.090 0.4467 0.7913 1.1838  1098.3
180 1565.5 83.926 0.4803 0.7915 1.1862 10722 180 1565.7 84.015 0.4800 0.7916 1.1861  1073.0
185 1552.2 89.865 05128 0.7929 1.1896 10469 185 1552.5 89.953 0.5126 0.7930 11895  1047.7
190 1538.9 95.824 0.5446 0.7952 1.1939 10218 190 1539.2 95911 .0.5444 0.7953 1.1937 10226
195 1525.5 101.80 0.5757 0.7982 1.1989 996.86 195 1525.8 101.89 0.5754 0.7983 1.1987 997.72
200 15120 107.81 0.6061 0.8018 1.2045 97207 200 15123 107.90 0.6059 0.8018 12043 972,97
205 1498.4 113.85 0.6359 0.8058 1.2106 94749 205 1498.8 113.93 0.6357 0.8058 12104  948.42
210 1484.8 119.92 0.6652 0.8101 12172 92311 210 1485.1 120.00 0.6649 0.8101 12169  924.07
215 1471.0 126.02 0.6939 0.8147 1.2241 89893 215 1471.3 126.10 0.6936 0.8147 12238 899.93
220 1457.1 132.16 0.7221 0.8195 1.2315 87495 220 1457.5 132.24 0.7219 0.8195 1.2311 875.99
225 1443.0 138.34 0.7499 0.8245 1.2392 85115 225 1443.4 - 138.41 0.7496 0.8245 12388 852.23
230 14288 144.55 0.7772 0.8296 1.2472 82753 230 14293 144.63 0.7769 0.8297 12468  828.65
235 1414.5 150.81 0.8041 0.8349 1.2557 80405 235 1415.0 150.88 0.8038 0.8350 1.2553 805.22
240 1400.0 157.11 0.8306 0.8403 1.2646 78071 240 1400.5 157.18 0.8303 0.8404 12641  781.93
245 1385.2 163.46 0.8568 0.8459 1.2739 75748 245 1385.8 163.53 0.8565 0.8459 12733 758.76
250 1370.3 169.85 0.8827 0.8515 1.2837 73434 250 13709 169.92 0.8823 08515 12830  735.68
255 1355.1 176.30 0.9082 0.8572 1.2940 71127 255 1355.7 176.36 0.9078 0.8572 12933 712,67
260 1339.7 182.79 09334 0.8631 1.3049 68824 260 13403 182.85 0.9331 0.8631 13041  689.70
265 1323.9 189.35 0.9584 0.8690 1.3165 66522 265 1324.6 189.40° 0.9580 0.8690 13156  666.76
270 1307.8 195.96 0.9831 0.8750 1.3289 64218 270 1308.5 196.01 0.9827 0.8750 13279  643.80
275 1291.4 202.64 ° 1.0076 0.8812 1.3422 619.09 275 1292.1 202.68 1.0072 0.8812 1.3410 620.80
280 12745 209.38 1.0319 0.8875 1.3565 59591 280 12753 209.42 1.0315 0.8874 13552 597.72
285 1257.1 216.20 1.0561 0.8939 1.3720 57260 285 1258.0 21624 1.0556 0.8938 13705 574.52
290 1239.2 223.1t 1.0801 0.9005 1.3890 549.12 290 12402 223.13 1.0796 0.9004 13873 55115
295 1220.7 230.10 1.1040 0.9072 1.4078 525.40 295 1221.8 230.11 1.1035 0.9071 1.4057  527.57
300 12015 237.19 1.1278 0.9142 1.4287 50139 300 1202.7 237.19 1.1273 0.9140 1.4263  503.72
305 1181.4 24439 L1516 0.9213 1.4523 47700 305 1182.8 244.38 1.1510 0.9211 1.4494 47951
310 1160.4 251.72 1.1754 0.9288 1.4794 45214 310 11619 251.69 1.1748 0.9285 1.4758  454.86
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TABLE 9. Thermodynamic properties of HFC-134a in the single-phase region — Continued

T P _h s Cy ¢p w T p _h s Cy < w_
K kg/m® kl/kg kJ/(kgK) kJ/(kgK) kJ/(kgK) m/s K T ki/kg kJ/(kgK) kJi(kgK) kJ/(kgK) m/s

1.00 MPa 1.20 MPa
312.53 1149.3 255.49 1.1876 0.9327 1.4948 439.30 315 11399 259.15 1.1987 0.9362 1.5065 429.65
312.53 49.222 419.16 1.7112 0.8836 1.1391 140.53 319.46 11191 265.94 1.2201 0.9434 1.5388 406.54
315 48.366 421.94 1.7201 0.8789 1.1200 142.11 319.46 59814 422,04 1.7087 0.9074 1.2052 138.06
320 46.785 427.46 1.7375 0.8732 1.0916 145.10 320 59558 422.68 1.7107 0.9060 1.1993 138.45
325 45.374 432.87 1.7543 0.8712 1.0725 147.88 325 57358 428.56 1.7289 0.3964 1.1554 141.89
330 44,097 438.20 1.7705 0.8716 1.0594 150.48 330 55435 43426 1.7463 0.3918 1.1260 145.03
335 42,929 443.47 1.7864 0.8736 1.0506 152.93 335 53723 439.83 1.7631 0.8903 1.1058 147.93
340 41,854 448.71 1.8019 0.8767 1.0448 155.26 340 52.178 445.33 1.7794 0.8909 1.0916 150.64
345 40.856 453.92 1.8171 0.8806 1.0411 157.49 345 50769 450.76 1.7952 0.8930 1.0816 153.20
350 39.927 459.12 1.8321 0.8851 1.0392 159.63 350 49475 456.15 1.8107 0.8961 1.0747 155.63
355 39.056 464.32 1.8468 0.8901 1.0385 161.68 355 48277 461.51 1.8260 0.8999 1.0701 157.94
360 38.237 469.51 1.8614 0.8954 1.0390 163.67 360 47163 466.85 1.8409 0.9043 1.0672 160.15
365 37.465 474.71 1.8757 0.9011 1.0402 165.59 365 46.121 472.18 1.8556 0.9091 1.0658 162.28
370 36.735 47991 1.8899 0.9069 1.0422 167.44 370 45144 477.51 1.8701 0.9143 1.0654 164.33
375 36.042 485.13 1.9039 0.9129 1.0448 169.25 375 44223 482.84 1.8844 0.9197 1.0660 166.31
380 35.383 490.36 1.9177 0.9191 1.0478 171.01 380 43354 488.17 1.8985 0.9254 1.0674 168.22
385 34.755 495.61 1.9315 0.9255 1.0513 172.72 385 42530 493.52 19125 0.9313 1.0694 170.08
390 34.156 500.88 1.9450 0.9319 1.0552 174.39 390 41747 498.87 1.9263 0.9373 1.0719 171.88
395 33.583 506.16 1.9585 0.9384 1.0594 176.02 395 41003 504.24 1.9400 0.9434 1.0749 173.64
400 33.033 511.47 19719 0.9450 1.0639 177.62 400 40292 509.62 1.9535 0.9497 1.0783 175.35
410 32.000 522.16 1.9983 0.9585 1.0735 180.71 410 38964 520.44 1.9803 0.9626 1.0862 178.66
420 31.044 532.95 2.0242 0.9721 1.0839 183.69 420 37743 531.35 2.0065 0.9757 1.0951 181.82
430 30.155 543.84 2.0499 0.9859 1.0950 186.56 430 36614 542.35 2.0324 0.9891 1.1049 184.86
440 29.326 554.85 2.0752 0.9998 1.1065 189.35 440 35567 553.45 2.0579 1.0026 1.1154 187.79
450 28.549 565.97 2.1002 1.0137 1.1184 192.05 450 34589 564.66 2.0831 1.0163 1.1264 190.62
460 27818 577.22 2.1249 1.0277 1.1305 194.67 460 33675 575.98 2.1080 1.0300 1.1378 193.36

1.40 MPa 1.60 MPa
175 1579.2 78.180 0.4465 0.7913 1.1836 1099.0 175 15794 78.270 0.4462 0.7914 1.1835 1099.8
180 1566.0 84.104 0.4798 0.7916 1.1859 1073.7 180 15663 84,193 0.4796 0.71917 1.1857 1074.5
185 1552.8 90.042 05124 0.7930 1.1893 1048.5 185 15530 90.130 0.5122 0.7931 1.1891 1049.3
190 1539.5 95.999 0.5441 0.7954 1.1935 1023.5 190 15398 96.086 0.5439 0.7954 1.1934 1024.3
195 1526.1 101.97 0.5752 0.7984 1.1985 998.58 195 15264 102.06 0.5750 0.7984 1.1983 999.44
200 1512.6 107.98 0.6056 0.8019 1.2041 973.86 200 15130 108.07 0.6054 0.8020 1.2038 97475
205 1499.1 114.02 0.6354 0.8059 1.2101 949.34 205 14994 114.10 0.6352 0.8059 1.2099 950.26
210 1485.5 120.08 0.6647 0.8102 1.2166 925.03 210 14858 120.17 0.6644 0.8102 1.2164 925.99
215 1471.7 126.18 0.6934 0.8148 12235 900.93 215 1472.1 126.26 0.6931 0.3148 1.2232 901.92
220 1457.9 132.32 0.7216 0.8196 1.2308 871.02 220 14582 132.40 0.7213 0.8196 1.2305 878.05
225 14439 138.49 0.7493 0.8246 1.2384 853.31 225 14443 138.57 0.7491 0.8246 1.2381 854.38
230 1429.7 144.70 0.7766 0.8297 1.2464 829.77 230 14302 144.78 0.7764 0.8297 1.2460 830.88
235 1415.4 150.96 0.8035 0.8350 1.2548 806.39 235 14159 151.03 0.8033 0.3350 1.2544 807.55
240 1401.0 157.25 0.8301 0.8404 1.2636 783.15 240 14014 157.33 0.8298 0.3404 1.2631 784.36
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TABLE 9. Thermodynamic properties of HFC-134a in the single-phase region — Continued

T 1] _hk s Cy ¢ w T p h s Cy [ w
K g/m® ki/kg KJ/kgK) Kiikgk)  kJi(kgK) s K kg kiikg KI/(kgK) kJ/(kgK) WikgK) s
140 MPa 1.60 MPa

