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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.
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Introduction

This document is consistent with and is intended to complement ISO 817. The purpose of this document
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 document represent those for which sufficient high-quality data were available.

This document allows for “alternative implementations” for the properties. These can ta

ke 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

vapopt-

Tolerjances in this document do not necessarily represent the uncertainty of the originale
datalor of the equation of state in fitting the data.

The folerances are relative (i.e. plus or minus a percentage) for some properties-and absolu
(e.g. plus or minus a constant enthalpy value). Properties such as enthalpyjand entropy, w
negafive, demand an absolute tolerance; any allowable percentage variation would be
valugs near zero. The allowable tolerances for enthalpy and entropy @re scaled by the e
entropy of vapourisation for each fluid. By scaling the tolerance to the‘vapourisation valu
tolerpnce is allowed for fluids, such as ammonia, with high heats of vapourisation.

The tolerances apply to individual thermodynamic states. lfv ¢ycle and equipment analy
diffefences in enthalpy and/or entropy between two diffetent states that are important.
is not possible to specify, in a simple way, allowable tolerances based on pairs of states be

largg number of possible pairs of interest.

The

values of €, and C, approach infinity at the critical point, but the actual values retu
equaltion of state are large numbers that vary ffem computer to computer due to round-
the dalculations. According to critical-region-theory, the speed of sound is zero at the criti
traditional equations of state (including the ones in this document), however, do not rej
behaviour. Rather than list values that areiinconsistent with either the theory or the specifie
of state, these points are not included as part of this document.

The Values of the gas constant,‘Ryvary from fluid to fluid. Similarly, the number of signif

kperimental

te for others
'hich can be
00 strict at
nthalpy and
PsS, a greater

Kes, it is the
However, it
cause of the

rned by the
bff errors in
Cal point; all
roduce this
d equations

icant values

given for the molecular mass;M,vary. The various values of R differ by less than 5 X 10-¢ (equal to parts

per rhillion, a deprecated unit) from the currently accepted value of 8,314 462 618 ]J/(mol-K
in sifnilarly small differenees in the properties. The compositions of the refrigerant blends
R50(-series) are defined on a mass basis, but the equations of state are given on a mola
masy compositions_have been converted to the equivalent molar basis and listed in Clauj
number of significant values are given for consistency with the tables of “verification valu
Anngx D.

) and result
(R400- and
r basis. The
be 5; a large
es” given in
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Refrigerant properties

1 Scope

This document specifies the thermophysical properties of several commonly used refrigerants and
refrigerant blends.

This[document is applicable to refrigerants R1Z, RZZ, R3Z, R123, R125, R134a, R143a,R152a, R290,
R60(a, R717 (ammonia), R744 (carbon dioxide), R1233zd(E), R1336mzz(Z), R1234yf and|R1234ze(E)
and fo the refrigerant blends R404A, R407C, R410A, and R507A. The following properties gre included:
densjty, pressure, internal energy, enthalpy, entropy, heat capacity at constant presstre, hieat capacity
at copstant volume, speed of sound, and the Joule-Thomson coefficient, in both/single-phade states and
along the liquid-vapour saturation boundary. The numerical designation of théese refrigefants is that
defirled in ISO 817.

NOTE 1 R12, R22, R123 are controlled substances under the Montreal Protocol, Annex A (R17) or Annex C
Group I (R22,R123).

NOTH 2 R32,R125, R134a, R143a, R152a, R404A, R407C, R410A, and ' R507A are controlled subdtances under
the Montreal Protocol, Annex F or blend thereof.
2 Normative references

Therk are no normative references in this document.

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.
ISO gnd [EC maintain terminology.databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: atajlable at https://www.electropedia.org/

3.1
algorithm
procgdure forthe computation of refrigerant properties

Note |l to,entry: An algorithm is most often a computer program. An algorithm may also consist of one or more
singl¢-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 1 to entry: 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.

©1S0 2022 - All rights reserved 1
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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 1 to entry: 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.

3.5

fluid
refrigerant
substance, gresent in liquid and/or gaseous states, used for heat transfer in a refrigerating systé

Note 1 to entfy: The fluid absorbs heat at a low temperature and low pressure, then releases the heat at a Higher
temperaturejand a higher pressure, usually through a change of state.

