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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the
International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task of technical committees is to prepare International Standards. Draft International Standards
adopted by the technical committees are circulated to the member bodies for voting. Publication as an
International Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 17584 was prepared by Technical Committee ISO/TC 86, Refrigeration and air-conditioning,
Subcommittee SC 8, Refrigerants and refrigeration lubricants.

© I1SO 2005 — All rights reserved
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Introduction

This document, prepared by ISO/TC 86/SC 8/WG 7, is a new International Standard. It is consistent with and
is intended to complement ISO 817. The purpose of this International Standard is to address the differing
performance ratings due to the differences between multiple property formulations, which is a problem
especially in international trade. The fluids and properties included in this International Standard represent
those for which sufficient high-quality data were available. While the working group recognizes the desirability
of including additional fluids, such as the hydrocarbons, and including the transport properties of viscosity and
thermal conductivity, the data and models for these were judged insufficient at this time to be worthy of
designation as an International Standard. Therefore, the working group decided to prepare the present
International Standard, incomplete though it might be, in a timely fashion rather than delay it awaiting
additional data. The working group is continuing its efforts to add additional fluids and additional properties to
this International Standard. It is anticipated that this International Standard will undergo regular reviews and
revisions.

For applications such as performance rating of refrigeration equipment, having all parties adopt a consistent
set of properties is more important than absolute accuracy. But consensus is easiest to achieve when high-
quality property data are available.

With this in mind, the Working Group has taken as its starting point the results of Annex 18 Thermophysical
Properties of the Environmentally Acceptable Refrigerants of the Heat Pump Programme of the International
Energy Agency (McLinden and Watanabell). Annex 18 reports the comprehensive evaluations of the
available equations of state and recommended formulations for R123, R134a, R32, R125, and R143a. Wide
participation was invited in this process, and anyone could submit an equation of state for evaluation. The
formulations for R123, R134a, R32, and R143a adopted in this International Standard are the same as those
recommend by Annex 18. (The recent equation of state for R125 adopted in this International Standard was
shown to be more accurate than the older formulation recommended by Annex 18.)

A similar comparison of mixture models reported by Annex 18 facilitated the dissemination and adoption of a
new mixture modelling approach. This model is based on Helmholtz energies for each of the mixture
components, and it is the approach used in the NIST REFPROP refrigerant property database (Lemmon
et all%]) and in the extensive tabulation of properties published by the Japan Society of Refrigerating and Air
Conditioning Engineers (Tillner-Roth et all'2l). The Lemmon and Jacobsenl?l model (implemented in the
REFPROP database) is simpler than the Tillner-Roth et al.['2l model in that it avoids the ternary interactions
terms required in the Tillner-Roth model, with practically the same representations of the experimental data.
For these reasons, as well as the widespread use of REFPROP, the Lemmon and Jacobsen model was
adopted as the basis for the mixture properties specified in this International Standard.

The one significant disadvantage of the formulations adopted here is their complexity. In recognition of this,
this International Standard allows for “alternative implementations” for the properties. These can take the form
of simpler equations of state that may be applicable over limited ranges of conditions or simple correlations of
single properties (e.g., expressions for vapour pressure or the enthalpy of the saturated vapour). This
International Standard does not restrict the form of such alternative implementations, but it does impose
requirements, in the form of allowable tolerances (deviations from the standard values), given in Annex A,
which alternative implementations shall satisfy.

The question of allowable tolerances for alternative implementations generated the most controversy among
the working group. In the working group discussions, some felt that the tolerances should be fairly large to
encompass as many formulations in common use as possible. But others argued that this would defeat the
very purpose of this International Standard, which was to harmonize the property values used across the
industry. The concept of alternative implementations with their allowable tolerances was not intended to
sanction the continued use of “incorrect” data but, rather, to provide for fast, application-specific equations that
would be fitted to the properties specified in this International Standard. In the end, fairly strict tolerances were
selected. The experiences and recommendations of the European Association of Compressor Manufacturers
(ASERCOM) carried significant weight. They had experience with simplified property equations that were fitted
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to, and closely matched, several of the same equations of state recommended in this International Standard.
They recommended strict tolerances.

These tolerances do not necessarily represent the uncertainty of the original experimental data or of the
equation of state in fitting the data. The allowable tolerances specified in Annex A were selected to result in
“reasonable” differences in quantities derived from these properties, for example, a cycle efficiency or
compressor rating. For example, the tolerances specified in Annex A result in an overall variation of
approximately 2,5 % in the efficiency of an ideal refrigeration cycle operating between an evaporator
temperature of — 15 °C and a condenser temperature of 30 °C. By comparison, ISO 817 specifies that the
primary energy balance for compressor tests agree with flow data within 4 %.

The tolerances are relative (i.e. plus or minus a percentage) for some properties and absolute for others (e.g.
plus or minus a constant enthalpy value). Properties such as enthalpy and entropy, which can be negative,
demand an absolute tolerance; any allowable percentage variation would be too strict at values near zero.
The allowable tolerances for enthalpy and entropy are scaled by the enthalpy and entropy of vapourisation for
each fluid. This scaling arose from a cycle analysis which revealed that a constant tolerance resulted in
greatly differing sensitivities of the cycle efficiency depending on the enthalpy and entropy of vapourisation. By
scaling the tolerance to the vapourisation values, a greater tolerance is allowed for fluids, such as ammonia,
with high heats of vapourisation.

The tolerances apply to individual thermodynamic states. In cycle and equipment analyses, it is the
differences in enthalpy and/or entropy between two different states that are important. However, it is not
possible to specify, in a simple way, allowable tolerances based on pairs of states because of the large
number of possible pairs of interest.

The values of C,, and C, approach infinity at the critical point, but the actual values returned by the equation of
state are large numbers that vary from computer to computer due to round-off errors in the calculations.
According to critical-region theory, the speed of sound is zero at the critical point; all traditional equations of
state (including the ones in this International Standard), however, do not reproduce this behaviour. Rather
than list values that are inconsistent with either the theory or the specified equations of state, these points are
not included as part of this International Standard.

The values of the gas constant, R, vary from fluid to fluid. Similarly, the number of significant figures given for
the molecular mass, M, vary. The values for R and M are those from the original equation of state source from
the literature. These values are adopted to maintain consistency with the original sources. The various values
of R differ by less than 5 x 10~ (equal to parts per million, a deprecated unit) from the currently accepted
value of 8,314 472 J/(mol-K) and result in similarly small differences in the properties. The compositions of the
refrigerant blends (R400- and R500-series) are defined on a mass basis, but the equations of state are given
on a molar basis. The mass compositions have been converted to the equivalent molar basis and listed in
Clause 5; a large number of significant figures are given for consistency with the tables of “verification values”
given in Annex D.

This International Standard anticipates regular reviews (see Clause 6) and will be reviewed every five years.
Any interested party requesting the inclusion of additional refrigerant(s) to this International Standard or
requesting the revision of one or more fluids specified in this International Standard should petition the
ISO/TC 86 secretariat.
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Refrigerant properties

1 Scope

This International Standard specifies thermophysical properties of several commonly used refrigerants and
refrigerant blends.

This International Standard is applicable to the refrigerants R12, R22, R32, R123, R125, R134a, R143a,
R152a, R717 (ammonia), and R744 (carbon dioxide) and to the refrigerant blends R404A, R407C, R410A,
and R507A. The following properties are included: density, pressure, internal energy, enthalpy, entropy, heat
capacity at constant pressure, heat capacity at constant volume, speed of sound, and the Joule-Thomson
coefficient, in both single-phase states and along the liquid-vapour saturation boundary. The numerical
designation of these refrigerants is that defined in ISO 817.

2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO 817, Refrigerants — Designation system

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

31
algorithm
procedure for the computation of refrigerant properties

NOTE An algorithm is most often a computer program. An algorithm may also consist of one or more single-property
correlations as allowed under 4.4.

3.2
blend
mixture of two or more chemical compounds

3.3
critical point
state at which the properties of the saturated liquid and those of the saturated vapour become equal

NOTE Separate liquid and vapour phases do not exist above the critical point temperature for a pure fluid. This is
more completely referred to as the “gas-liquid critical point” as other “critical points” can be defined.

A 1A~ AAAE AL
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3.4

equation of state

mathematical equation that is a complete and thermodynamically consistent representation of the
thermodynamic properties of a fluid

NOTE An equation of state most commonly expresses pressure or Helmholtz energy as a function of temperature,
density, and (for a blend) composition. Other thermodynamic properties are obtained through integration and/or
differentiation of the equation of state.

35

fluid

refrigerant

substance, present in liquid and/or gaseous states, used for heat transfer in a refrigerating system

NOTE The fluid absorbs heat at a low temperature and low pressure, then releases the heat at a higher temperature
and a higher pressure, usually through a change of state.

3.6

liquid-vapour saturation

state at which liquid and vapour phases of a fluid are in thermodynamic equilibrium with each other at a
common temperature and pressure

NOTE Such states exist from the triple point to the critical point.

3.7
transport properties
viscosity, thermal conductivity, and diffusion coefficient

3.8

thermodynamic properties

density, pressure, fugacity, internal energy, enthalpy, entropy, Gibbs and Helmholtz energies, heat capacities,
speed of sound, and the Joule-Thomson coefficient, in both single-phase states and along the liquid-vapour
saturation boundary

3.9
thermophysical properties
all of the thermodynamic, transport, and other miscellaneous properties

3.10
triple point
state at which solid, liquid, and vapour phases of a substance are in thermodynamic equilibrium

4 Calculation of refrigerant properties

4.1 General

This International Standard specifies properties for the refrigerants listed in Clause 1. These properties are
derived from experimental measurements. It is not practical, however, to directly reference the experimental
data; they may not be available at all conditions of interest and some properties, such as entropy, cannot be
measured directly. Furthermore, a simple tabulation, even for properties (such as vapour pressure) that are
directly measurable, is not convenient for modern engineering use. Thus, some means to correlate the data is
required to allow calculation of the properties at a desired thermodynamic state.

The properties enumerated in this International Standard are calculated from specified equations of state,
although alternative algorithms are allowed. The properties themselves constitute this International Standard.
The equations of state serve as a convenient means to represent and reproduce the properties. The
properties enumerated in the tables in this International Standard thus represent only a subset of the
properties specified by this International Standard; the full range of conditions is given for each fluid in

n .
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Clause 5. An equation of state is a mathematical equation that is a complete and thermodynamically
consistent representation of the thermodynamic properties of a fluid. These equations have been selected
based on the following criteria:

a) accuracy in reproducing the available experimental data;

b) applicability over wide ranges of temperature, pressure, and density;

c) proper behavior on extrapolation beyond the available experimental data; and

d) preference has been given to fully documented and published formulations.

4.2 Pure-fluid equations of state

An equation of state for a pure fluid may express the reduced molar Helmholtz energy, 4, as a function of
temperature and density. The equation is composed of separate terms arising from ideal-gas behaviour
(subscript “id”) and a “residual” or “real-fluid” (subscript “r’) contribution as given in Equation (1):

A
§= =ty w

where R is the gas constant. Equations of this form may be written on either a molar basis or a mass basis.
For a consistent representation in this International Standard, the equations of state originally published on a
mass basis have been converted to a molar basis. The “residual’ or “real-fluid” contribution is given by
Equation (2):

¢, = ZNkr’kédk exp[—ak (5—gk)lk }exp[—ﬁk (r—yk)mk} (2)
k
where
T is the dimensionless temperature variable T*/T;
T* is the reducing parameter which is often equal to the critical parameter;
1) is the dimensionless density variable ol p*;
you is the reducing parameter which is often equal to the critical parameter;
Ny are numerical coefficients fitted to experimental data;

o, B, g.and y,  are parameters optimized for a particular fluid or group of fluids by a selection
algorithm starting with a large bank of terms or by use of a non-linear fitting process;

t, d, ;and m,  are exponents optimized for a particular fluid or group of fluids by a selection algorithm
starting with a large bank of terms or by use of a non-linear fitting process.

The ideal-gas contribution can be represented in one of several ways. One representation is in terms of the
heat capacity of the ideal-gas state, as given in Equation (3):

h T T C,;
iy = et _Zref 44 RTp|, 1 CpiddT_lJ. —pid yp (3)
RT R pref RT Tref ’ R Tref T

where

hee is the arbitrary reference enthalpy for the ideal gas at the reference state specified by 7.,
sief is the arbitrary reference entropy for the ideal gas at the reference state specified by 7,4 and p+.
Copyright International Org:\ni;;t‘ign\ f;gal%ardiz’\a;ilor?:ghts reserved 3
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In this International Standard, the 4, and s are chosen to yield a reference state for enthalpy of 200 kJ/kg
and for entropy of 1 kJ/(kg-K), both for the saturated liquid at 0 °C. Such values of /. and s, are informative
only; different values, corresponding to different reference state conventions, are acceptable.

The heat capacity of the ideal gas state, C, ;4 may be represented as a function of temperature by the general
form consisting of separate summations otp olynomial (empirical) and exponential (theoretical) terms, as given
in Equation (4):

c. 2
pid :co+zcszk +Zak uj exp(uk)2 (4)
R k ko [exp(uy)-1]
where
b
uy =% (5)

T

cw ap by and ¢, are numerical coefficients and exponents fitted to data or derived from theoretical
calculations.

A second representation of the ideal-gas contribution is given directly in terms of the Helmholtz free energy,
as shown in Equation (6):

¢id = d1 +d22'+|n5+d3 |n7+2dk7tk +Zak In[1 —eXp(—T/lk)] (6)
k k
where
dq and d, are adjusted to yield the desired reference state values for the enthalpy and entropy;

ds, dy, a;, 4, and ¢, are either empirical or theoretical parameters.

Equation (6) is functionally equivalent to Equations (3) to (5), and an ideal-gas contribution in the form of
Equation (6) may be converted to the heat capacity form as given by Equation (7):

Cgpid )\ u,fexp(uk)
R’ :d3+1_zdktk(tk_1) T +Zak—2 (7)
: k k [exp uy —1}
where
2.7
up == (8)

The equations of state for certain fluids may also include special terms to represent the behaviour very close
to the critical point. These are of the form of Equation (9):

Derit = ZNk5Akaj ©)
k
where
A:02+Bk[(5—1)2}ak (10)
6’=(1—z’)+Ak[(5—1)2}1/(2ﬂk) (11)

A .
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BU:exp[—Ck(5—1)2—Dk(r—1)2] (12)

Equation (9) is added to the normal terms in Equation (1). The Ny, 4;, B;, C;, D, o, and S, are adjustable

parameters fitted to data. Among the fluids in this International Standard, only the equation of state for R744
(carbon dioxide) includes these critical region terms.

Alternately, an equation of state may express pressure as an explicit function of temperature and molar
density. One form is that of a modified Benedict-Webb-Rubin (MBWR) equation of state, as given in
Equation (13):

9 15
2 2 2k-17
p=ap* +exp(-p?/p%) Y arp (13)
fe=1 k=10

where the g are functions of temperature resulting in a total of 32 adjustable parameters that are fitted to the:
experimental data. For a complete description of the thermodynamic properties, the MBWR equation is
combined with an expression for the ideal-gas heat capacity, such as Equation (4) or (5). E

In this International Standard, pressure-explicit equations of state [such as Equation (13)] are transformed intd
the Helmholtz-energy form to maintain a consistent representation. The pressure is related to the Helmholtz
energy using the thermodynamic identity shown in Equation (14):

__[4
(%),

Thus, the Helmholtz energy can be evaluated from the pressure by an integration over volume, using
Equation (15):

Ar(T'p)_ (e (p
== (el (9

Equation (15) is then combined with an ideal-gas contribution given by Equations (3) to (5) to yield a complete
description of the thermodynamic properties. Among the fluids in this International Standard, the equations of
state for R123 and R152a have been transformed in this manner.

An equation of state or the ideal-gas heat capacity may also be expressed in other forms, but the forms
represented by Equations (1) through (15) encompass all those specified in this International Standard.

Methods for computing pure-fluid thermodynamic properties from an equation of state are given in Annex B.

4.3 Mixture equation of state

Thermodynamic properties of mixtures are calculated by applying mixing rules to the Helmholtz energy of the
mixture components together with a separate mixture function. The reduced Helmholtz energy of the mixture
is a sum of ideal-gas and residual contributions as given by Equation (16):

i = ¢mix,id + ¢mix,r (16)

¢mix = RT

The ideal gas part is given by Equation (17):

Prmix,id :Z[xi¢i,id +xi|”xl}+f3 + f4lT (17)

i=1

A 1A~ AAAE AL
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where
X; is the mole fraction of component i in the n-component mixture;
x; Inx; are terms arising from the entropy of mixing of ideal gases.

The parameters f3 and f, are used to shift the thermodynamic surface such that the reference state for
enthalpy is 200 kJ/kg and entropy is 1 kJ/(kg-K) at the saturated liquid at 0 °C, similar to that done for the pure
fluids. Setting the parameters f; and f, to zero corresponds to a reference state based solely on the
constituents of the mixture.

The residual part is given by Equation (18):

n n-1 n
Pmix,r = in¢i,r + Z Z xixj¢ij,excess (18)
i=1 =1 j=it1

The first summation in this equation represents the ideal solution; it consists of the real fluid terms for each of
the pure fluids multiplied by their respective compositions. The double summation accounts for the “excess”
Helmholtz energy or “departure” from ideal solution. The ¢; . and ¢;; oxcess functions in Equation (18) are not
evaluated at the temperature, T\, and density, o, of the mixture, but, rather, at a reduced temperature,
and density, 6. The mixing rules for the reducing parameters are given by Equations (19) and (20):

(19)

where
. n . n-1 n
T :le-Tl- +Zlexj§lj
i=1 i=1 j=i+1
and
5= pm*ix (20)
Yo
where
n-1 n

1 .
F= YYD ey

n
P i=1 Pi =1 j=i+1

where

gjand &; are “interaction parameters”;

T;*and p;*  are the reducing parameters of the pure fluids.

The ¢;; oxcess function is of the general form of Equation (21):

Pijexcess = iijk(Sdthk eXp(_5lk ) (21)
k

M3 .
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The Pij excess function will, in general, vary from mixture to mixture, and the coefficients and exponents are
tabulated in Clause 5 for the refrigerant blends included in this International Standard. In all cases, the pure-
component contributions are those defined in Clause 5 of this International Standard.

Methods for computing thermodynamic properties from a mixture equation of state are given in Annex C.

4.4 Implementation

An algorithm is conforming to this International Standard if it directly implements one or more of the equations
of state specified in Clause 5 together with the methods of calculating the thermodynamic properties given in
Annex B and is also demonstrated to reproduce, for the fluids implemented, the “verification values” given in
Annex D.

4.5 Alternative implementation

An algorithm is conforming to this International Standard if, by any method, it reproduces the values of
thermodynamic properties specified in this International Standard for the fluids implemented. An algorithm
claiming compliance under this section can be applicable to the full range of temperature, pressure, and
density and to the full set of properties or to any subrange of conditions and/or subset of properties. Any
algorithm must state the fluids for which it is applicable and the applicable property(ies) and range(s). The
allowable variations (tolerances) between the property values specified in this International Standard and
those of an alternative implementation vary from property to property and are defined in Annex A.

4.6 Certification of conformance
Any computer program or other implementation of this International Standard must satisfy the requirements

specified in Annex A before it can claim compliance with this International Standard. These requirements shall
be carried out by the developer of the particular implementation.

5 Specifications for individual refrigerants

5.1 General
The following sections specify the equations of state used to calculate the properties of each of the

refrigerants covered by this International Standard and also tabulate the properties along the liquid-vapour
saturation boundary. In the tabulations of coefficients and exponents, any terms not listed are zero.

5.2 R744 — Carbon dioxide

5.2.1 Range of validity
The coefficients are valid within the following ranges:

Tin = 216,592 K, T,

max

= 1100 K; pryax = 800 MPa; pyay = 37,24 mol/l (1 639 kg/m3)

Table 1 — Coefficients and exponents of the ideal-gas part [Equations (3) to (5)]

k ay by S
0 — — 3,5
1 1,994 270 42 958,499 56 —
2 0,621 052 475 1 858,801 15 —
3 0,411 952 928 2 061,101 14 —
4 1,040 289 22 3 443,899 08 —
5 0,083276 7753 8 238,200 35 —
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Table 2 — Coefficients and exponents of the real-gas part [Equation (2)]

k Ny I dy Iy (27" my B Yk &
1 0,388 568 232 032 0 1 0 0 — — — —
2 0,293 854 759 427 x 10! 0,75 1 0 0 — — — —
3 — 0,558 671 885 349 x 101 1 1 0 0 — — — —
4 — 0,767 531 995 925 2 1 0 0 — — — —
5 0,317 290 055 804 0,75 2 0 0 — — — —
6 0,548 033 158 978 2 2 0 0 — — — —
7 0,122 794 112 203 0,75 3 0 0 — — — —
8 0,216 589 615 432 x 10' 1,5 1 1 1 — — — —
9 0,158 417 351 097 x 10! 1,5 2 1 1 — — — —
10 — 0,231 327 054 055 2,5 4 1 1 — — — —
11 0,581 169 164 314 x 10~1 0 5 1 1 — — — —
12 — 0,553 691 372 054 1,5 5 1 1 — — — —
13 0,489 466 159 094 2 5 1 1 — — — —
14 — 0,242 757 398 435 x 10~" 0 6 1 1 — — — —
15 0,624 947 905 017 x 10~1 1 6 1 1 — — — —
16 — 0,121 758 602 252 2 6 1 1 — — — —
17 — 0,370 556 852 701 3 1 2 1 — — — —
18 — 0,167 758 797 004 x 10~" 6 1 2 1 — — — —
19 — 0,119 607 366 380 3 4 2 1 — — — —
20 — 0,456 193 625 088 x 10~" 6 4 2 1 — — — —
21 0,356 127 892 703 x 10~" 8 4 2 1 — — — —
22 — 0,744 277 271 321 x 1072 6 7 2 1 — — — —
23 — 0,173 957 049 024 x 102 0 8 2 1 — — — —
24 —-0,218 101 212 895 x 10~" 7 2 3 1 — — — —
25 0,243 321 665 592 x 10~1 12 3 3 1 — — — —
26 — 0,374 401 334 235 x 10~" 16 3 3 1 — — — —
27 0,143 387 157 569 22 5 4 1 — — — —
28 —0,134 919 690 833 24 5 4 1 — — — —
29 —-0,231 512 250 535 x 10~" 16 6 4 1 — — — —
30 0,123 631 254 929 x 10" 24 7 4 1 — — — —
31 0,210 583 219 729 x 102 8 4 1 — — — —
32 —0,339 585 190 264 x 103 10 4 1 — — — —
33 0,559 936 517 716 x 10~2 28 4 5 1 — — — —
34 —0,303 351 180 556 x 103 14 8 6 1 — — — —
35 —0,213 654 886 883 x 103 1 2 2 25 2 325 1,16 1

36 0,266 415 691 493 x 10° 0 2 2 25 2 300 1,19 1

37 — 0,240 272 122 046 x 10° 1 2 2 25 2 300 1,19 1

38 — 0,283 416 034 240 x 103 3 3 2 15 2 275 1,25 1

39 0,212 472 844 002 x 103 3 3 2 20 2 275 1,22 1
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Table 3 — Coefficients and exponents of the critical region terms [Equations (9) to (12)]

ISO 17584:2005(E)

k Ny ay by B Ay By, Ck Dy

40 — 0,666 422 765 408 3,5 0,875 0,3 0,7 0,3 10 275
41 0,726 086 323 499 3,5 0,925 0,3 0,7 0,3 10 275
42 0,550 686 686 128 x 10~" 3 0,875 0,3 0,7 1 12,5 275

5.2.2 Reducing parameters, molar mass, and gas constant

T*=304,128 2 K, p* = 10,624 906 3 mol/l, M = 44,009 8 g/mol, R = 8,314 51 J/(mol-K)

5.2.3 Reference state parameters

Tref: 273,15 K, pref = 1,0 kPa, h

Jfo=15855,797 10
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Table 4 — R744 property values along the liquid-vapour saturation boundary

Temp. Pressure | Density Internal |Enthalpy | Entropy C, G, Sound J-T
energy speed coefficient
°C MPa kg/ms3 kJ/kg kJ/kg kJ/(kg-K) kJ/(kg'K) | kJ/(kg-K) m/s K/MPa

liquid -56,56° 0,5180 (1178,5 79,60 80,04 0,521 3 0,974 7 1,953 2 975,8 -0,144 3
vapour 13,761 392,78 430,42 2,1390 0,629 2 0,908 7 222,78 26,17
liquid -55,00 0,554 0 (1172,9 82,62 83,09 0,535 2 0,972 4 1,956 9 964,6 -0,138 7
vapour 14,673 393,23 430,99 2,130 0 0,633 6 0,918 4 222,96 25,67
liquid -50,00 0,6823 (1154,6 92,35 92,94 0,579 4 0,965 5 1,971 2 928,5 -0,119 1
vapour 17,925 394,61 432,68 2,101 8 0,648 3 0,951 9 223,39 24,14
liquid —45,00 0,8318 (1135,8 102,14 102,87 0,622 8 0,959 0 1,989 2 892,4 -0,096 3
vapour 21,717 395,83 434,13 2,074 7 0,664 0 0,990 0 223,57 22,77
liquid -40,00 1,0045 (1116,4 112,00 112,90 0,665 6 0,952 9 2,0117 856,3 -0,069 9
vapour 26,121 396,87 435,32 2,048 5 0,680 7 1,033 3 223,50 21,51
liquid -35,00 1,2024 (1096,4 121,95 123,05 0,707 9 0,947 3 2,039 3 819,9 -0,039 1
vapour 31,216 397,71 436,23 2,023 0 0,698 5 1,083 0 223,15 20,37
liquid -30,00 1,427 8 (10757 132,01 133,34 0,749 8 0,942 2 2,073 1 783,2 -0,003 1
vapour 37,098 398,33 436,82 1,998 0 0,717 4 1,140 6 222,54 19,32
liquid -25,00 1,6827 (1054,2 142,20 143,79 0,791 4 0,937 9 2,114 5 745,8 0,039 4
vapour 43,880 398,71 437,06 1,973 2 0,737 9 1,208 3 221,63 18,35
liquid -20,00 1,9696 (1031,7 152,54 154,45 0,832 8 0,934 4 2,165 3 707,5 0,090 0
vapour 51,700 398,79 436,89 1,948 5 0,760 2 1,289 3 220,41 17,44
liquid -15,00 2,290 8 (1008,0 163,07 165,34 0,874 2 0,932 4 2,228 3 667,8 0,150 9
vapour 60,728 398,55 436,27 1,923 7 0,784 7 1,387 7 218,85 16,58
liquid -10,00 2,6487 982,9 173,83 176,52 0,9157 0,933 0 2,307 2 626,1 0,225 1
vapour 71,185 397,93 435,14 1,898 5 0,8113 1,509 1 216,94 15,77
liquid -5,00 3,0459 956,2 184,86 188,05 0,957 6 0,937 1 2,408 5 582,2 0,316 8
vapour 83,359 396,84 433,38 1,872 5 0,840 3 1,662 8 214,68 14,99
liquid 0,00 3,485 1 927,4 196,24 200,00 1,000 0 0,944 9 2,542 3 536,4 0,4325
vapour 97,647 395,20 430,89 1,845 3 0,872 2 1,864 8 212,04 14,23
liquid 5,00 3,969 5 896,0 208,07 212,50 1,043 4 0,955 8 2,726 8 489,3 0,582 4
vapour 114,621 392,85 427,48 1,816 3 0,908 4 2,144 0 208,97 13,47
liquid 10,00 4,502 2 861,1 220,50 225,73 1,088 4 0,969 1 2,997 6 441,0 0,783 6
vapour 135,156 389,57 422,88 1,784 7 0,950 7 2,557 8 205,41 12,69
liquid 15,00 5,087 1 821,2 233,79 239,99 1,1359 0,9859 3,436 0 3911 1,067 0
vapour 160,730 384,99 416,64 1,748 9 1,002 9 3,237 1 201,21 11,85
liquid 20,00 5,729 1 773,4 248,46 255,87 1,187 7 1,0114 4,2637 337,6 1,497 3
vapour 194,202 378,36 407,87 1,706 2 1,072 5 4,559 9 196,09 10,88
liquid 25,00 6,434 2 710,5 265,73 274,78 1,248 5 1,070 4 6,467 4 274,3 2,256 5
vapour 242,732 367,92 394,43 1,649 8 1,1819 8,212 3 189,12 9,62
liquid 30,00 7,2137 593,3 292,40 304,55 1,343 5 1,406 3 35,338 4 177,2 4,278 9
vapour 345,102 344,23 365,13 1,543 3 1,522 8 55,8217 171,26 7,39
critical 30,98 7,377 3 467,6 316,47 332,25 1,433 6 b b b 5,866 5
@ Triple point.
b The values of C,, Cp, and w at the critical point are not included as part of this International Standard.
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5.3 R717 — Ammonia

5.3.1 Range of validity
- The coefficients are valid within the following ranges:

=195,495 K, T,

max

=700 K; prmax = 1 000 MPa; pi,... = 52,915 mol/l (901 kg/m3)

Tmin

Table 5 — Coefficients and exponents of the ideal-gas part [Equations (3) to (5)]

k e t

1 1,887 164 1 x 10° - 0,333 333 333 333
2 5,954 993 4 x 1074 1,5

3 —-7,498 3131 x107° 1,75

Table 6 — Coefficients and exponents of the real-gas part [Equation (2)]

k N, t d, L a,
1 - 1,858 814 1,5 1 0 0
2 0,0455 443 1 -0,5 2 0 0
3 0,723 854 8 0,5 1 0 0
4 0,012294 7 1 4 0 0
5 2,141 882 x 107" 3 15 0 0
6 —0,014 300 2 0 3 1 1
7 0,344 132 4 3 3 1 1
8 —0,287 357 1 4 1 1 1
9 0,000 023 525 89 4 8 1 1
10 —-0,034 971 11 5 2 1 1
11 0,0018 311 17 5 8 2 1
12 0,023 978 52 3 1 2 1
13 — 0,040 853 75 6 1 2 1
14 0,237 927 5 8 2 2 1
15 —0,035489 72 8 3 2 1
16 -0,182 3729 10 2 2 1
17 0,022 815 56 10 4 2 1
18 — 0,006 663 444 5 3 3 1
19 — 0,008 847 486 7,5 1 3 1
20 0,002 272 635 15 2 3 1
21 — 0,000 558 865 5 30 4 3 1

