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A theoretically based simplified crossover model, which is capable of represent- 
ing the thermodynamic properties of fluids in a large range of temperatures and 
densities around the critical point, is presented. The model is used to predict the 
thermodynamic properties of R134a in the critical region from a limited amount 
of available experimental information. Values for various thermodynamic 
properties of R134a at densities from 2 to 8 mol-L -I and at temperatures from 
365 to 450 K are presented. 
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1. I N T R O D U C T I O N  

As a stratospherically safe new refrigerant, 1,1,1,2-tetrafluoroethane 
(R134a) is considered to be a leading candidate to replace dichloro- 
difluoromethane (R12) as a working fluid in air-conditioning and refrigera- 
tion technology [-1-4]. As a consequence it has become very important to 
obtain reliable information concerning the thermodynamic properties of 
R134a [53, and several research groups have recently reported experimen- 
tal thermodynamic-property data for R134a [6-16]. The critical tem- 
perature of R134a is about 100~ Most of the available experimental data 
pertain to the vapor and liquid phase of R134a. With the exception of some 
pressure [6, 7] and density [8] data, little information is available for the 
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thermodynamic properties of R134a in the critical region. It is known that 
thermodynamic properties like the compressibility and the specific heat 
become large in a substantial range of temperatures and densities around 
the critical point [17]. In this paper we refer to the range where critical 
enhancements in the compressibility and specific heat are observed as the 
global critical region. 

An interesting question is whether the thermodynamic properties of a 
fluid in the global critical region can be predicted from a limited amount 
of experimental information. Until recently, this question would have been 
answered negatively. Asymptotically close to the critical point the thermo- 
dynamic properties exhibit singular scaling-law behavior with known 
universal critical exponents and critical scaling functions [18, 19]. 
However, the range in temperatures and densities where the asymptotic 
singular behavior applies is quite small [20]. As a consequence one needs 
accurate experimental data very close to the critical point to determine the 
values of the system-dependent coefficients in the asymptotic scaling laws. 
Furthermore, even if this information is available, a knowledge of the 
asymptotic scaling laws is insufficient to represent the thermodynamic 
properties in the region relevant to technological applications, that is, in 
the global critical region. On the other hand, classical equations, like those 
used for R134a, to represent the thermodynamic properties far away from 
the critical point [6, 7, 9, 21], cannot reliably be extrapolated into the 
critical region. 

To address this problem one needs a theoretical description of the 
global behavior of the thermodynamic properties in the critical region that 
includes the nonasymptotic critical behavior and encompasses the cross- 
over from singular thermodynamic behavior close to the critical point to 
regular thermodynamic behavior far away from the critical point [ 19]. The 
asymptotic scaled thermodynamic behavior can be derived on the basis of 
the Landau-Ginzburg-Wilson theory of critical phenomena [18]. This 
theory elucidates how the effects of critical fluctuations on the thermo- 
dynamic properties can be accounted for by a renormalization procedure. 
Several investigators have made attempts to extend the Landau-Ginzburg- 
Wilson theory to a theory for the global critical behavior of the thermo- 
dynamic properties [22-32]. Very recently our group has been able to use 
this approach so as to obtain an actual theoretically based equation of 
state that is capable of representing the thermodynamic properties of fluids 
in the global critical region [33]. It is the purpose of the present paper to 
demonstrate how this new theoretical equation of state can be used to 
determine the thermodynamic properties of an important technical fluid 
like R134a from a limited amount of available experimental data. 
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2. S I M P L I F I E D  C R O S S O V E R  M O D E L  
F O R  THE CRITICAL REGION 

Let T be the temperature, P the pressure, p the density, # the chemical 
potential, and a the specific Helmholtz free energy, i.e., the Helmholtz free 
energy per unit mass. We use the critical temperature To, the critical 
pressure Pc, and the critical density po to define dimensionless properties 
as 

pcTo.~ Tc pa ~ -  ~ '  P=P-- P= T' "~ . . . .  (1) 
Pc' Pc Pc T 

In addition, we introduce 

3~= 2'+1, 3p=p-1, 3p=p-m(~) (2) 

where rio(T) is an analytic background function such that Aft = 0 at the 
critical point. ,4 is a reduced Helmholtz flee-energy density, i.e., a reduced 
Helmholtz free energy per unit volume [34]. To characterize the 
dependence of this Helmholtz flee-energy density as a function of 
temperature and density in the critical region, it is decomposed as 

7~ = ~.~ + pPo( i ' )  + ~o( ~) (3) 

where Ao(T) is another analytic background function such that -~o = - 1  at 
the critical temperature. 