245 13863 163.60 0.8562 0.8459 1.2728 760.03 245 1386.8 163.66 0.8559 0.8459 12122 76129
250 1371.4 169.98 0.8820 0.8515 1.2824 737.00 250 1372.0 170.05 0.8817 0.8515 12819 73832
255 1356.3 176.42 €.9075 0.8572 1.2926 714.06 255 1356.9 176.48 0.9072 0.8572 12920 715.44
260 1340.9 182.9; €.9327 0.8631 1.3034 691.16 260 1341.6 182.97 0.9324 0.8631 13026 69261
265 13253 189.46 0.9576 0.8690 1.3148 668.29 265 13259 189.51 0.9573 0.8690 13140  669.81
2790 1309.3 196.06 9823 0.8750 1.3269 645.41 270 1310.0 196.11 0.9820 0.8750 13260 64701
275 1292.9 202.73 10068 0.8811 1.3399 622.50 275 1293.7 202.77 10064 . 0.8811 13389 624.18
280 12762 209.46 10311 0.8874 1.3539 599.51 280 12770 209.50 1.0307 0.8873 13527  601.29
285 1259.0 216.27 10552 08938 1.3691 576.42 285 1259.9 216.30 1.0547 0.8937 13677 57831
290 12412 223.16 16791 0.9003 1.3856 553,17 290 1242.2 223.18 1.0787 0.9002 13839  555.18
295 12229 230.13 11030 0.9070 1.4038 529.73 295 12240 230.15 1.1025 0.9068 1.4018  531.86
300 12039 237.20 1.1267 0.9138 1.4239 506.02 300 1205.1 237.20 1.1262 0.9137 1.4216 50831
3¢5 1184.2 24437 11504 - 0.9209 1.4466 481.99 305 1185.5 24437 1.1499 0.9207 14438 484.44
310 11635 251.67 11742 0.9282 1.4724 - 45754 310 1165.0 251.65 1.1735 0.9280 14690 460.19
315 11417 259.10 1.1980 0.9359 1.5022 432,57 315 1143.4 259.06 1.1973 0.9356 1.4980  435.46
330 1:18.5 266.70 12219 0.9439 1.5375 406.94 320 1120.5 266.64 1.2211 0.9435 15322 410.10
325 1093.8 274.49 1.2460 0.9524 1.5804 380.42 325 1096.0 274.40 1.2452 0.9519 1.5734 383.93
325.57 1090.8 275.40 1.2488 0.9534 1.5859 377.32 330 1069.6 282.39 1.2696 0.9610 16248  356.68
325.57 70.870 424.2¢ 17062 0.9292 1.2756 135.47 331.05 1063.7 284.11 -1.2748 0.9630 16374 35075
330 68.277 429.81 1.7230 09179 12216 13891 331.05 82.464 426.04 1.7035 0.9496 13527 13278
335 65.748 435.81 1.7410 0.9109 1.1804 142.42 335 79.481 431.24 1.7191 0.9375 1.2892 136.20
340 63.534 441,64 17583 0.9078 1.1522 145.62 340 76.253 437.54 1.7378 0.9284 12348  140.08
345 61.562 44735 17750 0.9072 1.1322 148.59 345 73.473 43.62 1.7556 0.9239 11979 14358
350 59.783 45291 L7912 0.9083 11179 151.37 350 71.029 219,54 17726 0.9222 LITI9 14679
355 58.161 458.53 1.8069 0.9106 1.1075 153.98 355 68.847 455.35 1.7891 0.9225 L1531 14978
360 56.673 464,05 1.8224 09138 1.1002 156.47 360 66.874 461.08 1.8051 0.9242 11393 15257
365 55.296 469.5¢ 1.8375 09177 1.0951 158.83 365 65.074 466.75 1.8207 0.9269 11293 15521
370 54016 475.00 1.8524 0.9220 1.0918 161.09 370 63.420 47238 1.8361 0.9303 L1219 15772
375 52.821 480.46 1.8670 0.9268 1.0898 163.26 375 61.890 417.97 1.8511 09343 11168 160.10
380 51.700 48591 1.8815 0.9319 1.0890 165.35 380 60.467 483.55 1.8658 0.9387 11133 162.38
385 50.645 491.35 1.8957 0.9373 1.0892 167.37 385 59.137 489.11 1.8804 0.9435 LilI2 16458
390 49.648 496.80 1.9098 0.9428 1.0901 169.32 390 57.890 494.66 1.8947 0.9486 L1102 166.69
395 48.705 502.25 19237 0.9486 1.0917 171.21 395 56.716 500.21 1.9089 0.9539 11101 - 168.72
40 47.810 507.72 19374 0.9545 1.0939 173.04 400 55.608 505.76 1.9228 0.9595 11108 170.69
410 46.146 518.68 1.9645 0.9668 1.0997 176.57 410 53.562 516.89 1.9503 09711 11142 17446
420 44,628 529.72 19911 0.9794 1.1069 179.93 420 51710 528.05 1.9772 0.9832 11195 178.02
430 43.233 540,83 20172 0.9924 1.1153 183.14 430 50.021 539.28 2.0036 0.9957 1.1264 18140
40 41.946 552.0 20430 1.0055 1.1247 186.22 440 48.470 550.59 20296 1.0085 11344 184.64
450 40.750 563.32 20683 1.0189 1.1347 189.18 450 47.037 561.98 2.0552 1.0215 1.1434 18775
460 39.636 57472 20934 1.0324 1.1453 192.05 460 45,706 573.46 2.0804 1.0347 1.1531 190.74
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TABLE 9. Thermodynamic properties of HFC-134a in the single-phase region — Continued
T p _h s Co < W T P h s Cy Cp w_
K kg/m® Xi/kg WikgK)  W(kegK)  KlikgK) s K kg/m® Kikg Ki/kgK)  Ki/(kgK) K/kgK) — ms
1.80 MPa 2.00 MPa

175 1579.7 78.360 0.4460 0.7915 1.1833 1100.5 175 1579.9 78.449 0.4458 0.7915 1.1832 1101.3
180 1566.5 84.282 0.4794 0.7917 1.1856 1075.3 180 1566.8 84.371 0.4792 0.7918 1.1854 1076.1
185 1553.3 90.218 0.5119 0.7932 1.1889 1050.1 i85 1553.6 90.306 0.5117 0.7932 1.1888 1050.9
190 1540.0 95.173 0.5437 0.7955 1.1932 1025.1 190 1540.3 96.260 0.5435 0.7955 1.1930 1025.9
195 1526.7 102.15 0.5748 0.7985 1.1981 1000.3 195 1527.0 102.23 0.5745 0.7935 1.1979 1001.1
200 1513.3 108.15 0.6052 0.8020 1.2036 975.63 200 1513.6 108.24 0.6049 0.8021 1.2034 976.52
205 1499.8 114.18 0.6349 0.8060 1.2096 951.18 205 1500.1 114.27 0.6347 0.8060 1.2094 952.10
210 1486.2 120.25 0.6642 0.8103 1.2161 926.94 210 1486.5 120.33 0.6639 0.8103 1.2158 927.89
215 1472.5 126.35 0.6929 0.8149 1.2229 902.91 215 1472.8 126.43 0.6926 0.8149 1.2226 903.90
220 1458.6 132.48 0.7211 0.8197 1.2302 879.08 220 1459.0 132.56 0.7208 0.8197 1.2298 880.11
225 1444.7 138.65 0.7488 0.8246 1.2377 855.45 225 1445.1 138.73 0.7485 0.8247 1.2374 856.51
230 1430.6 144.86 0.7761 0.8298 1.2456 832.00 230 1431.0 144.93 0.7758 0.8298 1.2453 833.10
235 1416.4 151,11 0.8030 0.8351 1.2539 808.71 235 1416.8 151.18 0.8027 0.8351 1.2535 809.86
240 14019 157.40 0.8295 0.8404 1.2626 785.56 240 1402.4 157.47 0.8292 0.8405 1.2621 786.77
245 1387.3 163.73 0.8556 0.8459 1.2717 762.55 245 1387.8 163.80 0.8553 0.8460 1.2712 763.80
250 1372.5 170.12 0.8814 0.8516 1.2813 739.64 250 1373.1 170.18 0.8811 0.8516 1.2807 740.95
255 1357.5 176.55 0.9068 0.8573 1.2913 7:6.82 255 1358.1 176.61 0.9065 0.8573 1.2907 718.19
260 1342.2 183.03 0.9320 0.8631 1.3019 694.05 260 1342.8 183.09 0.9317 0.8631 13012 695.49
265 1326.6 182.57 0.9569 0.8689 1.3131 671.32 265 1327.3 189.62 0.9566 0.8689 1.3123 672.83
270 1310.7 195.16 0.9816 0.8749 1.3251 648.60 270 1311.4 196.21 0.9812 0.8749 1.3241 650.18
275 1294.5 202.82 1.0060 0.8811 1.3378 625.86 275 1295.3 202.87 1.0056 0.88.0 1.3367 627.53
280 1277.9 209.54 1.0302 0.8873 1.3515 603.06 280 1278.7 209.58 1.0298 0.8872 1.3503 604.82
285 1260.8 215.34 1.0543 0.8936 1.3663 580.18 285 1261.7 216.37 1.0539 0.8935 1.3649 582.04
290 1243.2 223.21 1.0782 0.9001 1.3823 557.16 290 1244.2 223.24 1.0777 0.9000 1.3807 559.14
295 1225.1 230.16 1.1020 0.9067 1.3999 533.98 295 1226.2 230.18 1.1015 0.9066 1.3981 536.07
300 1206.3 237.21 1.1257 0.9135 1.4194 510.57 300 1207.5 237.22 1.1251 0.9134 1.4172 512.80
305 1186.8 24436 1.1493 0.9205 1.4411 436.87 305 1188.1 244.36 1.1487 0.9204 1.4385 489.27
310 1166.5 251.63 1.1729 0.9278 1.4657 462.81 310 11679 251.61 1.1723 0.9276 1.4625 465.39
315 1145.0 25%.03 1.1966 0.9353 1.4940 438.30 315 1146.7 258.99 1.1959 0.9350 1.4900 441.10
320 1122.4 265.58 1.2204 0.9432 1.5270 413.21 320 1124.3 266.52 1.2196 0.9428 1.5221 416.27
325 1098.2 274.31 1.2444 0.9514 1.5667 3§7.37 325 1100.4 274.22 1.2435 0.95.0 1.5603 390.75
330 1072.2 282.26 1.2686 0.9603 1.6157 360.54 330 1074.7 282.14 1.2677 0.9597 1.6071 364.32
335 1043.6 290.49 1.2934 0.9701 1.6791 332.32 335 1046.7 290.31 1.2923 0.9692 1.6670 336.63
336.04 1037.3 292.25 1.2986 0.9722 1.6950 326.18 340 1015.5 298.84 1.3176 0.9800 1.7482 307.08
336.04 94.681 427.35 1.7007 0.9690 1.4393 130.00 340.63 10113 299.95 1.3208 0.98:4 1.7606 303.17
340 90.885 432.87 1.7170 0.9548 1.3568 133.80 340.63 107.62 428.28 1.6975 0.9878 1.5389 127.16
345 86.873 432.47 1.7363 0.9441 1.2881 138.04 345 102.38 434.72 1.7164 0.9700 1.4224 131.78
350 83.474 445.79 1.7545 0.9385 1.2423 141.82 350 97.518 441.61 1.7362 0.9582 13391 136.34
355 80.521 451.92 1.7718 0.9360 1.2101 145.27 355 93.460 448.16 1.7548 0.95i8 1.2844 140.38
360 77.909 457.91 1.7886 0.9357 1.1869 148.44 360 89.973 454.48 1.7724 0.94387 1.2463 144.03
365 75.565 463.80 1.8048 0.9369 1.1697 151.40 365 86914 460.64 1.7894 0.9480 1.2188 147.38
370 73.441 460.61 1.8207 0.9392 1.1570 154.19 370 84,188 466.68 1.8059 0.9438 1.1984 150.49
375 71.498 475.37 1.8361 0.9422 1.1475 156.82 375 81.730 472.64 1.8219 0.9507 1.1832 153.40
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T@spg's:; -nénnodyna'mié_propenies‘of HFC-134a in the single-phasé region — Continied

E i

T

Sy

A

c,

T S T _n_ . . Cv . w
K k_g%’ kl/kg K/keK)  KAkgK)  WikgK) ms K kg/m’ klkg | KI/(kgK) KI/(kgK) WikgK) —m/s
1.80 MPa 2,00 MPa
380 69.709 481.09 1.8513 0.9459 1.1406 159.32 380 - 79.04 478.52 1.8374 0.9534 1.1718 156.14
385 68.052 486.78 1:8662 0.9500 1.1356 161.70 385 77,442 484.36 1.8527 0.9569 1.1632. 15874
390 '66.509 492.45 1.8808 0.9546 1.1323 163.99 390 75,548 490.16 1.8677 0.9608 1.1568.  161.21
395 65.066 498.11 1.8952 0.9594 1.1302 166.18 395 73790 495.93 1.8824 0.9651 11523 - 163.58
400 63.712 503.75 1.9094 0.9646 1.1292 168.29 400 72.150 501.68 1.8969 0.9698 1.1492 165.85
410 61.230 515.05 1.9373 09754 1.1297 172:31 410 69.170 513.16 1.9252 0.9799 L1464  170.13
420 59.003 526.36 1.9645 0.9870 1.1328 176.09 420 66.521 524.62. 1.9528 0.9909 L1471 174.14
430 © 56.986 537.71 1.9913 0.9990 1.1380 179.66 430 64.139 536.11° 1.9798 1.0024 1.1503 177.91
440 55.145 549.12 20175 1.0114 1.1446 183.06 440 61979 547.64 2.0063 1.0144 11553 181.47
450 53.453 560.61 20433 1.0241 1.1524 186.31, 450 60.004 55922 2.0324 1.0268 1.1619 184.87
460 51.889 572.18 2.0687 1.0371 1.1612 189.43 460 58.188 570.88 2,0580 1.0395 11695  188.12
2.50 MPa 3.00 MPa