5.3.2 Reducing parameters, molar mass, and gas constant

T*=405,4 K, p*=13,211 777 15 mol/l, M = 17,030 26 g/mol, R = 8,314 471 J/(mol-K)

5.3.3 Reference state parameters

Trot = 273,15 K, prs = 1,0 kPa, hyer = 25 558,797 J/imol, s, = 147,991 0 JI(mol-K), f; = — 24,401,
fo=172527155
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Table 7 — R717 property values along the liquid-vapour saturation boundary

Temp. Pressure| Density Internal | Enthalpy | Entropy C, G, Sound J-T
energy speed coefficient
°C MPa kg/m3 kJ/kg kJ/kg kJ/(kg-K)|  kJ/(kg-K) | kJ/(kg-K) m/s KIMPa

liquid 77,652 0,00609 | 732,9 -143,15 [-143,15 -0,4716 2,9343 4,2022 2124,2 —-0,2336
vapour 0,0641 | 1246,20 |1341,23 7,1213 1,5566 2,0628 354,12 171,13
liquid -75,00 0,00751 | 730,1 -131,98 ([-131,97 -0,4148 2,9297 4,2167 2097,8 -0,2310
vapour 0,0780 | 1249,97 |1346,24 7,0452 1,5613 2,0700 356,37 159,84
liquid -70,00 0,0109 7247 -110,83 (-110,81 —-0,3094 2,9206 4,2450 2051,3 -0,2260
vapour 0,111 [1257,00 |1355,55 6,9088 1,5715 2,0856 360,50 141,14
liquid -65,00 0,0156 719,2 -89,53 -89,51 —-0,2058 2,9113 4,2740 2008,0 —-0,2208
vapour 0,155 |1263,92 |1364,73 6,7807 1,5836 2,1040 364,50 125,27
liquid —-60,00 0,0219 713,6 —68,09 —68,06 —0,1040 2,9019 4,3031 1967,1 -0,2155
vapour 0,213 |1270,71 |1373,73 6,6602 1,5975 2,1254 368,35 111,72
liquid -55,00 0,0301 707,9 —46,51 —46,47 —0,0040 2,8928 4,3318 1927,9 -0,2101
vapour 0,287 |1277,37 |1382,56 6,5467 1,6133 2,1500 372,05 100,10
liquid -50,00 0,0408 702,1 —24,79 —24,73 0,0945 2,8837 4,3599 1889,9 -0,2047
vapour 0,381 [1283,88 |1391,19 6,4396 1,6310 21778 375,60 90,06
liquid —45,00 0,0545 696,2 -2,93 -2,85 0,1914 2,8749 4,3872 1852,7 -0,1992
vapour 0,498 |[1290,23 |1399,59 6,3384 1,6507 2,2092 378,98 81,36
liquid —40,00 0,0717 690,2 19,07 19,17 0,2867 2,8662 4,4137 1816,2 -0,1936
vapour 0,644 |1296,41 |1407,76 6,2425 1,6724 2,2441 382,19 73,77
liquid -35,00 0,0931 684,0 41,18 41,32 0,3806 2,8577 4,4394 1780,2 -0,1878
vapour 0,822 |[1302,40 |1415,68 6,1516 1,6961 2,2830 385,23 67,11
liquid 33,330 0,1013 682,0 48,62 48,76 0,4117 2,8548 4,4479 1768,2 -0,1858
vapour 0,890 |1304,36 |1418,26 6,1221 1,7045 2,2969 386,20 65,06
liquid -30,00 0,1194 677,8 63,43 63,60 0,4730 2,8492 4,4645 17444 -0,1818
vapour 1,037 | 1308,19 [1423,31 6,0651 1,7218 2,3259 388,08 61,24
liquid —-25,00 0,1515 671,5 85,79 86,01 0,5641 2,8408 4,4892 1708,8 -0,1756
vapour 1,296 | 1313,77 |[1430,65 5,9827 1,7495 2,3730 390,73 56,05
liquid " —20,00 0,1901 665,1 108,26 108,55 0,6538 2,8325 4,5138 1673,2 —-0,1691
vapour 1,603 |1319,12 |[1437,68 5,9041 1,7793 2,4245 393,18 51,43
liquid | —15,00 0,2362 658,6 130,86 131,22 0,7421 2,8243 4,5385 1637,7 -0,1623
vapour 1,966 | 1324,23 |(1444,37 5,8289 1,8110 2,4807 395,42 47,32
liquid [ —10,00 0,2907 652,1 153,56 154,01 0,8293 2,8162 4,5636 1602,1 -0,1550
vapour 2,391 [1329,10 |1450,70 5,7569 1,8446 2,5419 397,45 43,63
liquid -5,00 0,3548 645,4 176,39 176,94 0,9152 2,8082 4,5895 1566,4 -0,1472
vapour 2,885 |[1333,70 |1456,67 5,6877 1,8802 2,6082 399,25 40,32
liquid 0,00 0,4294 638,6 199,33 200,00 1,0000 2,8003 4,6165 1530,5 —-0,1388
vapour 3,457 |1338,02 |1462,24 5,6210 1,9176 2,6799 400,82 37,33
liquid 5,00 0,5157 631,7 222,39 223,21 1,0837 2,7926 4,6451 1494 4 -0,1297
vapour 4,115 | 1342,05 |1467,39 5,5568 1,9569 2,7575 402,16 34,63
liquid 10,00 0,6150 624,6 245,58 246,57 1,1664 2,7851 4,6757 1458,1 -0,1198
vapour 4,868 | 134577 |[1472,11 5,4946 1,9979 2,8413 403,24 32,19
liquid 15,00 0,7285 617,5 268,91 270,09 1,2481 2,7780 4,7088 1421,5 -0,1090
vapour 5,727 |1349,17 |1476,38 5,4344 2,0406 2,9318 404,07 29,97
liquid 20,00 0,8575 610,2 292,38 293,78 1,3289 2,771 4,7448 1384,5 -0,0971
vapour 6,703 |1352,22 |1480,16 5,3759 2,0849 3,0296 404,63 27,96
liquid 25,00 1,0032 602,8 316,00 317,67 1,4088 2,7647 4,7844 13471 —-0,0840
vapour 7,807 |1354,92 |1483,43 5,3188 2,1308 3,1353 404,92 26,13
liquid 30,00 1,1672 595,2 339,80 341,76 1,4881 2,7587 4,8282 1309,3 —-0,0695
vapour 9,053 |1357,24 |1486,17 5,2631 2,1782 3,2500 404,92 24,45
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Table 7 (continued)
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Temp. Pressure| Density Internal | Enthalpy (| Entropy C, G, Sound J-T
energy speed coefficient
°C MPa kg/m3 kJ/kg kJ/kg kJ/(kg-K) kd/(kg'K) | kJ/(kg-K) m/s K/MPa
liquid 35,00 | 1,3508 587,4 363,77 366,07 1,5666 2,7532 4,8771 1271,0 -0,0534
vapour 10,457 |1359,16 |1488,34 5,2086 2,2272 3,3745 404,63 22,92
liquid 40,00 | 1,5554 579,4 387,95 390,64 1,6446 2,7484 4,9318 12321 -0,0353
vapour 12,034 |1360,65 |1489,91 5,1549 2,2776 3,5104 404,03 21,52
liquid 45,00 | 1,7827 571,3 412,35 415,48 1,7220 2,7443 4,9935 1192,7 -0,0152
vapour 13,803 |1361,68 |1490,83 5,1020 2,3294 3,6593 403,12 20,24
liquid 50,00 | 2,0340 562,9 437,01 440,62 1,7990 2,741 5,0635 1152,6 0,0076
vapour 15,785 |1362,22 |1491,07 5,0497 2,3828 3,8233 401,88 19,06
liquid 55,00 | 2,3111 554,2 461,93 466,10 1,8758 2,7389 5,1434 1111,7 0,0333
vapour 18,006 |1362,22 |1490,57 4,9977 2,4377 4,0051 400,29 17,98
liquid 60,00 | 2,6156 545,2 487,17 491,97 1,9523 2,7379 5,2351 1070,2 0,0626
vapour 20,493 |1361,63 |1489,27 4,9458 2,4942 4,2084 398,34 16,98
liquid 65,00 | 2,9491 536,0 512,76 518,26 2,0288 2,7382 5,3411 1027,7 0,0960
vapour 23,280 |1360,41 |1487,09 4,8939 2,5525 4,4376 396,01 16,05
liquid 70,00 | 3,3135 526,3 538,75 545,04 2,1054 2,7402 5,4648 984,4 0,1346
| vapour 26,407 |1358,46 |1483,94 4,8415 2,6126 4,6990 393,29 15,19
liquid 75,00 | 3,7105 516,2 565,19 572,37 2,1823 2,7441 5,6103 940,0 0,1793
] vapour 29,923 |1355,73 |1479,72 4,7885 2,6748 5,0009 390,14 14,39
liquid 80,00 | 4,1420 505,7 592,15 600,34 2,2596 2,7503 5,7837 894,7 0,2317
*| vapour 33,888 |[1352,08 |1474,31 4,7344 2,7393 5,3546 386,54 13,65
liquid 85,00 | 4,6100 4945 619,72 629,04 2,3377 2,7594 5,9930 848,1 0,2935
vapour 38,376 |[1347,40 |1467,53 4,6789 2,8066 5,7766 382,47 12,94
liquid 90,00 | 5,1167 482,8 648,01 658,61 2,4168 2,7719 6,2501 800,4 0,3674
vapour 43,484 |1341,52 [1459,19 4,6213 2,8770 6,2907 377,88 12,27
liquid 95,00 | 5,6643 470,2 677,14 689,19 2,4973 2,7886 6,5731 751,3 0,4569
vapour 49,340 |[1334,20 |1449,01 4,5612 2,9511 6,9332 372,74 11,63
liquid 100,00 | 6,2553 456,6 707,30 721,00 2,5797 2,8108 6,9912 700,7 0,5673
vapour 56,117 |[1325,16 |1436,63 4,4975 3,0297 7,7622 366,99 11,01
liquid 105,00 | 6,8923 441,9 738,75 754,35 2,6647 2,8400 7,5551 648,5 0,7063
vapour 64,063 |1313,98 [1421,57 4,4291 3,1139 8,8773 360,54 10,40
liquid 110,00 | 7,5783 425,6 771,88 789,68 2,7533 2,8787 8,3621 594,4 0,8869
vapour 73,550 (1300,04 |1403,08 4,3542 3,2049 10,4630 353,29 9,78
liquid 115,00 | 8,3170 407,2 807,31 827,74 2,8474 2,9307 9,6278 537,7 1,1313
vapour 85,182 [1282,36 [1379,99 4,2702 3,3047 12,9091 345,04 9,15
liquid 120,00 | 9,1125 385,5 846,28 869,92 2,9502 3,0037 11,9405 4774 1,4834
vapour 100,068 |1259,17 |1350,23 4,1719 3,4163 17,2119 335,41 8,47
liquid 125,00 | 9,9702 357,8 891,82 919,68 3,0702 3,1159 17,6583 411,4 2,0455
vapour 120,728 |[1226,54 |1309,12 4,0483 3,5447 26,9963 323,57 7,69
liquid 130,00 (10,8977 312,3 957,12 992,02 3,2437 3,3450 54,2103 333,6 3,1689
vapour 156,766 |[1169,80 |1239,32 3,8571 3,7014 76,4902 306,58 6,62
critical 132,25 (11,3330 225,0 1068,82 (1119,22 3,56542 ¢ ¢ ¢ 5,0513
a8  Triple point.
b Normal boiling point.
¢ The values of C, Cp, and w at the critical point are not included as part of this International Standard.
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5.4 R12 — Dichlorodifluoromethane

5.4.1

The coefficients are valid within the following ranges:

T =116,099 K,

Range of validity

Tmax

= 525 K; prax = 200 MPa; pray = 15,13 mol/l (1 829 kg/m?3)

Table 8 — Coefficients and exponents of the ideal-gas part [Equations (3) to (5)]

k C a, b,
0 4,003 638 529 — —
1 — 3,160 638 395 1433,434 2
2 — 0,371 259 877 4 2430,049 8
3 — 3,562 277 099 685,659 52
4 — 2,121 533 311 412,41579

Table 9 — Coefficients and exponents of the real-gas part [Equation (2)]

k N, f d, A @
1 0,207 534 340 2 x 10° 0,5 1 0 0
2 0,296 252 599 6 x 10! 1 1 0 0
3 0,100 158 961 6 x 10~ 2 1 0 0
4 0,178 134 761 2 x 10~ 2,5 2 0 0
5 0,255 692 915 7 x 10~ -0,5 4 0 0
6 0,235 214 263 7 x 1072 0 6 0 0
7 — 0,849 555 331 4 x 10~ 0 8 0 0
8 0,153 594 559 9 x 10~ -0,5 1 1 1
9 -0,210 881 677 6 1,5 1 1 1
10 0,165 422 880 6 x 10~ 2,5 5 1 1
11 ~0,118 131 613 0 x 10" -0,5 7 1 1
12 — 0,416 029 583 0 x 10~ 0 12 1 1
13 0,278 486 166 4 x 1074 05 12 1 1
14 0,161 868 643 3 x 105 -05 14 1 1
15 - 0,106 461 468 6 4 1 2 1
16 0,936 966 520 7 x 103 4 9 2 1
17 0,259 009 544 7 x 10~ 2 1 3 1
18 ~0,434 702 502 5 x 10" 4 1 3 1
19 0,101 230 844 9 12 3 3 1
20 ~0,110 000 343 8 14 3 3 1
21 ~0,336 101200 9 x 1072 0 5 3 1
22 0,378 919 000 8 x 103 14 9 4 1
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5.4.2 Reducing parameters, molar mass, and gas constant

T*=38512K, p*=4,672 781 mol/l, M= 120,913 g/mol, R = 8,314 471 J/(mol-K)

5.4.3 Reference state parameters

Tfef: 273,15 K, pref = 1,0 kPa, h

Jfo=3621,284 29

Table 10 — R12 property values along the liquid-vapour saturation boundary

ref =

ISO 17584:2005(E)

43 261,068 J/mol, 5o = 237,753 2 J/(molK), f; = 1,622 697 55,

Temp. Pressure | Density Internal | Enthalpy (| Entropy C, G, Sound J-T
energy speed coefficient
°C MPa kg/m3 kJ/kg kJ/kg kd/(kg-K)| kJi(kg-K) | kJ/(kg-K) m/s K/IMPa

liquid |[-157,05% | 2,426x10-7(1828,8 66,33 66,33 0,2780 0,5725 0,8561 1310,0 -0,5305
vapour 3,038x10-5 | 275,23 283,21 2,1461 0,2860 0,3548 99,51 532,60
liquid |[-155,00 |3,883x10-7(1823,4 68,08 68,08 0,2930 0,5674 0,8510 1299,6 —-0,5333
vapour 4,779x10-5| 275,82 283,94 2,1200 0,2894 0,3582 100,27 495,55
liquid [-150,00 |1,135x10-6(1810,1 72,31 72,31 0,3280 0,5567 0,8404 1274,4 —-0,5389
vapour 1,340x10~4 | 277,29 285,75 2,0612 0,2978 0,3665 102,10 418,14
liquid |[-145,00 |3,019x10-6(1796,9 76,49 76,49 0,3613 0,5482 0,8321 1249,5 —-0,5430
vapour 3,426x10~4| 278,80 287,61 2,0087 0,3062 0,3749 103,88 355,64
liquid |-140,00 [7,387x10-¢ |1783,7 80,63 80,63 0,3930 0,5415 0,8257 1224,8 -0,5458
vapour 8,068x10-4| 280,35 289,50 1,9617 0,3146 0,3833 105,63 304,78
liquid |-135,00 |1,680x10-5|1770,6 84,75 84,75 0,4234 0,5363 0,8210 1200,3 —-0,5473
vapour 1,768x10-3 | 281,94 291,44 1,9195 0,3229 0,3917 107,34 263,05
liquid |-130,00 |3,577x10-5|1757,5 88,85 88,85 0,4525 0,5324 0,8177 1176,0 -0,5476
vapour 3,635x10-3| 283,57 293,42 1,8816 0,3313 0,4001 109,02 228,57
liquid |-125,00 |7,189x10-5|1744,5 92,93 92,93 0,4805 0,5296 0,8157 1152,0 -0,5469
vapour 7,058x10-3 (285,25 295,44 1,8474 0,3396 0,4084 110,67 199,86
liquid | -120,00 0,000137|1731,4 97,01 97,01 0,5076 0,5277 0,8146 1128,1 —-0,5453
vapour 0,01303| 286,96 297,49 1,8167 0,3478 0,4166 112,29 175,81
liquid | -115,00 0,000250(1718,4 101,08 101,08 0,5338 0,5266 0,8145 1104,5 —-0,5428
vapour 0,02297| 288,72 299,59 1,7890 0,3559 0,4248 113,89 155,54
liquid |-110,00 0,000436(1705,3 105,15 105,15 0,5591 0,5263 0,8152 1081,1 —-0,5395
vapour 0,03887| 290,51 301,72 1,7640 0,3640 0,4330 115,45 138,34
liquid | —-105,00 0,000732(1692,2 109,23 109,23 0,5838 0,5265 0,8166 1058,0 —-0,5355
vapour 0,06339| 292,34 303,89 1,7414 0,3719 0,4410 116,99 123,68
liquid | —100,00 0,00119 [1679,1 113,32 113,32 0,6077 0,5272 0,8186 1035,0 -0,5308
vapour 0,1000 | 294,20 306,09 1,7210 0,3798 0,4491 118,49 111,11
liquid —95,00 0,00187 |1666,0 117,42 117,42 0,6310 0,5283 0,8211 1012,2 —-0,5254
vapour 0,1529 | 296,10 308,32 1,7026 0,3876 0,4571 119,96 100,28
liquid -90,00 0,00286 |1652,8 121,53 121,53 0,6538 0,5298 0,8241 989,7 -0,5194
vapour 0,2275 | 298,03 310,59 1,6861 0,3953 0,4650 121,39 90,92
liquid —85,00 0,00426 |[1639,6 125,66 125,66 0,6761 0,5316 0,8275 967,3 -0,5128
vapour 0,3302 | 299,98 312,87 1,6711 0,4030 0,4730 122,79 82,78
liquid -80,00 0,00619 |[1626,3 129,80 129,81 0,6978 0,5337 0,8313 945,2 —-0,5055
vapour 0,4683 | 301,97 315,19 1,6576 0,4105 0,4810 124,14 75,69
liquid —75,00 0,00881 [1612,9 133,97 133,98 0,7191 0,5361 0,8355 923,3 —-0,4977
vapour 0,6503 | 303,98 317,52 1,6454 0,4181 0,4890 125,45 69,49
liquid —-70,00 0,0123 [1599,5 138,16 138,17 0,7400 0,5386 0,8400 901,5 —-0,4892
vapour 0,886 306,01 319,87 1,6344 0,4255 0,4971 126,71 64,05
liquid —65,00 0,0168 |[1586,0 142,37 142,38 0,7604 0,5413 0,8448 879,9 -0,4801
vapour 1,186 308,07 322,24 1,6245 0,4330 0,5052 127,91 59,26

A 16A Anar
Copyright International Organization for Standardizati

Reproduced by IHS under license with ISO

A :

ion ghts reserved

No reproduction or networking permitted without license from IHS

Not for Resale

15



ISO 17584:2005(E)

Table 10 (continued)

Temp. Pressure| Density Internal | Enthalpy | Entropy C, G, Sound J-T
energy speed coefficient
°C MPa kg/m3 kJ/kg kJ/kg kJ/(kg-K)|  kJ/(kg-K) | kJ/(kg-K) m/s KIMPa
liquid —-60,00 0,0226 |1572,3 146,60 146,62 0,7806 0,5442 0,8499 858,5 -0,4703
vapour 1,563 310,14 324,61 1,6156 0,4403 0,5134 129,06 55,03
liquid -55,00 0,0300 |1558,6 150,87 150,88 0,8003 0,5472 0,8553 837,3 —-0,4598
vapour 2,029 312,23 327,00 1,6076 0,4477 0,5218 130,15 51,29
liquid -50,00 0,0391 | 15447 155,15 155,18 0,8197 0,5503 0,8609 816,2 —-0,4486
vapour 2,598 314,34 329,39 1,6004 0,4550 0,5302 131,17 47,97
liquid —45,00 0,0504 | 1530,7 159,47 159,50 0,8389 0,5535 0,8668 795,3 —-0,4366
vapour 3,286 316,45 331,79 1,5940 0,4624 0,5389 132,11 45,01
liquid —40,00 0,0641 |1516,5 163,81 163,86 0,8577 0,5568 0,8730 774,5 —-0,4237
vapour 4,108 318,58 334,18 1,5882 0,4697 0,5477 132,99 42,38
liquid -35,00 0,0806 | 1502,2 168,19 168,24 0,8763 0,5602 0,8795 753,8 —-0,4099
vapour 5,083 320,71 336,56 1,5831 0,4770 0,5568 133,78 40,02
liquid -30,00 0,1003 | 1487,7 172,60 172,67 0,8946 0,5636 0,8863 733,3 —-0,3951
vapour 6,228 322,84 338,94 1,5784 0,4843 0,5661 134,49 37,90
liquid 29,750 0,1013 | 1487,0 172,82 172,89 0,8955 0,5637 0,8866 732,3 —-0,3943
vapour 6,289 322,95 339,06 1,5782 0,4847 0,5666 134,52 37,81
liquid —-25,00 0,1235 |1473,0 177,04 177,12 0,9127 0,5670 0,8934 712,9 -0,3792
vapour 7,563 324,98 341,30 1,5743 0,4917 0,5757 135,10 36,00
liquid —20,00 0,1507 | 1458,1 181,51 181,62 0,9305 0,5705 0,9007 692,5 -0,3620
vapour 9,109 327,11 343,65 1,5706 0,4990 0,5857 135,63 34,29
liquid -15,00 0,1823 | 1443,0 186,02 186,15 0,9482 0,5741 0,9085 672,3 -0,3434
vapour 10,889 329,24 345,98 1,5673 0,5064 0,5960 136,05 32,75
liquid -10,00 0,2188 | 1427,6 190,57 190,72 0,9656 0,5776 0,9166 652,1 -0,3233
vapour 12,925 331,36 348,29 1,5644 0,5139 0,6068 136,38 31,35
liquid -5,00 0,2606 | 1412,0 195,15 195,34 0,9829 0,5812 0,9251 632,0 -0,3015
vapour 15,244 333,47 350,56 1,5618 0,5213 0,6180 136,59 30,09
liquid 0,00 0,3081 | 1396,1 199,78 200,00 1,0000 0,5849 0,9341 611,9 -0,2777
vapour 17,873 335,56 352,81 1,5594 0,5289 0,6298 136,69 28,94
liquid 5,00 0,3620 | 1379,8 204,45 204,71 1,0169 0,5885 0,9436 591,9 -0,2516
vapour 20,842 337,64 355,01 1,5573 0,5365 0,6423 136,68 27,91
liquid 10,00 0,4227 |1363,2 209,15 209,46 1,0337 0,5922 0,9537 571,8 -0,2230
vapour 24,184 339,70 357,18 1,5554 0,5441 0,6555 136,54 26,97
liquid 15,00 0,4906 | 1346,3 213,91 214,27 1,0504 0,5960 0,9645 551,8 -0,1915
vapour 27,935 341,73 359,30 1,5537 0,5519 0,6696 136,28 26,11
liquid 20,00 0,5664 |1328,9 218,71 219,14 1,0669 0,5997 0,9761 531,7 -0,1565
vapour 32,135 343,73 361,36 1,5521 0,5597 0,6846 135,88 25,34
liquid 25,00 0,6506 |1311,0 223,56 224,06 1,0834 0,6036 0,9885 511,56 -0,1176
vapour 36,828 345,70 363,37 1,5506 0,5676 0,7008 135,34 24,65
liquid 30,00 0,7437 | 1292,7 228,47 229,04 1,0997 0,6075 1,0021 491,3 —-0,0740
vapour 42,066 347,63 365,31 1,5492 0,5757 0,7184 134,65 24,02
liquid 35,00 0,8462 |1273,8 233,43 234,10 1,1160 0,6114 1,0169 471,0 -0,0248
vapour 47,906 349,51 367,18 1,5478 0,5838 0,7377 133,82 23,46
liquid 40,00 0,9588 | 1254,3 238,46 239,22 1,1322 0,6155 1,0332 450,5 0,0311
vapour 54,416 351,34 368,96 1,5465 0,5921 0,7589 132,82 22,96
liquid 45,00 1,0821 | 1234,0 243,55 244,42 1,1484 0,6197 1,0514 429,7 0,0950
vapour 61,673 353,11 370,66 1,5451 0,6006 0,7827 131,65 22,52
liquid 50,00 1,2166 | 1213,0 248,71 249,71 1,1645 0,6242 1,0719 408,8 0,1688
vapour 69,771 354,81 372,24 1,5437 0,6093 0,8095 130,30 22,14
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Table 10 (continued)

ISO 17584:2005(E)

Temp. Pressure | Density Internal | Enthalpy (| Entropy C, G, Sound J-T
energy speed coefficient
°C MPa kg/m3 kJ/kg kJ/kg kJ/(kg'K)| kJ/(kg'K) | kJ/(kg-K) m/s K/MPa
liquid 55,00 1,3630 1191,1 253,95 255,10 1,1807 0,6288 1,0953 387,5 0,2549
vapour 78,823 356,42 373,72 1,5421 0,6182 0,8404 128,76 21,81
liquid 60,00 1,5219 1168,1 259,28 260,58 1,1969 0,6338 1,1225 365,9 0,3565
vapour 88,966 357,94 375,05 1,5404 0,6274 0,8763 127,02 21,54
liquid 65,00 1,6941 1144,0 264,71 266,19 1,2131 0,6391 1,1545 343,9 0,4783
vapour 100,375 359,35 376,23 1,5385 0,6370 0,9191 125,07 21,31
liquid 70,00 1,8802 1118,3 270,26 271,94 1,2295 0,6450 1,1931 321,3 0,6264
vapour 113,272 360,62 377,22 1,5363 0,6471 0,9714 122,88 21,14
liquid 75,00 2,0811 1090,9 275,94 277,84 1,2461 0,6517 1,2410 298,1 0,8103
vapour 127,952 361,72 377,99 1,5337 0,6578 1,0370 120,44 21,01
liquid 80,00 2,2975 1061,4 281,78 283,94 1,2629 0,6594 1,3024 2741 1,0439
vapour 144,822 362,62 378,48 1,5306 0,6693 1,1225 117,73 20,92
liquid 85,00 2,5304 1029,1 287,82 290,27 1,2801 0,6684 1,3844 249,4 1,3495
vapour 164,464 363,26 378,64 1,5268 0,6819 1,2394 114,73 20,85
liquid 90,00 2,7808 993,2 294,11 296,91 1,2978 0,6795 1,5006 223,6 1,7636
vapour 187,766 363,54 378,35 1,5220 0,6961 1,4101 111,41 20,79
liquid 95,00 3,0501 952,2 300,75 303,95 1,3163 0,6936 1,6794 196,9 2,3518
vapour 216,208 363,34 377,45 1,5159 0,7127 1,6835 107,75 20,68
liquid 100,00 3,3399 903,8 307,89 311,58 1,3360 0,7122 1,9963 169,0 3,2470
vapour 252,577 362,38 375,60 1,5076 0,7332 2,1924 103,73 20,41
liquid 105,00 3,6525 842,2 315,90 320,24 1,3581 0,7387 2,7539 139,3 4,7872
vapour 303,473 360,05 372,08 1,4952 0,7610 3,4579 99,28 19,71
liquid 110,00 3,9924 7427 326,44 331,82 1,3874 0,7870 7,8061 105,3 8,2916
vapour 396,337 353,88 363,95 1,4712 0,8089 11,4400 93,96 17,60
critical 111,97 4,1361 565,0 340,44 347,76 1,4283 ¢ ¢ ¢ 13,3694
2  Triple point.
b Normal boiling point.
¢ The values of C,, Cp, and w at the critical point are not included as part of this International Standard.
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5.5 R22 — Chlorodifluoromethane

5.5.1 Range of validity
The coefficients are valid within the following ranges:

= 115,73 K, Typay = 550 K; prax = 60 MPa; ay = 19,91 mol/l (1 722 kg/m3)

Tmin

max
Table 11 — Coefficients and exponents of the ideal-gas part [Equations (3) to (5)]
k [ t a, b,
0 4,005 261 404 46 — — —
1 0,000 120 662 553 1 — —
2 — — 1,0 4 352,309 5
3 — — 1,0 1 935,159 1
4 — — 1,0 1 887,679 36
5 — — 1,0 1 694,882 84
6 — — 1,0 1 605,678 48
7 — — 1,0 1162,534 24
8 — — 1,0 857,512 88
9 — — 1,0 605,726 38
10 — — 1,0 530,909 82
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Table 12 — Coefficients and exponents of the real-gas part [Equation (2)]

k N, 4 d, I o
1 0,695 645 445 236 x 10" -1 1 0 0
2 0,252 275 419 999 x 102 1,75 1 0 0
3 - 0,202 351 148 311 x 108 2,25 1 0 0
4 0,350 063 090 302 x 103 2,5 1 0 0
5 — 0,223 134 648 863 x 108 2,75 1 0 0
6 0,488 345 904 592 x 102 3 1 0 0
7 0,108 874 958 556 x 10" 5,5 1 0 0
8 0,590 315 073 614 1,5 2 0 0
9 — 0,689 043 767 432 1,75 2 0 0
10 0,284 224 445 844 3,5 2 0 0
11 0,125 436 457 897 1 3 0 0
12 —-0,113 338 666 416 x 10~" 4,5 3 0 0
13 - 0,631 388 959 17 x 10~" 1,5 4 0 0
14 0,974 021 015 232 x 102 0,5 5 0 0
15 — 0,408 406 844 722 x 103 4,5 6 0 0
16 0,741 948 773 570 x 1073 1 7 0 0
17 0,315 912 525 922 x 1073 4 7 0 0
18 0,876 009 723 338 x 1075 5 7 0 0
19 —0,110 343 340 301 x 1073 -05 8 0 0
20 - 0,705 323 356 879 x 10~ 3,5 8 0 0
21 0,235 850 731 510 5 2 2 1
22 - 0,192 640 494 729 7 2 2 1
23 0,375 218 008 557 x 102 12 2 2 1
24 — 0,448 926 036 678 x 1074 15 2 2 1
25 0,198 120 520 635 x 10" 3,5 3 3 1
26 — 0,356 958 425 255 x 10~" 3,5 4 2 1
27 0,319 594 161 562 x 10~" 8 4 2 1
28 0,260 284 291 078 x 10~5 15 4 2 1
29 — 0,897 629 021 967 x 1072 25 4 4 1
30 0,345 482 791 645 x 10~ 3 6 2 1
31 - 0,411 831 711 251 x 1072 9 6 2 1
32 0,567 428 536 529 x 102 19 6 4 1
33 - 0,563 368 989 908 x 1072 2 8 2 1
34 0,191 384 919 423 x 102 7 8 2 1
35 —0,178 930 036 389 x 1072 13 8 4 1
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5.5.2 Reducing parameters, molar mass, and gas constant
7*=369,295 K, p*=6,058 22 mol/l, M = 86,468 g/mol, R = 8,314 51 J/(mol-K)
5.5.3 Reference state parameters