3.6
liquid-vapdur saturation
state at whi¢h liquid and vapour phases of a fluid are in thermodynamic equilibrium with each other at
a common temperature and pressure

Note 1 to entfy: 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, prdssure, fugacity, internal energy, enthalpy, entropy, Gibbs and Helmholtz energies,|heat
capacities, speed of sound, and the Joule-Thomson:ceefficient, in both single-phase states and along the
liquid-vapour saturation boundary

3.9
thermophysical properties
thermodyndmic, transport, and otherymiscellaneous properties

3.10
triple point
state at whi¢h solid, liquid, and'vapour phases of a substance are in thermodynamic equilibrium

4 Calculption ofrefrigerant properties

4.1 Genefal

This document specifies properties for the refrigerants listed in Clause 1. These properties are derived
from experimental measurements.

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

2 © IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=802448882fa749bad7f634055a4e61d8

ISO 1758

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

4:2022(E)

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

Fornuda {17

wheffe R is the gas constant.

Formulae of this form may be written on either a molar basis or a(mass basis. For
representation in this document, the equations of state originally published on a mass bas
convprted to a molar basis. The “residual” or “real-fluid” contribution'is given by Formula (

P =2Nkrtk6dk exp[—ak (6—¢ )I" Jexp[—ﬁk (T—¥xk )"k }
k

wherte

T

Vi

o

The {deal-gas contribution can be represented in one of several ways. One representation i
the]] ity of the ideal- ) inF la (3):

q:

A
ﬁ:‘md +or

o B €k and yy

., dy., I, and f

is the dimensionless temperature variable T*/T;

D

D):

1)

h consistent

s have been

(2)

is the reducing parameter that is often equal to the critical tempergture;

is the dimensionless density variable p/p*;
is the reducing/parameter that is often equal to the critical density

are numerical coefficients fitted to experimental data;

are parameters optimized for a particular fluid or group of fluids by a selec-
tion algorithm starting with a large bank of terms or by use of a nop-linear

fitting process;

are exponents optimized for a particular fluid or group of fluids by
algorithm starting with a large bank of terms or by use of a non-lin
process.

a selection
par fitting

5 in terms of

3

h s T T Cp;
q)idzﬂ—if—lﬂn RTp +L CpiddT_lJ. Zpid 4o
RT R Pref ) RT ITwes ©7 R'Te T
where
h..s  isthe arbitrary reference enthalpy for the ideal gas at the reference state specified by T,..¢
Sref is the arbitrary reference entropy for the ideal gas at the reference state specified by T,..¢

and p.r.

© IS0 2022 - All rights reserved
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In this document, the h,sand 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 h . and s are informative
only; different values, corresponding to different reference state conventions, are acceptable.

The heat capacity of the ideal gas state, C,,iq may be represented as a function of temperature by the
general form consisting of separate summatlons of polynomial (empirical) and exponential (theoretical)

terms, as given in Formula (4):

2
d-¢, +) e T+ Y ay SR exp(uk)z )
k [exp () -1]

where
by
Uj = (5)
T
C Oy, bf and ¢ are numerical coefficients and exponents fitted to data or derived from thgo-

retical calculations.

A second representation of the ideal-gas contribution is given directly in térms of the HelmholtZ free
energy, as slhown in Formula (6):

01 =dy (rdyT+InS+d3InT+ Y dprk +Y a In[1-exp(-td; )] (6)
where
d,and q, are adjusted to yield the desifed reference state values for the enthalpyl and

entropy;

d3, dy, aj, A, and t are either empirical g¥:theoretical parameters.

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

C. .
p.id “k exp(uy )
= =gy +1- ;dktk(tk—l[ J +2 a, —k— kI T (7)
k
where
AT
. & I 8
le T ( )

The equatiop$-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 Formuia (97

Perit = ZNkSAbklP 9)
k
where
A=02+B,[(5-1)] o (10)
6=(1-1)+ 4 [ (5-1)"] (@) (11)

4 © IS0 2022 - All rights reserved
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P =exp[—ck (6-1)*-D, (1—1)2} (12)

where Ny, A, By, Cy, Dy, ay and B are adjustable parameters fitted to data.