The term AA in Eq. (3) contains the effect of critical fluctuations and 
it is this term which becomes singular at the critical point. In the classical 
mean-field theory A~ can be represented by an analytic Landau expansion 
of the form [33] 

1 4 1 AAmf= ~ tM2 + ~. uAM + ~. aosM 5 

1 1 1 
+ ~ ao6 M6 + ~ a14 tm  4 + ~ a22 t2m 2 (4) 

where u, A, a05, a06 , a14 , and a22 are system-dependent coefficients and 
where the temperature-like variable t and the order-parameter M are 
related to A T and At~ by the transformation 

t = c t 3 7  ", M=ep(A#- -d l  AT") (5) 

and where ct, Cp, and dl are additional system-dependent coefficients. A 
term proportional to tM 3 does not need to be included in Eq. (4) since it 
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can be eliminated by a transformation of variables [-35]. In principle, the 
Landau expansion contains an arbitrary number of terms, but for our 
purpose we terminate the expansion after six terms. 

As shown by Chen et al. 1-33] in a previous publication, the renor- 
malized A.4, incorporating the effects of critical fluctuations, can be 
obtained from Eq. (4) by the following transformation: 

(i) replace the variable t by t~--q/ 1/2 
(ii) replace the variable M in the even terms by M-@l/2~[ 1/4 and 

replace the variable in the odd M 5 term by M~l/2~t / ' l / sq l  j/5, and 

(iii) add a nonscaling fluctuation-induced contribution of the form 
1 2 

The new functions in this transformation are defined as 

y = y(2 V-1)/~O, ~ = y1/o~, ~ = y-~/,o,  

Y 
= y(~,~ 1/2)/o~, ~ = ~ u A  ( Y ~/~o~ _ 1 ) 

(6) 

where v,r/, and c~ = 2 - 3 v  are the usual critical exponents [19, 36], co and 
coa are the symmetric and asymmetr ic  correction-to-scaling exponents 
[19, 37], and ~ is defined as 

= u/u* (7)  

in terms of the fixed-point coupling constant u* [27, 33, 38]. The critical 
exponents v, q, ~, co, and coa and the coupling constant u* are universal. 
For  fluids they have the values corresponding to three-dimensional systems 
with short-range forces and a scalar order parameter, often referred to as 
Ising-like systems [19]. The values of these universal critical-region 
constants are given in Table I. The crossover function Y in Eq. (6) is to 
be determined from [33] 

( A2)1/2 y1/co 
1+(~-1)Y=~ l+ - j  (8) 

T a b l e  I. U n i v e r s a l  C r i t i c a l - R e g i o n  C o n s t a n t s  

v = 0.630 

r / =  0.0333 

~ = 2 - 3 v = 0 . 1 1 0  

~o = 0 .51/v  = 0 .80952 

~o. = 2.1 

u* = 0.472 
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with 

1(, 2 = t J  + �89 (9) 

After application of the above transformation to the Landau expan- 
sion given by Eq. (4) the renormalized AA is obtained as [-33, 39] 

_ 1 1 �9 4 2 1 1 AA = ~ tmZJ-~ + ~ u ~AM ~ ql + ~ aosmS~5/2~ql + ~.. ao6M6~3~ll 3/2 

1 1 1/2 _ 1 
+ ~ a14 I M 4 y ~  2~ + ~ a22/2M23--e~@~t 2 t2Lg'f (10)  

The variable ~c, defined by Eq. (9), serves as a measure of the distance from 
the critical point. As ~c~0, Y ~ 0  and one recovers from Eq. (10) the 
scaled asymptotic critical behavior. As x--. o% Y--. 1 and Eq. (10) reduces 
to the classical Landau expansion given by Eq. (4). 