Toot = 273,15 K, pres = 1,0 kPa, &
fo =2 986,449 88

35 874,594 J/mol, s, = 205,291 5 J/(mol-K), f; = 4,111 053 69,

ref =

Table 13 — R22 property values along the liquid-vapour saturation boundary

Temp. Pressure | Density Internal | Enthalpy | Entropy C, G, Sound J-T
energy speed coefficient
°C MPa kg/m3 kJ/kg kd/kg kJ/(kg-K)|  kJ/(kg-K) | kJ/(kg-K) m/s KIMPa

liquid |-157,422 | 3,795x10-7 (1721,3 29,60 29,60 0,0761 0,7161 1,0753 1410,9 —-0,4446
vapour 3,410x10-5 | 321,58 332,71 2,6952 0,3292 0,4253 119,91 398,80
liquid |-155,00 |6,620x10-7 [1714,9 32,20 32,20 0,0983 0,7139 1,0735 1398,2 —-0,4450
vapour 5,827x10-5 | 322,38 333,74 2,6505 0,3318 0,4280 121,05 380,74
liquid |-150,00 |1,934x10-6 [1701,8 37,56 37,56 0,1428 0,7086 1,0696 1371,9 —-0,4456
vapour 1,633x10~4 | 324,05 335,90 2,5653 0,3375 0,4336 123,35 344,75
liquid |-145,00 |5,141x10-6 [1688,8 42,90 42,90 0,1853 0,7027 1,0663 1346,3 —-0,4456
vapour 4,172x104 | 325,76 338,08 2,4887 0,3433 0,4394 125,60 311,19
liquid |-140,00 |1,258x10-5 [1675,8 48,22 48,22 0,2260 0,6972 1,0641 1321,4 —-0,4449
vapour 9,826x10-4 | 327,49 340,29 2,4195 0,3492 0,4454 127,78 280,46
liquid |-135,00 |2,860x10-5 (1662,8 53,54 53,54 0,2652 0,6923 1,0628 1296,8 —-0,4436
vapour 2,153x10-3 [ 329,25 | 342,53 2,3571 0,3552 0,4514 129,92 252,63
liquid |-130,00 |6,091x10-5 [1649,8 58,85 58,85 0,3030 0,6882 1,0622 1272,4 -0,4417
vapour 4,426x10-3 [ 331,04 344,80 2,3005 0,3614 0,4576 132,01 227,61
liquid [-125,00 | 0,000122 |1636,8 64,16 64,16 0,3395 0,6847 1,0620 1248,0 -0,4396
vapour 0,00859 | 332,85 347,10 2,2492 0,3676 0,4639 134,05 205,23
liquid |[-120,00 | 0,000233 (1623,7 69,47 69,47 0,3747 0,6815 1,0619 1223,7 -0,4372
vapour 0,01585( 334,70 349,42 2,2027 0,3739 0,4703 136,04 185,26
liquid |[-115,00 | 0,000424 (1610,7 74,78 74,78 0,4088 0,6786 1,0618 1199,5 —-0,4346
vapour 0,02792( 336,57 351,77 2,1603 0,3803 0,4768 137,99 167,49
liquid [-110,00 | 0,000740 (1597,6 80,09 80,09 0,4419 0,6759 1,0616 1175,4 -0,4319
vapour 0,04719( 338,48 354,15 2,1217 0,3868 0,4834 139,90 151,69
liquid |-105,00 0,00124 (1584,5 85,40 85,40 0,4739 0,6732 1,0614 1151,4 —-0,4289
vapour 0,0768 | 340,40 356,55 2,0865 0,3934 0,4902 141,76 137,65
liquid |-100,00 0,00201 (1571,3 90,70 90,71 0,5050 0,6706 1,0612 1127,5 -0,4257
vapour 0,1210 | 342,35 358,97 2,0543 0,4000 0,4972 143,57 125,17
liquid -95,00 0,00316 (1558,1 96,01 96,01 0,5352 0,6680 1,0611 1103,7 —-0,4221
vapour 0,1847 | 344,32 361,40 2,0249 0,4067 0,5044 145,34 114,07
liquid -90,00 0,00481 (15449 101,31 101,32 0,5646 0,6655 1,0612 1080,1 -0,4180
vapour 0,2744 | 346,31 363,85 1,9980 0,4136 0,5118 147,05 104,20
liquid —-85,00 0,00715 (1531,6 106,62 106,63 0,5932 0,6632 1,0616 1056,6 -0,4134
vapour 0,3973 | 348,31 366,31 1,9734 0,4206 0,5195 148,70 95,41
liquid —-80,00 0,0104 [1518,2 111,93 111,94 0,6210 0,6611 1,0624 1033,1 —-0,4082
vapour 0,562 350,33 368,77 1,9508 0,4277 0,5276 150,29 87,58
liquid —75,00 0,0147 (1504,7 117,24 117,25 0,6482 0,6592 1,0637 1009,8 —-0,4023
vapour 0,779 352,36 371,24 1,9300 0,4350 0,5359 151,82 80,60
liquid —70,00 0,0205 [1491,2 122,56 122,58 0,6747 0,6575 1,0655 986,4 —-0,3956
vapour 1,060 354,39 373,70 1,9108 0,4425 0,5447 153,28 74,36
liquid —65,00 0,0279 [1477,5 127,90 127,91 0,7006 0,6562 1,0679 963,2 —0,3881
vapour 1,416 356,42 376,15 1,8932 0,4502 0,5539 154,66 68,78
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Table 13 (continued)

Temp. Pressure| Density Internal | Enthalpy (| Entropy C, G, Sound J-T
energy speed coefficient
°C MPa kg/m3 kJ/kg kJ/kg kd/(kg-K)| kJi(kg-K) | kJ/(kg-K) m/s K/IMPa

liquid —-60,00 0,0375 | 1463,7 133,24 133,27 0,7260 0,6552 1,0710 939,9 -0,3796
vapour 1,863 358,46 378,59 1,8770 0,4581 0,5637 155,97 63,78
liquid -55,00 0,0496 | 1449,7 138,60 138,63 0,7509 0,6546 1,0748 916,6 -0,3702
vapour 2,414 360,49 381,02 1,8619 0,4662 0,5739 157,18 59,29
liquid -50,00 0,0645 | 1435,6 143,98 144,03 0,7752 0,6543 1,0793 893,4 -0,3597
vapour 3,088 362,52 383,42 1,8480 0,4745 0,5847 158,31 55,26
liquid —45,00 0,0829 | 1421,3 149,38 149,44 0,7992 0,6544 1,0845 870,1 —0,3481
vapour 3,901 364,53 385,79 1,8351 0,4831 0,5962 159,33 51,63
liquid -40,810 0,1013 | 1409,2 153,93 154,00 0,8189 0,6548 1,0895 850,6 -0,3375
vapour 4,704 366,21 387,75 1,8250 0,4904 0,6063 160,11 48,85
liquid —40,00 0,1052 | 1406,8 154,81 154,89 0,8227 0,6549 1,0905 846,9 -0,3353
vapour 4,873 366,53 388,13 1,8231 0,4919 0,6083 160,26 48,34
liquid -30,00 0,1639 | 1377,2 165,76 165,88 0,8687 0,6570 1,1049 800,3 -0,3057
vapour 7,379 370,48 392,69 1,8015 0,5103 0,6349 161,78 42,68
liquid -25,00 0,2014 | 1362,0 171,29 171,44 0,8912 0,6585 1,1134 777,0 -0,2887
vapour 8,958 372,42 394,90 1,7918 0,5199 0,6495 162,36 40,24
liquid —20,00 0,2453 | 1346,5 176,86 177,04 0,9135 0,6604 1,1227 753,6 -0,2700
vapour 10,790 374,33 397,06 1,7826 0,5299 0,6650 162,82 38,01
liquid -15,00 0,2962 | 1330,8 182,47 182,70 0,9354 0,6626 1,1328 730,2 —-0,2495
vapour 12,901 376,20 399,16 1,7740 0,5400 0,6816 163,15 35,98
liquid -10,00 0,3548 | 1314,7 188,13 188,40 0,9572 0,6651 1,1439 706,8 -0,2270
vapour 15,322 378,04 401,20 1,7658 0,5505 0,6994 163,35 34,13
liquid -5,00 0,4218 | 1298,3 193,85 194,17 0,9787 0,6680 1,1561 683,4 -0,2023
vapour 18,086 379,84 403,16 1,7581 0,5613 0,7184 163,40 32,44
liquid 0,00 0,4980 | 1281,5 199,61 200,00 1,0000 0,6711 1,1692 659,9 -0,1750
vapour 21,229 381,59 405,05 1,7507 0,5723 0,7390 163,31 30,89
liquid 5,00 0,5841 | 1264,3 205,44 205,90 1,0212 0,6745 1,1836 636,3 —-0,1448
vapour 24,792 383,29 406,85 1,7436 0,5836 0,7611 163,06 29,48
liquid 10,00 0,6809 | 1246,7 211,32 211,87 1,0422 0,6782 1,1993 612,7 -0,1112
vapour 28,820 384,93 408,56 1,7368 0,5953 0,7852 162,65 28,18
liquid 15,00 0,7893 | 1228,6 217,28 217,92 1,0630 0,6822 1,2166 588,9 -0,0737
vapour 33,362 386,51 410,16 1,7302 0,6072 0,8115 162,07 26,99
liquid 20,00 0,9100 | 1209,9 223,31 224,06 1,0838 0,6864 1,2356 565,1 —-0,0316
vapour 38,477 388,01 411,66 1,7238 0,6195 0,8404 161,32 25,90
liquid 25,00 1,0439 | 1190,7 229,41 230,29 1,1045 0,6909 1,2568 541,1 0,0161
vapour 44,232 389,43 413,03 1,7174 0,6321 0,8724 160,38 24,90
liquid 30,00 1,1919 | 1170,7 235,61 236,62 1,1252 0,6956 1,2807 516,8 0,0704
vapour 50,705 390,76 414,26 1,711 0,6450 0,9081 159,25 23,98
liquid 35,00 1,3548 | 1150,1 241,89 243,07 1,1458 0,7006 1,3077 4924 0,1331
vapour 57,988 391,98 415,34 1,7048 0,6584 0,9485 157,91 23,14
liquid 40,00 1,5336 | 1128,5 248,29 249,65 1,1665 0,7059 1,3389 467,6 0,2060
vapour 66,193 393,08 416,25 1,6985 0,6722 0,9948 156,36 22,37
liquid 45,00 1,7292 | 1106,0 254,80 256,36 1,1872 0,7116 1,3755 4425 0,2919
vapour 75,457 394,04 416,95 1,6919 0,6865 1,0487 154,58 21,66
liquid 50,00 1,9427 | 1082,3 261,45 263,25 1,2080 0,7176 1,4191 417,0 0,3945
vapour 85,952 394,83 417,44 1,6852 0,7014 1,126 152,56 21,01
liquid 55,00 2,1751 | 1057,2 268,26 270,32 1,2291 0,7240 1,4724 390,9 0,5190
vapour 97,899 395,43 417,65 1,6781 0,7170 1,1902 150,28 20,41
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Table 13 (continued)

Temp. Pressure| Density Internal | Enthalpy | Entropy C, G, Sound J-T
energy speed coefficient
°C MPa kg/m3 kJ/kg kJ/kg kJ/(kg-K) kd/(kg'K)| kJ/(kg-K) m/s K/MPa

liquid 60,00 2,4275 1030,4 275,26 277,61 1,2504 0,7308 1,5392 364,3 0,6730
vapour 111,591 395,80 417,55 1,6705 0,7335 1,2872 147,72 19,85
liquid 65,00 2,7012 1001,4 282,49 285,18 1,2722 0,7384 1,6259 337,0 0,8674
vapour 127,430 395,87 417,06 1,6622 0,7511 1,4128 144,85 19,32
liquid 70,00 2,9974 969,7 290,01 293,10 1,2945 0,7467 1,7434 308,8 1,1199
vapour 145,991 395,56 416,09 1,6529 0,7702 1,5837 141,66 18,81
liquid 75,00 3,3177 934,4 297,91 301,46 1,3177 0,7563 1,9127 279,6 1,4598
vapour 168,158 394,76 414,49 1,6424 0,7914 1,8322 138,11 18,28
liquid 80,00 3,6638 893,7 306,34 310,44 1,3423 0,7680 2,1814 248,8 1,9420
vapour 195,404 393,26 412,01 1,6299 0,8157 2,2308 134,15 17,70
liquid 85,00 4,0378 844.,8 315,60 320,38 1,3690 0,7840 2,6821 215,3 2,6843
vapour 230,560 390,67 408,19 1,6142 0,8450 2,9841 129,71 16,98
liquid 90,00 4,4423 780,1 326,39 332,09 1,4001 0,8115 3,9811 177,0 4,0006
vapour 280,625 386,04 401,87 1,6922 0,8843 4,9749 124,64 15,90
liquid 95,00 4,8824 662,9 342,19 349,56 1,4462 0,8918 17,3120 128,0 7,2855
vapour 382,037 374,50 387,28 1,5486 0,9566 25,2863 117,96 13,40
critical 96,15 4,9900 523,8 357,37 366,90 1,4927 ¢ ¢ ¢ 10,3661
2  Triple point.
b Normal boiling point.
¢ The values of C, Cp, and w at the critical point are not included as part of this International Standard.

5.6 R32 — Difluoromethane

5.6.1 Range of validity
The coefficients are valid within the following ranges:

Toin= 136,34 K, T,

max

= 435 K; prax = 70 MPa; pray = 27,473 4 mol/l (1 429 kg/m3)

Table 14 — Coefficients and exponents of the ideal-gas part [Equations (3) to (5)]

k C a, b,
0 4,004 486 — —
1 — 1,160 761 798
2 — 2,645 151 4185
3 — 5,794 987 1806
4 — 1,129 475 11510
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Table 15 — Coefficients and exponents of the real-gas part [Equation (2)]

k N, f, d I, @
1 1,046 634 0,25 1 0 0
2 -0,545 116 5 1 2 0 0
3 — 0,002 448 595 -0,25 5 0 0
4 — 0,048 770 02 -1 1 0 0
5 0,035 201 58 2 1 0 0
6 0,001 62275 2 3 0 0
7 0,000 023 772 25 075 8 0 0
8 0,029 149 0,25 4 0 0
9 0,003 386 203 18 4 4 1
10 0,004 202 444 26 4 3 1
11 0,000 478 202 5 -1 8 1 1
12 0,005 504 323 25 3 4 1
13 — 0,024 183 96 1,75 5 1 1
14 0,420 903 4 4 1 2 1
15 -0,461653 7 5 1 2 1
16 — 1,200 513 1 3 1 1
17 - 2,591 55 1,5 1 1 1
18 — 1,400 145 1 2 1 1
19 0,826 3017 0,5 3 1 1

5.6.2 Reducing parameters, molar mass, and gas constant
T*= 351,255 K, p* = 8,150 084 6 mol/l, M = 52,024 g/mol, R = 8,314 471 J/(mol-K)
5.6.3 Reference state parameters

Trot = 273,15 K, prog = 1,0 kPa, o = 28 204,341 J/mol, s, = 171,691 3 J/(mol-K), f; = 7,254 707 84,
fo=2231,557 35
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Table 16 — R32 property values along the liquid-vapour saturation boundary

Temp. Pressure | Density Internal | Enthalpy | Entropy C, G, Sound J-T
energy speed coefficient
°C MPa kg/m3 kJ/kg kJ/kg kJ/(kg-K)|  kJ/(kg-K) | kJ/(kg-K) m/s KIMPa

liquid —136,812 | 4,800x10-5|1429,3 -19,07 -19,07 —-0,1050 1,0658 1,5925 1414,4 -0,3376
vapour 2,203x10-3 | 422,52 444,31 3,2937 0,4995 0,6597 169,60 881,12
liquid —135,00 |6,339x10-5]|1424,9 -16,19 -16,19 —0,0840 1,0613 1,5900 1404,9 -0,3375
vapour 2,872x10-3| 423,42 445,49 3,2579 0,5007 0,6609 170,67 823,35
liquid -130,00 | 0,000131(1412,7 -8,26 -8,26 —-0,0276 1,0494 1,5835 1378,4 -0,3369
vapour 0,00574 | 425,90 448,77 3,1651 0,5041 0,6646 173,59 686,24
liquid -125,00 | 0,000257 [1400,6 -0,36 -0,36 0,0267 1,0380 1,5777 1352,1 —-0,3359
vapour 0,01085 | 428,39 452,05 3,0804 0,5080 0,6689 176,44 576,21
liquid -120,00 | 0,000478(1388,4 7,52 7,52 0,0790 1,0274 1,5726 1325,8 —-0,3345
vapour 0,01954 | 430,88 455,33 3,0030 0,5123 0,6738 179,21 487,31
liquid -115,00 | 0,000850 [1376,1 15,37 15,37 0,1294 1,0173 1,5682 1299,5 -0,3327
vapour 0,03369 | 433,37 458,60 2,9320 0,5173 0,6796 181,91 415,01
liquid -110,00 | 0,00145 [1363,8 23,20 23,20 0,1782 1,0079 1,5647 1273,4 -0,3304
vapour 0,0558 | 435,85 461,86 2,8668 0,5229 0,6863 184,52 355,78
liquid -105,00 | 0,00239 |[1351,5 31,02 31,02 0,2254 0,9991 1,5619 1247,3 -0,3277
vapour 0,0894 | 438,32 465,10 2,8068 0,5293 0,6940 187,05 306,92
liquid -100,00 | 0,00381 [1339,0 38,82 38,83 0,2711 0,9910 1,5600 1221,2 -0,3244
vapour 0,1385 | 440,77 468,31 2,7515 0,5365 0,7030 189,50 266,28
liquid -95,00 0,00590 (1326,5 46,62 46,62 0,3155 0,9834 1,5588 1195,3 -0,3205
vapour 0,2084 | 443,20 471,48 2,7003 0,5446 0,7134 191,84 232,23
liquid -90,00 0,00887 [1313,9 54,41 54,42 0,3586 0,9764 1,5586 1169,3 -0,3160
vapour 0,3056 | 445,59 474,61 2,6529 0,5538 0,7254 194,09 203,45
liquid —85,00 0,0130 |1301,2 62,20 62,21 0,4006 0,9700 1,5592 1143,4 -0,3109
vapour 0,438 447,96 477,70 2,6089 0,5641 0,7390 196,24 178,95
liquid -80,00 0,0187 |1288,4 70,00 70,02 0,4415 0,9641 1,5606 1117,5 -0,3051
vapour 0,613 450,29 480,72 2,5679 0,5755 0,7543 198,26 157,95
liquid —75,00 0,0262 |1275,4 77,81 77,83 0,4814 0,9588 1,5630 1091,7 —-0,2986
vapour 0,842 452,57 483,68 2,5296 0,5880 0,7714 200,18 139,85
liquid —70,00 0,0361 |1262,4 85,63 85,66 0,5204 0,9540 1,5663 1065,8 -0,2913
vapour 1,135 454,81 486,57 2,4939 0,6015 0,7903 201,96 124,19
liquid —65,00 0,0488 [1249,1 93,46 93,50 0,5585 0,9497 1,5706 1039,9 —-0,2831
vapour 1,507 456,99 489,38 2,4604 0,6160 0,8110 203,62 110,58
liquid —60,00 0,0650 |1235,7 101,32 101,38 0,5958 0,9460 1,5758 1014,1 -0,2740
vapour 1,969 459,12 492,11 2,4289 0,6315 0,8335 205,14 98,73
liquid -55,00 0,0852 [1222,1 109,21 109,28 0,6324 0,9427 1,5821 988,2 -0,2640
vapour 2,538 461,19 494,74 2,3993 0,6477 0,8576 206,52 88,40
liquid -50,00 0,1101 (1208,4 117,13 117,22 0,6683 0,9400 1,5895 962,2 -0,2528
vapour 3,232 463,19 497,27 2,3714 0,6646 0,8835 207,75 79,39
liquid -51,65° | 0,1013 [1212,9 114,51 114,59 0,6565 0,9408 1,5869 970,8 —-0,2566
vapour 2,988 462,54 496,45 2,3805 0,6589 0,8748 207,36 82,23
liquid —45,00 0,1406 (1194,4 125,08 125,20 0,7035 0,9377 1,5980 936,3 —-0,2404
vapour 4,067 465,13 499,70 2,3450 0,6820 0,9110 208,83 71,52
liquid —40,00 0,1774 (1180,2 133,08 133,23 0,7382 0,9359 1,6077 910,2 -0,2267
vapour 5,065 466,99 502,02 2,3200 0,6998 0,9401 209,74 64,65
liquid -35,00 0,2214 (11657 141,12 141,31 0,7723 0,9346 1,6187 884,0 -0,2115
vapour 6,248 468,78 504,21 2,2962 0,7180 0,9709 210,49 58,63
liquid -30,00 0,2734 |1151,0 149,21 149,45 0,8060 0,9338 1,6311 857,8 —0,1947
vapour 7,639 470,48 506,27 2,2735 0,7365 1,0035 211,07 53,37
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Temp. Pressure| Density Internal | Enthalpy (| Entropy C, G, Sound J-T
energy speed coefficient
°C MPa kg/m3 kJ/kg kJ/kg kJ/(kg'K)| kJ/(kg'K) | kJ/(kg-K) m/s K/MPa
liquid —25,00 | 0,3346 |[1135,9 157,36 157,66 0,8392 0,9334 1,6451 831,4 —-0,1761
vapour 9,266 472,09 508,20 2,2518 0,7552 1,0380 211,47 48,75
liquid —20,00 | 0,4058 |1120,6 165,58 165,94 0,8720 0,9335 1,6607 804,9 —-0,1553
vapour 11,157 473,61 509,97 2,2310 0,7740 1,0747 211,68 44,70
liquid —15,00 | 0,4881 1104,9 173,86 174,31 0,9044 0,9341 1,6783 778,3 -0,1322
vapour 13,346 475,01 511,58 2,2109 0,7930 1,1139 211,69 41,13
liquid -10,00 | 0,5826 |1088,8 182,23 182,76 0,9365 0,9351 1,6980 751,4 —-0,1063
vapour 15,870 476,31 513,02 2,1915 0,8121 1,1560 211,50 37,98
liquid -5,00 | 0,6906 |1072,2 190,68 191,33 0,9684 0,9366 1,7201 724,3 -0,0772
vapour 18,769 477,47 514,26 21727 0,8315 1,2015 211,10 35,20
liquid 0,00 | 0,8131 1055,3 199,23 200,00 1,0000 0,9386 1,7450 696,9 —-0,0444
vapour 22,091 478,49 515,30 2,1543 0,8510 1,251 210,48 32,72
liquid 5,00 | 0,9514 |1037,7 207,88 208,80 1,0314 0,9412 1,7733 669,2 —-0,0071
vapour 25,891 479,36 516,11 2,1363 0,8709 1,3058 209,63 30,51
liquid 10,00 | 1,1069 |1019,7 216,66 217,74 1,0628 0,9443 1,8056 641,2 0,0354
vapour 30,232 480,05 516,66 2,1185 0,8911 1,3667 208,54 28,54
liquid 15,00 | 1,2808 |1000,9 225,56 226,84 1,0940 0,9480 1,8428 612,7 0,0843
vapour 35,190 480,54 516,93 2,1008 0,9118 1,4353 207,20 26,76
liquid 20,00 | 1,4746 981,4 234,62 236,12 1,1253 0,9524 1,8859 583,7 0,1410
vapour 40,856 480,81 516,90 2,0831 0,9331 1,5136 205,60 25,16
liquid 25,00 | 1,6896 961,0 243,84 245,60 1,1566 0,9577 1,9367 554,2 0,2076
vapour 47,339 480,82 516,51 2,0652 0,9550 1,6045 203,72 23,69
liquid 30,00 | 1,9275 939,6 253,27 255,32 1,1881 0,9638 1,9973 524,0 0,2865
vapour 54,776 480,54 515,72 2,0471 0,9779 1,7118 201,54 22,36
liquid 35,00 | 2,1898 917,0 262,92 265,30 1,2198 0,9712 2,0710 493,0 0,3815
vapour 63,343 479,91 514,48 2,0285 1,0019 1,8412 199,04 21,13
liquid 40,00 | 2,4783 893,0 272,84 275,61 1,2520 0,9800 2,1629 461,0 0,4976
vapour 73,268 478,88 512,71 2,0091 1,0272 2,0012 196,19 19,98
liquid 45,00 | 2,7948 867,3 283,09 286,31 1,2847 0,9907 2,2809 428,0 0,6428
vapour 84,859 477,36 510,29 1,9888 1,0542 2,2056 192,96 18,90
liquid 50,00 | 3,1412 839,3 293,74 297,49 1,3183 1,0039 2,4385 393,6 0,8288
vapour 98,550 475,23 507,10 1,9670 1,0834 2,4773 189,31 17,86
liquid 55,00 | 3,5199 808,3 304,93 309,29 1,3531 1,0207 2,6610 357,6 1,0751
vapour 114,989 472,32 502,93 1,9432 1,1156 2,8594 185,16 16,85
liquid 60,00 | 3,9332 773,3 316,84 321,93 1,3898 1,0428 3,0007 319,7 1,4157
vapour 135,213 468,35 497,44 1,9166 1,1519 3,4412 180,43 15,83
liquid 65,00 | 4,3843 732,3 329,81 335,80 1,4293 1,0732 3,5880 279,4 1,9160
vapour 161,092 462,84 490,05 1,8855 1,1947 4,4462 174,95 14,75
liquid 70,00 | 4,8768 680,9 344,57 351,73 1,4740 1,1194 4,8653 235,8 2,7233
vapour 196,688 454,72 479,52 1,8464 1,2488 6,6388 168,40 13,49
liquid 75,00 | 5,4168 605,9 363,45 372,39 1,5314 1,2064 10,1347 186,1 4,3093
vapour 255,587 440,53 461,72 1,7880 1,3310 15,6016 159,64 11,74
critical 78,11 | 5,7820 424,0 400,51 414,15 1,6486 ¢ ¢ ¢ 8,0731
a Triple point.
b Normal boiling point.
¢ The values of C,, C, and w at the critical point are not included as part of this International Standard.
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5.7 R123 — 2,2—dichloro-1,1,1-trifluoroethane

5.7.1 Range of validity

The coefficients are valid within the following ranges:

Toin = 166 K, Ty = 600 K; proay = 40 MPa; 0 = 11,6 mol/l (1 774 kg/m3)

Table 17 — Coefficients and exponents of the ideal-gas part [Equations (3) to (5)]

k c 4
0 2,046 006 —
1 4,866 562 x 102 1
2 - 5,586 382 x 1075 2
3 2,823 279 x 1078 3

b I
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Table 18 — Coefficients and exponents of the real-gas part [Equation (2)]

k N, f d, A @
1 - 0,100 242 647 494 x 102 3 0 0 0
2 — 0,280 607 656 419 4 0 0 0
3 0,206 814 471 606 x 10~ 5 0 0 0
4 — 0,284 379 431 451 0 1 0 0
5 0,593 928 110 321 x 10° 0,5 1 0 0
6 - 0,936 560 389 528 x 10 1 1 0 0
7 0,416 660 793 675 x 10° 2 1 0 0
8 ~0,174 023 292 951 x 10 3 1 0 0
9 0,177 019 905 365 0 2 0 0
10 ~ 0,154 721 692 26 x 10! 1 2 0 0
11 0,161 820 495 59 x 10° 2 2 0 0
12 0,288 903 529 383 x 10° 3 2 0 0
13 — 0,118 493 874 757 0 3 0 0
14 0,130 952 266 209 x 10° 1 3 0 0
15 -0,117 308 103 711 x 10° 2 3 0 0
16 - 0,128 125 131 950 1 4 0 0
17 0,786 087 387 513 x 10" 2 5 0 0
18 — 0,816 000 499 305 x 10" 3 5 0 0
19 0,536 451 054 311 x 10~ 2 6 0 0
20 - 0,680 078 211 929 x 10-2 2 7 0 0
21 0,701 264 082 191 x 102 3 7 0 0
22 ~0,901 762 397 311 x 10~3 3 8 0 0
23 0,100 242 647 494 x 102 3 0 2 1
24 0,280 607 656 419 4 0 2 1
25 — 0,206 814 471 606 x 10~" 5 0 2 1
26 0,798 923 878 145 x 10° 3 2 2 1
27 — 0,547 972 072 476 4 2 2 1
28 — 0,206 814 470 584 x 10" 5 2 2 1
29 0,249 142 724 365 x 10" 3 4 2 1
30 0,273 986 034 884 4 4 2 1
31 0,236 001 863 614 5 4 2 1
32 0,540 528 251 211 3 6 2 1
33 0,600 457 561 959 x 10" 4 6 2 1
34 0,786 672 874 826 x 10~ 5 6 2 1
35 0,708 085 874 508 x 10~" 3 8 2 1
36 —0,150 114 389 748 x 10" 4 8 2 1
37 0,182 205 199 477 x 10-2 5 8 2 1
38 0,314 978 575 163 x 102 3 10 2 1
39 0,784 455 573 794 x 1072 4 10 2 1
40 0,364 410 397 155 x 103 5 10 2 1
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5.7.2 Reducing parameters, molar mass, and gas constant
7*=456,831 K, p* = 3,596 417 mol/l, M = 152,931 g/mol, R = 8,314 51 J/(mol-K)
5.7.3 Reference state parameters

Too = 273,15 K, pros = 1,0 kPa, hyo = 58 497,533 Jimol, s, = 283,936 5 J/(mol-K), f; = — 8,106 583 79,
f,=5001,445 51