Formula (9) is added to the normal terms in Formula (1). Among the fluids in this document, 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

Formula (13):

whet
fitte
for

In th
the |
Heln{

=

9 15
p=> axp” +9Xp(—P2/Pc2rit) > aqp®

e the gy are functions of temperature resulting in a total of 32 adjustableparamet
to the experimental data. For a complete description of the thermodynamic'propertie
la is combined with an expression for the ideal-gas heat capacity, such as Formula (4

is document, pressure-explicit equations of state [such as Formwla (13)] are trans
lelmholtz-energy form to maintain a consistent representatiofr. The pressure is re
holtz energy using the thermodynamic identity shown in Fopmula (14):

)

A
v

(13)

ers that are
5, the MBWR

or (5).

formed into
lated to the

(14)

Thug, the Helmholtz energy can be evaluated from thé\pressure by an integration over volume, V,, using
Formula (15):
A.(T,p) = p
+———"=0¢.=- ——p |dV 15
=== e (15)
Formula (15) is then combined witli an ideal-gas contribution given by Formulae (3) to|(5) to yield

a Coj

mplete description of the thermodynamic properties. Among the fluids in this do

equaltions of state for R123 and R152a have been transformed in this manner.

cument, the

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

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

4.3 | Mixture’equation of state

Thermodynamic properties of mixtures are calculated by applying mixing rules to the Helmholtz
eneroyv-of the mixture components together with a separate mixture function.-The reduced Helmholtz

J r o r
energy of the mixture is a sum of ideal-gas and residual contributions as given by Formula (16):

A
Prmix = E = Pmixid + Pmixr (16)
The ideal gas part is given by Formula (17):
n
Pmix,id ZZ[Xi¢i,id+Xi lnxi:l+f3 +fa /T (17)
i=1
© IS0 2022 - All rights reserved 5
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where

X

f is the mole fraction of component i in the n-component mixture;

x;Inx; areterms arising from the entropy of mixing of ideal gases.

The parameters f; and f, are used to shift the thermodynamic surface such that the reference state for
enthalpy is 200 kJ/kg and entropy is 1 k]J/(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.

n n-1 n
‘Z’mix,r = zxi¢i,r +2 2 Xixj¢ij,excess (18)
=1 i=1 j=i+1
The first supnmation in this formula 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 ¢; . afd-9; ¢ycess functiops in
Formula (18) are not evaluated at the temperature, T,,;,, and density, p;,, ofithe mixture, but, rathler, at
a reduced tgmperature, 7, and density, 6. The mixing rules for the reddcing parameters are givén by
Formulae (19) and (20):
T*
Tmix
where
. n . n-1 n
T =Y T+, D Xkl
i=1 i=1 j=i+1
and
5=Lmix (20)
p
where
1 n X n-1 n
_ i
F= ] Y, X
P i=lPi  i=1g=i%1
where
G and {J- are “interaction parameters”;
T*and p;*  are the reducing parameters of the pure fluids.
The ¢;; excess function is of the general form of Formula (21):
dj .t 1
(Pl'j.excess =Fij ZNR5 KTk exp(—6 k ) (21)
k

The ¢;; excess function will, in general, vary from mixture to mixture (see Annex E), and the coefficients

and exponents are tabulated in Clause 5 for the refrigerant blends included in this document. In all
cases, the pure-component contributions are those defined in Clause 5 of this document.
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Methods for computing thermodynamic properties from a mixture equation of state are given in
Annex C.

4.4

Implementation

An algorithm shall directly implement 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
demonstrate to reproduce, for the fluids implemented, the “verification values” given in Annex D.

4.5

Ana

of te
and

applicable property(ies) and range(s). The allowable variations (tolerances) between t
valugs specified in this document and those of an alternative implementatioh vary from

prop

4.6

Any
spec

carried out by the developer of the particular implementation.

5 S$pecifications for individual refrigerants

5.1
The

Alternative implementation

mperature, pressure, and density and to the full set of properties or to any subrange d
pr subset of properties. Any algorithm shall state the fluids for which it)is*applicg

erty and are defined in Annex A.

Testing implementations against requirements

fied in Annex A before it can claim compliance with this-document. These requirems

General

gorithm shall, by any method, reproduce the values of thermodynamic properties spefified in this

document for the fluids implemented. Such an algorithm is considered to be applicable-to'the full range

f conditions
ble and the

he property

property to

computer program or other implementation of this deeument shall satisfy the r¢quirements

nts shall be

following subclauses specify the equations of state used to calculate the properties of each of

the 1jefrigerants covered by this do¢ument and also tabulate the properties along the liguid-vapour
saturation boundary. In the tabulations of coefficients and exponents, any terms not listed pre zero.

5.2

5.2.1 Range of validity

The

Coef
real

T =216592K, T, .. =1100K; p,., =800 MPa; p_ .= 37,24 mol/1 (1 639 kg/m3)

R744 — Carbon dioxide

foefficients apewalid within the following ranges:

ieients and exponents of the ideal-gas part are listed in Table 1. Coefficients and expdnents of the

A ot avn Dctnd 1 ToW]n D Coanfficinmtc and nuynmomnante ~fFdlhn ~pibioa] wagingy +arnc are listed in

STJ pPUr t ol C IS tC O T Taolit 7z GUCTTTICTICITITS ot CAPUTICIITS UT e CTrroaCar T CETUTT CCT IS

Table 3.