To specify the total Helmholtz free-energy density A, defined by 
Eq. (3), we represent the analytic background functions Ao(T) and /~o(7") 
by truncated Taylor expansions [32, 33] 

4 
Ao(7") = - 1  + ~ .~j(A]') j (11) 

j = l  
3 

/~o(T)= ~. fij(AT) i (12) 
j = 0  

where Aj and/~j are system-dependent coefficients. 
Unlike the three-dimensional Ising model, a fluid near the vapor-liquid 

critical point is asymmetric in the order parameter M. This asymmetry 
is reflected in the presence of a term proportional to M s in the Landau 
expansion, Eq. (4), and by the presence of an additional term d~ AT in the 
relation (5) between M and AZ'. The theory predicts that the asymmetry 
also induces an additional mixing transformation of the form [32, 33, 35] 

(c3 A.7t~ M=cp(Af i_dlA~)+ c(C3 A '~  (13) t = c ' A T + c \ c 3 M J /  \ at /M 

where the coefficient c is a measure of the magnitude of the mixing trans- 
formation. In practice, however, we find that the effect of mixing is quite 
small for simple fluids, except for a strongly asymmetric fluid like steam 
[33]. For R134a an equally good representation of the available 
experimental information is obtained with c = 0. An added advantage is 
that setting c = 0 greatly simplifies the fundamental equation for A. In this 
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paper we therefore use the simplified crossover model given by Eq. (10) 
with c =  0. Equation (10) with Eqs. (11) and (12) completely specifies our 
simplified crossover model. The corresponding equations for the various 
derived thermodynamic properties are obtained from those presented in 
Ref. 33 with c = 0. 

In the previous work of our research group the thermodynamic 
properties of fluids in the vicinity of the critical point were represented by 
a so-called revised and extended parametric equation of state [40-42].  As 
documented elsewhere [39],  the range of validity of the crossover model 
used here is much larger than that of the revised and extended parametric 
equation of state and yields an accurate representation of the thermo- 
dynamic properties in essentially the entire global critical region [33]. 
An added advantage, explored in the present paper, is that the system- 
dependent coefficients in the new equation of state can be determined from 
experimental information, even if little of it is inside the range of 
asymptotic critical scaling behavior. 

3. A P P L I C A T I O N  TO R134a 

In order to apply our crossover model we first need the critical 
parameters Tc, Pc, and Pc- Values for the critical parameters of R134a as 
reported by a number  of investigators are listed in Table II. For  our 
purpose it is important  that the values of the critical parameters adopted 
be consistent with other experimental thermodynamic-property data in the 
near-vicinity of the critical poinL The only available information of this 
nature is the saturated vapor and liquid densities reported by Kaba ta  et al. 
[8].  We therefore selected T c ~ 374.30 K and Pc = 5.050 m o l - L - ' ,  which 
we found to be consistent with the coexisting density data of Kaba ta  et al., 
even though Kaba ta  et al. quoted a lower value for Pc; the critical pressure 

Table II. Critical Parameters Reported for R134a 

T~ p~ Po 
Reference (K) (mol. L-l) (MPa) 

Basu and Wilson [7] 374.25 _+ 0.15 5.020 + 0.05 4.067 _+ 0.003 
Kabata et al. [8] 374.30 _+ 0.01 4.979 + 0.03 
Kubota et al. [10] 374.25 4.065 
McLinden et al. [ 11 ] 374.205 _+ 0.01 5.051 _+ 0.01 4.056 + 0.01 
Morrison and Ward [15] 374.205 5.050 4.068 
This work 374.30 5.050 4.065 
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Pc = 4.065 MPa  was subsequently selected as providing the best fit to the 
available P - p - T  data as discussed below. 