Table 19 — R123 property values along the liquid-vapour saturation boundary

Temp. Pressure| Density Internal | Enthalpy | Entropy C, G, Sound J-T
energy speed coefficient
B °C MPa kg/m3 kJ/kg kd/kg kJ/(kg-K)|  kJ/(kg-K) | kJ/(kg-K) m/s KIMPa

liquid |-107,15%|4,202x106| 1771,0 98,81 98,81 0,5311 0,6295 0,9289 1243,8 -0,4755
vapour 4,656x104| 313,47 322,50 1,8786 0,4194 0,4738 100,97 335,67
liquid |-105,00 | 5,765x10-6| 1766,0 100,80 100,80 0,5430 0,6306 0,9280 1235,3 -0,4762
vapour 6,306x10—4| 314,38 323,52 1,8675 0,4232 0,4776 101,57 319,10
liquid |-100,00 | ,161x10-5 | 1754,5 105,44 105,44 0,5702 0,6321 0,9261 1215,3 -0,4772
vapour 1,233x10-3| 316,51 325,93 1,8436 0,4319 0,4863 102,95 284,41
liquid —-95,00 | 2,233x10-5 1743,2 | 110,07 110,07 0,5965 0,6328 0,9245 1195,0 -0,4775
vapour 2,306x10-3| 318,69 328,38 1,8220 0,4405 0,4949 104,31 254,37
liquid —-90,00 | 4,120x10-5| 1732,0 114,68 114,68 0,6221 0,6333 0,9235 1174,6 -0,4771
vapour 4,138x10-3| 320,92 330,87 1,8025 0,4491 0,5035 105,65 228,26
liquid -85,00 | 7,317x10-5| 1720,8 119,30 119,30 0,6470 0,6338 0,9232 1153,9 -0,4759
vapour 7,154x10-3(323,18 333,41 1,7849 0,4575 0,5119 106,97 205,49
liquid -80,00 | 0,000125 |1709,6 123,92 123,92 0,6712 0,6346 0,9236 1133,1 —-0,4740
vapour 0,01195 | 325,49 335,98 1,7691 0,4658 0,5202 108,27 185,55
liquid —75,00 | 0,000208 |1698,5 128,54 128,54 0,6948 0,6356 0,9247 1112,1 -0,4714
vapour 0,01935 327,83 338,60 1,7549 0,4740 0,5285 109,55 168,05
liquid —-70,00 | 0,000336 |1687,4 133,17 133,17 0,7179 0,6371 0,9266 1091,1 —-0,4681
vapour 0,03045 | 330,21 341,25 1,7422 0,4821 0,5367 110,81 152,63
liquid —65,00 | 0,000528 |1676,2 137,80 137,80 0,7404 0,6388 0,9290 1069,9 —-0,4643
vapour 0,04666 332,63 343,94 1,7307 0,4902 0,5448 112,06 139,01
liquid —-60,00 | 0,000808 |[1665,1 142,46 142,46 0,7625 0,6410 0,9320 1048,7 -0,4599
vapour 0,06977 335,09 346,66 1,7206 0,4982 0,5529 113,27 126,94
liquid -55,00 0,00121 [1653,9 147,13 147,13 0,7842 0,6435 0,9354 1027,6 —-0,4550
vapour 0,1020 | 337,58 349,42 1,7115 0,5061 0,5610 114,47 116,22
liquid -50,00 0,00177 |1642,6 151,81 151,81 0,8054 0,6462 0,9393 1006,4 —-0,4496
vapour 0,1461 | 340,11 352,21 1,7034 0,5139 0,5690 115,64 106,68
liquid —45,00 0,00254 |1631,3 156,52 156,52 0,8263 0,6493 0,9435 985,3 —0,4437
vapour 0,2052 | 342,66 355,03 1,6964 0,5217 0,5770 116,78 98,17
liquid —40,00 0,00358 |1620,0 161,25 161,25 0,8468 0,6526 0,9480 964,3 —-0,4375
vapour 0,2831 | 345,25 357,88 1,6901 0,5295 0,5850 117,90 90,55
liquid -35,00 0,00495 |1608,5 166,00 166,00 0,8669 0,6561 0,9528 943,4 —-0,4309
vapour 0,3843 | 347,87 360,75 1,6847 0,5372 0,5931 118,98 83,73
liquid -30,00 0,00675 |1597,0 170,77 170,78 0,8868 0,6597 0,9578 922,6 —-0,4239
vapour 0,5136 | 350,51 363,65 1,6800 0,5448 0,6011 120,03 77,60
liquid —-25,00 0,00906 |1585,4 175,58 175,58 0,9063 0,6635 0,9629 901,9 -0,4166
vapour 0,6767 | 353,19 366,57 1,6760 0,5525 0,6092 121,04 72,09
liquid —20,00 0,0120 |1573,8 180,40 180,41 0,9256 0,6674 0,9682 881,3 -0,4088
vapour 0,880 355,88 369,52 1,6726 0,5601 0,6174 122,01 67,13
liquid -15,00 0,0157 | 1562,0 185,26 185,27 0,9446 0,6714 0,9735 860,9 -0,4007
vapour 1,130 358,60 372,47 1,6698 0,5677 0,6256 122,94 62,65
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Table 19 (continued)

ISO 17584:2005(E)

Temp. Pressure | Density Internal | Enthalpy (| Entropy C, G, Sound J-T
energy speed coefficient
°C MPa kg/m3 kJ/kg kJ/kg kd/(kg-K)| kJi(kg-K) | kJ/(kg-K) m/s K/IMPa
liquid -10,00 0,0202 [1550,1 190,14 190,15 0,9633 0,6755 0,9790 840,7 -0,3923
vapour 1,435 361,34 375,45 1,6675 0,5753 0,6339 123,82 58,60
liquid -5,00 0,0258 [1538,2 195,04 195,06 0,9818 0,6797 0,9846 820,6 —-0,3834
vapour 1,802 364,10 378,44 1,6656 0,5828 0,6423 124,66 54,93
liquid 0,00 0,0326  [1526,1 199,98 200,00 1,0000 0,6839 0,9902 800,7 —-0,3740
vapour 2,242 366,87 381,44 1,6642 0,5904 0,6508 125,44 51,61
liquid 5,00 0,0408 (1513,9 204,94 204,97 1,0180 0,6881 0,9959 780,9 —-0,3643
vapour 2,762 369,67 384,44 1,6633 0,5979 0,6594 126,17 48,60
liquid 10,00 0,0506 [1501,6 209,93 209,97 1,0358 0,6924 1,0017 761,3 —-0,3540
vapour 3,374 372,47 387,46 1,6626 0,6055 0,6682 126,84 45,86
liquid 15,00 0,0621 1489,2 214,95 214,99 1,0534 0,6967 1,0076 741,9 —0,3431
vapour 4,088 375,29 390,48 1,6624 0,6130 0,6771 127,45 43,37
liquid 20,00 0,0756 [1476,6 220,00 220,05 1,0707 0,7011 1,0135 722,6 -0,3316
vapour 4,917 378,12 393,49 1,6624 0,6206 0,6861 127,99 41,10
liquid 25,00 0,0914 [1463,9 225,08 225,14 1,0879 0,7054 1,0196 703,4 —-0,3195
vapour 5,872 380,95 396,51 1,6627 0,6281 0,6953 128,47 39,03
liquid 27,82b 0,1013 [1456,6 227,96 228,03 1,0975 0,7079 1,0230 692,7 -0,3123
vapour 6,471 382,56 398,22 1,6630 0,6324 0,7006 128,71 37,95
liquid 30,00 0,1096 [1451,0 230,18 230,26 1,1049 0,7097 1,0257 684,4 —-0,3066
vapour 6,966 383,80 399,53 1,6633 0,6357 0,7047 128,88 37,15
liquid 35,00 0,1305 (1438,0 235,32 235,41 1,1217 0,7141 1,0320 665,5 -0,2929
vapour 8,213 386,64 402,54 1,6641 0,6432 0,7144 129,21 35,43
liquid 40,00 0,1545 (14248 240,48 240,59 1,1383 0,7185 1,0385 646,8 —-0,2782
vapour 9,630 389,49 405,54 1,6651 0,6508 0,7243 129,46 33,86
liquid 45,00 0,1817 [1411,4 245,68 245,81 1,1548 0,7229 1,0451 628,2 -0,2625
vapour 11,230 392,35 408,53 1,6662 0,6583 0,7344 129,64 32,42
liquid 50,00 0,2125 (1397,8 250,91 251,06 1,1711 0,7273 1,0519 609,6 —0,2456
vapour 13,031 395,20 411,50 1,6676 0,6659 0,7448 129,73 31,11
liquid 55,00 0,2471 1384,0 256,17 256,34 1,1873 0,7317 1,0589 591,2 -0,2274
vapour 15,051 398,04 414,46 1,6691 0,6735 0,7556 129,73 29,91
liquid 60,00 0,2859 [1370,0 261,46 261,67 1,2033 0,7362 1,0663 572,9 -0,2076
vapour 17,311 400,88 417,40 1,6707 0,6811 0,7667 129,64 28,82
liquid 65,00 0,3292 [1355,7 266,78 267,03 1,2191 0,7406 1,0740 554,6 -0,1861
vapour 19,830 403,72 420,31 1,6725 0,6887 0,7783 129,46 27,82
liquid 70,00 0,3772 (1341,2 272,14 272,42 1,2349 0,7451 1,0820 536,4 -0,1627
vapour 22,632 406,54 423,20 1,6743 0,6963 0,7904 129,17 26,92
liquid 75,00 0,4304 (1326,4 277,54 277,86 1,2505 0,7497 1,0906 518,2 -0,1370
vapour 25,743 409,34 426,06 1,6762 0,7040 0,8030 128,79 26,09
liquid 80,00 0,4891 1311,2 282,98 283,35 1,2660 0,7542 1,0996 500,0 -0,1087
vapour 29,188 412,14 428,89 1,6781 0,7117 0,8162 128,30 25,34
liquid 85,00 0,5536 [1295,7 288,45 288,88 1,2814 0,7589 1,1093 481,9 -0,0773
vapour 33,000 414,91 431,68 1,6801 0,7194 0,8302 127,69 24,66
liquid 90,00 0,6242 [1279,9 293,97 294,45 1,2967 0,7636 1,1197 463,8 —0,0425
vapour 37,213 417,65 434,43 1,6822 0,7272 0,8450 126,97 24,05
liquid 95,00 0,7014 (1263,6 299,53 300,08 1,3120 0,7683 1,1310 445,6 —-0,0036
vapour 41,863 420,37 437,13 1,6842 0,7350 0,8609 126,12 23,51
liquid 100,00 0,7855 [1246,9 305,14 305,77 1,3271 0,7731 1,1433 427,5 0,0402
vapour 46,996 423,06 439,77 1,6862 0,7429 0,8780 125,14 23,03
liquid 105,00 0,8769 [1229,7 310,80 311,51 1,3422 0,7781 1,1568 409,2 0,0896
vapour 52,661 425,71 442,36 1,6882 0,7509 0,8965 124,02 22,61
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ISO 17584:2005(E)

Table 19 (continued)

Temp. Pressure | Density Internal | Enthalpy | Entropy C, G, Sound J-T
energy speed coefficient
°C MPa kg/ms3 kJ/kg kJ/kg kJ/(kg-K) kJ/(kg-K) | kJ/(kg-K) m/s K/MPa
liquid 110,00 0,9760 1211,9 316,51 317,32 1,3572 0,7831 1,1717 391,0 0,1460
vapour 58,914 428,31 444,88 1,6902 0,7590 0,9168 122,76 22,24
liquid 115,00 1,0832 1193,5 322,28 323,19 1,3723 0,7883 1,1884 372,6 0,2106
vapour 65,824 430,86 447,32 1,6920 0,7672 0,9392 121,34 21,94
liquid 120,00 1,1990 1174,4 328,13 329,15 1,3872 0,7936 1,2072 3541 0,2854
vapour 73,471 433,35 449,67 1,6938 0,7755 0,9643 119,76 21,69
liquid 125,00 1,3237 1154,4 334,04 335,18 1,4022 0,7991 1,2287 335,5 0,3728
vapour 81,950 435,78 451,93 1,6955 0,7840 0,9928 118,00 21,51
liquid 130,00 1,4578 1133,6 340,03 341,32 1,4173 0,8048 1,2536 316,7 0,4759
vapour 91,379 438,12 454,07 1,6969 0,7927 1,0257 116,05 21,38
liquid 135,00 1,6018 1111,6 346,12 347,56 1,4323 0,8107 1,2828 297,8 0,5992
vapour 101,904 440,37 456,08 1,6982 0,8017 1,0643 113,89 21,32
liquid 140,00 1,7563 1088,3 352,31 353,92 1,4475 0,8170 1,3178 278,6 0,7487
vapour 113,711 442,50 457,94 1,6992 0,8110 1,1106 111,51 21,32
liquid 145,00 1,9217 1063,5 358,62 360,43 1,4628 0,8236 1,3606 259,1 0,9334
vapour 127,044 444,48 459,61 1,7000 0,8207 1,1677 108,88 21,39
liquid 150,00 2,0987 1036,8 365,08 367,10 1,4782 0,8307 1,4146 239,3 1,1664
vapour 142,231 446,30 461,05 1,7003 0,8309 1,2405 105,99 21,53
liquid 155,00 2,2879 1007,8 371,72 373,99 1,4940 0,8384 1,4855 219,0 1,4686
vapour 159,735 447,89 462,22 1,7000 0,8417 1,3371 102,80 21,75
liquid 160,00 2,4901 975,7 378,58 381,13 1,5101 0,8469 1,5836 198,2 1,8748
vapour 180,242 449,20 463,01 1,6991 0,8534 1,4728 99,29 22,05
liquid ‘: 165,00 2,7062 939,4 385,74 388,62 1,5267 0,8565 1,7303 176,6 2,4478
vapour | 204,853 450,11 463,32 1,6972 0,8662 1,6790 95,40 22,41
liquid |- 170,00 2,9372 896,9 393,33 396,61 1,5443 0,8677 1,9792 154,0 3,3147
vapour 235,543 450,42 462,89 1,6939 0,8806 2,0332 91,07 22,81
liquid ] 175,00 3,1845 843,9 401,67 405,44 1,5635 0,8817 2,5102 129,6 47779
vapour 276,595 449,73 461,25 1,6880 0,8975 2,7935 86,20 23,12
liquid 180,00 3,4506 765,9 411,72 416,22 1,5867 0,9019 4,5486 102,3 7,8106
vapour 341,950 446,73 456,82 1,6763 0,9194 5,6613 80,62 22,79
critical 183,68 3,6618 550,0 430,74 437,39 1,6325 ¢ ¢ ¢ 16,5658
a Triple point.
b Normal boiling point.
¢ The values of C, Cp, and w at the critical point are not included as part of this International Standard.

5.8 R125 — Pentafluoroethane

5.8.1 Range of validity
The coefficients are valid within the following ranges:

=172,52 K, T,

max

=500 K; prnax = 60 MPa; pa = 14,09 mol/l (1 691 kg/m3)

Tmin
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k [ t a b,

1 3,063 0 0,1 — —

2 — — 2,303 314,0
3 — — 5,086 756,0
4 — — 7,300 1707,0

ISO 17584:2005(E)

Table 20 — Coefficients and exponents of the ideal-gas part [Equations (3) to (5)]

Table 21 — Coefficients and exponents of the real-gas part [Equation (2)]

k Ny U dy Iy % "y By Yk &
1 5,280 760 0,669 1 0 0 — — — —
2 - 8,676 580 1,05 1 0 0 — — — —
3 0,750 1127 2,75 1 0 0 — — — —
4 0,759 002 3 0,956 2 0 0 — — — —
5 0,014 518 99 1,00 4 0 0 — — — —
6 4,777 189 2,00 1 1 1 — — — —
7 —-3,330 988 2,75 1 1 1 — — — —
8 3,775 673 2,38 2 1 1 — — — —
9 -2,290 919 3,37 2 1 1 — — — —
10 0,888 826 8 3,47 3 1 1 — — — —
11 —-0,623 486 4 2,63 4 1 1 — — — —
12 —-0,041 272 63 3,45 5 1 1 — — — —
13 — 0,084 553 89 0,72 1 2 1 — — — —
14 -0,1308752 4,23 5 2 1 — — — —
15 0,008 344 962 0,20 1 3 1 — — — —
16 -1,532 005 4,5 2 2 1 1,7 1 0 0
17 — 0,058 836 49 29,0 3 3 1 7,0 1 0 0
18 0,022 966 58 24,0 5 3 1 6,0 1 0 0

5.8.2 Reducing parameters, molar mass, and gas constant

T*=339,173 K, p* =4,779 mol/l, M = 120,021 4 g/mol, R = 8,314 472 J/(mol-K)

5.8.3 Reference state parameters

Toor = 273,5 K, prog = 1,0 kPa, fiyf = 41 266,386 J/mol, s, = 236,119 5 J/(mol-K), f; = 29,876 674 5,

fo=3013,226 7
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Table 22 — R125 property values along the liquid-vapour saturation boundary

Temp. Pressure | Density Internal | Enthalpy | Entropy C, G, Sound J-T
energy speed coefficient
°C MPa kg/m3 kJ/kg kJ/kg kJ/(kg-K)|  kJ/(kg-K) | kJ/(kg-K) m/s KIMPa
liquid |-100,632 0,00291 (1690,7 87,13 87,13 0,4902 0,6776 1,0346 932,6 -0,3837
vapour 0,2446 | 265,48 277,39 1,5931 0,4984 0,5689 116,43 90,26
liquid |-100,00 0,00309 (1688,7 87,78 87,78 0,4940 0,6781 1,0351 929,2 -0,3830
vapour 0,2583 | 265,79 277,74 1,5911 0,4997 0,5703 116,61 89,08
liquid —-95,00 0,00481 (1672,5 92,97 92,97 0,5235 0,6818 1,0396 903,2 -0,3766
vapour 0,3918 | 268,25 280,54 1,5764 0,5099 0,5810 118,03 80,43
liquid -90,00 0,00729 (1656,2 98,18 98,18 0,5524 0,6860 1,0450 877,5 -0,3694
vapour 0,5779( 270,75 283,36 1,5634 0,5201 0,5919 119,39 72,87
liquid -85,00 0,0107 [1639,9 103,42 103,42 0,5806 0,6906 1,0512 852,3 -0,3614
vapour 0,831 273,28 286,20 1,5520 0,5304 0,6031 120,69 66,26
liquid -80,00 0,0155 [1623,4 108,69 108,70 0,6082 0,6955 1,0581 827,5 -0,3525
vapour 1,169 275,83 289,06 1,5421 0,5409 0,6146 121,92 60,44
liquid -75,00 0,0218 [1606,7 114,00 114,01 0,6354 0,7006 1,0656 802,9 —-0,3428
vapour 1,610 278,41 291,94 1,5333 0,5514 0,6264 123,07 55,33
liquid —-70,00 0,0301 [1589,9 119,34 119,36 0,6620 0,7060 1,0736 778,6 -0,3323
vapour 2,177 281,01 294,83 1,5257 0,5620 0,6385 124,13 50,81
liquid —65,00 0,0408 [1572,9 124,73 124,75 0,6882 0,7115 1,0822 754,5 —-0,3208
vapour 2,892 283,62 297,71 1,5191 0,5727 0,6511 125,11 46,82
liquid —60,00 0,0543 [1555,7 130,16 130,19 0,7140 0,7171 1,0912 730,6 —-0,3083
vapour 3,783 286,24 300,60 1,5135 0,5836 0,6641 125,98 43,28
liquid -55,00 0,0713 [1538,2 135,63 135,68 0,7394 0,7229 1,1007 706,8 -0,2947
vapour 4,879 288,88 303,48 1,5086 0,5946 0,6776 126,75 40,14
liquid -50,00 0,0922 |1520,5 141,15 141,21 0,7644 0,7288 1,1107 683,2 -0,2799
vapour 6,211 291,51 306,35 1,5044 0,6058 0,6916 127,41 37,35
liquid —48,09° 0,1013 [1513,6 143,27 143,34 0,7739 0,7311 1,1146 674,2 -0,2738
vapour 6,790 292,52 307,44 1,5030 0,6101 0,6971 127,63 36,36
liquid —45,00 0,1176 [1502,4 146,72 146,80 0,7891 0,7349 1,1212 659,6 -0,2636
vapour 7,814 294,15 309,20 1,5009 0,6171 0,7063 127,94 34,86
liquid —40,00 0,1483 (1484,0 152,34 152,44 0,8134 0,7410 1,1323 636,1 —-0,2458
vapour 9,725 296,79 312,03 1,4980 0,6286 0,7216 128,35 32,65
liquid -35,00 0,1849 |1465,3 158,01 158,14 0,8375 0,7473 1,1440 612,6 -0,2262
vapour 11,985 299,41 314,84 1,4955 0,6402 0,7376 128,61 30,67
liquid -30,00 0,2281 [1446,1 163,74 163,90 0,8614 0,7537 1,1565 589,1 —-0,2044
vapour 14,639 302,03 317,61 1,4935 0,6520 0,7545 128,73 28,91
liquid —25,00 0,2786 |1426,5 169,53 169,73 0,8849 0,7602 1,1698 565,7 -0,1803
vapour 17,736 304,63 320,34 1,4919 0,6640 0,7724 128,70 27,33
liquid —20,00 0,3373 |1406,4 175,38 175,62 0,9083 0,7668 1,1840 5422 -0,1532
vapour 21,331 307,22 323,03 1,4906 0,6761 0,7912 128,50 25,91
liquid -15,00 0,4050 |1385,8 181,30 181,59 0,9314 0,7736 1,1994 518,7 -0,1228
vapour 25,486 309,78 325,67 1,4895 0,6882 0,8112 128,11 24,66
liquid -10,00 0,4825 [1364,5 187,29 187,64 0,9544 0,7805 1,2161 495,2 —-0,0883
vapour 30,271 312,30 328,24 1,4887 0,7003 0,8324 127,54 23,55
liquid -5,00 0,5707 [1342,6 193,35 193,77 0,9773 0,7876 1,2344 471,6 —-0,0489
vapour 35,768 314,79 330,74 1,4881 0,7122 0,8550 126,77 22,61
liquid 0,00 0,6705 |1319,8 199,49 200,00 1,0000 0,7948 1,2547 448,0 —-0,0036
vapour 42,070 317,22 333,16 1,4875 0,7240 0,8797 125,80 21,81
liquid 5,00 0,7829 [1296,2 205,72 206,33 1,0226 0,8021 1,2773 424,3 0,0492
vapour 49,291 319,59 335,47 1,4869 0,7359 0,9073 124,60 21,15
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Temp. Pressure | Density Internal | Enthalpy (| Entropy C, G, Sound J-T
energy speed coefficient
°C MPa kg/m3 kJ/kg kJ/kg kJ/(kg'K)| kJ/(kg'K) | kJ/(kg-K) m/s K/IMPa
liquid 10,00 0,9088 [1271,5 212,05 212,76 1,0452 0,8095 1,3029 400,4 0,113
vapour 57,564 321,87 337,66 1,4863 0,7483 0,9392 123,17 20,61
liquid 15,00 1,0492 1245,6 218,48 219,32 1,0678 0,8172 1,3323 376,3 0,1851
vapour 67,054 324,06 339,71 1,4856 0,7617 0,9770 121,49 20,18
liquid 20,00 1,2052 1218,3 225,03 226,02 1,0904 0,8252 1,3666 352,0 0,2742
vapour 77,966 326,12 341,58 1,4846 0,7764 1,0230 119,55 19,83
liquid 25,00 1,3779 1189,4 231,71 232,87 1,1131 0,8335 1,4074 327,4 0,3835
vapour 90,557 328,05 343,26 1,4834 0,7928 1,0798 117,32 19,53
liquid 30,00 1,5685 1158,4 238,55 239,91 1,1359 0,8425 1,4575 302,4 0,5202
vapour 105,170 329,80 344,71 1,4817 0,8111 1,1517 114,78 19,29
liquid 35,00 1,7783 (1125,0 245,57 247,16 1,1591 0,8522 1,5209 276,9 0,6956
vapour 122,270 331,33 345,88 1,4794 0,8315 1,2452 111,88 19,08
liquid 40,00 2,0085 |1088,4 252,82 254,67 1,1826 0,8630 1,6052 250,8 0,9282
vapour 142,522 332,60 346,69 1,4764 0,8542 1,3716 108,58 18,91
liquid 45,00 2,2607 1047,7 260,36 262,52 1,2067 0,8755 1,7244 223,8 1,2501
vapour 166,954 333,50 347,05 1,4724 0,8796 1,5535 104,82 18,78
liquid 50,00 2,5368 [1001,1 268,29 270,83 1,2318 0,8907 1,9102 195,6 1,7247
vapour 197,293 333,89 346,75 1,4667 0,9083 1,8425 100,51 18,67
liquid 55,00 2,8389 945,4 276,82 279,83 1,2585 0,9106 2,2517 165,3 2,4948
vapour 236,916 333,46 345,44 1,4584 0,9421 2,3860 95,57 18,51
liquid 60,00 3,1703 872,1 286,46 290,10 1,2884 0,9411 3,1392 131,5 3,9752
vapour 294,367 331,44 342,21 1,4448 0,9856 3,8329 89,84 18,06
liquid 65,00 3,56370 735,1 300,06 304,88 1,3311 1,0139 13,6692 90,0 8,2955
vapour 416,565 323,75 332,24 1,4120 1,0604 20,0735 82,63 15,85
critical 66,02 3,6177 573,6 311,75 318,06 1,3696 ¢ ¢ ¢ 12,3608
a Triple point.
b Normal boiling point.
¢ The values of C,, Cp, and w at the critical point are not included as part of this International Standard.

5.9 R134a —1,1,1,2—-tetrafluoroethane

5.9.1 Range of validity

The coefficients are valid within the following ranges:

Trnin = 169,85 K, T 0
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0 - 0,629 789 —
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2 6,058 548 9 x 102 0,75
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Table 24 — Coefficients and exponents of the real-gas part [Equation (2)]

k N, f d, I, @
1 0,055 868 17 -0,5 2 0 0
2 0,498 223 0 1 0 0
3 0,024 586 98 0 3 0 0
4 0,000 857 014 5 0 6 0 0
5 0,000 478 858 4 1,5 6 0 0
6 — 1,800 808 1,5 1 0 0
7 0,267 164 1 2 1 0 0
8 - 0,047 816 52 2 2 0 0
9 0,014 239 87 1 5 1 1
10 0,332 406 2 3 2 1 1
11 — 0,007 485 907 5 2 1 1
12 0,000 101726 3 1 4 2 1
13 - 0,518 456 7 5 1 2 1
14 - 0,086 922 88 5 4 2 1
15 0,205 714 4 6 1 2 1
16 — 0,005 000 457 10 2 2 1
17 0,000 460 326 2 10 4 2 1
18 — 0,003 497 836 10 1 3 1
19 0,006 995 038 18 5 3 1
20 - 0,014 521 84 22 3 3 1
21 —0,000 128 545 8 50 10 4 1

2A
Copyright International Organization for Standardization
Reproduced by IHS under license with ISO

No reproduction or networking permitted without license from IHS

Not for Resale

© I1SO 2005 — All rights reserved



5.9.2 Reducing parameters, molar mass, and gas constant

ISO 17584:2005(E)

T*=374,18 K, p* =4,978 830 171 mol/l, M = 102,032 g/mol, R = 8,314 471 J/(mol-K)

5.9.3 Reference state parameters

Tyot = 273,15 K, prog = 1,0 kPa, hyo = 41 433,397 J/mol, s, = 225,535 3 J/(mol-K), /;

f,=3385,257 07

Table 25 — R134a property values along the liquid-vapour saturation boundary

=-12,280 800 2,

Temp. Pressure | Density Internal | Enthalpy (| Entropy C, G, Sound J-T
energy speed coefficient

°C MPa kg/m3 kJ/kg kJ/kg kJ/(kg'K)| kJ/(kg'K) | kd/(kg-K) m/s K/MPa
liquid | -103,302 0,000390 [1591,1 71,45 71,46 0,4126 0,7922 1,1838 1120,0 -0,3815
vapour 0,02817 321,11 334,94 1,9639 0,5030 0,5853 126,79 373,57
liquid | —100,00 0,000559 (1582,4 75,36 75,36 0,4354 0,7912 1,1842 1103,2 -0,3793
vapour 0,03969 322,76 336,85 1,9456 0,5107 0,5932 127,87 318,13
liquid -95,00 0,000939 [1569,1 81,29 81,29 0,4691 0,7910 1,1861 1077,7 —-0,3753
vapour 0,06479 325,29 339,78 1,9201 0,5224 0,6052 129,47 253,65
liquid -90,00 0,00152 (1555,8 87,22 87,23 0,5020 0,7920 1,1892 1052,3 -0,3707
vapour 0,1024 | 327,87 342,76 1,8972 0,5341 0,6173 131,03 206,26
liquid —-85,00 0,00240 (1542,5 93,18 93,18 0,5341 0,7940 1,1933 1027,0 —-0,3656
vapour 0,1570 | 330,49 345,77 1,8766 0,5457 0,6294 132,56 170,88
liquid —-80,00 0,00367 (1529,0 99,16 99,16 0,5654 0,7968 1,1981 1001,8 —-0,3599
vapour 0,2343 | 333,15 348,83 1,8580 0,5573 0,6417 134,04 144,05
liquid —-75,00 0,00548 (1515,5 105,16 105,17 0,5961 0,8002 1,2036 976,8 -0,3536
vapour 0,3412 | 335,85 351,91 1,8414 0,5689 0,6540 135,47 123,38
liquid —-70,00 0,00798 (1501,9 111,19 111,20 0,6262 0,8040 1,2096 952,0 —-0,3469
vapour 0,4857 | 338,59 355,02 1,8264 0,5806 0,6665 136,84 107,19
liquid —65,00 0,0114 (1488,2 117,26 117,26 0,6557 0,8082 1,2161 927,4 -0,3396
vapour 0,677 341,35 358,16 1,8130 0,5923 0,6793 138,16 94,32
liquid —60,00 0,0159 (14743 123,35 123,36 0,6846 0,8127 1,2230 903,0 -0,3318
vapour 0,927 344,15 361,31 1,8010 0,6040 0,6924 139,41 83,91
liquid -55,00 0,0218 (1460,4 129,48 129,50 0,7131 0,8175 1,2304 878,8 -0,3234
vapour 1,246 346,96 364,48 1,7902 0,6159 0,7058 140,59 75,36
liquid -50,00 0,0295 (1446,3 135,65 135,67 0,7410 0,8224 1,2381 854,7 -0,3143
vapour 1,650 349,80 367,65 1,7806 0,6280 0,7197 141,69 68,25
liquid —45,00 0,0391 1432,1 141,86 141,89 0,7685 0,8276 1,2462 830,9 —-0,3046
vapour 2,152 352,65 370,83 1,7720 0,6402 0,7341 142,70 62,23
liquid —40,00 0,0512 (1417,7 148,11 148,14 0,7956 0,8328 1,2546 807,2 —-0,2941
vapour 2,769 355,51 374,00 1,7643 0,6526 0,7490 143,63 57,08
liquid -35,00 0,0661 1403,1 154,40 154,44 0,8223 0,8382 1,2635 783,7 -0,2828
vapour 3,521 358,38 377,17 1,7575 0,6652 0,7646 144,45 52,63
liquid -30,00 0,0844 (1388,4 160,73 160,79 0,8486 0,8438 1,2729 760,3 -0,2706
vapour 4,426 361,25 380,32 1,7515 0,6781 0,7809 145,18 48,74
liquid -26,07° 0,1013 [1376,7 165,74 165,81 0,8690 0,8482 1,2805 742,0 -0,2602
vapour 5,258 363,51 382,78 1,7472 0,6884 0,7942 145,67 46,01
liquid —-25,00 0,1064 (1373,4 167,11 167,19 0,8746 0,8494 1,2827 737,0 -0,2573
vapour 5,506 364,12 383,45 1,7461 0,6912 0,7979 145,79 45,31
liquid —20,00 0,1327 [1358,3 173,54 173,64 0,9002 0,8551 1,2930 713,8 —-0,2428
vapour 6,784 366,99 386,55 1,7413 0,7046 0,8158 146,28 42,26
liquid -15,00 0,1639 [1342,8 180,02 180,14 0,9256 0,8609 1,3040 690,7 -0,2270
vapour 8,287 369,85 389,63 1,7371 0,7183 0,8346 146,65 39,54
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Table 25 (continued)