175 1580.5 78.674 0.4453 0.7917 1.1828 1103.1 175. 1581.2 78.899 0.4448 0.7918. 1.1824 11050
180 1567.4 84.593 0.4787 0.7920 1.1850 1078.0 180 1568.1 84.816 0.4781 0.7921 1.1846  1079.9
185 1554.3 90.526 0.5112 0.7934 1.1883 1052.9 185 15549 90,747 0.5106 0.7935 1.1879 10549
i%0 1541.0 96.478 0.5429 0.7957 1.1925 1028.0 190 1541.7 96.697 0.5424 0.7958 1.1920.  1030.0 .
195 15277 102.45 0.5739 0.7987 1.1974 1003.2 195 1528.5 102.66 0.5734 0.7988 1.1969°  1005.3
200 1514.4 108.45 0.6043 0.8022 1.2028 978.72 200 1515.2 108.66 0.6038 0.8023 12023 98091
205 1500.9 114.48 0.6341 0.8062 1.2088 954.38 205 1501.7 114.69 0.6335 0.8063, 1.2082 956.65
210 1487.4 120.54 0.6633 0.8105 1.2152 930.26 210 1488.2. 130.75 0.6627 0.8106: 12145 932.61
215 1473.7 126,63 0.6920 0.8150 1.2219 906.35 215 14746 126.83 0.6914 0.8152 12212 908.79
220 1460.0 132.76 0.7202 0.8198 1.2290 882.66 230 14609 132,96 0.7195 0.8199 12282,  885.19
225 1446.1 138.92 0.7479 0.8248 1.2365 859.16 225 1447.1 139.12 0.7472 0.8249 12356 861.79
230 1432.1 145.12 0.7751 0.8299 1.2443 835.86 230 1433.2 145.32 0.7744 0.8300 12434 83859
235 1417.9 151.37 0.8020 0.8352 1.2525 812.73 235 1419.1 151.55 0.8013 0.8353 12514 815.57
240 - 1403.6 157.65° 0.8284 0.8405 1.2610 789.75 240 1404.8 157.83 0.8277 0.8406 12598 79271
245 - 1389.1 163.98 0.8545 0.8460 1.2699 766.92 245 13904 164.15 0.8538 0.8461 12686  770.00
250 1374.4 170.35 0.8803 0.8516 1.2792 744.20 250 1375.8. 170.52 0.8795 0.8517 12778 747.42
255 1359.5 176.77 0.9057 "0.8573 1.2891 721.59 255 1361.0 176.93 0.9049 0.8573 12875, 72495
260 1344.4 183.24 0.9308 0.8631 1.2994 699.05 260 13459 183.39 0.9300 0.8631 12976  702.56
265 13289 189.77 0.9557 0.8689 1.3103 676.56 265 1330.6 189.91 0.9548 0.8689 13083  680.24
270 131322 196.35 0.9803 0.8749 13219 654.10 270 13150 196.48 09794 0.8748 13197  657.97.
275 1297.2 202.99 1.0047 0.8809 13342 631.65 275 1299.1 203.11 1.0037 0.8809 13317 635.71L
280 12808 209.69 1.0288 0.8871 1.3474 609.17 280 1282.4 209.80 1.0278 0.8870 1.3445 613.44
285 1263.9 216.46 1.0528. 0.8934 1.3615 586.63 285 1266.1 216.56 1.0517 0.8933 13583 59114
290 12467 223.31 1.0766 0.8998 1.3769 564.00 290 1249.0 22338 1.0755 0.8996 13732 568.77
295 1228.8 230.23 1.1003 0.9064 1.3936 541.24 295 1231.4 230.29 - 1.0991 0.9061 13893 - 546,30
300 1210:4 231.25 1.1238 09131 1.4119- 518.31 300 12133 237.28 11226 09128 1:4069  523.69
305 1191.4 24436 1.1473 09199 1.4322 495.16 305 1194.5 24436 1.1460 09196 14263 500.90
310 11715 251.57 1.1708 0.9270 1.4550 471.72 310 1750 25155 1.1694 0.9266 1.4479  477.88
315 1150.7 258.91 1.1943 0.9344 1.4808 "447.94 315 11546 258.85 1.1927 0.9338 1.4722  454.56
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TaBLE 9. Thermodynamic properties of HFC-134a in the single-phase region — Continued
T p _h_ s . & v T p _h_ s 3 Q.
K kgm® kJ/kg k¥/(kgK) kJ/(kgK) k¥/(kgK) m/s K kg/m® kJ/kg k¥/(kgK) kJ/(kgK) kJ/(kgK) m/s
2.50 MPa 3.00 MPa
320 11288 266.39 1.2178 0.9420 1.51C5 423.71 320 1133.2 266.27 1.2161 0.9412 1.5000 430.88
325 1105.7 274.03 1.2415 0.9499 1.5455 398.92 325 1110.7 273.85 1.2396 0.9490 1.5322 406.74
330 1080.9 281.85 1.2654 0.9584 -1.5876 373.39 330 1086.¢ 281.61 1.2632 0.9571 1.5704 382.01
335 1054.0 289.92 1.2897 0.9674 1.6400 346.89 335 1060.8 289.57 1.2872 0.9658 1.6169 356.51
340 1024.5 298.28 1.3145 0.9773 17083 319.00 340 1032.8 297.80 1.3116 0.9752 1.6756 329.96
345 991.37 307.05 1.3401 0.9888 1.8036 289.00 345 1001.6 306.36 1.3366 0.9856 1.7537 301.90
350 952.48 316.41 1.3670 1.0032 1.9531 255.42 350 966.21 315.39 1.3626 0.9979 1.8662 271.48
350.72 946.14 317.84 1.3711 1.0057 1.9829 250.07 355 923.81 325.14 1.3903 1.0140 2.0524 236.94
350.72 144.08 429.00 1.6880 1.0336 1.8832 119.73 359.35 876.21 334,70 1.4170 10360 2.3876 200.05
355 134.91 436.49 1.7092 1.0085 1.6473 125.61 359.35 189.34 427.33 1.6748 1.0812 2.5274 111.90
360 126.89 44431 1.7311 0.9917 1.4977 131.24 360 186.15 428.92 1.6792 1.0738 2.3968 113.25
365 120.55 451.56 1.7511 0.9823 1.4072 136.04 365 168.26 439.35 1.7080 1.0364 1.8670 121.69
370 115.31 458.44 1.7698 0.9773 1.3470 140.29 370 156.44 448.06 1.7317 1.0172 1.6425 128.11
375 110.83 465.06 1.7876 0.9750 1.3046 144.12 375 147.53 455.93 1.7528 1.0065 1.5163 133.47
380 106.92 471.50 1.8047 0.9746 1.2736 147.63 380 140.36 463.30 1.7723 1.0006 1.4355 138.13
385 103.45 477.81 1.8212 0.9756 1.2503 150.89 385 134.37 470.33 1.7907 0.9976 1.3797 142.31
390 100.34 484,01 1.8372 0.9776 1.2326 153.94 390 129.22 477.12 1.8083 0.9567 1.3393 146.11
395 97.517 490,14 1.8528 0.9803 1.2189 156.80 395 12471 483.74 1.8251 0.9972 1.3090 149.61
400 94.935 496.21 1.8681 0.9836 1.2085 159.52 400 120.69 490.23 1.8414 0.9987 1.2859 152.87
410 90.360 508.22 1.8977 0.9916 1.1945 164.56 410 113.81 502.91 1.8728 1.0040 1.2542 158.80
420 86.400 520.12 1.9264 1.0009 1.1871 169.19 420 108.05 515.35 1.9027 1.0114 1.2349 164.14
430 82915 531.98 1.9543 1.0111 1.1842 173.48 430 103.12 527.64 1.9317 1.0201 1.2236 169.01
440 79.810 543.82 1.9815 1.0221 1.1846 177.49 440 98.811 539.84 1.9597 1.0299 1.2178 173.51
450 77.012 555.68 2.0082 1.0336 1.1873 181.28 450 94.993 552.01 1.9871 1.0404 1.2158 177.71
460 74471 567.57 2.0343 1.0454 1.1920 184.87 460 91.570 564,17 2.0138 1.0515 1.2167 181.66
3.50 MPa 4.60 MPa
175 1581.8 79.124 0.4443 0.7920 1.1821 1106.8 175 1582.4 79.349 0.4437 0.7921 1.1817 1108.7
180 1568.7 85.039 0.4776 '0.7923 1.1842 1081.8 180 1569.4 85.262 0.4771 0.7524 1.1838 1083.7
185 1555.6 90.968 0.5101 0.7937 1.1875 1056.9 185 1556.3 91.189 0.5095 0.7938 1.1870 1058.8
190 1542.4 96.916 0.5418 0.7960 1.1916 1032.1 190 1543.1 97.134 0.5412 0.7961 1.1911 1034.1
195 1529.2 102.88 0.5728 0.7990 1.1964 1007.5 195 1530.0 103.10 0.5722 0.7991 1.1959 1009.5
200 15159 108.88 0.6032 0.8025 1.2017 983.09 200 1516.7 109.09 0.6026 0.8026 1.2012 985.26
205 1502.6 11490 0.6329 0.8064 1.2076 958.90 205 1503.4 115.11 0.6323 0.8C66 1.2070 961.15
210 1489.1 120.95 0.6621 0.8107 1.2139 934.94 210 1490.0 121.16 0.6615 0.8109 1.2132 937.27
215 1475.6 127.04 0.6907 0.8153 1.2205 911.21 215 1476.5 127.24 0.6901 0.8154 1.2198 913.62
220 1461.9 133.16 0.7189 0.8201 1.2275 887.70 220 1462.8 133.36 0.7182 0.8202 1.2267 890.20
225 1448.1 139.31 0.7465 0.8250 1.2348 864.40 ‘225 1449.1 139.51 0.7459 0.8251 1.2340 866.99
230 14342 145,51 0.7738 0.8301 1.2424 841.30 230 14353 145.70 0.7731 0.8302 1.2415 843.99
235 1420.2 15..74 0.8006 0.8354 1.2504 818.39 235 14213 151.93 0.7999 0.8354 1.2494 821.19
240 1406.0 158.01 0.8270- 0.8407 1.2587 795.65 240 1407.2 158.20 0.8263 0.8408 1.2576 798.56
245 1391.7 164.33 0.8530 0.8462 1.2674 773.06 245 13929 164.51 0.8523 0.8462 1.2662 776.09
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TABLE 9. Thermodynamic properties of HFC-134a in the single-phase region — Continued

T P _h 5 Cy <, w T p h s Cy [ W
K kg/md® Kikg 1J/(kgK) KikgK)  KI/(kgK) ws K kg/m® K/kg KI/(kgK) KI/(kgK) K/(kgK) /s
3.50 MPa 4.00 MPa

250 1377.1 170.69 0.8787 0.8517 1.2765 750.61 250 1378.4 170.86 0.8779 0.8518 1.2751 753.77
255 1362.4 177.09 0.9041 0.8574 1.2860 72828 255 1363.8 177.26 0.9033 0.8574 12845 73157
260 1347.4 183.55 0.9292 0.8631 1.2959 706.04 260 13489 183.70 0.9283 0.8631 12943 700.48
265 1332.2 190.05 0.9539 0.8689 13064 683.88 265 13338 190.20 09531 0.8689 13046 ' 687.48
270 13167 196.61 0.9785 0.8748 1.3175 661.78 270 1318.4 196.75 09776 0.8748 13155 665.55
275 1300.9 20323 1.0027 0.8808 1.3293 63071 275 1302.7 203.36 1.0018 0.8808 13270 643.66
280 1284.8 209.91 1.0268 0.8869 1.3418 617.65 280 1286.3 210.02 1.0258 0.8868 13392 621.80
285 1268.3 216.65 1.0507 0.8931 1.3552 595.58 285 1270.4 216.75 1.0496 0.8930 1.3522 599.94
290 1251.4 223.46 1.0744 0.8995 1.3696 573.46 290 1253.7 223.55 1.0733 0.8993 1.3662 578.06
195 12340 23035 1.0979  0.9059 1.3852 551.26 295 1236.5 230.42 1.0968 0.9057 13813 556.12
300 1216.1 237.32 1.1213 0.9125 1.4021 528.95 300 1218.8 237.36 1.1201 0.9122 1.3976 534.11
105 1197.6 244.37 1.1447 09192 1.4207 506.50 305 1200.5 24439 1.1434 0.9189 14154 51198
310 1178.3 251.53 1.1679 0.9261 1.4412 483.86 310 1181.6 251.52 1.1665 0.9257 1.4350 489.70
315 1158.3 258.79 1.1912 0.9332 1.4642 460.99 315 1162.0 258.75 1.1897 0.9327 1.4568 467.23
320 1137.4 266.8 12144 0.9405 1.4902 43781 320 11415 266.09 12128 0.9399 14812 44452
325 11154 273.70 '1.2378 0.9481 1.5201 41426 325 1120.0 273.57 1.2360 0.9474 1.5090 421.50
330 1092.1 281.39 1.2612 0.9561 1.5550 390.24 330 10973 281.19 1.2593 0.9551 15411 398.11
335 1067.2 289.26 1.2849 0.9644 1.5967 365.61 335 1073.3 288.99 1.2827 - 0.9632 1.5789 37424
340 1040.4 297.37 1.3089 0.9733 1.6480 340.17 340 1047.4 296.99 1.3064 0.9718 16244 349.76
345 1010.9 305.17 1.3335 0.9831 1.7138 31262 345 1019.4 305.25 1.3305 0.9809 16811  324.44
350 978.08 31455 1.3587 0.9940 1.8032 285.45 350 988.60 313.83 1.3552 0.9910 1.7547 297.97
355 940.10 323.87 1.3852 1.0073 1.9361 25471 355 953.80 322.85 1.3808 1.0026 1.8566 269.80
360 893.69 334.07 1.4137 1.0254 2.1686 216.41 360 913.11 332.49 1.4078 1.0169 2.0126 238.94
365 828.82 346.11 1.4469 1.0577 27721 174.01 365 862.29 343.18 1.4373 1.0370 2.3000 203.34
366.87 791.62 351.87 1.4626 1.0821 3.4836 150.35 370 787.42 356.29 1.4729 1.0747 3.1454 157.31
366.87 252.01 . 1.6544 1.1368 4.2922 10253 373.49 632.86 375.56 1.5247 1.1854 26.325 97.697
370 223.39 432.44 1.6821 1.0889 2.6737 11178 373.49 390.23 405.37 1.6045 1.2261 37.631 93.112
375 199.47 44333 17127 1.0532 2.0008 12057 375 309.97 42121 1.6469 1.1550 55638  101.80
380 184.26 453.14 1.7374 1.0351 1.7428 127.25 380 25191 438.79 1.6935 1.0887 2.6008 114.10
385 173.03 461.45 1.7591 1.0249 1.5957 132.81 385 225.87 450.16 . 1.7232 1.0616 2.0370 122.12
390 164.11 469.18 1.7791 1.0192 1.5023 137.65 390 208.71 459.64 1.7477 1.0471 1.7837 128.50
395 156.73 476.53 1.7978 1.0164 1.4381 14197 395 195.91 . 468.17 1.7694 1.0388 1.6380 133.92
400 150.43 483.59 1.3156 1.0154 1.3915 14591 400 185.71 476.11 1.7894 1.0343 15433 13870
410 140.11 497.17 1.8491 1.0173 1.3300 152.90 410 170.04 490.91 1.8259 1.0315 1.4288 146.93
420 131.84 51027 1.8807 1.0223 1.2928 159.04 420 158.21 504.85 1.8595 1.0337 13640  153.96
430 124.98 523.08 1.9108 1.0294 1.2698 16455 430 148.77 518.27 1.8911 1.0389 13242 160.15
440 119.13 535.70 1.9398 1.0379 1.2557 169.57 440 140.94 531.38 1.9212 1.0460 12991 16571
450 114.04 548.21 1.9679 1.0474 1.2476 17421 450 13427 544.28 1.9502 1.0544 12833 170.80
460 109.55 560.67 1.9953 1.0576 1.2439 175.53 460 128.49 557.07 1.9783 1.0638 12739 175.50