In addition to the critical parameters the crossover model contains the 
following system-dependent constants: the crossover constants ~/and A, the 
coefficients ct, c o, and dl in the expressions for the scaling fields, the classi- 
cal coefficients air  the coefficients ~j  in the background contribution to the 
equation of state, and the coefficients/~j in the background contribution to 
the caloric properties. With the exception of the caloric background coef- 
ficients/~j, they can be determined from a fit to experimental P - p - T  data 
[33]. Since for R134a most of the available P-p T data are not asymptoti- 
cally close to the critical point, we applied our crossover model in as large 
a range of temperatures and densities as possible, where an acceptable 
representation could be obtained. This range is indicated by the shaded 
area in Fig. 1. The most accurate P p - T  data for R134a are those reported 
by Weber [9] ,  but they cover the gas phase up to a density of 
2 . 3 3 m o l - L  -1 only, which is still well below the critical density of 
5.05 m o l . L  1. We therefore determined the system-dependent parameters 
in the equation of state from a fit to the more comprehensive set of 
pressure data from Piao et al. [12], supplemented with pressure data from 
Weber [9]  to the extent they are inside the range shown in Fig. 1. The 
values obtained for the system-dependent coefficients are presented in 
Table III. With the error estimates assigned by the experimenters [9, 12], 
the combined set of pressure data (94 data from Piao et al. and 22 data 

450 

, , l l  i ~ l l  , , , i l l  i i ~  , , , ~ l J l i F i  , I I I I I I F I  , ,  , ~  i J l  

�9 :Critical Point 

400 
~ 9  [-, 

350 . . . . .  " "  
2 4 6 8 I0 

Density, mol'L -I 

Fig. 1. Range of temperatures and densities of our crossover model 
for R134a as indicated by the shaded area. The solid curve represents 
the two-phase boundary. 
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Table III. System-Dependent Constants in Simplified Crossover Model for R134a ~ 

Critical parameters 

Pc = 4.065 MPa, Tc = 374.30 K, Pc = 5.050 mol.  L-1 

Crossover parameters 
/~ = 0.44970, A = 2.3165 

Scaling-field parameters 
ct = 2.7165, cp = 2.2741, d 1 = -0.21192 

Classical parameters 
%5 = -1.5021, a06 = 2.1487, al ,  = 0.33807, a22 =0.17213 

P-p-T background parameters 
A1=-6 .6526 ,  A2=3.5463, A3=-3 .9632 ,  .44=25.431 

Caloric background parameters 
/20=2.5673, ~1=12.250, f i2=-28.939,  /73=-25.272 

~ 1 m o l . L - 1  = 102.03 k g . m  3. 

from Weber) are reproduced with a reduced chi-square of 5.5. This value 
of ehi-square is larger than unity, but some relevant comments can be 
made. First, there are differences in the pressure data from Piao et al. and 
from Weber up to about twice the estimated error, indicating that the 
actual errors may be slightly larger (Fig. 2). Second, a comparison can also 
be made with pressure data reported by Basu and Wilson [7] which were 
not used in the fit. With a e = 0 . 1 % ,  a t = 0 . 0 3  K, and % = 0 . 0 8 %  as 
claimed by Basu and Wilson [7] ,  their 29 data points inside the range 
considered are reproduced with a reduced chi-square of 3.7, comparable to 
that obtained previously for carbon dioxide in a range of temperatures and 
densities somewhat smaller than that adopted here [33]. The actual devia- 
tions of the experimental pressure data are shown in Figs. 2 and 3. A com- 
parison of the vapor pressures as calculated from our crossover model with 
experimental vapor-pressure data reported by Basu and Wilson [7] ,  
Weber [9] ,  Kubota  et al. [10],  Piao et al. [12], and Morrison and Ward 
[ 15 ] is presented in Fig. 4. 