Temp. Pressure| Density Internal | Enthalpy | Entropy C, G, Sound J-T
energy speed coefficient
°C MPa kg/m3 kJ/kg kJ/kg kJ/(kg-K)|  kJ/(kg-K) | kJ/(kg-K) m/s K/MPa
liquid -10,00 0,2006 | 1327,1 186,55 186,70 0,9506 0,8669 1,3156 667,6 -0,2096
vapour 10,041 372,69 392,66 1,7334 0,7322 0,8544 146,89 37,11
liquid -5,00 0,2433 | 1311,1 193,13 193,32 0,9754 0,8729 1,3279 644,6 —-0,1905
vapour 12,077 375,51 395,66 1,7300 0,7464 0,8752 146,99 34,92
liquid 0,00 0,2928 | 1294,8 199,77 200,00 1,0000 0,8791 1,3410 621,6 -0,1695
vapour 14,428 378,31 398,60 1,7271 0,7608 0,8972 146,94 32,95
liquid 5,00 0,3497 | 1278,1 206,48 206,75 1,0243 0,8854 1,3552 598,7 -0,1461
vapour 17,131 381,08 401,49 1,7245 0,7755 0,9206 146,74 31,17
liquid 10,00 0,4146 | 1261,0 213,25 213,58 1,0485 0,8918 1,3704 575,7 -0,1200
vapour 20,226 383,82 404,32 1,7221 0,7904 0,9455 146,38 29,57
liquid 15,00 0,4884 |1243,4 220,09 220,48 1,0724 0,8983 1,3869 552,7 —-0,0907
vapour 23,758 386,52 407,07 1,7200 0,8056 0,9721 145,85 28,12
liquid 20,00 0,5717 | 1225,3 227,00 227,47 1,0962 0,9050 1,4049 529,6 —-0,0578
vapour 27,780 389,17 409,75 1,7180 0,8210 1,0007 145,15 26,81
liquid 25,00 0,6654 | 1206,7 233,99 234,55 1,1199 0,9119 1,4246 506,5 —-0,0204
vapour 32,350 391,77 412,33 1,7162 0,8367 1,0316 144,26 25,64
liquid 30,00 0,7702 1187,5 241,07 241,72 1,1435 0,9189 1,4465 483,2 0,0223
vapour 37,535 394,30 414,82 1,7145 0,8527 1,0655 143,16 24,58
liquid 35,00 0,8870 |1167,5 248,25 249,01 1,1670 0,9262 1,4709 459,9 0,0714
vapour 43,416 396,76 417,19 1,7128 0,8691 1,1028 141,86 23,63
liquid 40,00 1,0166 | 1146,7 255,52 256,41 1,1905 0,9336 1,4984 436,4 0,1285
vapour 50,085 399,13 419,43 1,711 0,8858 1,1445 140,34 22,78
liquid 45,00 1,1599 | 1125,1 262,91 263,94 1,2139 0,9414 1,5298 412,8 0,1953
vapour 57,657 401,40 421,52 1,7092 0,9029 1,1917 138,57 22,02
liquid 50,00 1,3179 | 1102,3 270,43 271,62 1,2375 0,9494 1,5661 389,0 0,2746
vapour 66,272 403,55 423,44 1,7072 0,9205 1,2461 136,55 21,36
liquid 55,00 1,4915 [1078,3 278,09 279,47 1,2611 0,9579 1,6089 364,9 0,3698
vapour 76,104 405,55 425,15 1,7050 0,9387 1,3099 134,25 20,77
liquid 60,00 1,6818 | 1052,9 285,91 287,50 1,2848 0,9668 1,6602 340,5 0,4861
vapour 87,379 407,38 426,63 1,7024 0,9577 1,3868 131,66 20,27
liquid 65,00 1,8898 | 1025,6 293,92 295,76 1,3088 0,9764 1,7234 315,7 0,6308
vapour 100,398 408,99 427,82 1,6993 0,9775 1,4822 128,74 19,83
liquid 70,00 2,1168 996,2 302,16 304,28 1,3332 0,9869 1,8039 290,3 0,8157
vapour 115,672 410,33 428,65 1,6956 0,9986 1,6051 125,46 19,46
liquid 75,00 2,3641 964,1 310,68 313,13 1,3580 0,9988 1,9115 264,1 1,0599
vapour 133,494 411,32 429,03 1,6909 1,0212 1,7714 121,80 19,14
liquid 80,00 2,6332 928,2 319,55 322,39 1,3836 1,0129 2,0648 236,6 1,3973
vapour 155,078 411,83 428,81 1,6850 1,0460 2,0122 117,69 18,86
liquid 85,00 2,9258 887,2 328,93 332,22 1,4104 1,0308 2,3064 207,4 1,8936
vapour 181,853 411,67 427,76 1,6771 1,0739 2,3971 113,09 18,57
liquid 90,00 3,2442 837,8 339,06 342,93 1,4390 1,0556 2,7559 175,9 2,6936
vapour 216,761 410,45 425,42 1,6662 1,1068 3,1207 107,90 18,20
liquid 95,00 3,5912 772,7 350,60 355,25 1,4715 1,0938 3,9385 141,2 4,1916
vapour 267,139 407,23 420,67 1,6492 1,1489 5,0195 101,91 17,51
liquid 100,00 3,9724 651,2 367,20 373,30 1,5188 1,1737 17,5915 101,0 8,1985
vapour 373,011 397,03 407,68 1,6109 1,2180 25,3503 93,95 15,30
critical 101,06 4,0593 511,9 381,71 389,64 1,5621 ¢ ¢ ¢ 11,9312
a Triple point.
Normal boiling point.

¢ The values of C|, Cp, and w at the critical point are not included as part of this International Standard.
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5.10 R143a — 1,1,1-trifluoroethane

5.10.1 Range of validity

The coefficients are valid within the following ranges:

Tmin

=161,34 K,

Table 26 — Coefficients and exponents of the ideal-gas part [Equations (3) to (5)]

Table 27 — Coefficients and exponents of the real-gas part [Equation (2)]

T,

max

=650 K; pyax = 100 MPa; p0 = 15,85 mol/l (1 332 kg/m3)

k Cx t ay by
1 1,057 8 0,33 — —
2 — — 4,440 2 1791
3 — — 3,7515 823

ISO 17584:2005(E)

k N, 4 dy I o
1 7,773644 3 0,67 1 0 0
2 -8,70185 0,833 1 0 0
3 — 0,277 797 99 1,7 1 0 0
4 0,146 092 2 1,82 2 0 0
5 0,008 958 161 6 0,35 5 0 0
6 —0,205 521 16 3,9 1 1 1
7 0,106 532 58 0,95 3 1 1
8 0,023 270 816 0 5 1 1
9 — 0,013 247 542 1,19 7 1 1
10 - 0,042 793 87 7.2 1 2 1
11 0,362 216 85 5,9 2 2 1
12 — 0,256 718 99 7,65 2 2 1
13 - 0,092 326 113 7.5 3 2 1
14 0,083 774 837 7,45 4 2 1
15 0,017 128 445 15,5 2 3 1
16 —0,017 256 11 22 3 3 1
17 0,004 908 049 2 19 5 3 1

5.10.2 Reducing parameters, molar mass, and gas constant

T*= 345,857 K, p* = 5,128 45 mol/L, M = 84,041 g/mol, R = 8,314 472 J/(mol-K)
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5.10.3 Reference state parameters

Toor = 273,15 K, pros = 1,0 kPa, /o = 33 936,397 JImol, s, = 198,961 3 J/(mol-K), f; = —1,577 780 74,
fo=2527,263 78

Table 28 — R143a property values along the liquid-vapour saturation boundary

Temp. Pressure |Density Internal | Enthalpy | Entropy C, G, Sound J-T
energy speed coefficient
°C MPa kg/m3 kJ/kg kJ/kg kJ/(kg'K) | kJ/(kg-K) | kd/(kg-K) m/s K/MPa
liquid |-111,812 0,00107( 1330,5 52,52 52,52 0,3142 0,8138 1,2112 | 1058,1 —-0,4394
vapour 0,0675 303,67 319,59 1,9695 0,5283 0,6299 137,57 385,09
liquid | -110,00 0,00129( 1326,2 54,71 54,71 0,3277 0,8128 1,2119 | 10494 -0,4375
vapour 0,0805 304,59 320,68 1,9579 0,5331 0,6350 138,22 354,60
liquid | -105,00 0,00211( 1314,1 60,78 60,78 0,3643 0,8114 1,2151 | 1025,5 -0,4316
vapour 0,1274 307,17 323,73 1,9281 0,5467 0,6495 139,98 284,35
liquid | -100,00 0,00333( 1301,9 66,87 66,87 0,4000 0,8115 1,2199 | 1001,7 —-0,4247
vapour 0,1956 309,78 326,81 1,9012 0,5604 0,6642 141,68 230,56
liquid -95,00 0,00510( 1289,6 72,98 72,98 0,4348 0,8131 1,2260 977,9 -0,4171
vapour 0,2917 312,43 329,92 1,8770 0,5742 0,6792 143,32 189,21
liquid -90,00 0,00761( 1277,2 79,13 79,13 0,4688 0,8157 1,2333 954,2 —-0,4086
vapour 0,4238 315,11 333,06 1,8553 0,5881 0,6944 144,89 157,26
liquid -85,00 0,0111 (1264,8 85,31 85,32 0,5021 0,8194 1,2415 930,4 -0,3994
vapour 0,601 317,83 336,22 1,8357 0,6021 0,7100 146,39 132,44
liquid -80,00 0,0157 (1252,2 91,54 91,55 0,5348 0,8238 1,2504 906,6 -0,3895
vapour 0,835 320,58 339,40 1,8180 0,6162 0,7258 147,81 113,01
liquid —-75,00 0,0219 (1239,5 97,81 97,83 0,5669 0,8288 1,2601 882,8 -0,3789
vapour 1,138 323,36 342,60 1,8021 0,6304 0,7421 149,13 97,68
liquid —-70,00 0,0299 (1226,7 104,14 104,16 0,5984 0,8344 1,2704 859,1 —-0,3674
vapour 1,523 326,16 345,80 1,7879 0,6448 0,7589 150,37 85,45
liquid —-65,00 0,0402 (1213,7 110,51 110,54 0,6294 0,8405 1,2813 835,3 —-0,3551
vapour 2,005 328,98 349,01 1,7750 0,6593 0,7763 151,50 75,60
liquid —-60,00 0,0531 [1200,6 116,94 116,99 0,6599 0,8470 1,2928 811,5 -0,3419
vapour 2,601 331,81 352,21 1,7635 0,6741 0,7944 152,51 67,57
liquid -55,00 0,0691 (1187,3 123,43 123,49 0,6900 0,8538 1,3049 787,7 -0,3277
vapour 3,329 334,66 355,41 1,7531 0,6892 0,8133 153,41 60,93
liquid -50,00 0,0887 (1173,9 129,97 130,05 0,7197 0,8608 1,3175 763,9 -0,3123
vapour 4,210 337,51 358,58 1,7438 0,7046 0,8331 154,19 55,38
liquid —47,24° 0,1013 (1166,4 133,61 133,70 0,7359 0,8648 1,3248 750,8 -0,3032
vapour 4,769 339,08 360,33 1,7391 0,7132 0,8444 154,55 52,70
liquid —45,00 0,1125 (1160,3 136,58 136,68 0,7490 0,8681 1,3309 7401 —-0,2956
vapour 5,264 340,36 361,74 1,7354 0,7203 0,8539 154,82 50,69
liquid —40,00 0,1411 (1146,4 143,26 143,38 0,7779 0,8756 1,3448 716,3 -0,2774
vapour 6,514 343,20 364,86 1,7279 0,7363 0,8758 155,31 46,68
liquid -35,00 0,1750 (1132,3 150,00 150,15 0,8065 0,8833 1,3596 692,5 -0,2576
vapour 7,988 346,04 367,95 1,721 0,7526 0,8989 155,65 43,21
liquid -30,00 0,2149 (1117,9 156,81 157,00 0,8348 0,8911 1,3752 668,6 -0,2358
vapour 9,711 348,86 370,99 1,7149 0,7693 0,9233 155,84 40,20
liquid —-25,00 0,2614 (1103,3 163,70 163,93 0,8629 0,8991 1,3918 644,7 -0,2118
vapour 11,716 351,67 373,98 1,7093 0,7863 0,9492 155,85 37,55
liquid —20,00 0,3154 (1088,3 170,66 170,95 0,8907 0,9072 1,4094 620,8 —-0,1852
vapour 14,036 354,44 376,91 1,7043 0,8035 0,9767 155,68 35,22
liquid -15,00 0,3774 (1072,9 177,71 178,06 0,9183 0,9154 1,4283 596,8 —-0,1555
vapour 16,709 357,18 379,76 1,6996 0,8211 1,0061 155,33 33,16
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Table 28 (continued)
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Temp. Pressure | Density Internal | Enthalpy ([ Entropy C, G, Sound J-T
energy speed coefficient
°C MPa kg/m3 kJ/kg kJ/kg kJ/(kg-K) kd/(kg'K) | kJ/(kg-K) m/s K/MPa
liquid -10,00 0,4482 1057,2 184,84 185,27 0,9457 0,9237 1,4487 572,8 -0,1223
vapour 19,778 359,88 382,54 1,6953 0,8390 1,0377 154,78 31,33
liquid -5,00 0,5287 1041,0 192,07 192,58 0,9729 0,9322 1,4709 548,6 —-0,0847
vapour 23,292 362,53 385,23 1,6913 0,8571 1,0717 154,03 29,69
liquid 0,00 0,6197 1024,3 199,40 200,00 1,0000 0,9408 1,4951 524,3 -0,0420
vapour 27,306 365,11 387,81 1,6876 0,8756 1,1087 153,06 28,24
liquid 5,00 0,7219 1007,0 206,83 207,54 1,0270 0,9495 1,5219 499,8 0,0069
vapour 31,885 367,63 390,27 1,6839 0,8944 1,1492 151,87 26,94
liquid 10,00 0,8363 989,1 214,37 215,22 1,0539 0,9585 1,5517 475,1 0,0635
vapour 37,107 370,06 392,60 1,6804 0,9135 1,1942 150,43 25,79
liquid 15,00 0,9637 970,4 222,05 223,04 1,0809 0,9678 1,5854 450,2 0,1295
vapour 43,062 372,39 394,77 1,6768 0,9331 1,2447 148,74 24,76
liquid 20,00 1,1052 950,8 229,86 231,02 1,1078 0,9773 1,6239 425,0 0,2075
vapour 49,864 374,60 396,76 1,6732 0,9531 1,3024 146,77 23,84
liquid 25,00 1,2616 930,2 237,83 239,19 1,1349 0,9873 1,6687 399,5 0,3007
vapour 57,653 376,66 398,54 1,6693 0,9737 1,3695 144,51 23,04
liquid 30,00 1,4340 908,4 245,98 247,56 1,1621 0,9978 1,7218 373,5 0,4140
vapour 66,605 378,54 400,07 1,6652 0,9951 1,4494 141,93 22,33
liquid 35,00 1,6236 885,2 254,33 256,16 1,1895 1,0091 1,7863 347,0 0,5543
vapour 76,954 380,21 401,31 1,6606 1,0173 1,5472 139,02 21,71
liquid 40,00 1,8314 860,3 262,91 265,04 1,2174 1,0213 1,8670 319,8 0,7319
vapour 89,018 381,61 402,19 1,6553 1,0408 1,6715 135,73 21,17
liquid 45,00 2,0589 833,1 271,79 274,26 1,2457 1,0350 1,9725 291,8 0,9636
vapour 103,245 382,66 402,61 1,6491 1,0659 1,8366 132,04 20,69
liquid 50,00 2,3073 803,0 281,02 283,90 1,2748 1,0509 2,1181 262,7 1,2777
vapour 120,307 383,25 402,43 1,6416 1,0932 2,0700 127,89 20,26
liquid 55,00 2,5785 768,9 290,74 294,09 1,3051 1,0702 2,3369 232,2 1,7273
vapour 141,302 383,20 401,44 1,6322 1,1237 2,4302 123,22 19,84
liquid 60,00 2,8744 728,9 301,15 305,09 1,3371 1,0951 2,7143 199,5 2,4237
vapour 168,236 382,16 399,24 1,6197 1,1595 3,0685 117,93 19,37
liquid 65,00 3,1977 678,3 312,73 317,45 1,3726 1,1312 3,5635 163,8 3,6529
vapour 205,645 379,39 394,94 1,6018 1,2044 4,5323 111,84 18,67
liquid 70,00 3,5527 600,8 327,28 333,19 1,4172 1,1984 7,7197 122,4 6,4733
vapour 270,096 372,27 385,42 1,5694 1,2720 11,5008 104,25 17,07
critical 72,71 3,7610 431,0 350,18 358,91 1,4906 ¢ ¢ ¢ 12,3969
a Triple point.
b Normal boiling point.
¢ The values of CV, Cp, and w at the critical point are not included as part of this International Standard.
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5.11 R152a — 1,1—difluoroethane

5.11.1 Range of validity
The coefficients are valid within the following ranges:

=164,5K, T

max

=500 K; prnax = 60 MPa; pay = 18,07 molil (1 194 kg/m3)

Tmin

Table 29 — Coefficients and exponents of the ideal-gas part [Equations (3) to (5)]

k [ t
0 3,354 952 -
1 1,098 649 x 1072 1
2 2,501 616 x 1072 2
3 — 2,787 445 x 1078 3

Table 30 — Coefficients and exponents of the real-gas part [Equation (2)]

k N, f, d, A %
1 — 0,354 657 949 982 x 10! 3 0 0 0
2 - 0,364 631 280 620 4 0 0 0
3 0,333 233 335 558 x 10~ 5 0 0 0
4 - 0,680 968 435 117 0 1 0 0
5 0,735 212 646 801 x 10" 0,5 1 0 0
6 - 0,112 473 063 838 x 102 1 1 0 0
7 0,549 916 715 657 x 10 2 1 0 0
8 — 0,240 186 327 322 x 10" 3 1 0 0
9 — 0,709 036 447 042 x 10~ 0 2 0 0
10 - 0,213 200 886 814 1 2 0 0
11 0,197 839 736 368 2 2 0 0
12 0,182 494 769 909 x 10 3 2 0 0
13 — 0,860 546 479 693 x 10~ 0 3 0 0
14 0,888 137 366 540 1 3 0 0
15 ~0,966 127 346 370 2 3 0 0
16 — 0,985 223 479 324 x 10~ 1 4 0 0
17 0,183 419 368 472 x 10~ 2 5 0 0
18 — 0,338 550 204 252 x 10~" 3 5 0 0
19 0,124 921 101 016 x 10~ 2 6 0 0
20 — 0,221 056 706 423 x 1072 2 7 0 0
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Table 30 (continued)

k N, f d, A @
21 0,216 879 133 161 x 10-2 3 7 0 0
22 - 0,233 597 690 478 x 10~3 3 8 0 0
23 0,354 657 949 982 x 10° 3 0 2 1
24 0,364 631 280 620 4 0 2 1
25 — 0,333 233 335 558 x 10" 5 0 2 1
26 0,276 133 830 254 x 10° 3 2 2 1
27 - 0,691 185 711 880 x 10~" 4 2 2 1
28 - 0,333 233 335 558 x 10" 5 2 2 1
29 0,782 761 327 717 3 4 2 1
30 — 0,345 592 855 940 x 10" 4 4 2 1
31 0,137 813 531 906 5 4 2 1
32 0,186 173 126 153 3 6 2 1
33 - 0,341 119 393 297 x 10" 4 6 2 1
34 0,459 378 439 687 x 10~ 5 6 2 1
35 0,216 470 012 607 x 10~ 3 8 2 1
36 - 0,852 798 483 242 x 102 4 8 2 1
37 0,620 394 038 634 x 10-2 5 8 2 1
38 0,185 210 290 813 x 1072 3 10 2 1
39 0,101 674 662 734 x 10-2 4 10 2 1
40 0,124 078 807 727 x 102 5 10 2 1

5.11.2 Reducing parameters, molar mass, and gas constant
T*=386,411 K, p*=5,571 45 mol/, M = 66,051 g/mol, R = 8,314 471 J/(mol-K)
5.11.3 Reference state parameters

Tpot = 273,15 K, pro = 1,0 kPa, o = 34 189,811 J/mol, s, = 188,564 6 J/(mol-K), ; = 4,360 056,
fo=2654,673 62

A 1A~ AAAE AL
Copyright International Organization for Standardization ghtS reserved 41

Reproduced by IHS under license with ISO
No reproduction or networking permitted without license from IHS Not for Resale



ISO 17584:2005(E)

Table 31 — R152a property values along the liquid-vapour saturation boundary

Temp. Pressure |Density Internal | Enthalpy | Entropy C, G, Sound J-T
energy speed coefficient
°C MPa kg/m3 kJ/kg kJ/kg kJ/(kg-K) | kJ/(kg-K) | kd/(kg-K) m/s KIMPa

liquid |-118,592 6,414x10-91192,9 13,79 13,79 0,1119 0,9948 1,4774 1400,9 -0,4326
vapour 3,297x10-3 399,87 419,32 2,7357 0,5726 0,6987 154,04 336,54
liquid | -115,00 0,000103 | 1186,3 19,13 19,13 0,1460 1,0090 1,4921 1372,8 —-0,4266
vapour 0,00516( 401,93 421,84 2,6924 0,5803 0,7064 155,63 308,12
liquid | -110,00 0,000191 |1177,1 26,62 26,62 0,1927 1,0210 1,5053 1337,3 -0,4203
vapour 0,00928 404,85 425,38 2,6368 0,5911 0,7173 157,80 273,32
liquid | -105,00 0,000339 | 1167,9 34,17 34,17 0,2383 1,0271 1,5131 1305,0 -0,4154
vapour 0,01600( 407,81 428,96 2,5861 0,6020 0,7284 159,93 243,29
liquid | —-100,00 0,000579 (1158,7 41,75 41,75 0,2827 1,0297 1,5178 1274,9 -0,4112
vapour 0,02658( 410,82 432,59 2,5399 0,6131 0,7398 162,01 217,25
liquid —-95,00 0,000956 |1149,4 49,35 49,35 0,3259 1,0305 1,5210 1246,3 -0,4072
vapour 0,04268( 413,87 436,26 2,4978 0,6244 0,7514 164,04 194,62
liquid -90,00 0,00153 | 1140,1 56,96 56,96 0,3681 1,0304 1,5237 1218,9 -0,4030
vapour 0,0664 | 416,96 439,97 2,4593 0,6358 0,7634 166,02 174,86
liquid —85,00 0,00237 (1130,7 64,58 64,59 0,4091 1,0302 1,5265 1192,3 —-0,3986
vapour 0,1005 | 420,10 443,71 2,4242 0,6475 0,7758 167,95 157,56
liquid -80,00 0,00359 |1121,3 72,22 72,23 0,4492 1,0302 1,5298 1166,3 -0,3937
vapour 0,1483 | 423,26 447,48 2,3920 0,6595 0,7886 169,81 142,37
liquid -75,00 0,00530 ([1111,9 79,88 79,89 0,4884 1,0307 1,5339 1140,7 -0,3883
vapour 0,2136 | 426,46 451,27 2,3626 0,6718 0,8019 171,62 128,99
liquid —70,00 0,00765 (1102,4 87,56 87,57 0,5266 1,0317 1,5388 1115,5 -0,3824
vapour 0,3012 | 429,69 455,08 2,3357 0,6843 0,8157 173,36 117,18
liquid —65,00 0,0108 1092,8 95,27 95,28 0,5641 1,0334 1,5446 1090,4 -0,3758
vapour 0,416 432,94 458,90 2,311 0,6972 0,8301 175,03 106,73
liquid —-60,00 0,0150 1083,2 103,01 103,02 0,6009 1,0357 1,5513 1065,6 -0,3685
vapour 0,566 436,21 462,74 2,2885 0,7104 0,8452 176,62 97,46
liquid -55,00 0,0204 1073,5 110,78 110,80 0,6369 1,0387 1,5589 1040,9 -0,3606
vapour 0,755 439,50 466,57 2,2677 0,7240 0,8609 178,12 89,21
liquid -50,00 0,0274 1063,7 118,59 118,62 0,6723 1,0422 1,5674 1016,4 -0,3520
vapour 0,994 442,80 470,40 2,2487 0,7379 0,8774 179,54 81,87
liquid —45,00 0,0362 1053,8 126,45 126,48 0,7071 1,0463 1,5768 991,8 -0,3427
vapour 1,289 446,10 474,21 2,2313 0,7522 0,8946 180,86 75,31
liquid —40,00 0,0472 1043,8 134,35 134,40 0,7414 1,0509 1,5870 967,4 -0,3326
vapour 1,651 449,41 478,02 2,2152 0,7669 0,9127 182,08 69,45
liquid -35,00 0,0607 1033,7 142,31 142,37 0,7752 1,0558 1,5979 943,0 -0,3216
vapour 2,089 452,72 481,79 2,2004 0,7820 0,9317 183,19 64,20
liquid -30,00 0,0772 1023,5 150,32 150,39 0,8085 1,0612 1,6097 918,6 -0,3098
vapour 2,615 456,03 485,55 2,1868 0,7975 0,9516 184,18 59,49
liquid —25,00 0,0970 1013,2 158,39 158,48 0,8413 1,0669 1,6222 894,2 -0,2970
vapour 3,241 459,33 489,26 2,1743 0,8133 0,9724 185,06 55,26
liquid 24,020 0,1013 1011,2 159,97 160,07 0,8477 1,0681 1,6247 889,5 -0,2944
vapour 3,376 459,97 489,98 2,1719 0,8164 0,9766 185,21 54,48
liquid —-20,00 0,1207 1002,7 166,52 166,64 0,8737 1,0730 1,6355 869,9 -0,2832
vapour 3,979 462,61 492,94 2,1627 0,8295 0,9943 185,80 51,45
liquid —15,00 0,1487 992,1 174,71 174,86 0,9058 1,0793 1,6496 845,5 -0,2682
vapour 4,844 465,88 496,57 2,1520 0,8460 1,0172 186,41 48,02
liquid -10,00 0,1815 981,3 182,98 183,16 0,9375 1,0859 1,6645 821,0 -0,2520
vapour 5,852 469,12 500,15 2,1421 0,8629 1,0414 186,88 44,93
liquid -5,00 0,2198 970,3 191,31 191,54 0,9689 1,0927 1,6804 796,6 -0,2343
vapour 7,017 472,34 503,66 2,1329 0,8802 1,0667 187,20 42,13
liquid 0,00 0,2640 959,1 199,72 200,00 1,0000 1,0997 1,6972 772,0 -0,2149
vapour 8,359 475,53 507,11 2,1243 0,8978 1,0935 187,37 39,60
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Temp. Pressure | Density Internal | Enthalpy (| Entropy C, G, Sound J-T
energy speed coefficient
°C MPa kg/m3 kJ/kg kJ/kg kJ/(kg-K) kd/(kg'K) | kJ/(kg-K) m/s K/MPa

liquid 5,00 0,3148 947,7 208,22 208,55 1,0308 1,1069 1,7151 7474 -0,1938
vapour 9,896 478,68 510,49 2,1164 0,9157 1,1218 187,37 37,31
liquid 10,00 0,3728 936,1 216,79 217,19 1,0614 1,1144 1,7342 722,7 -0,1706
vapour 11,651 481,79 513,78 2,1089 0,9339 1,1517 187,21 35,23
liquid 15,00 0,4386 924,2 225,45 225,93 1,0917 1,1220 1,7546 697,9 —-0,1449
vapour 13,647 484,85 516,99 2,1018 0,9525 1,1834 186,87 33,35
liquid 20,00 0,5129 912,0 234,21 234,77 1,1219 1,1299 1,7765 673,0 -0,1165
vapour 15,910 487,85 520,09 2,0952 0,9714 1,2173 186,36 31,64
liquid 25,00 0,5964 899,5 243,07 243,73 1,1519 1,1379 1,8001 647,9 —-0,0849
vapour 18,469 490,79 523,09 2,0888 0,9906 1,2536 185,65 30,09
liquid 30,00 0,6898 886,6 252,03 252,80 1,1817 1,1462 1,8258 622,7 —-0,0495
vapour 21,357 493,66 525,96 2,0828 1,0101 1,2926 184,74 28,69
liquid 35,00 0,7939 873,4 261,10 262,01 1,2114 1,1548 1,8539 597,3 -0,0096
vapour 24,613 496,44 528,70 2,0769 1,0300 1,3349 183,63 27,41
liquid 40,00 0,9093 859,7 270,29 271,35 1,2411 1,1636 1,8847 571,7 0,0357
vapour 28,280 499,13 531,28 2,071 1,0502 1,3811 182,30 26,25
liquid 45,00 1,0368 845,5 279,62 280,84 1,2707 1,1728 1,9190 545,9 0,0873
vapour 32,408 501,71 533,70 2,0655 1,0707 1,4320 180,74 25,20
liquid 50,00 1,1774 830,8 289,08 290,50 1,3003 1,1823 1,9574 519,9 0,1468
vapour 37,058 504,16 535,93 2,0598 1,0917 1,4887 178,94 24,24
liquid 55,00 1,3317 815,4 298,70 300,34 1,3299 1,1922 2,0009 493,5 0,2159
vapour 42,300 506,47 537,95 2,0540 1,1131 1,5526 176,89 23,38
liquid 60,00 1,5007 799,4 308,50 310,38 1,3596 1,2026 2,0510 466,9 0,2970
vapour 48,222 508,60 539,72 2,0480 1,1350 1,6257 174,57 22,60
liquid 65,00 1,6853 782,5 318,49 320,64 1,3895 1,2135 2,1094 440,0 0,3934
vapour 54,933 510,53 541,21 2,0418 1,1575 1,7109 171,96 21,90
liquid 70,00 1,8864 764,6 328,70 331,16 1,4196 1,2251 2,1789 412,6 0,5096
vapour 62,569 512,22 542,37 2,0351 1,1806 1,8122 169,04 21,27
liquid 75,00 2,1051 745,6 339,16 341,98 1,4501 1,2375 2,2637 384,8 0,6522
vapour 71,312 513,62 543,14 2,0279 1,2045 1,9360 165,79 20,71
liquid 80,00 2,3424 725,2 349,92 353,15 1,4810 1,2509 2,3703 356,4 0,8309
vapour 81,403 514,66 543,43 2,0198 1,2294 2,0924 162,17 20,20
liquid 85,00 2,5996 703,0 361,04 364,74 1,5126 1,2655 2,5099 327,4 1,0609
vapour 93,185 515,23 543,13 2,0107 1,2555 2,2985 158,15 19,74
liquid 90,00 2,8780 678,5 372,63 376,87 1,5451 1,2818 2,7034 297,4 1,3675
vapour 107,172 515,21 542,06 2,0000 1,2832 2,5863 153,69 19,32
liquid 95,00 3,1791 650,9 384,82 389,71 1,5790 1,3004 2,9947 266,3 1,7961
vapour 124,192 514,35 539,95 1,9871 1,3130 3,0228 148,70 18,90
liquid 100,00 3,5050 618,5 397,93 403,59 1,6151 1,3223 3,4951 233,5 2,4378
vapour 145,754 512,23 536,28 1,9707 1,3459 3,7759 143,11 18,43
liquid 105,00 3,8583 578,1 412,57 419,25 1,6552 1,3502 4,5947 198,0 3,5082
vapour 175,224 507,95 529,97 1,9479 1,3838 5,4245 136,73 17,78
liquid 110,00 4,2432 517,4 431,02 439,22 1,7058 1,3921 9,2614 157,9 5,7104
vapour 224,256 498,39 517,31 1,9096 1,4317 12,2150 129,14 16,42
critical 113,26 4,5168 368,0 465,28 477,55 1,8037 ¢ ¢ ¢ 11,2920
a Triple point.
b Normal boiling point.
¢ The values of CV, Cp, and w at the critical point are not included as part of this International Standard.
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5.12 R404A — R125/143a/134a (44/52/4)