(vp€1-04H) INYHLIOHONTAVHLIL-Z L' 40 SAILHIdOHd DINVNAQOWHIHL

61L



661 ‘G 'ON ‘€2 'IOA ‘eleq "Jod "way 'skud 't

TaBLE 9. Thermodynamic properties of HFC-134a in the single-phase region — Continued
T p h s Cy [ W T p h s Cy Cp W
K w kJ/kg kJ/(kgK) kJ/(kgK) kJ/(kgK) m/s K fcg/? kl/kg kJ/(kgK) kJ/(kgK) kJ/(kgK) m/s
5.00 MPa 6.00 MPa
175 1583.6 79.799 0.4427 0.7925 1.1810 1112.3 175 15848 80.250 0.4417 0.7928 1.1803 11159
180 1570.6 85.709 0.4760 0.7927 1.1831 1087.5 180 15719 86.156 0.4750 0.7931 1.1823 1091.2
185 1557.6 91.632 0.5085 0.7942 1.1862 1062.7 185 15589 92.075 0.5074 0.7945 1.1854  1066.6
190 1544.5 97.573 0.5401 0.7964 1.1902 1038.1 190 15459 98.012 0.5391 0.7968 1.1893 1042.1
195 1531.4 103.53 0.5711 0.7994 1.1949 1013.7 195 15329 103.97 0.5700 0.7997 1.1939 1017.8
200 1518.2 109.52 0.6014 0.8029 1.2001 - 989.55 200 1519.8 109.95 0.6003 0.8032 1.1991 993.79
205 1505.0 115.53 0.6311 0.8069 1.2059 965.59 205 1506.6 115.96 0.6300 0.8072 1.2047 969.98
210 1491.7 121.58 0.6603 08111 1.2120 941.87 210 14933 122.00 0.6591 0.8114 © 1.2108 946.41.
215 1478.2 127.65 0.6889 0.8157 1.2184 918.38 215 1480.0 128.07 0.6876 0.8159 1.2171 923.09
220 1464.7 133.76 0.7170 0.8204 1.2252 895.14 220 1466.6 134.17 0.7157 0.8207 1.2238 900.01
225 1451.1 139.91 0.7446 0.8254 1.2323 872.12 225 1453.1 140.31 0.7433 0.8256 1.2308 877.17
230 1437.4 146.09 0.7717 0.8304 1.2397 849.31 230 1439.4 146.48 0.7704 0.8307 1.2380 854.55
235 1423.5 152.31 0.7985 0.8356 1.2475 826.71 235 1425.7 152.69 0.7971 0.8359 1.2456 832.15
240 1409.5 158.56 0.8248 0.8410 1.2555 804.30 240 1411.8 158.93 0.8234 0.8412 1.2534 809.95
245 1395.4 164.86 0.8508 0.8464 1.2638 782.06 245 1397.8 165.22 0.8494 0.8465 1.2616 787.93
250 1381.1 171.20 0.8764 0.8519 1.2725 759.99 250 1383.6 171.55 0.8749 0.8520 1.2700 766.09
255 1366.6 177.59 0.9017 0.8575 1.2816 738.05 255 1369.3 177.92 0.9002 0.8576 1.2789 744.41
260 1351.9 184.02 0.9267 0.8632 1.2911 716.25 260 13547 184.34 0.9251 0.8632 1.2881 722.87
265 1336.9 190.50 0.9514 0.8689 1.3011 694.55 265 134C.0 190.81 0.9497 0.8690 1.2977 701.45
270 1321.8 197.03 0.9758 0.8748 1.3115 672.94 270 1325.0 197.32 0.9741 0.8748 1.3078 680.15
275 1306.3 203.62 1.0000 0.8807 1.3225 651.40 275 1309.8 203.88 0.9982 0.8807 1.3184 658.94
280 1290.6 210.26 1.0239 0.8867 1.3342 629.92 280 12943 210.50 1.0220 0.8866 1.3295 637.81
285 1274.6 216.96 1.0476 0.8928 1.3466 608.47 285 1278.6 217.18 1.0457 0.8927 1.3413 616.74
290 1258.1 223.73 1.0712 0.899C 1.3598 587.03 290 1262.4 22392 1.0691 0.8988 1.3538 595.72
295 1241.3 230.56 1.0945 0.9053 1.3739 565.59 295 1246.0 230.72 1.0923 0.9050 1.3672 574.72
300 1224.0 237.47 1.1177 09118 1.3891 544.11 300 1229.1 237.59 1.1154 09114 1.3814 553.73
305 1206.3 244.45 1.1408 0.9183 1.4056 522.57 305 12117 244.54 1.1384 09178 1.3968 532.72
310 11879 251.53 1.1638 0.9250 1.4236 500.95 310 11939 251.56 1.1612 0.9244 1.4133 511.69
315 1168.9 258.69 1.1868 0.9318 1.4433 479.21 315 1175.5 258.67 1.1840 0.9311 1.4313 490.60
320 1149.2 265.96 1.2097 0.9388 1.4651 457.33 320 115¢.4 265.88 1.2067 0.9379 1.4511 469.44
325 1128.6 273.35 1.2326 0.9460 1.4895 435.26 325 11367 273.19 1.2294 0.9449 1.4728 448.18
330 1107.1 280.87 1.2555 0.9535 1.5172 412.96 330 11160 280.61 1.2520 0.9521 1.4970 426.80
335 1084.4 288.53 1.2786 0.9612 1.5488 390.38 335 1094.5 288.16 1.2747 0.9595 1.5242 405.25
240 1060.3 296.36 1.3018 0.9692 1.5858 367.43 340 1071.8 295.86 1.2975 0.9671 1.5552 383.51
343 1034.5 304.40 1.3252 0.9776 1.6297 344.02 345 1047.8 303.72 1.3205 0.9750 1.5909 361.53
230 1006.7 312.68 1.3491 0.9865 1.6835 320.00 350 1022.2 31178 1.3437 0.9833 1.6328 339.24
333 976.37 321.26 1.3734 0.9962 1.7516 295.18 355 99481 320.07 1.3672 0.9920 1.6831 316.57
260 942,46 330.23 1.3985 1.0071 1.8419 269.24 360 964.98 328.63 1.3911 1.0013 1.7449 293.41
365 903.68 339.74 1.4247 1.0197 1.9704 241.70 365 932.15 337.54 1.4157 1.0114 1.8236 269.61
370 857.42 350.06 1.4528 1.0357 2.1738 211.76 370 89534 346.91 1.4412 1.0228 1.9282 24498
375 797.97 361.77 1.4843 1.0582 2.5623 178.12 375 853.01. 356.90 1.4680 1.0359 2.0756 219.34
380 707.99 376.73 1.5239 1.0968 3.6466 138.88 380 802.55 367.79 1.4969 1.0520 2.3000 192.53
385 526.36 402.59 1.5914 1.1591 6.5852 106.37 385 739.25 380.14 1.5292 1.0725 2.6718 164.91
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TaBLE 9. Thermodynamic properties of HFC-134a in the single-phase region — Continued

T p _h s <y A W T P _h s Cv S w_
K kg/m’ ki/kg kl/(kgK) kJ/(kgKj) K¥/(kgd) m/s K W kl/kg kJ/(kgK) kJ/(kgK) kJ/(kgK) m/s
5.00 MPa 6.00 MPa
390 377.18 429.39 1.6606 1.1305 3.9260 110.04 390 655.55 39491 1.5673 1.0982 3.2729 139.14
395 318.11 445.28 1.7011 1.0985 2.6553 117.81 395 551.84 412.68 1.6125 1.1196 3.7256 123.06
400 285.05 457.15 1.7310 1.0802 2.1579 124.51 400 458.74 430.63 1.6577 1.1188 3.3383 119.99
410 245.61 476.32 1.7783 1.0630 1.7427 135.45 410 354.00 458.21 1.7259 1.0949 2.3028 127.67
420 221.02 492.74 1.8179 1.0578 1.5629 144.32 420 302.04 478.75 1.7754 1.0818 1.8656 137.00
430 203.38 507.84 1.8535 1.0584 1.4650 151.89 430 269.64 496.26 1.8166 1.0775 1.6582 145.35
440 189.75 52217 1.8864 1.0623 1.4057 158.53 440 246.66 51221 1.8533 1.0781 1.5421 152.75
450 178.72 536.02 19175 1.0684 1.3677 164.50 450 229.10 527.25 1.8871 1.0818 1.4706 159.37
460 169.50 549.57 1.9473 1.0759 1.3428 169.93 460 215.04 541.71 1.9188 1.0875 1.4240 165.38
7.00 MPa 8.00 MPa