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

k ay by Cx
0 — — 3,5
1 1,994 270 42 958,499 56 —
2 0,621 052 475 1858,801 15 —
3 0,411 952928 2061,101 14 —
4 1,040 289 22 3443,899 08 —
5 0,083 276 775 3 8238,200 35 —
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Table 2 — Coefficients and exponents of the real-gas part [Formula (2)]

k N t dy I a | my | B Yk £k
1 0,388 568 232 032 0 1 0 o | — | = | =] =
2 0,293 854 759 427 X 101 075 | 1 0 o | — | — | =1 =
3 -0,558 671 885 349 X 101 1 1 0 o | — | — | =] =
4 -0,767 531 995 925 2 1 0 o | — | —| -] =
5 0,317 290 055 804 075 | 2 0 o | — | — | =] =
6 0,548 033 158 978 2 2 0 o | — | — | =] =
7 BT 203 A 8 8 —
8 0,216 589 615 432 X 101 15 1 1 1 | — | = | =alH-
9 0,158 417 351 097 X 10t 15 2 1 1 | — | — | 81 -
10 ~0,231 327 054 055 2,5 4 1 1 | — | —g>x= | |-
11 0,581 169 164 314 X 101 0 5 1 1 — | A9 — | |-
12 -0,553 691 372 054 15 5 1 1 | A - |-
13 0,489 466 159 094 2 5 1 1 | - | - | -
14 -0,242 757 398 435 X 10-1 0 6 1 1 &1 -1 -1k
15 0,624 947 905 017 X 10-1 1 6 1 14l -1 -] = | -
16 ~0,121 758 602 252 2 6 1 oV | — | — | = | |-
17 -0,370 556 852 701 3 1 e 1 | — | = | = | -
18 -0,167 758 797 004 X 10-1 6 1 |2l | = =] —-1F
19 ~0,119 607 366 380 3 4 K2 1 | — | -1 =-1F
20 ~0,456 193 625 088 X 10-1 6 | 4] 2 1 | - | - =1k
21 0,356 127 892 703 X 10~ 8 | v | 2 1 | — | =] = | |-
22 ~0,744 277 271 321 X 102 6,V 7 2 1 | — | - =1
23 -0,173957 049024 x102 | 00 | 8 2 1 | — | - =-1F
24 -0,218101212895x 101 [\J7 2 3 1 | - | -1 = 1F
25 0,243321 665592 X 101 <\ [ 12 3 3 1 | — | - =1k
26 -0,374401334235 x 107 | 16 3 3 1 | — | - =1
27 0,143 387 157 569, - 22 5 4 1 | — | -] =1
28 -0,134 919 690883 24 5 + |1 | -] = = ||
29 ~0,231 512 250,535 x 10-1 16 6 4 1 | - | =] = | |-
30 0,123 631254 929 X 10-1 24 7 4 1 | - | =] = | |-
31 0,210.588'219 729 x 102 8 8 4 1 | — | - =1
32 ~0,339 585 190 264 X 10-3 2 10 | 4 1 | — | -1 -]
33 0,559 936 517 716 X 102 28 4 5 1 | - | -] = | |-
34 =U,305 551 160 556 X' 10U 14 o §) I — — — —
35 -0,213 654 886 883 x 103 1 2 2 [ 25 | 2 |35 |116] 1
36 0,266 415 691 493 X 105 0 2 2 [ 25 | 2 | 300119 1
37 ~0,240 272 122 046 X 105 1 2 2 | 25 | 2 | 300119 1
38 -0,283 416 034 240 X 103 3 3 2 | 15 | 2 | 275 | 125 ] 1
39 0,212 472 844 002 X 103 3 3 2 | 20 | 2 |275 | 122] 1
Table 3 — Coefficients and exponents of the critical region terms [Formulae (9) to (12)]
k Ny ay by By Ax By Cy Dy
40 ~0,666 422 765 408 35 | 0875 | 03 0,7 0,3 10 275
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k Ny ay by By Ay By Cy Dy
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 101 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/1, M = 44,009 8 g/mol, R = 8,314 51 J/(mol-K)