As indicated in Fig. 1, the range of our crossover model corresponds 
to densities from 1.9 to 8.9 m o l . L  1 and temperatures from 364.7 to 
450 K. Below 364.7 K the crossover model can still be used in a small range 
but not at densities very close to the vapor phase boundary. We believe 
that this limitation is due to the approximate nature of Eq. (9) adopted 
for the variable K 2. Attempts to extend our crossover model to lower 
temperatures near the phase boundary will be made in the future. 
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Fig. 2. Percentage deviations of the experimental pressures obtained 
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! P = 5.1 tool.  L - l )  from the values calculated with our crossover 

model. 
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Fig. 4. (a) The vapor pressures of R134a as a function of 
temperature. The solid curves represent the vapor pressure as 
calculated from our crossover model. The data points are 
those reported by Basu and Wilson ([]) ,  Weber (A) ,  Kubota 
etal.  (,) ,  Piao etal.  ( � 9  and Morrison and Ward (O).  
(b) Percentage deviations of the experimental vapor pressures 
from the calculated vapor pressures. 

In order to specify the Helmholtz free-energy density completely, 
specifically to calculate caloric properties, we need also values for the coef- 
ficients /~j in Eq. (12). The coefficients /10 and /11 are related to the zero 
points of entropy and energy and are, therefore, arbitrary. To determine 
the coefficients/tj for j >/2, we need some information about caloric proper- 
ties as a function of temperature. The only available information of this 
nature is the sound-velocity data obtained by Guedes and Zollweg [43]. 
However, there is only one isotherm inside the range shown in Fig. 1 with 
some additional data in the liquid at 360 K. Previous experience indicates 
that to obtain a high accuracy, we need to retain terms in Eq. (12) up to 
at least j = 4  [33]. However, the sound-velocity data of Guedes and 
Zollweg do not cover the critical region sufficiently to determine three coef- 
ficients/12, #3, and #4. Hence, we terminate the expansion (12) for rio(]') 
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at j =  3, i.e., we approximate the background contribution to the specific 
heat by a linear function of reduced temperature. The values obtained for 
#2 and #3 are included in Table III. 

In Fig. 5 we show the sound velocity as a function of pressures at a 
number  of selected temperatures. The solid curves represent the values of 
the sound velocity as calculated from our crossover model. It can be seen 
that the agreement with the sound velocity data of Guedes and Zollweg is 
excellent, even at the low temperature of 360 K. The speed of sound as a 
function of pressure or density is known to exhibit a minimum inside the 
critical region. Guedes and Zollweg did not approach the vicinity of the 
critical point where these minima can be observed. Our crossover model 
gives definite predictions of the pressures and temperatures where these 
minima occur. 

Saitoh et al. [13] recently reported experimental data for the isobaric 
specific heat Cp of R134a. The data are all in the liquid phase, but one point 
at T =  356 K happens to lie just a little bit outside the range shown in 
Fig. 1. In Fig. 6 we show c v of the liquid at 356 K as a function of pressure. 
As can be seen from this figure, our crossover model is in excellent agree- 
ment with this experimental value for %. 

Having verified that our crossover model yields a satisfactory 
representation of the available experimental information that is not really 
very close to the critical point, what guarantee do we have that the cross- 
over model will also yield reliable thermodynamic-property values in the 

,7 300 ~ 

200 

> 

100 p~a?q.21 NK,~, ,,, 

2 4 6 8 10 12 

Pressure, MPa 

Fig. 5. The velocity of sound of R134a at selected temperatures as a 
function of pressure. The solid curves represent the values calculated 
from our crossover model. The circles indicate experimental data 
points obtained by Guedes and Zollweg [43]. 
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Fig. 6. The isobaric specific heat cp of R134a in the liquid phase at 
T= 356 K as a function of pressure. The solid curve represents the 
values calculated from our crossover model. The circle indicates an 
experimental value reported by Saitoh et al. [13]. 

near-critical region where properties like the compressibility and specific 
heat become very large? As mentioned earlier, Kabata etal. [8J have 
reported experimental saturated vapor and liquid densities including at 
temperatures very close to the critical temperature. A comparison of the 
coexistence curve calculated from our crossover model with experimental 
data reported by Kabata et al. [8] as well as with some data points repor- 
ted by Basu and Wilson [,7], Piao et al. [,12], Morrison and Ward [15], 
Weber [,9], and Maezawa et al. [,14] is presented in Fig. 7. Our crossover 
model is in very good agreement with the saturated vapor and liquid 
densities obtained by Kabata  et al., although these data were not used in 
determining the coefficients in the model (except for fixing the location of 
the critical point as discussed in the beginning of this section). 