175 1586.0 80.702 0.4406 0.7931 1.17%6 1119.5 175 1587.2 81.154 0.4396 0.7934 1.1790 1123.0
180 1573.1 86.604 0.4739 0.7934 1.i1816 1094.9 180 1574.4 87.053 0.4729 0.7937 1.1809 1098.5
185 1560.2 92.520 0.5063 0.7948 1.1846 1070.4 185 1561.5 92.965 0.5053 0.7951 1.1838 1074.1
190 15473 98.452 0.5380 0.7971 1.1885 1046.0 190 1548.6 98.893 0.5369 0.7974 1.1876 1049.9
195 1534.3 104.40 0.5689 0.8000 1.1920 1021.9 195 1535.7 104.84 0.5678 0.8003 1.1921 10259
200 15213 110.38 0.5992 0.8035 1.19§1 997.99 200 1522.7 110.81 0.5980 0.8038 1.1971 1002.1
205 1508.2 116.38 0.6288 0.8074 1.2027 974.32 205 1509.7 116.81 0.6277 0.8077 1.2026 978.61
210 1495.0 122.42 0.6579 08117 1.20%6 950.90 210 1496.6 122.84 0.6567 0.8120 1.2084 955.34
215 1481.7 128.48 0.6864 0.8162 12158 927.74 215 1483.5 128.90 0.6852 0.8165 1.2146 932.32
220 1468.4 134.58 0.7145 0.8209 1.2224 904.82 220 1470.2 13499 0.7132 0.8212 1.2211 909.57
225 1455.0 140.71 0.7420 0.8258 1.2293 832.15 225 1456.9 141.11 0.7407 0.8261 1.2278 887.07
230 1441.5 146.87 0.7691 0.8309 1.2364 859.71 230 1443.5 147.26 0.7678 0.8311 1.2348 864.80
235 1427.8 153.07 0.7958 0.8361 1.2438 837.50 235 1429.9 153.46 0.7944 0.8363 1.2420 842,78
240 1414.1 159.31 0.8220 0.8413 1.2514 8[5.50 240 1416.3 159.69 0.8207 0.8416 1.2495 820.97
245 1400.2 . 165.59 0.8479 0.8467 1.2594 793.70 245 1402.5 165.95 0.8465 0.8469 1.2573 799.37
250 1386.1 17190 0.8734 0.8522 1.2677 772.09 250 1388.6 172.26 0.8720 0.8523 1.2654 777.97
255 1371.9 178.26 0.8986 0.8577 1.2763 750.64 255 1374.6 178.61 0.8971 0.8579 1.2738 756.76
260 1357.6 184.67 0.9235 0.8633 1.2852 729.36 260 1360.3 185.00 0.9219 0.8635 1.2824 735.71
265 1343.0 191.12 0.9481 0.8690 1.2945 708.21 265 1345.9 191.43 0.9465 0.8691 1.2915 714.83
270 1328.2 197.61 0.9724 0.8748 1.3042 637.20 - 270 1331.4 197.91 0.9707 0.8749 1.3009 694.09
275 13132 204.16 0.9964 0.8806 1.3144 656.30 275 1316.6 204.44 0.9947 0.8807 1.3107 673.48
280 1298.0 210.76 1,0202 0.8866 1.3251 645.50 280 1301.5 211.02 1.0184 0.8865 1.3210 652.99
285 12825 217.41 1.0437 0.8926 1.3364 624.78 285 1286.2 217.65 1.0418 0.8925 1.3318 632.60
290 1266.6 224.12 1.0671 0.8986 1.34¢3 604.14 290 1270.7 22434 1.0651 0.8985 1.3432 612.31
295 1250.5 230.90 1.0902 0.9048 1.3609 583.55 295 1254.8 231.09 1.0882 0.9046 1.3552 592.11
300 12339 23174 1.1132 09111 1.37:4 563.00 300 1238.6 237.90 1.1110 0.9108 1.3679 571.97
305 1217.0 244.64 1.1360 09174 1.3887 542.49 305 1222.0 244.77 1.1338 09171 1.3813 551.90
310 1199.6 25..63 1.1588 0.9239 1.4041 521.98 310 1205.1 251.71 1.1563 0.9235 1.3957 531.87
315 11817 258.69 1.1813 0.9305 1.4207 501.47 315 1187.6 258.73 1.1788 0.9299 1.4111 511.88
320 1163.3 265.83 1.2039 0.9372 1.4386 430.95 320 1169.7 265.82 1.2011 0.9365 1.4276 491.92
325 11442 273.08 1.2263 0.9440 1.4583 450.39 325 1151.3 273.01 1.2234 0.9432 1.4454 471.98
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TABLE 9. Thermodynanic properties of HFC-134a in the single-phase region — Continued
I p _h_ s o o w I o _h_ s C 6w
K kg/m® kifkg KV/(kgK) kI/(kgK)  kV/(kgK) m/s K kg/m Kl/kg kJ/(kgK) kJ/(kgK) Kl/(kgK) /s
7.00 MPa 8.00 MPa
330 11244 280.42 1.2487 09510 1.4798 439,78 330 11322 280.28 1.2456 0.9500 1.4648 452.05
335 1103.8 287.88 1.2712 0.9581 1.5036 419.11 335 1112.4 287.66 1.2678 0.9570 1.4860 432.13
340 1082.2 295.46 1.2936 0.9655 1.5302 398.36 340 1091.8 295.15 1.2900 0.9641 1.5093 412.20
345 1059.6 303.19 1.3162 0.9730 1.5602 371.50 345 1070.4 302.75 1.3122 09714 1.5350 392.26
350 1035.8 311.07 1.3389 0.9808 1.5943 356.52 350 1047.9 310.50 1.3345 0.9788 1.5637 372.32
355 1010.5 319.14 1.3618 0.9889 1.6338 335.39 355 1024.3 318.40 1.3569 0.9865 1.5961 352.35
360 983.54 327.42 1.3849 0.9973 1.6801 314.06 360 999.45 326.47 1.3795 0.9944 1.6328 33237
365 954.44 335.96 1.4085 1.0062 1.7354 292.52 365 972.99 334.74 1.4023 1.0026 1.6749 312.38
370 922.80 344.80 1.4325 1.0157 1.8030 270.72 370 944,72 343.23 1.4254 1.0111 1.7238 292.39
375 887.95 354.01 1.4573 1.0260 1.8876 248.65 375 914.32 351.99 1.4489 1.0200 1.7812 272.44
380 849.03 363.71 1.4830 1.0373 1.9963 26.36 380 881.39 361.06 1.4729 1.0294 1.8493 252.59
385 - 804.82 374.03 1.5100 1.0499 2.1396 204.03 385 845.45 370.50 1.4976 1.0394 1.9307 232.99
390 753.72 385.19 1.5387 1.0641 2.3290 182.21 390 805.95 380.39 1.5232 1.0500 2.0278 213.88
395 694.22 397.40 1.5699 1.0795 2.5618 162.21 395 762.38 390.81 1.5497 1.0611 2.1404 195.71
400 626.75 410.79 1.6035 1.0942 2.7806 146.32 400 714.52 401.81 1.5774 1.0725 2.2616 179.21
410 493.97 438.89 1.6729 1.1061 2.6996 133.10 410 609.72 425.44 1.6357 1.0924 2.4324 155.02
420 403.92 463.43 1.7321 1.0992 22163 135.79 420 511.20 449.50 1.6937 1.1013 23311 145.45
430 348.97 483.81 1.7801 1.0933 1.8903 142.46 430 436.95 471.54 1.7456 1.1018 2.0734 145.87.
440 312.32 501.70 1.8212 1.0919 1.7027 149.50 440 384.99 491.13 1.7906 1.1016 1.8560 150.28
450 285.70 518.11 1.8581 1.0938 1.5886 156.18 450 347.58 508.89 1.8305 1.1031 1.7077 155.83
460 265.18 533.60 1.8921 1.0980 15150 162.39 460 319.31 525.44 1.8669 1.1067 1.6084 161.56
10.00 MPa 12.00 MPa
175 1589.5 82.060 0.4376 0.7941 1.1777 1130.1 175 1591.8 82.968 0.4356 0.7948 1.1764 11369
180 1576.8 87.952 0.4708 0.7944 1.1795 1105.8 180 1579.2 88.854 0.4688 0.7950 1.1781 11129
185 1564.1 93.857 0.5032 0.7958 1.1823 1081.6 185 1566.6 94.751 0.5011 0.7964 1.1809 1088.9
190 15513 99.778 0.5347 0.7980 1.1860 1057.6 190 1554.0 100.66 0.5326 0.7987 1.1845 1065.1
195 1538.5 105.71 0.5656 0.8010 1.1904 1033.8 195 1541.3 106.59 0.5635 0.8016 1.1887 1041.6
200 15257 111.68 0.5958 0.8045 1.1953 1010.3 200 1528.6 112.55 0.5936 0.8051 1.1935 1018.3
205 15128 117.67 0.6254 0.8084 1.2006 987.06 205 1515.8 118.53 0.6231 0.8090 1.1986 995.32
210 14998 123.68 0.6544 0.8126 1.2062 964.06 210 1503.0 124.54 0.6521 0.8132 1.2042 972.59
215 1486.8 129.73 0.6828 0.8171 1.2122 941.34 215 1490.2 130.57 0.6805 0.8176 1.2100 950.14
220 14738 135.81 0.7108 0.8218 1.2185 918.89 220 1477.2 136.64 0.7084 0.8223 1.2160 927.98
225 1460.6 141.92 0.7382 0.8266 1.2250 896.70 225 1464.3 142,73 0,7358 0.8272 1.2224 906.10
230 1447.4 143.06 0.7652 0.8316 1.2317 874.78 230 1451.2 148.86 0.7627 0.8321 1.2289 884.48
235 1434.0 154.23 0.7918 0.8368 - 1.2387 853.10 235 1438.1 155.02 0.7892 0.8372 1.2356 863.13
240 1420.6 160.45 0.8180 0.8420 1.2459 831.66 240 1424.83 161.22 0.8153 0.8424 1.2426 842.03
245 1407.1 165.70 0.8437 0.8473 1.2534 810.45 245 1411.5 167.45 0.8410 0.8477 1.2498 821.18
250 1393.4 172.98 0.8691 0.8527 1.2611 789.45 250 1398.1 173.72 0.8663 0.8531 1.2571 800.56
255 1379.6 17931 0.8942 0.8582 1.2691 768.67 255 1384.6 180.02 0.8913 0.8585 1.2648 780.17
260 1365.7 185.67 0.9189 0.8637 1.2773 748.07 260 1370.9 186.37 0.9159 0.8640 1.2726 759.99
265 1351.6 0.9433 0.8693 1.2858 72766 265 1357.1 192,75 0.9403 0.8696 1.2807 740.01
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TABLE 9. Thermodynamic properties of HFC-134a in the single-phase region — Continued

v661 ‘S ‘ON ‘€2 "[oA ‘eleq "Joy "wey) ‘shud

T p _h s Cy [A w T p h s Cy Y3 v
K kg/m’ kikg kiikgk) — Wikgk)  KKkgK) s X kg/m® kg ki(kgK)  kVGkegK)  Ki(kgK) mis
10.00 MPa 12.00 MPa
270 1337.4 198.53 0.9674 0.8750 1.2947 707.43 270 13432 199.17 0.9643 0.8752 12891 72023
275 1323.0 205.03 0.9913 0.8807 1.3039 687.35 275 1329.1 205.64 0.9880 0.8809 1.2977 700.64
280 13083 211.57 1.0149 0.8865 1.3135 667.43 280 13148 212.15 1.0115 0.8866 1.3067 681.22
285 12935 218.16 . 1.0382 0.8924 13234 647.65 285 1300.4 21871 1.0347 0.8924 13160 66198
290 1278.4 22481 1.0613 0.8983 13339 628.00 290 1285.8 22531 1.0577 0.8983 13256  642.89
295 1263.1 231.50 1.0842 0.9043 1.3448 608.48 295 12709 231.96 1.0804 0.9042 1.3357 623.97
300 12475 238.26 1.1069 09104 1.3562 589.07 300 1255.8 238.67 1.1029 0.9102 1.3461 605.20
305 12316 245.07 1.1294 09165 13583 569.78° 305 1240.5 245.43 1.1253 09162 13571 58657
310 12153 251.94 11518 09223 1.3810 550.59 310 12249 252.24 1.1474 09223 13685  568.09
315 11987 258.88 1.1740 0.9291 13944 53150 315 1209.0 259.11 1.1694 0.9285 13805 549.75
320 1181.7 265.89 1.1960 0.9355 1.4087 512.50 320 1192.7 266.05 1.1913 0.9348 13931 53156
325 11643 212.97 12180 0.9420 1.4239 493.60 325 1176.2 273.05 12130 0.9411 14063 51351
330 1146.4 280.13 1.2399 0.9485 1.4400 414.80 330 1159.2 280.11 1.2345 0.9475 14202 49561
335 11280 287.37 12616 0.9552 1.4574 456.09 335 1141.9 287.25 1.2560 0.9539 14309 477.86
340 1109.0 29470 1.2834 0.9620 1.4760 437.48 340 1124.1 294.46 12774 0.9605 14504 46027
345 1089.4 302.13 1.3051 0.968) 14960 418.98 345 1105.8 301.76 1.2987 0.9671 14669 44285
350 1069.0 309.67 1.3267 0.9759 15177 400.59 350 1087.1 309.13 1.3199 0.9738 14843 42561
355 1047.9 317.32 13484 0.9830 1.5413 382.34 355 1067.7 316.60 13411 0.9806 15028  408.57
360 1026.0 325.09 1.3702 0.9902 15670 364.24 360 1047.8 324.16 1.3622 09875 15225 39176
365 1003.0 332.99 1.3920 0.9975 15950 34631 365 1027.2 331.83 1.3834 0.9944 15434 37520
370 979.11 341.04 1.4139 1.0052 1.6258 328.60 370 1006.0 339.60 1.4045 1.0015 1.5657 35891
375 953.96 349.25 1.4359 1.0129 1.6596 311.14 375 983.98 347.49 1.4257 1.0086 15892 34295
380 927.52 357.64 1.4581 1.0207 1.6967 294.00 380 961.17 355.50 1.4469 1.0158 16142 32735
385 899.67 356.23 1.4806 1.0283 1.7373 271.25 385 937.52 363.63 1.4682 1.0231 16405 31216
390 870.28 375.02 1.5033 1.0370 1.7816 261.01 390 913.00 371.90 1.4895 1.0304 1.6680 297.46
395 839.26 384.05 1.5263 1.0453 1.8290 245.42 395 887.58 380.32 1.5110 1.0378 1.6965 283.33
400 806.57 393.32 1.5496 1.0537 1.8786 230.68 400 861.28 388.87 1.5325 1.0452 17255  269.83
410 736.54 41259 15972 1.0704 19748 204.66 410 806.18 406.41 15758 1.0600 17822 245.18
40 662.77 43270 1.6457 1.0855 20382 184.94 20 748.53 424.49 1.6194 1.0743 18302 22435
430 590.89 453.13 1.6937 1.0972 2.0326 172.69 430 690.08 442,95 1.6628 1.0875 1.8583  208.05
440 527.11 473.12 1.7397 1.1053 1.9573 167.19 440 63333 461.56 1.7056 1.0992 18577 19655
450 474.40 432,17 1.7825 L1183 1.8513 166.41 450 580.83 480.01 1.7470 1.1092 1.8279 189.50
460 432.14 510.17 1.8220 1.1167 1.7502 168.34 460 534.24 498.05 1.7867 1.1179 1.7784 186.10
14.00 MPa 16.00 MPa