5.12.1 Composition of R404A

Table 32 — Composition of R404A

i Component Mass fraction Mole fraction
1 R125 0,44 0,357 816 78
2 R143a 0,52 0,603 919 22
3 R134a 0,04 0,038 264 00

M =97,604 0 g/mol

5.12.2 Range of validity

The coefficients are valid within the following ranges:

Toin=172,52K, T,

max

5.12.3 Interaction parameters (Equations 19 and 20)

= 455 K; ppay = 60 MPa; o = 15,04 mol/l (1 468 kg/m3)

&p=5,551; &, =— 0,000 445 2; &5 =— 0,432 6; &4 =— 0,000 345 3; &5 = 2 ,324; &5 = 0,000 618 2

5.12.4 Coefficients and exponents of the excess functions (Equation 21)

Table 33 — Coefficients and exponents of the excess functions,

i=1;j=2(R125/143a binary pair)

R125/134a binary pair® and R143a/134a binary pair?

k N, Iy d, I

1 -0,013073 7,4 1 1

2 0,018 259 0,35 3 1

3 0,000 008 129 9 10,0 11 2

4 0,007 849 6 5,3 2 3
F,=1,1697
& i=1;j=38:F;=1,00; the $ij excess function for the R125/134a pair is identical to that for the
R125/143a pair.
b Fori=2;=3: Fpy=0,5557; the ¢;; oxcess function for the R143a/134a pair is identical to
that for the R125/143a pair. ‘

5.12.5 Reference state parameters

f5=0,753 387 285, f, = 17,495 997 7
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Table 34 — R404A property values of liquid on the bubble line and vapour on the dew line

Pressure Temp.| Density Internal | Enthalpy] Entropy C, G, Sound J-T
energy speed coefficient
MPa °C kg/m3 kJ/kg kJ/kg kJ/(kg-K) | kJ/(kg-K) | kJ/(kg-K) m/s K/IMPa

bubble 0,0100 [-84,93 (14213 91,82 91,83 0,5296 0,7710 1,2138 932,6 -0,3545
dew -83,84 0,626 300,87 316,83 1,7229 0,5719 0,6635 135,39 113,71
bubble 0,0150 [-79,30 (1404,8 98,65 98,66 0,5654 0,7795 1,2137 895,9 —0,3495
dew —78,28 0,916 303,83 320,21 1,7064 0,5860 0,6793 136,88 96,75
bubble 0,0200 [-75,05 (1392,4 103,80 103,81 0,5917 0,7854 1,2152 870,1 —0,3444
dew —74,08 1,199 306,10 322,78 1,6953 0,5968 0,6915 137,93 86,40
bubble 0,0250 [-71,61 (1382,3 107,99 108,01 0,6126 0,7899 1,2173 850,1 —-0,3396
dew —-70,66 1,477 307,94 324,87 1,6870 0,6055 0,7016 138,74 79,22
bubble 0,0300 (-68,68 ([1373,7 111,56 111,58 0,6302 0,7937 1,2197 833,7 —-0,3349
dew —67,76 1,752 309,52 326,65 1,6805 0,6130 0,7104 139,39 73,86
bubble 0,0400 [(-63,85 [1359,4 117,45 117,48 0,6587 0,7998 1,2246 807,5 -0,3262
dew -62,97 2,293 312,13 329,58 1,6707 0,6255 0,7252 140,40 66,23
bubble 0,0500 [-59,92 (13477 122,28 122,31 0,6815 0,8046 1,2295 786,8 -0,3181
dew -59,07 2,825 314,28 331,97 1,6635 0,6359 0,7377 141,14 60,94
bubble 0,0600 [-56,57 (1337,7 126,40 126,44 0,7007 0,8088 1,2342 769,6 -0,3106
dew -55,75 3,351 316,10 334,00 1,6578 0,6447 0,7487 141,72 56,99
bubble 0,0800 [-51,03 (1321,0 133,25 133,31 0,7320 0,8156 1,2430 741,6 -0,2967
dew -50,25 4,390 319,13 337,36 1,6494 0,6596 0,7675 142,57 51,36
bubble 0,1000 (-46,50 (1307,1 138,89 138,97 0,7571 0,8212 1,2511 719,2 -0,2839
dew —45,74 5,415 321,62 340,08 1,6434 0,6720 0,7836 143,16 47,44
bubble 0,10132 [ -46,22 |1306,3 139,24 139,31 0,7586 0,8215 1,2516 717,9 -0,2831
dew —45,47 5,483 321,77 340,25 1,6430 0,6728 0,7846 143,19 47,22
bubble 0,1200 |(—42,63 (1295,1 143,74 143,83 0,7783 0,8260 1,2587 700,4 -0,2720
dew —41,90 6,430 323,74 342,40 1,6387 0,6828 0,7978 143,57 44,50
bubble 0,1400 [-39,24 (1284,5 148,01 148,12 0,7967 0,8303 1,2658 684,0 —-0,2606
dew -38,53 7,439 325,59 344,41 1,6349 0,6923 0,8108 143,86 42,18
bubble 0,1600 |-36,20 (1275,0 151,85 151,97 0,8130 0,8341 1,2726 669,4 —0,2498
dew -35,51 8,442 327,25 346,20 1,6318 0,7009 0,8228 144,07 40,29
bubble 0,1800 |-33,45 (1266,2 155,35 155,49 0,8277 0,8377 1,2790 656,2 —-0,2393
dew -32,78 9,441 328,75 347,81 1,6292 0,7088 0,8339 144,21 38,70
bubble 0,2000 |-30,93 [1258,0 158,57 158,73 0,8411 0,8409 1,2852 644,2 -0,2291
dew -30,27 10,437 330,12 349,28 1,6270 0,7161 0,8445 144,29 37,34
bubble 0,2500 |-25,38 [1239,9 165,72 165,92 0,8703 0,8482 1,2998 617,8 —0,2046
dew —24,75 12,920 333,12 352,47 1,6225 0,7324 0,8688 144,34 34,66
bubble 0,3000 |-20,62 (1223,9 171,90 172,14 0,8950 0,8546 1,3134 595,2 -0,1811
dew -20,02 15,399 335,67 355,15 1,6190 0,7465 0,8909 144,22 32,64
bubble 0,3500 |-16,44 (1209,6 177,38 177,67 0,9166 0,8604 1,3264 575,4 -0,1581
dew —-15,86 17,881 337,90 357,47 1,6163 0,7592 0,9114 143,99 31,04
bubble 0,4000 |-12,69 (1196,5 182,35 182,68 0,9358 0,8656 1,3388 557,6 -0,1355
dew -12,12 20,369 339,87 359,51 1,6141 0,7706 0,9307 143,66 29,75
bubble 0,4500 | -9,28 (1184,4 186,89 187,27 0,9531 0,8704 1,3509 541,4 -0,1130
dew -8,73 22,867 341,65 361,33 1,6122 0,7811 0,9492 143,28 28,67
bubble 0,5000 | -6,15 [1173,0 191,11 191,53 0,9690 0,8750 1,3627 526,5 —-0,0905
dew -5,61 25,378 343,26 362,96 1,6105 0,7907 0,9670 142,84 27,75
bubble 0,5500 | -3,24 (11623 195,04 195,51 0,9837 0,8792 1,3744 512,7 —-0,0679
dew 2,72 27,905 344,74 364,45 1,6091 0,7997 0,9842 142,36 26,97
bubble 0,6000 | -0,53 [1152,0 198,74 199,26 0,9973 0,8832 1,3859 499,7 —0,0452
dew -0,02 30,449 346,11 365,81 1,6078 0,8082 1,0011 141,85 26,28
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Table 34 (continued)

Pressure Temp.| Density Internal | Enthalpy] Entropy C, G, Sound J-T
energy speed coefficient
MPa °C kg/ms3 kJ/kg kJ/kg kJ/(kg'K) | kJ/(kg'K) | kd/(kg-K) m/s K/MPa

bubble 0,6500 2,02 |1142,3 202,24 202,81 1,0101 0,8871 1,3973 487,5 -0,0222
dew 2,52 33,012 347,37 367,06 1,6066 0,8161 1,0177 141,31 25,68
bubble 0,7000 4,42 11132,9 205,57 206,18 1,0222 0,8908 1,4087 476,0 0,001
dew 4,91 35,595 348,55 368,21 1,6055 0,8237 1,0342 140,75 25,16
bubble 0,7500 6,70 |1123,8 208,74 209,41 1,0336 0,8943 1,4201 465,0 0,0248
dew 7,18 38,201 349,65 369,28 1,6044 0,8309 1,0506 140,17 24,69
bubble 0,8000 8,87 |1115,1 211,78 212,49 1,0444 0,8977 1,4316 4545 0,0489
dew 9,34 40,831 350,68 370,27 1,6035 0,8378 1,0670 139,58 24,27
bubble 0,8500 10,94 |1106,5 214,70 215,46 1,0547 0,9009 1,4431 4445 0,0735
dew 11,40 43,485 351,64 371,19 1,6025 0,8445 1,0835 138,96 23,89
bubble 0,9000 12,92 |1098,2 217,51 218,32 1,0646 0,9041 1,4547 434,9 0,0986
dew 13,37 46,167 352,55 372,05 1,6016 0,8510 1,1001 138,34 23,55
bubble 0,9500 14,81 |1090,2 220,22 221,09 1,0741 0,9072 1,4665 425,6 0,1244
dew 15,26 48,876 353,41 372,85 1,6007 0,8573 1,1169 137,70 23,24
bubble 1,0000 16,64 |1082,2 222,84 223,77 1,0832 0,9102 1,4784 416,7 0,1507
dew 17,08 51,614 354,22 373,59 1,5999 0,8634 1,1340 137,05 22,95
bubble 1,2000 23,32 |1052,0 232,60 233,75 1,1166 0,9217 1,5280 383,5 0,2633
dew 23,73 62,884 357,03 376,12 1,5965 0,8869 1,2058 134,36 22,03
bubble 1,4000 29,22 11023,4 241,44 242,81 1,1462 0,9325 1,5821 353,8 0,3901
dew 29,60 74,728 359,29 378,02 1,5932 0,9091 1,2853 131,56 21,35
bubble 1,6000 34,51 | 9957 249,58 251,19 1,1730 0,9431 1,6427 326,5 0,5351
dew 34,87 87,247 361,08 379,42 1,5896 0,9306 1,3757 128,65 20,82
bubble 1,8000 39,33 | 968,6 257,19 259,05 1,1977 0,9535 1,7122 301,2 0,7033
dew 39,67 | 100,56 362,48 380,38 1,5858 0,9518 1,4810 125,66 20,41
bubble 2,0000 43,75 | 941,6 264,40 266,52 1,2208 0,9643 1,7941 277,3 0,9015
dew 44,07 | 114,81 363,51 380,92 1,5817 0,9728 1,6071 122,58 20,07
bubble 2,2000 47,85 | 914,4 271,29 273,70 1,2427 0,9755 1,8935 254.5 1,1392
dew 48,15 | 130,20 364,18 381,08 1,5770 0,9939 1,7628 119,43 19,79
bubble 2,4000 51,68 | 886,5 277,96 280,66 1,2635 0,9875 2,0185 232,5 1,4301
dew 51,95 | 146,99 364,50 380,83 1,5718 1,0153 1,9620 116,19 19,55
bubble 2,6000 55,26 | 857,5 284,47 287,50 1,2837 1,0009 2,1832 2111 1,7950
dew 55,51 | 165,54 364,44 380,15 1,5658 1,0375 2,2291 112,87 19,31
bubble 2,8000 58,63 | 826,8 290,90 294,29 1,3036 1,0161 2,4136 190,0 2,2671
dew 58,86 | 186,43 363,94 378,96 1,5587 1,0609 2,6091 109,47 19,06
bubble 3,0000 61,81 | 793,4 297,36 301,15 1,3234 1,0343 2,7653 169,0 2,9028
dew 62,01 | 210,55 362,90 377,15 1,5503 1,0862 3,1973 105,97 18,74
bubble 3,2000 64,82 | 755,6 304,02 308,25 1,3438 1,0570 3,3812 147,8 3,8068
dew 64,99 | 239,56 361,13 374,49 1,5397 1,1148 4,2333 102,35 18,29
critical 3,7289 72,05 | 486,5 336,26 |343,92 1,4455 b b b 12,3347
a Bubble point and dew point at one standard atmosphere.
b The values of C, Cp, and w at the critical point are not included as part of this International Standard.
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5.13 R407C — R32/125/134a (23/25/52)

Table 35 — Composition of R407A

ISO 17584:2005(E)

i Component Mass fraction Mole fraction
1 R32 0,23 0,381 109 42
2 R125 0,25 0,179 558 89
3 R134a 0,52 0,439 331 69

M = 86,203 7 g/mol

5.13.1 Range of validity

The coefficients are valid within the following ranges:

=172,52 K, T,

max

= 435 K; ppoax = 60 MPa; p., = 17,96 mol/l (1 548 kg/m3)

Tmin
5.13.2 Interaction parameters (Equations 19 and 20)

&1 = 28,95; &, =— 0,006 008; &3 = 7,909; &5 =—-0,002 039; &y = — 0,432 6; &3 =— 0,000 345 3

Table 36 — Coefficients and exponents of the excess functions [Equation (21)]

R32/125 binary pair 2
k N, f d, I
1 — 0,007 295 5 4,50 2 1
2 0,078 035 0,57 5 1
3 0,610 07 1,90 1 2
4 0,642 46 1,20 3 2
5 0,014 965 0,50 9 2
6 — 0,340 49 2,60 2 3
7 0,085 658 11,40 3 3
8 — 0,064 429 4,50 6 3
R32/134a binary pair°
1 0,229 09 1,9 1 1
2 0,094 074 0,25 3 1
3 0,000 398 76 0,07 8 1
4 0,021 133 2,0 1 2
R125/134a binary pair ¢

1 - 0,013 073 7,4 1 1
2 0,018 259 0,35 3 1
3 0,000 008 129 9 10,0 11 2
4 0,007 849 6 5,3 2 3

a8  i=1j=2F,,=1,00.

b i=1;j=3; Fy=100.

¢ i=2;j=3; Fyy, =1,00.
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5.13.3 Reference state parameters

f3=1,043708 79, f, =—- 8,741 068 03

Table 37 — R407C property values of liquid on the bubble line and vapour on the dew line

Pressure Temp.| Density Internal | Enthalpy] Entropy C, G, Sound J-T
energy speed coefficient
MPa °C kg/m3 kJ/kg kJ/kg kJ/(kg'K) |  kJ/(kg-K) | kd/(kg-K) m/s K/MPa

bubble 0,0100 |-82,45 ([1495,5 90,48 90,48 0,5259 0,8200 1,2815 1008,4 -0,3299
dew —74,81 0,527 347,81 366,78 1,9471 0,5654 0,6681 149,08 115,10
bubble 0,0150 |-76,77 (14791 97,75 97,76 0,5634 0,8219 1,2820 976,2 —-0,3246
dew —69,22 0,771 350,74 370,19 1,9253 0,5781 0,6826 150,70 100,56
bubble 0,0200 |-72,50 (1466,7 103,23 103,24 0,5910 0,8235 1,2835 952,7 -0,3198
dew —65,02 1,010 352,95 372,75 1,9104 0,5879 0,6941 151,85 91,36
bubble 0,0250 |-69,03 ([1456,6 107,68 107,70 0,6130 0,8250 1,2853 934,1 -0,3154
dew -61,61 1,245 354,75 374,83 1,8991 0,5960 0,7038 152,74 84,79
bubble 0,0300 |-66,09 (1448,0 111,46 111,48 0,6314 0,8263 1,2872 918,5 -0,3113
dew -58,72 1,477 356,27 376,59 1,8900 0,6031 0,7123 153,46 79,75
bubble 0,0400 |-61,25 (1433,7 117,70 117,72 0,6612 0,8287 1,2912 893,3 -0,3039
dew -53,95 1,934 358,79 379,47 1,8761 0,6149 0,7269 154,58 72,38
bubble 0,0500 |-57,31 ([1422,0 122,79 122,82 0,6850 0,8308 1,2950 873,1 -0,2972
dew -50,08 2,384 360,83 381,80 1,8656 0,6248 0,7393 155,43 67,09
bubble 0,0600 |-53,96 (1412,0 127,13 127,17 0,7050 0,8327 1,2987 856,1 -0,2911
dew —46,79 2,829 362,56 383,77 1,8573 0,6334 0,7502 156,10 63,04
bubble 0,0800 |-48,42 (13953 134,33 134,39 0,7374 0,8361 1,3056 828,3 -0,2799
dew —41,34 3,707 365,41 386,99 1,8445 0,6479 0,7692 157,10 57,08
bubble 0,1000 |-43,90 (1381,5 140,24 140,31 0,7635 0,8391 1,3121 805,8 -0,2698
dew -36,90 4,574 367,73 389,59 1,8349 0,6601 0,7855 157,81 52,81
bubble 0,10132 |-43,63 |1380,7 140,60 140,67 0,7650 0,8393 1,3125 804,5 -0,2691
dew -36,63 4,631 367,87 389,75 1,8343 0,6609 0,7865 157,85 52,57
bubble 0,1200 |-40,05 ([1369,7 145,30 145,39 0,7854 0,8418 1,3181 786,8 -0,2604
dew -33,11 5,432 369,69 391,78 1,8273 0,6707 0,8001 158,34 49,54
bubble 0,1400 |-36,67 ([1359,1 149,75 149,86 0,8043 0,8443 1,3238 770,2 -0,2515
dew -29,79 6,283 371,40 393,68 1,8210 0,6802 0,8133 158,74 46,91
bubble 0,1600 |-33,65 [1349,7 153,75 153,86 0,8211 0,8466 1,3292 755,4 -0,2431
dew —26,83 7,130 372,92 395,36 1,8156 0,6887 0,8255 159,05 44,74
bubble 0,1800 |-30,92 ([1341,0 157,38 157,51 0,8362 0,8488 1,3344 7421 —-0,2350
dew -24,15 7,973 374,29 396,86 1,8110 0,6965 0,8369 159,29 42,90
bubble 0,2000 |-28,41 (1333,0 160,72 160,87 0,8499 0,8508 1,3394 729,9 -0,2272
dew -21,69 8,813 375,53 398,22 1,8069 0,7038 0,8476 159,47 41,32
bubble 0,2500 |-22,90 ([1315,1 168,11 168,30 0,8798 0,8555 1,3513 703,1 -0,2084
dew -16,28 10,904 378,24 [401,17 1,7984 0,7200 0,8722 159,74 38,14
bubble 0,3000 |-18,19 [1299,5 174,48 174,71 0,9050 0,8598 1,3624 680,1 —-0,1906
dew -11,66 12,989 380,52 403,62 1,7917 0,7340 0,8945 159,82 35,72
bubble 0,3500 |-14,04 (1285,5 180,12 180,39 0,9269 0,8637 1,3731 660,0 -0,1733
dew 7,61 15,071 382,49 [405,72 1,7861 0,7465 0,9151 159,79 33,80
bubble 0,4000 |-10,33 (1272,8 185,20 185,52 0,9465 0,8673 1,3834 641,9 -0,1564
dew -3,97 17,154 384,24 [407,55 1,7814 0,7578 0,9345 159,66 32,22
bubble 0,4500 -6,95 [1261,1 189,86 190,21 0,9641 0,8707 1,3934 625,5 —-0,1398
dew -0,67 19,241 385,79 409,18 1,7772 0,7682 0,9528 159,46 30,89
bubble 0,5000 -3,85 [1250,1 194,16 194,56 0,9801 0,8740 1,4032 610,4 -0,1233
dew 2,36 21,334 387,20 (410,64 1,7735 0,7779 0,9704 159,20 29,76
bubble 0,5500 -0,98 |1239,8 198,17 198,61 0,9950 0,8771 1,4129 596,3 -0,1069
dew 5,17 23,435 388,48 (411,95 1,7702 0,7868 0,9875 158,91 28,77
bubble 0,6000 1,70 {1230,0 201,93 202,42 1,0087 0,8801 1,4224 583,2 —-0,0905
dew 7,79 25,545 389,66 [413,15 1,7672 0,7953 1,0040 158,58 27,91
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Table 37 (continued)
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Pressure Temp.| Density Internal | Enthalpy] Entropy C, G, Sound J-T
energy speed coefficient
MPa °C kg/m3 kJ/kg kJ/kg kJ/(kg-K) | kJ/(kg-K) | kJ/(kg-K) m/s K/IMPa

bubble 0,6500 4,22 |1220,7 205,49 206,02 1,0216 0,8830 1,4319 570,8 -0,0741
dew 10,24 27,665 390,75 414,25 1,7644 0,8032 1,0201 158,22 27,14
bubble 0,7000 6,60 |1211,7 208,87 209,44 1,0338 0,8857 1,4413 559,1 —-0,0576
dew 12,56 29,796 391,76 415,25 1,7618 0,8108 1,0360 157,83 26,46
bubble 0,7500 8,85 |1203,1 212,08 212,71 1,0452 0,8884 1,4507 548,0 —-0,0410
dew 14,76 31,940 392,70 416,18 1,7594 0,8179 1,0516 157,42 25,84
bubble 0,8000 11,00 [1194,9 215,16 215,83 1,0561 0,8911 1,4600 537,4 —0,0242
dew 16,85 34,098 393,57 417,03 1,7571 0,8248 1,0670 157,00 25,29
bubble 0,9000 15,00 (1179,1 220,95 221,71 1,0764 0,8961 1,4789 517,6 0,0098
dew 20,74 38,456 395,16 418,57 1,7529 0,8378 1,0976 156,11 24,32
bubble 1,0000 18,69 (1164,1 226,33 227,19 1,0950 0,9010 1,4979 499,2 0,0447
dew 24,32 42,877 396,57 419,89 1,7491 0,8499 1,1282 155,16 23,50
bubble 1,2000 25,30 (1136,2 236,14 237,20 1,1283 0,9102 1,5370 466,0 0,1180
dew 30,73 51,932 398,92 422,03 1,7421 0,8721 1,1902 153,16 22,18
bubble 1,4000 31,14 |1110,2 244,98 246,24 1,1577 0,9190 1,5780 436,4 0,1968
dew 36,37 61,306 400,79 423,63 1,7358 0,8926 1,2549 151,05 21,17
bubble 1,6000 36,39 |1085,5 253,09 254,57 1,1843 0,9274 1,6219 409,4 0,2826
dew 41,43 71,047 402,28 424,80 1,7298 0,9120 1,3242 148,85 20,36
bubble 1,8000 41,18 (1061,7 260,64 262,33 1,2086 0,9358 1,6695 384,5 0,3769
dew 46,03 81,203 403,44 425,61 1,7241 0,9305 1,3996 146,57 19,69
bubble 2,0000 45,59 (1038,5 267,74 269,66 1,2311 0,9441 1,7218 361,3 0,4815
dew 50,25 91,831 404,32 426,10 1,7184 0,9484 1,4831 144,24 19,13
bubble 2,2000 49,68 (1015,7 274,47 276,64 1,2522 0,9526 1,7804 339,3 0,5987
dew 54,15 | 103,00 404,93 426,29 1,7126 0,9660 1,5770 141,84 18,64
bubble 2,4000 53,51 | 9931 280,92 283,34 1,2723 0,9613 1,8470 3184 0,7315
dew 57,79 | 114,78 405,29 426,20 1,7068 0,9834 1,6845 139,40 18,22
bubble 2,6000 57,11 | 970,5 287,14 289,82 1,2914 0,9705 1,9244 298,2 0,8838
dew 61,19 | 127,27 405,42 425,85 1,7007 1,0008 1,8096 136,90 17,84
bubble 2,8000 60,51 | 947,5 293,17 296,12 1,3097 0,9802 2,0161 278,6 1,0607
dew 64,38 | 140,60 405,30 425,21 1,6944 1,0183 1,9582 134,35 17,48
bubble 3,0000 63,73 | 9241 299,07 302,31 1,3276 0,9909 2,1279 259,4 1,2695
dew 67,40 | 154,93 404,93 424,29 1,6877 1,0360 2,1390 131,75 17,15
bubble 3,2000 66,80 | 899,9 304,88 308,43 1,3450 1,0028 2,2682 240,4 1,5201
dew 70,25 | 170,45 404,28 423,06 1,6805 1,0543 2,3648 129,09 16,83
bubble 3,4000 69,73 | 874,6 310,65 314,54 1,3622 1,0164 2,4511 221,6 1,8268
dew 72,94 | 187,47 403,33 421,46 1,6726 1,0734 2,6567 126,38 16,49
bubble 3,6000 72,53 | 847,6 316,46 320,71 1,3795 1,0322 2,701 202,7 2,2107
dew 75,50 | 206,40 402,01 419,45 1,6639 1,0937 3,0504 123,59 16,14
bubble 3,8000 75,22 | 8181 322,38 327,02 1,3970 1,0512 3,0653 183,8 2,7043
dew 77,92 | 227,89 400,24 416,91 1,6540 1,1156 3,6132 120,73 15,74
bubble 4,0000 77,82 | 7851 328,54 333,64 1,4152 1,0747 3,6469 164,8 3,3604
dew 80,21 | 253,04 397,85 413,66 1,6424 1,1401 4,4863 117,75 15,26
bubble 4,2000 80,32 | 746,0 335,20 340,83 1,4348 1,1050 4,7261 145,6 4,2742
dew 82,37 | 284,01 394,55 409,34 1,6281 1,1687 6,0289 114,58 14,63
critical | 4,6298 86,03 | 484,2 368,92 |378,48 1,5384 b b b 10,3922
a Bubble point and dew point at one standard atmosphere.
b The values of C,, C, and w at the critical point are not included as part of this International Standard.
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5.14 R410A — R32/125 (50/50)

Table 38 — Composition of R410A

i Component Mass fraction Mole fraction
1 R32 0,50 0,697 614 70
2 R125 0,50 0,302 385 30

M =72,5855 g/mol

5.14.1 Range of validity

The coefficients are valid within the following ranges:

=172,52 K, T,

Tmin max

5.14.2 Interaction parameters (Equations 9 and 20)

&9 = 28,95; &, = — 0,006 008

= 435 K; prax = 60 MPa; pa = 20,2 mol/l(1 496 kg/m3)

Table 39 — Coefficients and exponents of the excess functions [Equation (21)]

R32/125 binary pair?
k N, 4 d, ,
1 —0,007 2955 4,50 2 1
2 0,078 035 0,57 5 1
3 0,610 07 1,90 1 2
4 0,642 46 1,20 3 2
5 0,014 965 0,50 9 2
6 —0,340 49 2,60 2 3
7 0,085 658 11,40 3 3
8 — 0,064 429 4,50 6 3
a8  F,=100i=1;/=2.