Another check can be obtained by comparing the asymptotic behavior 
of our crossover model close to the critical point with the asymptotic 
power-law behavior of the surface tension. The principle of two-scale-factor 
universality specifies a universal relationship between the asymptotic 
behavior of the surface tension o- and that of the correlation length 4, which 
in turn can be related to the asymptotic behavior of the specific heat. We 
use here this relationship in the form presented by Chaar et al. [--44] and 
by Moldover and Rainwater [45], who introduced quantities Y+ 
defined as 

Y-+ = a[-~(A ~.)2 pcCv +/kB] -2/3/(kB To) (14) 
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Fig. 7. The curve of coexisting vapor and liquid densities for R134a. 
The solid curve represents the coexistence curve as calculated from 
our crossover model. The data points indicate experimental values 
reported by Kabata et al. ( �9  Basu and Wilson (D), Piao et al. (�9 
Morrison and Ward (�9 Weber (A), and Maezawa et al. (+). 

where c + and c~ are the asymptot ic  s ingular  parts of the isochoric specific 

heat above and  below the critical temperature,  respectively, and  where k B 

is Bol tzmann ' s  constant .  The quanti t ies  Y+ and  Y are universal. The 

available in format ion  has been reviewed by Chaar  etal .  [44]  and  

Moldover  and  Rainwater  [45] ,  from which they conclude 

Y+ =5.73-t-0.16,  Y =3.741_+0.086 ( is)  

The surface tension near  the critical point  goes asymptotical ly to zero as 

[46]  

G=~o IATI 2v (16) 

while the specific heat per uni t  volume pr + diverges as [19]  

pcCv + = T ~ I P ~ C #  JzlT'l-~ (17) 

so that (14) can be rewrit ten in the form [44]  

y+_ = Cro(ocpc ~ f f  )-2/3 (kn Tc) -  1/3 (18) 

The surface tension of R134a has been measured by Chae et al. [47] ,  
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with the result a0 = 0.0608 N . m  1. The amplitude C~ is obtained from 
our crossover model as 

V 
C~- = ~ (2 - c~)(1 - e) c 2 ~(~A) 2~-1 (19) 

while Co is related to C~ through the universal amplitude ratio [33] 

C + / C o  = 0.502 (20) 

With the values of ct, ~, and A found for R134a, we obtain C~- = 30.9 and 
Co = 61.6. Substitution of these values into Eq. (18) yields 

Y+=6.11,  Y =3.86 (21) 

to be compared with the universal values quoted in Eq. (15). While we do 
not reproduce the universal values (15) for Y+ and Y- exactly, we do 
obtain a reasonable approximation for Y . One should also note a 
possible uncertainty about the accuracy of the experimental surface-tension 
amplitude o-0, since it was obtained by fitting Eq. (16) to the surface- 
tension data over a very large temperature range [47]. The major difference 
between Eq. (15) and Eq. (21) is a consequence of the fact that our cross- 
over model implies a specific-heat amplitude ratio of 0.50 as given by 
Eq. (20), while there is evidence from the three-dimensional Ising model 
that this ratio is 0.52 [36]. 

It may also be interesting to note that the critical fluctuations not only 
lead to singular asymptotic critical behavior but also lead to a suppression 
of the critical temperature Tc from its classical value T'o in the absence of 
fluctuations. For  instance, by fitting the thermodynamic-property data of 
R134a to a simple classical Carnahan-Starl ing-DeSantis  equation, 
Morrison et al. find T'o= 386.7 K [21, 48, 49]. The difference T ' c -To-~  
12~ is thus a measure of the suppression of the critical temperature as a 
result of the long-range critical fluctuations. 