180 1581.6 89.758 0.4668 0.7957 1.1769 11198 180 1583.9 90.663 0.4648 0.7964 11756 11267
185 1569.1 35.648 0.4991 0.7971 11795 1096.1 185 1571.5 96.548 0.4970 0.7978 11782 1103.1
190 1556.6 101.55 0.5306 0.7994 11830 1072.5 190 1559.1 102.44 0.5285 0.8000 1.1816  1079.8
195 15440 107.48 05613 0.8023 L1871 1049.2 195 1546.7 10836 05592 0.8030 1.1856  1056.7
200 1531.4 113.42 05915 0.8057 11918 1026.1 200 15342 11430 0.5893 0.8064 1.1901 103338
205 1518.8 119.39 0.6209 0.8095 11968 1003.4 205 1521.7 120.26 0.6188 0.8102 11951 10113
210 1506.1 125.39 0.6498 0.8133 12022 980.94 210 1509.2 126.25 0.6476 0.8144 12003 989.11
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TABLE 9. Thermodynamic properties of HFC-134a in the single-phase region — Continued

T p _h s €u . Zp w T __&3 h 5 Cy Cp w_
K kg/m’ Ki/kg KkI/(kgK) K/kgK)  klkgK) s K kg/m Kiikg KI/(kgK) KWikgk)  Kikgk) mis
14.00 MPa 16.00 MPa

215 1493.4 131.42 0.6782 0.8182 1.2078 958.75 215 1496.6 132.27 0.6759 0.3189 12058  967.18
220 1480.6 137.47 0.7060 0.8229 1.2138 936.86 220 1484.0 13831 0.7037 0.8235 12116 94555
225 1467.8 143.56 0.7334 08277 12199 915.26 225 1471.3 144.38 0.7310 0.8283 12175 92421
230 1454.9 149.67 0.7603 0.8327 1.2262 893.94 230 1458.6 150.49 0.7578 0.8332 12237 903.17
235 1442.0 155.82 0.7867 0.8378 1.2327 872.90 235 1445.8 156.62 0.7842 0.8383 12300  882.42
240 1428.9 162.00 08127 08429 1.2395 852.12 240 1432.9 162.79 0.8102 0.8434 12365  861.94
245 1415.8 168.21 0.8384 0.8452 1.2464 831.60 245 1420.0 168.99 0.8358 0.8487 12432 84174
250 1402.6 174.46 0.8636 0.8535 1.2535 811.33 250 1407.0 175.22 0.8609 0.8540 12501 82179
255 1389.3 180.75 0.8885 0.8589 1.2608 791.30 255 13939 181.49 0.8858 0.8593 12571  802.10
260 1375.9 187.07 09131 0.8644 1.2683 771.50 260 1380.8 187.79 0.9103 0.8648 12643 782.65
265 1362.4 193.43 0.9373 0.8699 1.2760 751.93 265 1367.5 194.13 0.9344 0.8703 12716  763.44
270 1348.8 199.83 09612 0.8755 1.2839 732.56 270 1354.1 200.51 0.9582 0.8758 12792 744.45
275 1335.0 206.27 0.9849 0.88:1 1.2921 713.40 275 1340.6 206.93 0.9818 0.8814 12870 725.69
280 1321.1 21275 1.0082 0.8868 1.3006 694.44 280 1327.0 21338 1.0051 0.8870 12950 707.15
285 1307.0 219.28 1.0313 0.8925 1.3093 675.68 285 13133 219.88 1.0280 0.8927 13032 688.81
290 1292.7 22585 1.0542 0.8983 13183 657.10 290 1299.4 226.41 1.0508 0.8985 13117 670.68
295 12783 232,46 1.0768 0.9042 1.3276 638.70 295 1285.3 232.99 1.0733 0.9042 13204 - 652.76
300 1263.7 239,13 1.0992 0.9101 13373 620.48 300 1271.1 239.62 1.0956 0.9101 13295  635.03
305 1248.8 245.84 1.1214 0.9160 1.3473 602.44 305 1256.7 246.29 1.1176 0.9160 13388 617.50
310 1233.8 252,60 1.1433 0.9221 1.3577 584.57 310 1242.1 253.01 1.1395 09219 13484  600.17
315 1218.4 159.42 1.1652 0.9281 1.3686 566.88 315 1227.3 259.77 11611 0.9279 13583 583.03
320 1202.9 266.29 1.1868 0.9343 1.3799 549.36 320 1212.3 266.59 1.1826 0.9339 13685  566.10
325 1187.0 27322 1.2083 0.9404 1.3916 532.02 325 1197.1 273.46 1.2039 0.9400 13792 549.36
330 1170.9 280.20 1.2296 0.9467 1.4039 514.86 330 1181.7 280.38 1.2250 0.9462 13902 532.83
335 1154.4 187.26 1.2508 0.9530 1.4167 497.89 335 1165.9 287.36 1.2460 0.9524 1.4016 - - 516.52
340 1137.6 294,37 1.2719 0.95% 1.4301 481.12 340 1149.9 294,40 1.2669 0.9586 14134 500.42
345 11205 301.56 1.2929 0.9658 1.4441 464.55 345 11337 301.50 1.2876 0.9649 14256  484.56
350 1102.9 308.81 1.3138 0.9723 1.4587 44821 350 1117.1 308.66 1.3082 09712 14382  468.93
355 1084.9 316.15 1.3346 0.9789 1.4740 432.10 355 11002 315.88 1.3287 09776 14513 453.57
360 1066.5 323.56 1.3553 0.9855 1.4899 416.25 360 1082.9 323.17 1.3491 0.9841 1.4648 438.47
365 1047.6 331.05 1.3760 0.9922 1.5066 400.68 365 1065.3 330.53 1.3694 0.9906 14788 42367
370 1028.2 338.62 1.3966 0.9939 1.5240 385.42 370 1047.4 337.96 1.3896 0.9971 1.4931  409.19
375 1008.4 346.29 1.4172 1.0057 1.5421 370.49 375 1029.1 345.46 1.4097 1.0036 1.5079  395.03
380 987.97 354.05 1.4377 1.0125 1.5609 355.93 380 1010.4 353.04 1.4298 1.0102 1.5230 381.25
385 966.99 361.90 1.4582 1.0194 1.5802 341.78 385 991.31 360.69 1.4498 1.0169 1.5383  367.85
390 945.45 369.85 1.4788 1.0263 1.6001 328.08 390° 971.83 368.43 1.4698 1.0235 1.5539  354.88
395 923.35 377.90 1.4993 1.0332 1.6202 314.88 395 95197 376.23 1.4897 1.0302 1.5695 34236
100 900.70 386.05 15198 1.0402 1.6404 302.23 400 - 931.73 384.12 1.5095 1.0369 15851 33033
410 853.86 402,66 1.5608 1.0540 1.6798 278.81 410 890.24 400.12 1.5490 1.0502 16153  307.89
420 805.38 419.64 1.6017 1.0676 1.7149 258.26 420 847.65 416.42 1.5883 1.0633 16420  287.81
430 756.07 436,93 1.6424 1.0808 17415 240,97 430 804.43 432,97 1.6272 1.0762 16657 27034
440 707.07 454,42 1.6826 1.0932 17555 227.16 440 76121 449.71 1.6657 1.0887 16817  255.63
450 659.73 471.99 1.7221 1.1047 1.7544 21681 450 718.77 466.57 1.7036 1.1007 16893 24370
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TABLE 9. Thermodynamic properties of HFC-134a in the single-phase region — Continued

h » s

Cy.

Cy. ..

z p _h_ < " z > kb s Q@ W
K ke/m’ kikg K/(kgK) K/(kgK)  KI/(keK) ms K kg’ Ki/kg K(kgK) ki/(kgK) KWikgK) mis
14.00 MPa 16.00 MPa
460 61530 489.46 1.7605 1.1153 1.7387 209.68 460 67190 483.47 1.7407 1.1122 1.6880  234.45
20.00 MPa 25.00 MPa

180 1588.5 92.481 0.4609 0.7978 1.1733 1140.1 180 15941 94.764 0.4561 0.7996 11707 11562

185 15763 98.354 0.4931 0.7992 1.1758 11169 185 15821 100,62 0.4882 0.3009 L1729 11335

190 1564.1 104.24 0.5245 0.8014 1.1790 1093.9 190 15701 106.49 0.5195 0.3031 1.1760 11110

195 1551.9 110.14 0.5551 0.8043 1.1828 1071.2 195 15582 112,38 0.5501 0.3060 1.1796  1088.7

200 1539.6 116.07 0.5851 0.8077 L1371 1048.8° 200 15462 118.29 0.5800 0.3094 11837 10663

205 1527.4 122,01 0.6145 0.8116 1.1918 1026.7 205 15342 12422 0.6093 08132 i.1882 10452

210 1515.1 127.98 0.6433 0.8157 1.1968 10049 210 15222 130.17 0.6380 0.8174 " 11929 10239

215 1502.8 133.98 0.6715 0.8201 1.2021 983.51 215 15102 136.15 0.6661 0.8217 11979 1003.0