5.14.3 Reference state parameters

f3=0,617 469 323, f, = - 0,596 795
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Table 40 — R410A property values of liquid on the bubble line and vapour on the dew line

Pressure Temp.| Density Internal | Enthalpy] Entropy C, G, Sound J-T
energy speed coefficient
MPa °C kg/m3 kJ/kg kJ/kg kJ/(kg-K) | kJ/(kg-K) | kJ/(kg-K) m/s K/IMPa

bubble 0,0100 -88,23 [1460,6 76,55 76,56 0,4588 0,8662 1,3441 1004,0 -0,3215
dew -88,14 0,476 357,77 378,76 2,0927 0,5442 0,6680 159,71 156,70
bubble 0,0150 —82,84 [1444,9 83,79 83,80 0,4974 0,8620 1,3444 977,6 —-0,3156
dew -82,75 0,697 360,37 381,90 2,0635 0,5569 0,6836 161,51 137,58
bubble 0,0200 —78,79 [1432,9 89,24 89,26 0,5258 0,8596 1,3455 957,8 —-0,3105
dew -78,70 0,912 362,31 384,25 2,0432 0,5670 0,6964 162,79 125,06
bubble 0,0250 —75,50 [1423,1 93,67 93,69 0,5484 0,8580 1,3468 941,8 —-0,3060
dew -75,41 1,124 363,88 386,13 2,0276 0,5757 0,7074 163,78 115,92
bubble 0,0300 -72,71 (14148 97,42 97,44 0,5672 0,8569 1,3483 928,2 —-0,3018
dew -72,63 1,333 365,21 387,71 2,0151 0,5833 0,7172 164,59 108,80
bubble 0,0400 -68,12 [1401,1 103,61 103,64 0,5978 0,8555 1,3515 905,8 —-0,2944
dew —68,04 1,745 367,37 390,29 1,9956 0,5964 0,7344 165,84 98,17
bubble 0,0500 —64,39 [1389,7 108,66 108,70 0,6222 0,8548 1,3546 887,6 -0,2878
dew —64,31 2,151 369,11 392,36 1,9807 0,6075 0,7492 166,78 90,44
bubble 0,0600 -61,22 [1380,0 112,96 113,00 0,6426 0,8544 1,3577 872,1 -0,2818
dew -61,14 2,551 370,58 394,10 1,9687 0,6172 0,7624 167,53 84,44
bubble 0,0800 —-55,98 [1363,9 120,08 120,14 0,6758 0,8543 1,3636 846,5 -0,2708
dew -55,90 3,342 372,99 396,92 1,9500 0,6338 0,7855 168,66 75,56
bubble 0,1000 -51,70 [1350,5 125,92 125,99 0,7024 0,8546 1,3693 825,6 —-0,2609
dew -51,62 4,123 374,92 399,17 1,9358 0,6477 0,8054 169,47 69,16
bubble 0,10132 —51,44 [1349,7 126,27 126,34 0,7040 0,8547 1,3697 8243 —-0,2602
dew -51,36 4,174 375,03 399,31 1,9350 0,6486 0,8066 169,52 68,80
bubble 0,1200 —48,06 [1339,0 130,90 130,99 0,7247 0,8552 1,3747 807,7 -0,2516
dew —47,98 4,895 376,54 401,05 1,9243 0,6599 0,8231 170,08 64,24
bubble 0,1400 —44,87 [1328,8 135,29 135,39 0,7441 0,8559 1,3799 792,0 -0,2430
dew —44,79 5,662 377,95 402,67 1,9147 0,6706 0,8391 170,56 60,30
bubble 0,1600 —42,02 [1319,6 139,22 139,34 0,7612 0,8567 1,3850 777,9 —-0,2347
dew —41,94 6,425 379,19 404,09 1,9065 0,6804 0,8539 170,93 57,05
bubble 0,1800 -39,44 [1311,2 142,79 142,93 0,7766 0,8576 1,3899 765,2 -0,2267
dew —-39,36 7,183 380,30 |405,36 1,8993 0,6892 0,8677 171,22 54,30
bubble 0,2000 -37,07 [1303,4 146,07 146,23 0,7905 0,8585 1,3946 753,4 -0,2190
dew —-36,99 7,940 381,31 406,50 1,8928 0,6974 0,8806 171,45 51,94
bubble 0,2500 -31,88 [1286,1 153,32 153,51 0,8209 0,8608 1,4061 727,5 —-0,2006
dew -31,79 9,822 383,48 (408,93 1,8794 0,7155 0,9100 171,83 47,24
bubble 0,3000 -27,44 [1271,1 159,56 159,80 0,8466 0,8631 1,4172 705,3 -0,1830
dew -27,35 11,697 385,29 (410,94 1,8685 0,7310 0,9365 172,01 43,70
bubble 0,3500 -23,54 [1257,6 165,08 165,36 0,8689 0,8655 1,4279 685,6 —-0,1660
dew -23,45 13,569 386,84 412,64 1,8593 0,7447 0,9608 172,06 40,90
bubble 0,4000 —20,04 [1245,3 170,05 170,38 0,8887 0,8678 1,4384 667,8 —-0,1493
dew -19,95 15,442 388,20 (414,10 1,8514 0,7570 0,9834 172,00 38,62
bubble 0,4500 -16,87 [1233,9 174,60 174,96 0,9065 0,8702 1,4487 651,6 -0,1329
dew -16,78 17,318 389,40 |415,39 1,8445 0,7682 1,0049 171,87 36,72
bubble 0,5000 -13,96 [1223,3 178,80 179,21 0,9228 0,8725 1,4589 636,7 -0,1166
dew -13,86 19,198 390,48 |416,53 1,8383 0,7786 1,0253 171,68 35,10
bubble 0,5500 -11,26 [1213,4 182,72 183,17 0,9379 0,8747 1,4690 622,7 -0,1004
dew -11,16 21,085 391,46 |417,54 1,8326 0,7881 1,0450 171,44 33,70
bubble 0,6000 -8,74 (1203,9 186,39 186,89 0,9518 0,8770 1,4791 609,6 —-0,0843
dew -8,64 22,979 392,34 418,46 1,8275 0,7970 1,0641 171,16 32,48
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Table 40 (continued)

Pressure Temp. Density Internal | Enthalpy| Entropy C, G, Sound J-T
energy speed coefficient
MPa °C kg/ms3 kJ/kg kJ/kg kJ/(kg-K) | kJi(kg'K) | kJ/(kg-K) m/s K/MPa

bubble 0,6500 -6,38 |1194,9 189,86 190,40 0,9649 0,8792 1,4891 597,3 -0,0681
dew —6,28 24,882 393,16 419,28 1,8227 0,8054 1,0827 170,85 31,40
bubble 0,7000 —4,15 |1186,3 193,15 193,74 0,9772 0,8815 1,4991 585,6 —-0,0519
dew —4,05 26,795 393,90 420,03 1,8183 0,8133 1,1008 170,52 30,44
bubble 0,7500 -2,04 11781 196,28 196,92 0,9888 0,8837 1,5092 574,5 —-0,0355
dew -1,93 28,718 394,59 420,71 1,8141 0,8207 1,1186 170,16 29,58
bubble 0,8000 -0,03 |1170,1 199,27 199,96 0,9998 0,8859 1,5193 563,9 —-0,0191
dew 0,08 30,652 395,23 421,33 1,8102 0,8278 1,1362 169,78 28,80
bubble 0,9000 3,72 |1154,9 204,91 205,69 1,0204 0,8902 1,5396 543,9 0,0142
dew 3,83 34,557 396,37 422,41 1,8030 0,8409 1,1708 168,98 27,45
bubble 1,0000 7,17 111405 210,15 211,02 1,0392 0,8945 1,5602 525,4 0,0482
dew 7,27 38,515 397,35 423,31 1,7964 0,8529 1,2051 168,13 26,32
bubble 1,2000 13,34 |1113,7 219,69 220,76 1,0730 0,9030 1,6025 491,9 0,1190
dew 13,46 46,611 398,94 424,68 1,7846 0,8746 1,2743 166,32 24,52
bubble 1,4000 18,79 |1088,8 228,27 229,56 1,1027 0,9114 1,6469 462,0 0,1943
dew 18,91 54,978 400,12 425,59 1,7741 0,8943 1,3466 164,40 23,14
bubble 1,6000 23,68 [1065,2 236,15 237,65 1,1296 0,9199 1,6941 4347 0,2751
dew 23,80 63,652 400,97 426,11 1,7644 0,9128 1,4241 162,40 22,03
bubble 1,8000 28,13 [1042,6 243,46 245,19 1,1542 0,9285 1,7447 409,5 0,3628
dew 28,25 72,672 401,54 426,31 1,7552 0,9308 1,5090 160,33 21,11
bubble 2,0000 32,22 [1020,7 250,33 252,29 1,1769 0,9374 1,7998 386,0 0,4586
dew 32,34 82,083 401,87 426,24 1,7464 0,9485 1,6033 158,20 20,33
bubble 2,2000 36,02 999,2 256,85 259,05 1,1983 0,9465 1,8608 363,8 0,5643
dew 36,14 91,932 401,97 425,90 1,7379 0,9663 1,7094 156,01 19,64
bubble 2,4000 39,56 978,0 263,07 265,52 1,2185 0,9560 1,9295 3427 0,6821
dew 39,68 102,28 401,86 425,33 1,7294 0,9843 1,8306 153,77 19,03
bubble 2,6000 42,89 957,0 269,05 271,77 1,2377 0,9660 2,0082 322,4 0,8150
dew 43,00 113,19 401,54 424,51 1,7209 1,0025 1,9708 151,48 18,47
bubble 2,8000 46,02 935,8 274,85 277,84 1,2561 0,9767 2,1005 302,9 0,9665
dew 46,14 124,76 401,02 423,47 1,7123 1,0212 2,1357 149,12 17,96
bubble 3,0000 48,99 914,5 280,50 283,78 1,2740 0,9881 2,2112 283,8 1,1416
dew 49,10 137,09 400,29 422,18 1,7035 1,0404 2,3331 146,70 17,47
bubble 3,2000 51,81 892,6 286,04 289,62 1,2913 1,0005 2,3479 265,2 1,3469
dew 51,91 150,31 399,33 420,62 1,6944 1,0602 2,5750 144,22 17,01
bubble 3,4000 54,49 870,0 291,52 295,43 1,3085 1,0141 2,5218 246,8 1,5913
dew 54,59 164,62 398,12 418,78 1,6849 1,0810 2,8793 141,67 16,55
bubble 3,6000 57,05 846,3 297,00 301,26 1,3254 1,0295 2,7517 228,5 1,8874
dew 57,15 180,26 396,63 416,60 1,6747 1,1031 3,2757 139,03 16,09
bubble 3,8000 59,50 821,0 302,53 307,16 1,3425 1,0472 3,0704 210,3 2,2534
dew 59,59 197,60 394,80 414,03 1,6638 1,1267 3,8154 136,29 15,61
bubble 4,0000 61,85 793,5 308,20 313,24 1,3600 1,0684 3,5413 191,9 2,7169
dew 61,93 217,17 392,55 410,97 1,6517 1,1527 4,5957 133,43 15,10
bubble 4,2000 64,10 762,6 314,14 319,65 1,3783 1,0950 4,3058 173,3 3,3224
dew 64,17 239,86 389,73 407,24 1,6380 1,1820 5,8263 130,40 14,53
critical | 4,9026 71,36 | 459,5 357,88 |368,55 1,5181 b b b 9,7477
a Bubble point and dew point at one standard atmosphere.
b The values of C|, Cp, and w at the critical point are not included as part of this International Standard.
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5.15 R507A — R125/143a (50/50)

Table 41 — Composition of R507A

Component Mass fraction Mole fraction
1 R125 0,50 0,411 839 71
2 R143a 0,50 0,588 160 29

ISO 17584:2005(E)

M = 98,8594 g/mol

5.15.1 Range of validity

The coefficients are valid within the following ranges:

Toin = 161,34 K, T = 650 K; prax = 100 MPa; g0y = 15,85 mol/l (1 332 kg/m3)
Toin = 172,52 K, Tz = 500 K; prax = 60 MPa; pay = 14,96 moliL (1 468 kg/m3)

5.15.2 Interaction parameters [Equations (19) and (20)]

512 = 5,551, 512 = 0,000 445 2

Table 42 — Coefficients and exponents of the excess functions [Equation (21)]

R125/143a binary pair 2
k N, t, d, l
1 -0,013073 7.4 1 1
2 0,018 259 0,35 3 1
3 0,000 008 129 9 10,0 11 2
4 0,007 849 6 53 2 3
3 i=1j=2F,=1,1697.

5.15.3 Reference state parameters

f3=0,630 988 493, £, = 19,345 427
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Table 43 — R507A property values of liquid on the bubble line and vapour on the dew line

Pressure Temp.| Density Internal | Enthalpy] Entropy C, G, Sound J-T
energy speed coefficient
MPa °C kg/m3 kJ/kg kJ/kg kJ/(kg-K) | kJi(kg'K) | kJ/(kg-K) m/s KIMPa

bubble 0,0100 |-85,26 (1432,7 92,21 92,21 0,5310 0,7633 1,2026 926,5 -0,3545
dew -85,24 0,639 297,04 312,68 1,7044 0,5669 0,6573 133,98 112,99
bubble 0,0150 |-79,66 ([1416,1 98,94 98,95 0,5663 0,7720 1,2028 889,9 -0,3494
dew —79,65 0,934 300,00 316,06 1,6884 0,5809 0,6730 135,47 96,12
bubble 0,0200 |-75,44 (1403,6 104,02 104,04 0,5923 0,7780 1,2044 864,2 -0,3442
dew -75,43 1,223 302,26 318,61 1,6776 0,5916 0,6851 136,53 85,83
bubble 0,0250 |-72,01 (1393,4 108,16 108,17 0,6130 0,7826 1,2067 844.3 -0,3393
dew —72,00 1,506 304,10 320,70 1,6696 0,6003 0,6951 137,34 78,70
bubble 0,0300 |-69,10 (1384,7 111,67 111,69 0,6304 0,7865 1,2091 827,9 —-0,3346
dew —69,09 1,786 305,67 322,47 1,6633 0,6077 0,7039 137,99 73,37
bubble 0,0400 |-64,29 (1370,4 117,49 117,52 0,6586 0,7926 1,2141 801,8 -0,3258
dew —64,29 2,337 308,28 325,39 1,6538 0,6201 0,7186 139,00 65,80
bubble 0,0500 |-60,37 (1358,6 122,25 122,29 0,6812 0,7976 1,2191 781,2 -0,3176
dew -60,37 2,880 310,41 327,77 1,6469 0,6304 0,7310 139,75 60,55
bubble 0,0600 |-57,04 (1348,5 126,32 126,36 0,7001 0,8017 1,2238 764,1 -0,3100
dew -57,04 3,416 312,23 329,79 1,6415 0,6392 0,7418 140,33 56,62
bubble 0,0800 |-51,53 ([1331,6 133,08 133,14 0,7310 0,8085 1,2326 736,3 -0,2960
dew -51,53 4,474 315,25 333,13 1,6334 0,6540 0,7605 141,18 51,02
bubble 0,1000 |-47,01 (1317,6 138,65 138,73 0,7559 0,8141 1,2408 714,0 -0,2832
dew —47,01 5,517 317,72 335,85 1,6276 0,6662 0,7764 141,76 47,13
bubble 0,10132 |-46,74 |1316,8 138,99 139,07 0,7574 0,8145 1,2413 712,7 -0,2824
dew —46,74 5,586 317,87 336,01 1,6273 0,6670 0,7774 141,79 46,91
bubble 0,1200 |-43,16 (1305,6 143,44 143,53 0,7769 0,8190 1,2483 695,2 -0,2712
dew —43,16 6,551 319,83 338,15 1,6231 0,6769 0,7905 142,17 44,21
bubble 0,1400 |-39,79 ([1294,9 147,65 147,76 0,7951 0,8232 1,2555 678,9 —-0,2598
dew -39,79 7,578 321,68 340,15 1,6195 0,6863 0,8033 142,47 41,91
bubble 0,1600 |-36,77 [1285,2 151,44 151,57 0,8113 0,8271 1,2622 664,3 —-0,2488
dew -36,77 8,599 323,33 341,93 1,6166 0,6948 0,8152 142,67 40,03
bubble 0,1800 |-34,03 (1276,4 154,90 155,04 0,8258 0,8306 1,2686 651,2 -0,2383
dew -34,03 9,616 324,82 343,54 1,6141 0,7026 0,8262 142,82 38,45
bubble 0,2000 |-31,52 (1268,2 158,08 158,24 0,8390 0,8339 1,2748 639,2 -0,2280
dew -31,51 10,631 326,19 345,00 1,6119 0,7098 0,8367 142,90 37,11
bubble 0,2500 |-25,99 (1249,8 165,14 165,34 0,8679 0,8411 1,2893 612,9 -0,2034
dew —25,99 13,159 329,18 348,18 1,6077 0,7259 0,8607 142,96 34,44
bubble 0,3000 |-21,26 ([1233,7 171,24 171,48 0,8924 0,8475 1,3029 590,5 -0,1797
dew -21,25 15,682 331,72 350,85 1,6044 0,7399 0,8825 142,84 32,43
bubble 0,3500 |-17,10 (1219,3 176,66 176,95 0,9137 0,8532 1,3158 570,7 -0,1565
dew -17,08 18,208 333,93 353,15 1,6019 0,7524 0,9028 142,60 30,85
bubble 0,4000 |-13,36 (1206,1 181,56 181,89 0,9327 0,8584 1,3282 553,0 -0,1337
dew -13,35 20,741 335,90 355,18 1,5998 0,7637 0,9219 142,28 29,57
bubble 0,4500 -9,97 |1193,8 186,05 186,43 0,9499 0,8633 1,3403 536,9 -0,1111
dew -9,95 23,284 337,67 356,99 1,5980 0,7741 0,9401 141,89 28,49
bubble 0,5000 -6,85 |1182,3 190,21 190,63 0,9657 0,8678 1,3520 522,0 —-0,0884
dew -6,83 25,841 339,28 358,63 1,5965 0,7836 0,9577 141,45 27,59
bubble 0,5500 -3,96 |1171,5 194,10 194,57 0,9802 0,8720 1,3636 508,3 -0,0657
dew -3,94 28,413 340,75 360,11 1,5951 0,7924 0,9747 140,98 26,81
bubble 0,6000 -1,26  |1161,2 197,75 198,27 0,9937 0,8760 1,3751 495,3 —-0,0427
dew -1,24 31,003 342,11 361,47 1,5939 0,8007 0,9913 140,47 26,14
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Table 43 (continued)
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Pressure Temp. Density Internal | Enthalpy| Entropy C, G, Sound J-T
energy speed coefficient
MPa °C kg/m3 kJ/kg kJ/kg kJ/(kg'K) | kJ/(kg'K) | kd/(kg-K) m/s K/MPa

bubble 0,6500 1,28 [1151,3 201,21 201,77 1,0064 0,8798 1,3865 483,2 -0,0195
dew 1,30 33,612 343,37 362,71 1,5928 0,8086 1,0077 139,93 25,55
bubble 0,7000 3,67 |1141,8 204,49 205,11 1,0183 0,8835 1,3979 471,7 0,0040
dew 3,70 36,243 344,55 363,86 1,5918 0,8160 1,0240 139,37 25,03
bubble 0,7500 5,94 |1132,7 207,63 208,29 1,0296 0,8870 1,4093 460,7 0,0279
dew 5,97 38,897 345,64 364,92 1,5908 0,8230 1,0401 138,79 24,57
bubble 0,8000 8,10 [1123,8 210,63 211,34 1,0404 0,8903 1,4207 450,3 0,0523
dew 8,13 41,575 346,67 365,91 1,5899 0,8298 1,0563 138,19 24,15
bubble 0,9000 12,13 11106,8 216,29 217,10 1,0604 0,8968 1,4438 430,7 0,1025
dew 12,16 47,010 348,54 367,68 1,5882 0,8427 1,0891 136,95 23,45
bubble 1,0000 15,84 |1090,6 221,56 222,48 1,0788 0,9029 1,4674 412,5 0,1551
dew 15,87 52,559 350,20 369,22 1,5865 0,8550 1,1227 135,67 22,87
bubble 1,2000 22,49 (1060,0 231,21 232,34 1,119 0,9143 1,5170 379,5 0,2691
dew 22,53 64,044 353,00 371,74 1,5834 0,8781 1,1941 132,98 21,98
bubble 1,4000 28,36 [1031,0 239,93 241,29 1,1412 0,9250 1,5713 349,9 0,3977
dew 28,40 76,121 355,25 373,64 1,5802 0,9001 1,2736 130,18 21,31
bubble 1,6000 33,63 ([1003,0 247,98 249,58 1,1678 0,9355 1,6321 322,7 0,5449
dew 33,67 88,893 357,04 375,04 1,5767 0,9216 1,3644 127,27 20,81
bubble 1,8000 38,43 975,6 255,51 257,35 1,1923 0,9460 1,7020 297,4 0,7161
dew 38,46 102,48 358,42 375,99 1,5731 0,9428 1,4707 124,28 20,41
bubble 2,0000 42,83 948,2 262,63 264,74 1,2152 0,9567 1,7846 273,5 0,9183
dew 42,87 117,05 359,45 376,53 1,5690 0,9640 1,5985 121,20 20,08
bubble 2,2000 46,91 920,5 269,45 271,84 1,2368 0,9679 1,8854 250,8 1,1615
dew 46,95 132,79 360,12 376,68 1,5644 0,9852 1,7569 118,04 19,81
bubble 2,4000 50,72 8921 276,04 278,73 1,2576 0,9800 2,0128 228,9 1,4600
dew 50,75 149,99 360,43 376,43 1,5592 1,0069 1,9610 114,80 19,58
bubble 2,6000 54,28 862,6 282,49 285,50 1,2777 0,9934 2,1818 207,5 1,8360
dew 54,32 169,04 360,36 375,74 1,5532 1,0294 2,2368 111,48 19,35
bubble 2,8000 57,63 831,2 288,87 292,23 1,2974 1,0088 2,4206 186,4 2,3252
dew 57,67 190,55 359,84 374,53 1,5462 1,0531 2,6338 108,06 19,09
bubble 3,0000 60,80 796,9 295,28 299,05 1,3172 1,0271 2,7910 165,4 2,9890
dew 60,82 215,50 358,77 372,69 1,5377 1,0790 3,2592 104,54 18,77
bubble 3,2000 63,78 757,9 301,91 306,13 1,3375 1,0504 3,4581 1441 3,9440
dew 63,81 245,74 356,93 369,95 1,5269 1,1083 4,3941 100,89 18,30
bubble 3,4000 66,61 709,9 309,11 313,90 1,3596 1,0828 5,0548 122,2 5,4432
dew 66,63 285,53 353,82 365,73 1,5122 1,1439 7,0760 97,03 17,52
bubble 3,6000 68,45 657,9 315,53 320,89 1,3796 1,1237 10,2657 103,6 7,4847
dew 68,55 679,05 313,87 319,13 1,3743 1,1024 6,5048 112,80 6,40
critical 3,7050 70,62 | 490,8 332,90 |340,45 1,4358 b b b 12,3835
a Bubble point and dew point at one standard atmosphere.
b The values of CV, Cp, and w at the critical point are not included as part of this International Standard.
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Annex A
(normative)

Requirements for implementations claiming conformance with this
International Standard

Any computer program or other implementation of this International Standard shall satisfy the requirements
specified in this annex before it can claim conformance to this International Standard. These requirements are
to be carried out by the developer of the particular implementation.

A.1 Implementation of the specified equations of state

An algorithm conforms to this International Standard if it directly implements (for every refrigerant for which
conformance is claimed) the equation of state specified in Clause 5 together with the methods of calculating
the thermodynamic properties given in Annex B and is also demonstrated to reproduce the “verification
values” for that(those) refrigerant(s) given in Annex D.

Since the properties enumerated in this International Standard have been computed using the equations of
state specified in Clause 5, any other implementation of these equations should also yield the same values.
The requirement for reproducing the “verification values” serves as a check on the implementation. These
“verification values” span a wide range of temperature, pressure, and density and thus thoroughly test the
implementation. The number of significant figures listed for these verification values far exceeds that
warranted by the uncertainty of the experimental data and equation of state. The large number of significant
figures serves to reveal any possible error in the implementation; if an implementation successfully
reproduces the verification values (within £+ 1 of the last digit listed), it is probably correct for all conditions.

A.2 Requirements of alternative implementations of the properties

An algorithm is conforming to this International Standard if, by any method, it reproduces the values of the
thermodynamic properties specified in this International Standard for the fluids implemented. An algorithm
claiming conformance under this section can be applicable to the full range of temperature, pressure, and
density and to the full set of properties or to any subrange of conditions and/or subset of properties. Any
algorithm shall state the fluid(s) for which it is applicable and its applicable property(ies) and range(s). The
allowable variations between the property values specified in this International Standard and those of an
alternative implementation vary from property to property and are the following:

— vapour pressure: +0,2 %;
— density: +0,2 %;
— internal energy: + a constant value equal to 0,2 % of the internal energy of vapourisation at

the normal boiling point temperature; see Note;

— enthalpy: + a constant value equal to 0,2 % of the enthalpy of vapourisation at the
normal boiling point temperature; see Note;

— entropy: + a constant value equal to 0,2 % of the entropy of vapourisation at the
normal boiling point temperature; see Note;

— C,, C,, speed of sound: +1,0 %;
— Joule-Thomson coefficient: +1,0 %.

NOTE The triple point temperature is used to determine the tolerances for R744 (carbon dioxide). The allowable
tolerances for internal energy, enthalpy, and entropy are given in Table A.1.
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An alternative implementation shall demonstrate that it meets the above tolerances over the full range of
conditions for which it claims conformance. Properties are to be compared at a temperature interval of not less
than 5 °C.

Table A.1 — Allowable tolerances for internal energy, enthalpy, and entropy
for the fluids in this International Standard

Allowable tolerances

Fluid Internal Energy Enthalpy Entropy
kJ/kg kJ/kg kJ/(kg-K)

R744 +0,63 +0,70 + 0,003 2
R717 +2,51 +2,74 +0,0114
R12 +0,30 +0,33 +0,0014
R22 +0,42 +0,47 +0,002 0
R32 +0,70 +0,76 +0,003 4
R123 +0,31 +0,34 +0,001 1
R125 +0,30 +0,33 +0,0015
R134a +0,40 +0,43 +0,0018
R143a +0,41 10,45 +0,002 0
R152a + 0,60 + 0,66 +0,002 6
R404A +0,37 +0,40 +0,0018
R407C +0,45 +0,50 +0,002 1
R410A +0,50 +0,55 +0,002 5
R507A +0,36 +0,39 +0,0017
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Annex B
(informative)

Calculation of pure-fluid thermodynamic properties from
an equation of state

Starting with an equation of state explicit in reduced Helmholtz energy, e.g. Equations (1) to (5), the
thermodynamic properties are given by the following:

p= RTp[1 + 5%} (B.1)
u :RT[T%-’-T%) (B.2)
T T
h=RT 1+r%+r%+5% (B.3)
or or 00
0 0
s =R[-(¢id t )+t ;;d +r%} (B.4)
g:RT[1+¢id +¢r+5%) (B.5)
2, 2
C,=R _sz_fza s (B.6)
v 2 2
or or
B 024\
146900 5000
00 000t
C,=C,+R p = (B.7)
1+25ﬁ+52i
o0 052
- . 2 o) 12
, (”5@?_&@;}
T
we BTy 05000, 52070 | (B.8)
M 06 052 C,
R
where

w is the speed of sound;

M is the molar mass if the equation of state is on a molar basis, and M is 1 if the equation of state is on
a mass basis.
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The Joule-Thomson coefficient u is given by

2 2
5 5200 | 5.0 0

-1 00 2 000t
"R 2. )? 2 » 2 2 (89)
135% _ 5.0 | | 207 _ 2070 |4, 5590 , 5200
o0 00T or2 or2 o0 052

The calculation of saturation properties for a pure fluid at a given reduced temperature, 7, involves an iteration

to find the reduced liquid and vapour densities at saturation, &, and d,,,, which satisfy the Maxwell criteria:

p(.9iq) = P(7:5vap) (B.10)

and

g(r,5|iq):g(r,5vap). (B.11)

The pressure satisfying Equation (B.10) is the vapour pressure. The other thermodynamic properties are
found using Equations (B.1) to ( B.9) with inputs of 7, Jiiq and Svap-
The derivatives of the residual part of the reduced Helmholtz energy used in Equations (B.1) to (B.9) are given
in terms of the coefficients and exponents of the equation of state by the following:

by =ZNkrtk5dk exp( )[—ak(é—gk)lk}exp[—ﬂk (7‘71:)"1"} , (B.12)
%
a m _
%:gN"Ttksdk eXp[_ak(5_5k)lk}e’(p[_ﬁk(f—7k) k}[dk—mklk (5—5k)lk 1} (B.13)
T%:;Nﬂtkﬂk eXp[_ak(5_‘9k)lk}eXp[_IBk(T_?/k)mk}l}k_Tﬁkmk(r—yk)mk71:| (B.14)

2
526—¢2r =D Nyrlks exp[—ak (5—5k)lk }exp[—ﬂk (c=7x)"* }x
o5 . (B.15)

...><{52(5—€)lk_2|:ak21k2(5—8)lk —aklk(lk —1):|—25dkaklk(5—g)lk_1+dk(dk —1)}

2
;20 ¢2r =Y Nt exp[—ak(é—ek)lk }exp[—ﬁk (t=7i)"" }x
k

or (B.16)
...X{Tz(f—}/k)mk2|:ﬂk2mk2(f—}/k)mk —,Bkmk(mk—1)}—2nkﬂkmk(r—7k)mk1+tk(tk—1)}
%4, _ ty od I M

w5 s —Zk:Nkz- ks K exp[—ak (6-¢;) ]exp[—ﬂk (t=7%) }x o)

...x[dk —dayl, (5_51{)1;(—1}[% _Tﬁkmk(7_7k)mk_1}

For the derivatives of the critical region terms [Equations (9) to (12)], see Table 32 in Span and Wagnerl®l.
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The ideal-gas part of the reduced Helmholtz energy and its derivatives used in Equations (B.1) to (B.9) are
given in terms of the coefficients and exponents of the ideal gas function [Equations (4) and (5)] by the

following:
b= fr+72 +Inp+(1=co)inT-> ¢ LI (R PR > a;In|1-exp bk (B.18)
d =T 0 - e+, - k T
oy /. 1 b b -
id 2 t APk k
— =51+ +E Tk +E ex -1 B.19
Tor T r 0TSk (tk+1] — T { p(Tj } (B-19)
042 b\ (b b B
2 id _ Z t Z k k k
T 67—2—1—00 - - ckT k- - ak(?] eXp[?][eXp[ T ]_1:| (820)
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Annex C
(informative)

Calculation of mixture thermodynamic properties from
an equation of state

Starting with the mixture equation of state explicit in reduced Helmholtz energy, Equations (16) to (21), the
thermodynamic properties of mixtures are given by the same expressions as for pure fluids [Equations (B.1) to
(B.20)], except that the derivatives of the residual part are composed of contributions from the pure
components and the excess function.

n-1 n

¢m|xr Zx ¢1r +Z Z xlx]¢y excess (C1)
i=1 j=i+1
5m_znl 8¢“. nzfznl ZN sk exp(-5'k)(d, 1,5 (C.2)
P . X;x ,-j iT p k"l )
= i=1 j=i+1 k
6¢mix,r _Zn: ¢lr+nz1 i F ZN tké‘dk ex ( ) (03)
T—aT = 1 1 1)( x ¥ p k .
i= i=1 j=i+

n-1 n

2 %bmins < 25 ¢ 1 ~d I
o —'=Z 05— +ZZx ijZNkT ko kexp(—ék)x...