4. RESULTS 

Having verified the validity of our crossover model for the Helmholtz 
free-energy density of R134a to the extent that experimental data are 
available, we can compute all thermodynamic properties in the global criti- 
cal region of R134a indicated in Fig. 1. However, before doing so we want 
to assign values to the coefficients/~o and/~1 in Eq. (12) which are related 
to the zero points of entropy and energy. This is normally done by selecting 
a reference point at the boundary of the range of validity of the critical- 
region equation at a density and temperature sufficiently far away from the 
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are then identified with the values calculated from a comprehensive equa- 
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classical equations currently available for R134a [6, 7, 9, 21] are not very 
accurate. Hence, we prefer to calculate the specific-energy difference u - u r  
and the specific entropy difference s - s t ,  where u r and sr are the specific 
energy and entropy at the reference point. This goal is obtained by select- 
ing/~0 and/~1 so that u r = s ~ = 0 ;  these values of/~o and pl are included in 
Table III. 

In Table IV we present calculated values of the pressure P, the internal 
energy u, the entropy s, the enthalpy h, the isochoric specific heat Cv, the 
isobaric specific heat cp, and the velocity of sound as a function of 
temperature and density. The behavior of Cp and Cv of R134a in the critical 
region is illustrated by isotherms shown in Figs. 8 and 9. Table V lists the 
saturation properties as a function of temperature, specifically the vapor 
pressure, the saturated vapor and liquid densities, and the latent heat. 

From the information presented in Section 3, we conclude that our 
crossover model yields a reliable representation of the P-p-T surface of 
R134a in the global critical region. The equation of state also specifies the 
singular parts of the specific heats. The most serious approximation was 
introduced in approximating the background contribution to the specific 
heats by a linear function of temperature, since velocity-of-sound data did 
not permit us to establish the magnitude of higher-order terms in Eq. (12). 
As can be seen from Fig. 5, we have velocity-of-sound data at two 
temperatures only for determining the caloric background contribution. If 
more experimental information becomes available in the future, it is likely 
that some adjustments in this background contribution must be made at 
temperatures above 380 K, where no experimental information for any 
caloric property of R134a is currently available. 
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Table V. Calculated Saturation Properties 

Liquid Vapor Vapor Latent 
Temp. density density pressure heat 

(K) ( m o l . L  i) ( m o l . L - l )  (MPa)  (J-tool - i )  

374.15 5.770 4.331 4.053 1780 
374.00 5.956 4.147 4.040 2252 
373.85 6.086 4.018 4.028 2587 
373.70 6.191 3.915 4.016 2860 
373.55 6.279 3.829 4.003 3089 
373.40 6.357 3.753 3.991 3295 
373.25 6.426 3.685 3.979 3479 
373.10 6.490 3.624 3.967 3647 
372.80 6.603 3.516 3.943 3948 
372.50 6.702 3.421 3.919 4215 
372.20 6.792 3.337 3.896 4456 
371.90 6.873 3.261 3.872 4676 
371.60 6.949 3.191 3.849 4881 
371.30 7.019 3.126 3.826 5073 
371.00 7.086 3.066 3.803 5253 
370.70 7.148 3.009 3.780 5423 
370.40 7.208 2.956 3~757 5585 
370.10 7.265 2.906 3.734 5739 
369.80 7.320 2.858 3.712 5888 
369.50 7.372 2.813 3.690 6028 
369.20 7.423 2.769 3.668 6166 
368.90 7.471 2.728 3.645 6295 
368.60 7.519 2.688 3.624 6422 
368.30 7.565 2.649 3.602 6546 
368.00 7.609 2.612 3.580 6664 
367.70 7.652 2.577 3.559 6777 
367.40 7.695 2.542 3.537 6891 
367.10 7.736 2.509 3.516 6998 
366.80 7.776 2.477 3.495 7102 
366.50 7.816 2.446 3.474 7203 
366.20 7.854 2.416 3.453 7300 
365.90 7.892 2.387 3.432 7395 
365.60 7.929 2.360 3.411 7483 
365.30 7.966 2.333 3.391 7570 
365.00 8.001 2.308 3.370 7649 
364.70 8.037 2.284 3.350 7724 
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