220 1490.4 140.01 0.6992 0.8247 1.2076 962.36 220 1498.1 142.15 0.6937 0.8263 12031  982.44
225 1478.0 146.06 0.7264 0.8295 1.2133 94152 225 14861 148.18 0.7208 0.8310 12085  962.16
230 1465.6 152.14 0.7531 0.8344 1.2191 '921.00 230 14740 154.24 0.7475 0.8359 12140 94221
235 14532 158.25 0.7794 0.8394 1.2251 900.77 235 14619 160.32 0.7736 0.8409 12196 922.57
240 1440.6 164.39 0.8053 0.8445 1.2312 830.85 240 14498 166.43 0.7994 0.8459 1.2254 903.25
245 1428.1 170.56 0.8307 0.8497 1.2375 861.21 245 14376 172.57 0.8247- 0.8511 12313 88423
250 14155 176.17 0.8558 0.8549 1.2439 841.85 250 14254 17875 0.8496 0.8563 12372 86552
255 1402.8 183.00 0.8805 0.8603 1.2504 822.76 255 14132 184.95 0.8742 0.8615 12433 847.09
360 1390.0 189.27 0.9048 . 0.8656 1.2571 803.95 260 14009 191.18 0.8984 03668 .  .1.2495 82895
265 13772 195.57 0.9288 0.8711 1.2639 785.39 265 13886 197.44 . 09223 0.8722 12558  811.08
270 1364.3 20191 . 09525 0.8765 1.2709 767.08 270 13762 203.74 0.9458 0.3776. 12622  793.49
275 1351.3 208.28 0.9759 0.8820 1.2780 749.02 275 13637 210.07 0.9690 0.8830 1.2687 71617
280 1338.3 214.69 0.9990 0.8876 1.2853 731.20 280 13512, 216.43 0.9919 0.8885 12753 759.11
285 1325.1 221.14 1.0218 0.8932 1.2928 713.62 285 13387 222.82 1.0146 0.3941 12820 74230
290 1311.8 227.62 1.0444 0.8989 1.3004 696.27 290 13260 22925 1.0369 0.3996 12888  725.75
295 1298.4 234.14 1.0667 0.5046 1.3082 679.15 295 13133 235.71 1.0590 0.9052 12958  709.45
300 12849 240.70 1.0887 0.9103 1.3162 662.26 300 13005 24220 1.0808 0.9109 13029  693.40
305 12713 24730 1.1106 0.9161 1.3243 645.59 305 12877 248.74 1.1024 0.9166 13101 677.60
310 1257.5 253.95 1.1322 0.9219 13327 629.15 310 12747 25531 1.1238 0.9223 13174  662.05
315 12436 260.63 1.1536 0.9277 1.3413 612,94 315 12617 261.91 1.1449 0.9280 13248 646.74
320 1229.6 261.36 L1747 0.9336 1.3501 596.96 320 12486 268.55 1.1659 0.9338 13324 63168
325 12153 274.13 1.1957 0.9396 1.3591 581.21 325 12354 275.24 1.1866 0.9396 13401  616.87
330 1201.0 280.95 1.2166 0.9456 1.3683 565.69 330 12220 281,96 1.2071 0.9455 13479 60231
335 1186.4 287.82 1.2372 0.9516 1.3777 550.42 333 12086 288.72 12274 0.9513 13559  588.00
340 1717 294.73 1.2577 0.9577 1.3874 535.39 340 1195.1 295.52 1.2476 09573 13639  573.95
345 1156.8 301.69 1.2780 0.9638 1.3973 520.61 345 11814 302.36 1.2676 0.9632 13721  560.17
350 11417 308.70 1.2982 0.9699 1.4074, 506.09 © 350 11677 309.24 1.2874 0.9692 13803 54665
355 1126.4 31577 1:3182 0.9761 14177 491.85 355 11538 316.16 1.3070 0.9752 1:3887 53341
360 11109 322.88 1.3381 0.9823 14282 417.89 360 11398 323.12 1.3265 " 09812 13971 52045
365 1095.2 330.05 1.3579 0.9885 1.4389 464.23 365 11257 330.13 1.3458 0.9873 1.4057  507.77
370 10793 33727 1.3776 "0.9948 1.4297 450.88 370 C11LS 337.18 13650 0.9933 1.4142  495.40
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TABLE 9. Thermodynamic properties of HFC-134a in the single-phase region — Continued
T p _h s Co Cp w T P h 5 e c, __w_
K kg/m® kIrkg kJ/(kgK) kMkgK)  kJ/(kgK) ms K kg/m® kl/kg KJ/(kgK) kJ/(kgK) Wikgk) s .
20.00 MFa 25.00 MPa
375 1063.2 344.55 1.3971 “1.0011 1.4607 437.85 375 1097.1 34427 1.3840 0.9994 1.4228  483.32
380 1046.8 351.88 1.4165 1.0074 1.4717 425.16 380 1082.7 351.41 1.4029 1.0055 1.4314  471.56
385 1030.3 359.26 1.4358 1.0137 1.4828 412.83 385 1068.1 358.59 1.4217 1.0117 1.4400  460.12
390 1013.5 366.71 1.4550 1.0201 1.4940 400.87 390 1053.5 365.81 1.4403 1.0178 14486  449.02
395 996.61 374.20 1.4741 1.0264 1.5050 389.31 395 1038.7 373.07 1.4588 1.0240 14570 438.25
400 979.46 381.76 1.4931 1.0328 1.5160 378.15 400 1023.9 380.38 1.4772 1.0301 14654  427.83
410 944.64 397.03 1.5308 1.0455 1.5372 357.14 410 994.00 395.12 1.5136 1.0425 1.4818  408.08
420 909.27 412.50 1.5681 1.0582 1.5570 337.98 40 963.85 410.01 1.5495 1.0548 1.4973  389.82
430 873.59 428.16 1.6050 1.0707 1.5747 320.76 430 933.58 425.06 1.5849 1.0671 15116  373.10
440 837.87 44398 1.6413 1.0831 1.5804 305.55 440 903.34 440,24 1.6198 1.0793 1.5245 35795
450 802.44 459.94 1.6772 1.0953 1.6006 292.38 450 873.30 455.55 1.6542 1.0915 15358 34438
460 767.68 475.98 17125 1.1072 1.6079 281.20 460 843.62 47095 1.6881 1.1035 1.5452 33235
30.00 MPa 35.00 MPa

180 1599.5 97.057 0.4514 0.8014 1.1683 1171.8 185 1593.2 105.19 0.4789 0.8045 1.1681 11649
185 1587.7 102.90 0.4835 0.8027 1.1704 1149.4 190 1581.6 111.04 0.5101 0.8067 11708 11432
190 1576.0 108.76 0.5147 0.8049 1.1732 1127.4 195 1570.1 116,90 0.5405 0.8096 11741 11218
195 1564.2 114.63 0.5453 0.8078 1.1767 1105.6 200 1558.6 122,78 0.5703 0.8129 11779 11007
200 1552.5 120.53 0.5751 08112 1.1806 1084.1 205 1547.1 128.68 0.5994 0.8167 1.1820  1080.0
205 15407 126.44 0.6043 0.8149 1.1849 1062.9 210 1535.6 134.60 0.6280 0.8207 1.1863  1059.6
210 1529.0 132.38 0.6329 0.8190 1.1894 1042.1 215 1524.1 140,54 0.6559 0.8251 1.1909  1039.6
215 1517.3 138.34 0.6610 0.8234 1.1942 1021.7 220 1512.6 146,51 0.6834 0.8296 1.1957  1019.9
220 1505.5 144.32 0.6885 0.8279 1.1992 1001.6 225 1501.1 152.50 0.7103 0.8342 12006  1000.6
225 1493.8 150.33 0.7155 0.8326 1.2043 981.81 230 1489.6 158.52 0.7367 0.8390 1.2056  981.61
230 1482.0 156.36 0.7420 0.8374 1.2096 962.37 235 1478.1 164.56 0.7627 0.8439 12107 962.97
235 1470.2 162.42 0.7681 0.8424 1.2149 943.26 240 1466.6 170.63 0.7883 0.8489 12159  944.65
240 1458.4 168.51 0.7937 - 0.8474 1.2204 924.47 245 1455.1 176.72 0.8134 0.8540 12212 926,67
245 1446.6 174.63 0.8189 0.8525 1.2259 906.00 250 1443.6 182.84 0.8381 0.8591 12266 909.00
250 14348 180.77 0.8438 0.8577 1.2315 887.84 255 1432.1 188.98 0.8625 0.8643 12320  891.64
255 14229 186.94 0.8682 0.3629 1.2372 869.98 260 1420.6 195.16 0.8864 0.8695 12375 87459
260 1411.0 193.15 0.8923 0.3681 1.2430 852.42 265 1409.1 201.36 0.9101 0.8748 12430  857.84
265 1399.1 199.38 0.9160 0.8734 1.2489 835.15 270 1397.5 207.59 09333 0.8801 1.2486  841.38
270 1387.2 205.63 09394 0.8788 1.2548 818.17 275 1386.0 213.85 0.9563 0.8854 1.2543. 82521
275 13752 211.92 0.9625 0.8842 1.2609 801.47 280 1374.4 220.13 0.9790 0.8908 12600  809.32
280 1363.2 218.24 0.9853 0.8896 1.2670 785.04 285 1362.8 226.45 1.0013 0.8962 12658  793.71
285 1351.2 224.59 1.0077 0.8951 1.2732 768.88 " 290 1351.2 232.79 .1.0234 0.9017 12716 77838
290 1339.1 230.98 1.0299 0.9006 1.2794 752.99 295 13%.5 239.16 1.0452 0.9072 12775  763.31
295 13269 237.39 1.0519 10.9061 12858 737.36 300 1327.8 245,57 1.0667 09127 12835 74851
300 1314.8 243.83 1.0735- 09117 1.2922 721.99 305 1316.1 252.00 1.0880 09182 12895  733.98
305 1302.5 250.31 1.0949 09173 1.2987 706.89 310 1304.4 258.46 1.1090 0.9238 12956  719.71
310 1290.2 256.82 1.1161 0.9229 1.3053 692.03 315 1292.6 264.95 1.1298 0.9294 13017  705.70
315 1277.9 263.37 1.1371 109286 1.3120 671.44 320 1280.8 271.48 1.1503 0.9350 13079 69195
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TABLE 9.. Thermodynamic properties of HFC-134a in the single-phase region — Continued
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z P A s R 5 . r ) _h_ s _c G W
K kg/m kl/kg Kli(kgK) Ki/(kgK)  K(kgk) ms K kg/m® XJ/kg K/ (kgK) KI/(kgK) KikgK) s
30.00 MPa 35.00 MPa
320 1265.5 269.94 1.1578 0.9343 1.3188 663.10 325 1269.0 278.03 1.1706 0.9407 13141 678.46
325 1253.0 276.55 1.1783 0.9400 1.3256 649.02 330 1257.1 284.62 1.1907 09464 13204  665.23
330 1240.5 283.20 1.1986 0.9458 1.3325 635.20 335 1245.; 291.24 1.2106 0.9521 13268 65225
335 1228.0 289.88 1.2187 09516 1.3395 621.64 340 12333 297.89 1.2304 0.9579 13331 639.54
340 12153 296.59 1.2386 0.9574 1.3465 608.33 345 12213 304.57. 1.2499 0.9636 13396  627.08
345 1202.6 303.35 1.2583 0.9632 1.3537 595.29 350 1209 311.28 1.2692 0.9694 13460  614.89
350 1189.8 310.13 12778 0.9691 1.3608 582.52 355 1197.3 318.03 1.2883 0.9752 13525 60296
355 1177.0 316.95 1.2971 0.9750 1.3680 570,01 360 11853 32481 1.3073 0.9811 13590  591.29
360 1164.1 323.81 1.3163 0.9809 1.3753 55778 365 1173.1 331,62 1.3261 0.9869 1.3655  579.89
365 1151.1 330.71 1.3354 0.9869 1.3826 545.82 370 1161.0 338.47 1.3447 0.9928 1.3720 568.75
370 1138.1 337.64 1.3542 0.9928 1.3899 534:15 375 1148.8 34534 1.3632 0.9987 13785  557.89
375 1125.0 34461 1.3729 0.9988 1.3972 52276 380 1136.6 35225 1.3815 1.0046 13850  547.30
380 1119 351.61 1.3915 1.0048 1.4025 511.66 385 1124.4 359.19 1.3996 1.0106 13915 536.98
385 1098.7 35865 1.4099 1.0108 14117 500.86 390 11122 366.17 1.4176 1.0:65 13979 52694
390 1085.4 365.73 1.4281 1.0168 1.4150 490,36 395 1099.9 373.17 1.4355 1.0225 14043 S17.18
395 1072.1 372.84 1.4463 1.0229 1.4261 480.16 400 1087.7 380.21 1.4532 1.0285 14107 507.70
400 1058.8 379.99 1.4643 1.0289 1.4322 47027 410 1063.1 39438 1.4881 1.0404 14231 489.60
410 1032.0 394.39 1.4998 1.0410 1.4471 451.45 420 10386 408.67 1.5226 1.0524 14352 472.64
420 1005.2 408.93 1.5348 1.0532 1.4604 433.90 430 10142 223,08 1.5565 1.0645 114469  456.83
430 978.35 423.60 1.5694 1.0653 1.4731 417.67 440 989.87 437.61 1.5899 1.0765 14580 442,17
440 951.58 438.39 1.6034 1.0774 1.4849 402,75 450 965.71 452.24 1.6228 1.0885 1.4685 428.65
450 925.00 45330 1.6369 1.0895 1.4957 389.13 460 941.50 466.98 1.6552 1.1005 1.4783 41626
40.00 MPa 50.00 MPa