2
06 i1 i=1 j=it1 % (C.4)

...x{(s’k [zkz(a’k —1)—1k (24, —1)]+dk(dk —1)}

62 . n n=1 n
1'2@:2)62‘ ¢l +ZZ)€X F ZNthk5dkeXp(—5lk)tk(k—1)
or i=1 i=1 j=i+1 (C.5)
8 ¢m|xr r =z t /
- Z w0 L +;]§1xlx]Fl]ZNkr ks exp( sl )[tk (dk 1,5 )} (C.6)

The derivatives of the ideal-gas part of the reduced Helmholtz energy in Equations (B.1) to (B.9) as applied to
mixtures are simply summations of the pure component ideal-gas derivatives.

n

Pmix.id :Z(xi¢i,id +xi|nxi)+f3 +f4lT (C.7)
i=1
Pmixid _ i d
T——— = X;0—— |+ f4IT C38
or 12:1: " oor /4 (C8)
2 2
0%Piiq 0%,
72 ¢m|2x,|d _ le_z_Z ¢12,Id (C.9)
or —1 or
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The calculation of properties at liquid-vapour equilibrium involves an iteration to find the reduced liquid and
vapour densities djy and 6,5, and liquid and vapour compositions xj;, ; and x which satisfy the following
system of equations:

vap,i
p(#:6iq) = P(7.0vap) (C.10)
and

ﬁiq,i(xliq,i’775qu) :fvap,i(xvap,i’775vap)’ Jori=1-n (C.11)

The fugacity, f, for component i is given by

6(”¢mix,r)

n;

fi =x;pRT exp (C.12)

T,V,}’lj
where n; is the number of molecules of component i in the blend, and the derivative is taken holding constant
the temperature, total volume (not molar volume), and the number of molecules of the other components.

In solving Equations (C.10) and (C.11) either the liquid compositions or vapour compositions are known,
corresponding to the bubble or dew point, respectively. The pressure satisfying Equation (C.10) is then the
bubble point or dew point pressure. The other thermodynamic properties are found using Equations (B.1)
to (B.9) with inputs of 7, xjg s, Xyapi» Gig» @Nd & ap-
Equations of state for mixtures of R—32, R—125, R—134a, R-143a, and R—152a are provided in Lemmon and
Jacobsenl(?].
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Annex D
(informative)

Literature citations for equations of state and verification values

D.1 General

The equations of state specified in Clause 5 of this International Standard are drawn from the scientific
literature. Literature citations for these equations are given here. Also given are “verification values” spanning
a wide range of temperature, pressure, and density which may be used to test an implementation of any of
these equations. The number of significant figures listed for these verification values far exceeds that
warranted by the uncertainty of the experimental data and equation of state. The large number of significant
figures serves to reveal any possible error in the implementation; if an implementation successfully
reproduces the verification values (within + 1 of the last digit listed), it will probably be correct for all conditions.

'D.2 R744 — Carbon dioxide
E‘:Values for the equation of state given for R744 in Table D.1 are taken from Span and Wagner [9],

Table D.1 — R744 property values in the single-phase region to serve as verification values
for the implementation of the equation of state

Temperature Density Pressure Enthalpy Entropy C, Cp Sound speed
K mol/l MPa J/mol J/(mol-K) J/(mol-K) J/(mol-K) m/s
240,000 0 0,000 100 0 0,199 544 2 x 1073 20 223,66 164,594 9 26,028 3 34,343 6 244,590 9
240,000 0 28,400 0000 | 0,931599 9 x 10° 6 984,40 23,429 4 44,030 8 74,474 3 1243,448 2
304,128 2 1,000 000 0O 0,224 327 6 x 10' 21 562,39 93,2617 31,6412 45,8139 254,563 5
304,128 2 25,400 0000 | 0,980 899 4 x 102 11 733,78 40,308 2 41,459 9 71,077 9 1039,393 7
500,000 0 0,000 100 0 0,415724 2 x 1073 30611,70 187,354 3 36,317 7 44,632 4 340,716 6
500,000 0 17,400 0000 | 0,982 4110 x 102 250 16,27 74,1352 41,2491 64,7135 698,279 9

D.3 R717 — Ammonia

Values for the equation of state given for R717 in Table D.2 are taken from Tillner-Roth et al. [111.

Table D.2 — R717 property values in the single-phase region to serve as verification values
for the implementation of the equation of state

Temperature Density Pressure Enthalpy Entropy C, Cp Sound speed
K mol/l MPa J/mol J/(mol-K) J/(mol-K) J/(mol-K) m/s
220,000 0 0,000 100 0 0,182 9055 x 1073 23 716,39 154,617 7 26,007 3 34,326 3 376,489 4
220,000 0 43,400 0000 | 0,956 616 5 x 102 902,15 -2,6039 51,3535 69,616 3 2 121,501 6
405,400 0 1,000 000 O 0,301 5720 x 10" 29 117,16 93,477 5 34,5709 48,925 6 471,553 5
405,400 0 32,600 0000 | 0,964 576 4 x 102 14 385,54 41,679 6 46,4910 73,980 9 1342,495 0
500,000 0 0,000 100 0 0,415720 9 x 1073 34 249,99 178,237 3 33,8510 42,1658 551,420 8
500,000 0 27,000 0000 | 0,991 883 4 x 102 21 471,86 57,1821 45,985 3 75,616 5 1077,2418
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D.4 R12 — Dichlorodifluoromethane

Values for the equation of state given for R12 in Table D.3 are taken from Marx et al. [6].

Table D.3 — R12 property values in the single-phase region to serve as verification values
for the implementation of the equation of state

Temperature Density Pressure Enthalpy Entropy C, Cp Sound speed
K mol/l MPa J/mol J/(mol-K) J/(mol-K) J/(mol-K) m/s
180,000 0 0,000 100 0 0,149 638 2 x 1073 37 392,20 227,478 3 47,116 8 55,437 7 120,661 1

180,000 0 14,600 000 O 0,895 352 6 x 102 19 212,75 69,146 9 67,463 7 96,414 2 1252,438 9

385,120 0 1,000 000 O 0,243 271 2 x 10" 49 176,11 193,993 0 78,027 3 104,700 0 138,816 8

385,120 0 11,800 000 O 0,977 220 6 x 102 40 641,90 145,718 7 81,564 6 108,273 8 832,271 1

500,000 0 0,000 100 0 0,415717 7 x 1073 61 666,26 293,496 3 81,4140 89,7291 194,660 1

500,000 0 10,400 0000 | 0,943 040 9 x 10? 53 169,03 174,861 4 87,743 4 112,258 7 689,532 0

D.5 R22 — Chlorodifluoromethane

Values for the equation of state given for R22 in Table D.4 are taken from Kamei et al. [].

Table D.4 — R22 property values in the single-phase region to serve as verification values
for the implementation of the equation of state

Temperature Density Pressure Enthalpy Entropy C, Cp Sound speed
K mol/l MPa J/mol J/(mol-K) J/(mol-K) J/(mol-K) m/s
180,000 0 0,000 100 0 0,149 6419 x 1073 31 345,16 200,950 5 35,259 6 43,5800 146,243 1

180,000 0 18,600 0000 | 0,484 127 4 x 10? 10 391,89 43,1954 59,630 7 89,5633 5 1232,788 5

369,295 0 1,000 000 O 0,246 504 9 x 10° 39 359,61 153,643 1 60,038 8 82,1357 173,670 3
369,295 0 14,000 000 O 0,541 600 9 x 102 27 889,80 107,976 8 65,027 7 96,605v8 696,174 8
500,000 0 0,000 100 0 0,4157215x 1073 50 457,59 250,843 5 65,237 9 73,552 8 232,820 6

500,000 0 11,200 0000 | 0,574 566 1 x 102 40 884,41 137,468 9 72,690 5 100,321 9 519,184 8

D.6 R32 — Difluoromethane

Values for the equation of state given for R32 in Table D.5 are taken from Tillner-Roth and Yokozeki [131.

Table D.5 — R32 property values in the single-phase region to serve as verification values
for the implementation of the equation of state

Temperature Density Pressure Enthalpy Entropy C, Cp Sound speed
K mol/l MPa J/mol J/(mol-K) J/(mol-K) J/(mol-K) m/s
180,000 0 0,000 100 0 0,149 637 2 x 1073 24 642,56 171,613 4 27,520 4 35,8453 193,540 8
180,000 0 26,600 0000 | 0,678 660 9 x 102 4 407,98 12,952 9 52,025 2 78,2430 1411,750 0
351,255 0 1,000 000 O 0,240 080 6 x 10" 29 728,57 113,970 5 45,166 1 65,5917 232,189 3
351,255 0 20,000 0000 | 0,657 8359 x 10? 17 751,81 65,274 6 52,263 8 81,082 4 824,899 9
420,000 0 0,000 100 0 0,349 203 5 x 1073 35 093,81 200,438 5 44,7119 53,026 9 282,144 4
420,000 0 17,600 0000 | 0,682 7326 x 10? 23 463,30 79,773 2 56,027 4 84,070 4 690,619 9
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D.7 R123 — 2,2-dichloro-1,1,1-trifluoroethane

Values for the equation of state given for R123 in Table D.6 are taken from Younglove and McLinden [4]. This
equation has been transformed from the MBWR form of the original reference to a Helmholtz energy form by
the application of Equation (15).

Table D.6 — R123 property values in the single-phase region to serve as verification values
for the implementation of the equation of state

Temperature Density Pressure Enthalpy Entropy C, Cp Sound speed
K mol/l MPa J/mol J/(mol-K) J/(mol-K) J/(mol-K) m/s
200,000 0 0,000 100 O 0,166 236 1 x 1073 51 932,59 271,015 4 72,941 1 81,272 2 110,034 5

200,000 0 11,200 0000 | 0,159 802 9 x 102 20 989,93 105,753 9 99,537 8 140,695 5 1125,084 1
456,831 0 1,000 000 O 0,260 763 8 x 10" 74 932,17 268,877 9 128,403 8 172,820 8 118,162 1
456,831 0 8,200 000 0 0,392 310 8 x 102 61611,27 227,466 5 127,039 2 163,828 4 556,202 0
500,000 0 0,000 100 0 0,415713 8 x 1073 84 983,25 360,763 3 124,235 6 132,551 4 170,299 1
500,000 0 7,600 000 0 0,370 207 1 x 102 68 699,97 242,875 3 130,455 4 167,894 8 484,679 8

D.8 R125 — Pentafluoroethane

Values for the equation of state given for R125 in Table D.7 are taken from Lemmon and Jacobsen [3.

Table D.7 — R125 property values in the single-phase region to serve as verification values
for the implementation of the equation of state

Temperature Density Pressure Enthalpy Entropy C, Cp Sound speed
K mol/l MPa J/mol J/(mol-K) J/(mol-K) J/(mol-K) m/s
200,000 0 0,000 100 0 0,166 272 1 x 1073 35 264,67 225,586 9 65,917 0 74,236 2 124,901 3
200,000 0 14,000 000 O 0,423 025 2 x 102 15 906,32 71,9354 85,816 3 123,536 4 968,671 9
339,173 0 1,000 000 O 0,213 324 3 x 10" 45 066,59 187,464 2 101,757 7 131,702 5 127,877 5
339,173 0 11,400 000 O 0,549 441 7 x 102 34 771,90 139,417 8 105,116 8 139,137 3 635,452 7
500,000 0 0,000 100 0 0,4157197 x 1073 66 051,40 308,359 7 117,595 0 125,910 0 192,577 1
500,000 0 8,800 000 0 0,576 070 8 x 102 58 381,94 195,593 0 124,570 9 152,147 8 460,407 1

D.9 R134a — 1,1,1,2—tetrafluoroethane

Values for the equation of state given for R134a in Table D.8 are taken from Tillner-Roth and Baehr [10],

Table D.8 — R134a property values in the single-phase region to serve as verification values
for the implementation of the equation of state

Temperature Density Pressure Enthalpy Entropy C, Cp Sound speed
K mol/l MPa J/mol J/(mol-K) J/(mol-K) J/(mol-K) m/s
200,000 0 0,000 1000 | 0,166 2625 x 1073 36 070,67 217,719 5 57,594 2 65,918 6 136,555 3
200,000 0 15,500 0000 | 0,554 122 4 x 10? 13479,24 56,317 0 83,680 6 119,279 6 1162,988 5
374,210 0 1,000 00 O 0,234 989 9 x 10' 47 594,85 183,166 9 98,683 0 129,206 5 146,495 0
374,2100 12,200 000 O 0,631 710 1 x 102 35 940,48 134,577 7 102,190 3 135,280 3 711,790 0
440,000 0 0,000 1000 | 0,3658303 x 1072 57 297,93 278,689 3 100,598 0 108,913 2 197,021 5
440,000 0 11,200 000 O 0,685 725 9 x 102 45 217,73 156,266 6 110,055 3 141,253 6 634,823 3
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D.10 R143a — 1,1,1-trifluoroethane

Values for the equation of state given for R143a in Table D.9 are taken from Lemmon and Jacobsen [4].

Table D.9 — R143a property values in the single-phase region to serve as verification values
for the implementation of the equation of state

Temperature Density Pressure Enthalpy Entropy C, Cp Sound speed
K mol/l MPa J/mol J/(mol-K) J/(mol-K) J/(mol-K) m/s
200,000 0 0,000 100 0 0,166 266 2 x 1073 29 045,32 193,149 5 51,5632 1 59,855 6 151,579 2
200,000 0 15,800 000 O 0,648 278 0 x 102 11 245,14 41,576 0 71,0103 101,123 0 1142,1821
345,857 0 1,000 000 O 0,215 8756 x 10° 37 147,53 148,319 0 85,392 2 114,327 8 156,365 6
345,857 0 13,400 0000 | 0,901 458 6 x 10? 28 271,15 98,620 6 90,157 5 116,496 8 879,874 8
500,000 0 0,0001000 | 0,4157193 x 1073 54 741,98 260,681 0 99,0135 107,328 6 231,559 5
500,000 0 11,400 000 O 0,987 330 5 x 102 47 616,64 143,077 0 108,177 9 129,232 3 717,998 8

D.11 R152a — 1,1-difluoroethane

Values for the equation of state given for R152a in Table D.10 are taken from Outcalt and McLinden [8l.

NOTE This equation has been transformed from the MBWR form of the original reference to a Helmholtz energy form.

Table D.10 — R152a property values in the single-phase region to serve as verification values
for the implementation of the equation of state

Temperature Density Pressure Enthalpy Entropy C, Cp Sound speed
K mol/l MPa J/mol J/(mol-K) J/(mol-K) J/(mol-K) m/s
180,000 0 0,000 100 0 0,149 627 0 x 1073 28 915,19 180,944 2 41,424 2 49,750 4 164,925 6
180,000 0 18,000 0000 | 0,524 530 1 x 102 5 642,67 18,301 2 69,808 3 98,156 5 1419,016 1
386,411 0 1,000 000 O 0,245 9315 x 10° 39 592,51 143,147 8 80,0710 107,439 1 191,098 5
386,411 0 13,400 0000 | 0,542 090 6 x 102 27 384,42 97,523 8 84,898 9 114,566 1 768,672 1
500,000 0 0,000 100 0 0,415718 1 x 1073 52 482,90 243,606 9 88,2827 96,597 9 262,423 5
500,000 0 11,200 0000 | 0,578 693 2 x 102 41 011,44 127,717 0 95,800 3 123,574 6 602,256 5

D.12 R404A — R125/143a/134a (44/52/4)

Values for the equation of state given for R404A in Table D.11 are taken from Lemmon and Jacobsen [2].

Table D.11 — R404A property values in the single-phase region to serve as verification values
for the implementation of the equation of state

Temperature Density Pressure Enthalpy Entropy C, Cp Sound speed
K mol/l MPa J/mol J/(mol-K) J/(mol-K) J/(mol-K) m/s
200,000 0 0,000 100 0 0,166 267 3 x 1073 31 684,93 206,060 1 56,912 8 65,235 3 139,726 2
200,000 0 15,000 0000 | 0,478 096 4 x 10? 12 470,14 53,110 6 80,737 7 115,335 2 1048,161 2
345,000 0 1,000 000 O 0,215 478 7 x 10° 40 558,17 164,163 3 92,158 0 121,829 8 143,863 8

345,000 0 5,800 000 0 0,371 587 1 x 10" 32 697,30 138,571 8 116,954 3 | 5684,144 8 90,288 0
345,000 0 12,200 0000 | 0,589 688 7 x 10? 30 313,09 116,8357 96,128 2 126,538 8 698,246 4
440,000 0 0,000 100 0 0,365 313 x 1073 52 653,79 266,237 5 98,4125 106,727 6 201,612 4
440,000 0 10,400 0000 | 0,570 197 1 x 10? 42 711,70 148,976 5 107,399 7 135,438 2 546,926 9
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D.13 R407C — R32/125/134a (23/25/52)

Values for the equation of state given for R407C in Table D.12 are taken from Lemmon and Jacobsen [2].

Table D.12 — R407C property values in the single-phase region to serve as verification values
or the implementation of the equation of state

Temperature Density Pressure Enthalpy Entropy C, Cp Sound speed
K mol/l MPa J/mol J/(mol-K) J/(mol-K) J/(mol-K) m/s
200,000 0 0,000 1000 | 0,166 267 5 x 103 31774,36 202,629 9 47,967 2 56,289 6 150,436 8
200,000 0 17,900 0000 | 0,553 926 9 x 102 10 927,61 45,2657 73,5139 107,094 6 1152,1337
355,000 0 1,000 000 O 0,2296400 x 10° 39 788,21 156,305 1 78,767 3 105,478 7 162,875 9
355,000 0 8,400 000 0 0,435213 7 x 10" 29 746,16 124,669 9 96,528 3 468,523 2 137,917 1
355,000 0 14,000 0000 | 0,557 344 0 x 102 28 020,22 108,209 6 83,118 0 115,842 8 696,432 9
420,000 0 0,000 100 0 0,349 202 3 x 1073 47 657,20 248,603 3 79,036 1 87,3513 211,589 6
420,000 0 12,600 000 O 0,594 362 1 x 102 35 796,97 127,595 2 89,326 4 120,705 6 598,869 6

D.14 R410A — R32/125 (50/50)

Values for the equation of state given for R410A in Table D.13 are taken from Lemmon and Jacobsen [2].

Table D.13 — R410A property values in the single-phase region to serve as verification values
for the implementation of the equation of state

Temperature Density Pressure Enthalpy Entropy C, Cp Sound speed
K mol/l MPa J/mol J/(mol-K) J/(mol-K) J/(mol-K) m/s
200,000 0 0,000 100 0 0,166 2713 x 1073 28 272,46 189,950 0 39,755 4 48,076 4 166,428 6
200,000 0 20,600 0000 | 0,560 4455 x 102 8 824,58 35,989 8 63,5155 93,716 8 1137,248 4
340,000 0 1,000 000 O 0,225 047 7 x 10" 33 876,54 135,158 5 62,914 7 86,967 5 181,537 7
340,000 0 10,000 0000 | 0,450 682 3 x 10" 23 770,26 101,635 1 81,639 8 397,059 8 156,705 1
340,000 0 16,200 000 O 0,550 240 0 x 102 22 189,48 86,707 0 68,183 8 99,824 3 714,199 4
420,000 0 0,000 100 0 0,349 203 3 x 1073 41 445,78 227,114 4 63,514 0 71,829 1 233,252 9
420,000 0 14,000 0000 | 0,592 175 4 x 102 30 450,19 107,776 3 74,1252 104,685 5 584,444 2

D.15 R507A [R125/143a (50/50)]

Values for the equation of state given for R507A in Table D.14 are taken from Lemmon and Jacobsen [2].

Table D.14 — R507A property values in the single-phase region to serve as verification values
for the implementation of the equation of state

Temperature Density Pressure Enthalpy Entropy C, Cp Sound speed
K mol/l MPa J/mol J/(mol-K) J/(mol-K) J/(mol-K) m/s
200,000 0 0,000 100 O 0,166 267 7 x 1073 31767,48 206,895 2 57,458 0 65,780 3 138,752 2

200,000 0 14,900 0000 | 0,460 896 0 x 102 12 596,27 54,278 6 80,934 3 115,808 8 1035,313 1
340,000 0 1,000 000 O 0,210 473 4 x 10° 40 236,28 164,010 0 92,3957 123,280 7 140,846 5

340,0000 7,200 000 0 0,343 9225 x 10' 31 045,65 134,438 7 106,760 9 474,594 0 124,120 2
340,0000 12,200 000 0 0,579 585 8 x 102 29 927,83 116,390 8 96,028 5 126,730 6 697,265 1
500,000 0 0,000 100 0 0,415719 4 x 1073 59 560,49 280,703 9 106,666 1 114,981 1 212,906 8
500,000 0 9,400 000 0 0,577 036 1 x 102 51 358,49 167,937 2 114,301 5 140,078 1 493,140 6

AIRA ARnE A
Copyright International Organization for Standardization ghtS reserved 67
Reproduced by IHS under license with ISO
No reproduction or networking permitted without license from IHS Not for Resale



ISO 17584:2005(E)

Annex E
(informative)

Variation of mixture properties due to composition tolerance

ISO 817 specifies the compositions of refrigerant blends in the R400-series and R500-series but also
specifies allowable deviations (tolerances) from the nominal compositions. Thermodynamic properties will
generally change with a change in the mixture composition. Thus, any composition tolerance implies a
variation in the thermodynamic properties. The extent a composition variation translates into a variation in a
property depends on several factors, including the following:

a) tyé@e of system;

b) préperty of interest, because different thermodynamic properties depend differently on mixture
composition;

c) location of the state point on the thermodynamic surface;
d) variables that are fixed during the composition change.

Information on how thermodynamic properties change due to changes in mixture composition is important to
estimate the uncertainties in technical calculations. The analysis presented in this annex provides some
estimate of this effect. It is informative only; the properties defined by this International Standard are those at
the nominal compositions defined in ISO 817.

The properties of refrigerant blends defined in this International Standard are calculated using equations of
state which are valid over the entire composition range, and this attribute allows a calculation of the effects of
a composition tolerance. Given a composition tolerance specified in 1SO 817, an allowable range of
composition is defined. For R410A [R32/125 (50/50)], for example, the composition of R32 may range
between 50,5 mass % and 48,5 mass % while that for R125 may range between 49,5 mass % and
51,5 mass %. Multiple property calculations can then be performed at a given state point at various
compositions and the maximum variation of properties within the allowed composition range determined.

Table E.1 provides the maximum variation in several thermodynamic properties corresponding to the
allowable composition tolerances specified in ISO 817 at three different state points, which have been chosen
to be typical of conventional refrigeration calculations:

— maximum variations in py,ppie. Alig: i @Nd siq for saturated liquid at 25 °C;
— maximum variations in Ty, ppie, Alig, Miq: @Nd sjq for saturated liquid at a pressure of 0,1 MPa;

— maximum variations in p, 4, and s for single—phase vapour at p =2 MPa and 7= 90 °C.
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Table E.1 — Maximum variation of selected thermodynamic properties
due to composition tolerances of refrigerant blends

R404A R407C R410A R507A
Mass % R125: 44 50 R32:23 59 R32:50 92 R125:50 *19
o . +1,0 . +2,0 . +0,5 . +1,0
Mass % R143a: 52 710 R125:25 39 R125: 50 *02 R143a:50 719
Mass % R134a: 4 50 R134a: 52 50 — —
Saturated liquid at 25 °C
APoubble +1,03 % +2,20 % 002 % +0,07 %
Apiq +0,31% +0,52 % 037 % +0,25 %
Ahyg +73 Jikg + 250 J/kg 89, Jikg + 63 Jikg
Asjq +0,3 J/(kg'K) +0.,9 J/(kg'K) 0% Ji(kgK) +0,2 J(kgK)
Saturated liquid at 0,1 MPa
AT, onie +0,26 °C +0,56 °C 308 °C +0,002 °C
Aig +0,33 % +0,44 % it % +0,26 %
Ahyg + 330 J/kg + 1060 J/kg 4998 Jikg + 100 J/kg
Asjq +1,4 Ji(kg'K) + 4,5 Ji(kg'K) 152 Ji(kgK) +0,4 Ji(kg-K)
Superheated vapour at 90 °C and 2 MPa
Myap +0,41 % +21% % +0,33 %
Ahygp + 1190 J/kg +3 760 J/kg 980 0 J/kg + 640 J/kg
ASyap + 3,4 JI(kg'K) +12 J/(kg'K) a4 J(kg-K) +2,0 Ji(kg-K)

A 1A~ AAAE AL
Copyright International Organization for Standardization ghtS reserved

Reproduced by IHS under license with ISO
No reproduction or networking permitted without license from IHS

Not for Resale

69



ISO 17584:2005(E)

(1]

(2]

(3]

(4]

(3]

(6]

[7]

(8]

(9]

(10]

(1]

[12]

[13]

(14]

Bibliography

KAMEI, A., BEYERLEIN, S.W. and JACOBSEN, R.T, Application of nonlinear regression in the development
of a wide range formulation for HCFC-22. Int. J. Thermophysics, 16(1995), pp. 1155-1164

LEMMON, E.W. and JACOBSEN, R.T, Equations of state for mixtures of R-32, R-125, R-134a, R-143a,
and R-152a, J. Phys. Chem. Ref. Data 33(2004), pp. 593-620

LEMMON, E.W. and JACOBSEN, R.T., A new functional form and new fitting techniques for equations of
state with application to pentafluoroethane (HFC-125), J. Phys. Chem. Ref. Data 34(2005), pp. 69-108

LEMMON, E.W. and JACOBSEN, R.T, An international standard formulation for the thermodynamic
properties of 1,1,1-trifluoroethane (HFC-143a) for temperatures from 161 to 500 K and pressures to
50 MPa. J. Phys. Chem. Ref. Data, 29(2001), pp. 521-552

LEMMON, E.W., MCLINDEN, M.O. and HUBER, M.L, NIST Standard Reference Database 23, NIST
Reference Fluid Thermodynamic and Transport Properties-REFPROP, version 7.0. Standard
Reference Data Program, National Institute of Standards and Technology (2002)

MARX, V., PRUR, A. and WAGNER, W., Neue Zustandsgleichungen fir R 12, R 22, R 11 und R 113,
Beschreibung des thermodynamishchen Zustandsverhaltens bei Temperaturen bis 525 K und Driicken
bis 200 MPa, VDI-Fortschritt-Ber. Series, 19(1992), No. 57, Disseldorf: VDI Verlag

MCLINDEN, M.O. and WATANABE, K., International collaboration on the thermophysical properties of
alternative refrigerants, Results of IEA Annex 18. 20th International Congress of Refrigeration, Sydney,
Australia, September 19-24, 1999, International Institute of Refrigeration, pp 678-687

OUTCALT, S.L. and MCLINDEN, M.O., A modified Benedict—-Webb—Rubin equation of state for the
thermodynamic properties of R152a (1,1—difluoroethane), J. Phys. Chem. Ref. Data, 25(1996),
pp. 605-636

SPAN, R. and WAGNER, W., A new equation of state for carbon dioxide covering the fluid region from the
triple—point temperature to 1 100 K at pressures up to 800 MPa, J. Phys. Chem. Ref. Data, 26(1996),
pp. 1509-1596

TILLNER-ROTH, R. and BAEHR, H.D., An international standard formulation of the thermodynamic
properties of 1,1,1,2-tetrafluoroethane (HFC-134a) covering temperatures from 170 K to 455 K at
pressures up to 70 MPa, J. Phys. Chem. Ref. Data, 23(1994), pp. 657-729

TILLNER-ROTH, R., HARMS—-WATZENBERG, F. and BAEHR, H.D., Eine neue Fundamentalgleichung fiir
Ammoniak, DKV-Tagungsbericht 20, 11(1993), pp. 167-181; also available in: BAEHR, H.D. and
TILLNER-ROTH, R., Thermodynamic properties of environmentally acceptable refrigerants: Equations of
state and tables for ammonia, R22, R134a and R123, Springer, Berlin, 1995

TILLNER-ROTH, R, LI, J., YOKOZEKI, A., SATO, H. and WATANABE, K., Thermodynamic Properties of Pure
and Blended Hydrofluorocarbon (HFC) Refrigerants, Tokyo: Japan Society of Refrigerating and Air
Conditioning Engineers, (1998)

TILLNER-ROTH, R. and YOKOZEKI, A., An international standard equation of state for difluoromethane
(R-32) for temperatures from the triple point at 136.34 K to 435 K and pressures up to 70 MPa, J. Phys.
Chem. Ref. Data, 26(1997), pp. 1273-1328

YOUNGLOVE, B.A. and MCLINDEN, M.O,. An international standard equation-of-state formulation of the
thermodynamic properties of refrigerant 123 (2,2-dichloro-1,1,1-trifluoroethane), J. Phys. Chem. Ref.
Data, 23(1994), pp. 731-779

7N .
Copyright International Organization for Standardization © ISO 2005 - A” r|ght3 reserved

Reproduced by IHS under license with ISO
No reproduction or networking permitted without license from IHS Not for Resale



Copyright International Organization for Standardization
Reproduced by IHS under license with ISO
No reproduction or networking permitted without license from IHS Not for Resale



ISO 17584:2005(E)

ICS 71.100.45

Price based on 70 pages

a0 - Wolan oo
Copyright International Organization for Slandardizationved

Reproduced by IHS under license with ISO

No reproduction or networking permitted without license from IHS Not for Resale