185 1598.4 107.49 0.4744 0.8063 1.1659 1179.8 185 1608.5 112.12 0.4657 0.8099 11622 12082
190 1587.1 113.33 0.5055 0.3085 1.1685 11585 190 1597.5 117.94 0.4967 0.8:21 1.1646  1187.6
195 1575.7 119.18 0.5359 0.8113 L1717 1137.4 195 1586.6 123.7 0.5270 0.8149 11676 11672
200 1564.4 125.05 0.5656 0.8147 1:1754 1116.7 200 1575.7 129.61 0.5566 0.8182 L1710 11472
205 15532 13093 0.5947 08184 1.1793 1096.4 205 1564.8 135.48 0.5856 0.8219 11748 1127.6
210 1541.9 136.84 0.6232 0.8225 1.1835 1076.4 210 15539 14136 0.6139 0.8259 1.1787  1108.3
215 1530.6 14277 0.6511 0.8267 1.1880 1056.8 : 215 15430 147.27 0.6417 0.8301 1.1829 10893
220 1519.4 148.72 0.6784 0.8312 1.1926 10375 220 15322 153.19 0.6690 0.8346 11873 1070.8
225 1508.1 154.70 0.7053 0.8359 1.1973 1018.6. 225 1521.4 159.14 0.6957 0.8392 11917 10526
230 1496.9 160.69 0.7316 0.8406 1.2021 1000.0. 230 1510.7 165.11 0.7219 0.8439 11962 10347
235 1485.7 166.72 0.7576 0.8455 1.207 981.82 235 1499. 171.10 0.7477 0.8487 12009  1017.3
240 1474.5 172.77 0.7830 0.8505 12121 963.93 240 1489.2 177.12 0.7730 0.8536 12055 1000.1
245 1463.3 178.84 0.8081 0.8555 1217 946.38 245 1478.5 183.16 0.7979 0.8586 12103 98335
250 1452.1 184.94 0.8327 0.3606 1.2 929.15 250 1467.8 189.22 0.8224 0.8636 12151  966.87
255 1440.9 191.06 0.8570 0.8657 1.2274° 912.23 255 1457.1 195.31 * 0.8466 - 08687 12199 95072
260 1429.7 197.21 0.8808 0.8709 1.23% 895.63 260 14465 201.42 0.8703 0.8738 12247 934,88
265 14185 203.39 0.9044 0.8761 1.237 879.34 " 265 14359 207.56 0.8937 0.8790 12296  919.35
270 1407.3 209.59 0.9276 0.8814 12432 863.34 270 1425.2 21372 09167 0.8842 12345 904.12
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TABLE 9. Thermodynamic properties of HFC-134a in the single-phase region -— Continued
I p h s Cy [ w_ T p h s Cy cp w
K kg/m® Kl/kg KJi(kgK) ki(kgK)  kJ/(kgK) m/s K kg’ kl/kg kJ/(kgK) KJ/(kgK) kli(kgK) s
40.00 MPa 50.00 MPa
275 1396.1 215.82 0.9504 0.8867 1.2486 847.63 275 14146 219.90 0.9394 0.8894 12395  889.19
280 1384.9 222.08 0.9730 0.8921 1.2540 832.21 280 14040 226.11 0.9618 0.8947 1.2445 87455
285 1373.6 228.36 0.9952 0.8974 1.2595 817.08 285 13935 232.35 0.9839 0.9000 12495  860.20
290 1362.4 234.67 1.0172 0.9028 1.2650 802.22 290 13829 238.61 1.0056 0.9053 12545  846.13
295 1351.2 241,01 1.0388 0.9083 1.2706 787.63 295 13724 244,89 1.0271 0.9107 12596  832.33
300 1339.9 247.38 1.0602 0.9138 12762 773.32 300 13618 251.21 1.0483 0.9161 1.2647  818.80
305 1328.7 253.78 1.0814 0.9193 1.2818 759.27 305 13513 257.54 1.0693 0.9215 12698  805.54
310 1317.4 260.20 1.1023 0.9248 1.2875 745.49 310 13408 263.90 1.0900 0.9270 12750  792.54
315 1306.1 266.65 1.1229 0.9304 1.2932 731.97 315 13303 270.29 1.1104 0.9325 1.2802  779.80
320 1294.8 273.13 1.1433 0.9359 1.2990 71871 320 13198 . 276.71 1.1306 0.9380 1.2854  767.32
325 1283.5 279.64 1.1635 0.9416 1.3048 705.71 325 13093 283.15 1.1506 0.9435 12906  755.09
330 1272.2 286.18 1.1835 0.9472 1.3107 692.96 330 12988 289.61 1.1703 0.9491 12059  743.11
335 1260.8 292.75 1.2032 0.9529 1.3165 680.47 335 12884 296.11 1.1899 0.9547 13012 731.38
340 1249.5 299.35 1.2228 0.9586 1.3224 668.24 340 12779 302.63 1.2092 0.9603 13065  719.90
345 1238.1 305.97 1.2421 0.9643 1.3284 656.26 345 12675 309.17 1.2283 0.9659 13118 708.66
350 1226.7 312.63 1.2613 0.9700 1.3343 644.54 350 12570 315.74 1.2472 0.9716 13171  697.67
355 12153 319.32 1.2803 0.9758 1.3403 633.07 355 12466 322.34 1.2659 0.9773 13225 68691
360 1203.9 326.03 1.2991 0.9815 1.3463 621.86 360 12362 328.97 1.2845 0.9830 13278  676.40
365 11925 332.78 1.3177 0.9874 1.3523 610.90 365 12258 335.62 1.3028 0.9887 13332 666.12
370 1181.1 339.56 1.3361 0.9932 1.3583 600.20 370 12155 34230 1.3210 0.9945 13385  656.08
375 1169.7 346.36 1.3544 0.9990 1.3643 589.76 375 1205.1 349.01 1.3390 1.0002 13439 64627
380 1158.2 353.20 1.3725 1.0049 1.3702 579.57 380 11948 355.74 1.3568 1.0060 13493 63670
385 1146.8 360.07 1.3904 1.0108 1.3762 569.64 385 11844 362.50 1.3745 1.0118 13546 62737
390 1135.3 366.96 1.4082 1.0166 1.3821 559.97 390 11742 369.29 1.3920 1.0176 1.3600  618.26
395 1123.9 373.89 1.4259 1.0225 1.3880 550.56 395 11639 376.10 1.4094 1.0234 1.3653  609.39
400 1112.4 380.84 1.4434 1.0285 1.3939 541.41 400 11536 38294 1.4266 1.0293 13706  600.74
410 1089.6 394.84 1.4779 1.0403 1.4055 523.90 410 11332 396.70 1.4606 1.0410 13811  584.14
420 1066.8 408.95 1.5120 1.0522 1.4168 507.42 420 11129 410.56 1.4940 1.0528 13916  568.44
430 1044.2 423.18 1.5454 1.0642 1.4278 491.99 430 10928 42453 1.5268 1.0646 1.4018  553.64
440 1021.6 437.51 1.5784 1.0761 1.4385 47759 440 10728 438.60 1.5592 1.0765 14119 539.71
450 999.34 451.95 1.6108 1.0881 1.4487 46421 450 10530 45277 1.5910 1.0883 14218 52664
460 977.22 466.48 1.6428 1.1001 1.4585 451.83 460 10335 467.04 1.6224 1.1003 1.4315 51441
60.00 MPsa 70.00 MPa

185 1618.1 116.78 0.4574 0.8136 1.1591 1235.1 185 16272 121.46 0.4493 0.8171 1.1565 12606
190 1607.4 122.58 0.4883 0.8157 11614 1215.0 190 16168 127.25 0.4802 0.8192 1.1586 12411
195 1596.8 128.39 0.5185 0.8184 1.1642 1195.3 195 16065 133.05 0.5103 0.8219 11613 12219
200 1586.2 134.22 0.5480 0.8217 1.1674 1175.9 200 15962 138.86 0.5398 0.8252 1.1644  1203.0
205 1575.7 140.07 0.5769 0.8254 1.1710 1156.8 205 15860 144.69 0.5686 0.8288 1.1678 11845
210 1565.2 145.93 0.6052 0.8293 1.1748 1138.2 210 15758 150.54 0.5968 0.8327 11715 1166.4
215 1554.7 151.82 0.6328 0.8335 1.1788 1119.8 215 15656 156.41 0.6244 0.8368 1.1754 11486
220 1544.2 157.72 0.6600 0.8379 1.1829 1101.9 220 15555 162.29 0.6515 0.8412 1.1793 11312

82L
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TaBLE 9. Thermodynamic properties of HFC-134a in the single-phase region — Continued

I p ko s Cy ¢ w T p _h s Co cp w_
K kg/m® Ki/kg WkeK)  kkeK)  Ki(kgK) mis K kg/m’ kikg KI/(kgk)  kIRkgK) KikgK) mis
-60.00 MPa 70.00 MPa

225 1533.8 163.55 0.6866 08424 1.1872 1084.3 225 1545.4 168.20 0.6780 0.8457 11834 11142
230 1523.4 169.59 0.7128 0.8471 1.1915 1067.1 230 1535.4 174.13 0.7041 -0.8503 11876 10975
235 1513.1 175.56 0.7384 0.8519 1.1959 1050.2 235 15254 180.08 0.7296 0.8550 1.1918 1081.2
240 1502.8 18155 0.7637 .0.8567 1.2003 1033.7 240 1515.5 186.05 0.7548 0.859% 1.1961 10652
245 1492.5 187.56 0.7885 0.8616 1.2048° 1017.5 245 1505.6 ‘ 192.04 0.7795 0.8647 1.2004 1049.5
250 14823 193.50 0.8128 0.8666 1.2094 1001.7 250 1495.7 198.05 0.8038 0.8695 12048 10342
255 1472.0 199.56 0.8368 08716 1.2139 986.21 255 14858 204.09 0.8277 0.8745 12092 10192
260 1461.9 205.74 0.8605 0.8767 1.2185 971.01 260 1476.0 210. 14 0.8512 10.8795 1.2136 1004.6
265 1451.7 211.34 0.8837 0.8818 1.2232 956.11 265 1466.3 216.22 0.8744 0.8847 12180 990.25
270 14416 217.97 0.9066 -0.8870 1.2278 941.51 270 1456.6 222.33 0.8972 0.8898 1.2225 976.18
275 14315 224.12 0.9292 0.8922 1.2325 927.21 275 14469 22845 0.9197 0.8949 12269  962.41
280 1421.4 230.30 0.9514 -0.8974 1.2372 913.20 280 1437.2 234.59 0.9418 0.9001 12314 94892
285 1411.3 236.50 0.9734 0.9026 1.2419 899.47 285 1427.6 240.76 0.9636 0.9053 12350 935.71
290 1401.3 242.72 0.9950 0.9079 1.2466 886.03 290 1418.0 246.95 0.9852 -0.9105 12405 92278
295 1391.3 248.96 1.0164 09132 12514 872.85 295 1408.5 253.17 1.0064 09158 12450 910.11
300 1381.3 255.23 1.0374 0.9186 1.2562 859.94 300 13989 259.41 "1.0274 0.9211 12496  897.71
305 1371.4 261.52 1.0582 0.9240 1.2610 847.29 305 1389.5 265.66 1.0481 0.9264 12542  885.56
310 1361.4 267.34 1.0788 0.9294 1.2658 834.90 310 1380.0 271.95 1.0685 09313 12588  873.67
315 13515 274.18 1.0991 0.9348 1.2706 82277 315 1370.6 | 278.25 - 10887 09372 12634 862.02
320 13417 280.55 1.1191 0.9403 1.2755 - 810.89 320 1361.2° 284.58 ‘1.1086 0.9426 12680  850.62
325 13318 286.94 1.1389 0.9457 1.2804 799.25 325 1351.9 290.93' 1.1283. 0.948) 12727 839.46
330 1322.0 293.35 1.1585 0.9512 1.2853 787.86 330 1342.6 297.31 1.1478 0.9535 12774 82853
335 13122 299.79 1.1779 0.9568 1.2902 77670 335 1333.3 303.71 1.1670 0.9589 12821  817.83
340 1302.4 306.25 1.1971 0.9623 1.2952 765.19 340 1324.1 310.13 1.1861 0.9645 12868  807.36
345 12927 312.74 1.2160 0.9679 1.3001 755.10 345 13149 316.58 1.2049 0.9700 12915 797.12
350 12830 319.26 1.2347 0.9735 ©1.3051 744.65 350 1305.7 323.05 1.2235 0.9753 12962  787.10
355 12733 325.79 1.2533 09791 1.3101 734.43 355 1296.6 329.54 1.2419 09811 13010 77729
360 1263.6 33236 12716 0.9848 13151 724.43 360 12875 336.06 1.2601 0.9867 13058  767.70
365 1253.9 338.95 1.2898 0.9904 1.3201 714.66 365 1278.4 342.60 1.2782 0.9924 13106 75833
370 1244.3 345.56 1.3078 0.9961 1.3251 705.11 370 1269.4 349.16 1.2961 0.9980 13153 749.16
375 12348 35220 1.3256 1.0018 1.3301 695.78 375 1260.4 355.75 13137 1.0037 13202 740.20
380 12252 358.36 1.3433 1.0076 1.3351 686.66 380 1251.4 362.36 1.3313 1.0093 13250  731.44
385 1215.7 365.55 13608 1.0133 1.3401 67176 385 1242.5 369.00 1.3486 1.0150 13298  722.89
390 1206.2 37216 13781 1.0191 1.3451 669.08 390 1233.6 375.66 1.3658 1.0208 13346 71453
395 1196.7 379.00 1.3953 1.0249 1.3502 660.60 395 1224.8 382.35 1.3828 1.0265 13394 706,37
400 1187.3 38576 1.4123 1.0306 1.3552 652.34 400 1216.0 380.06 1.3997 1.0323 13443 698.40
410 1168.6 399.37 1.4459 1.0423 13652 636.42 410 1198.6 402.55 1.4330 1.0433 13539 683.04
£0 1150.0 413.07 1.4789 1.0540 1.3751 621.32 420 1181.3 416.14 1.4658 1.0554 13636 668.42
430 11316 42647 15114 1.0657 1.3850 607.02 430 1164.1 429.82 1.4980 1.0671 13733 65453
440 1113.4 440.77 1.5433 1.0775 1.3948 593.49 440 1147.2 443.60 1.5297 1.0783 13829 64135
450 1095.4 45417 1.5748 1.0893 1.4045 580,72 450 1130.5 457.48 1.5608 1.0905 13925  628.86
460 1077.6 468.36 1.6057 11011 1.4141 568.70 460 11139 471.45 1.5916 1.1023 14020  617.03
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