5.2.3 Reference state parameters
Ts = 273,15 K, ps = 1,0 kPa, h. 21 389,328 ]/mol, s, 155,741 4 ]/(mol-K),
f} =5,805551 35, f, =1 555,797 10
R744 property values along the liquid-vapour saturation boundary are listed\in Table 4.
Table 4 — R744 property values along the liquid-vapour saturation boundafy
Temp. |Pressure| Density | Internal |Enthalpy | Entropy C, G Sound J-T
energy speed| | coefficient

°C MPa kg/m3 KJ/kg KJ/kg | KI/tkgK) | k]/(kg:K) |kJ/(kgK)| m/s K/MPa
liquid -56,562 | 0,5180 1178,5 79,60 80,04 0y5213 0,974 7 1,953 2 975,8 -0,144 3
vapour 13,761 392,78 430,42 2,1390 0,629 2 09087 | 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 -0,1387
vapour 14,673 393,23 430,99 2,1300 0,6336 09184 | 222,94 25,67
liquid -50,00 0,682 3 1154,6 92,35 92,94 0,579 4 0,965 5 19712 928,5 -0,1191
vapoyr 17,925 394;61 432,68 2,101 8 0,648 3 09519 | 223,39 24,14
liquid -45,00 | 0,8318 1135,8 102,14 102,87 0,622 8 09590 19892 | 8924 -0,096 3
vapour 21,717 395,83 434,13 2,074 7 0,664 0 09900 | 223,57 22,77
liquid -40,00 | 1,0045 1 1164 112,00 112,90 0,665 6 0,9529 2,0117 | 856,3 -0,0699
vapour 26,121 396,87 435,32 2,048 5 0,680 7 1,0333 | 223,50 21,51
liquid -35,00 1,202 4 1096,4 121,95 123,05 0,707 9 0,947 3 2,0393 819,9 -0,0391
vapour 31,216 397,71 436,23 2,0230 0,698 5 1,083 0 | 223,15 20,37
liquid -30,00 15427 8 1075,7 132,01 133,34 0,749 8 0,942 2 2,0731 | 783,2 -0,0031
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 09379 2,114 5 745,8 0,039 4
vapour 43,880 398,71 437,06 1973 2 0,737 9 1,208 3 | 221,63 18,35
liquid -20,00 1,969 6 1031,7 152,54 154,45 0,832 8 0,934 4 2,165 3 707,5 0,0900
vapour 51,700 398,79 436,89 1,948 5 0,760 2 1,2893 | 220,41 17,44
liquid -15,00 | 2,2908 1008,0 163,07 165,34 0,874 2 09324 2,2283 | 6678 0,1509
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 09157 09330 2,307 2 | 626,1 0,2251
vapour 71,185 39793 435,14 1,8985 0,811 3 1,5091 | 216,94 15,77
liquid -5,00 3,0459 956,2 184,86 188,05 09576 09371 2,4085 | 582,2 0,316 8
vapour 83,359 396,84 433,38 1,872 5 0,840 3 1,6628 | 214,68 14,99

a  Triple point.

b The values of C,, Cp, and w at the critical point are not included as part of this document.
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Table 4 (continued)
Temp. |Pressure| Density | Internal |Enthalpy | Entropy c, G Sound J-T
energy speed | coefficient

°C MPa | kg/m? | Kk/kg | k/kg |kI/(kg'K)|KJ/(kg'K) |K]/(kgK)| m/s | K/MPa
liquid 0,00 3,4851 9274 196,24 200,00 1,000 0 0,944 9 2,5423 | 536,4 0,432 5
vapour 97,647 395,20 430,89 1,8453 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 09558 2,7268 | 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 0969 1 29976 | 441,0 0,783 6
vapour 135,156 389,57 422,88 1,784 7 09507 2,5578 | 205,41 12,p9
liquid 15,00 5,087 1 821,2 233,79 239,99 1,1359 0,985 9 3,436 0 | 3911 1,047 0
vapour 160,730 384,99 416,64 1,748 9 1,0029 3,2371 | 201,21 11,85
liquid 20,00 57291 773,4 248,46 255,87 1,187 7 1,0114 | 4,2637 | 3376 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 1,2485 1,0704 | 6,4674 | 274,3 2,256 5
vapour 242,732 367,92 394,43 1,649 8 1,1819 |,82423 | 189,12 9,42
liquid 30,00 7,213 7 593,3 292,40 304,55 1,3435 1,406 3 (85,3384 | 1772 4,278 9
vapour 345,102 344,23 365,13 1,543 3 1,5228 | 55,8217 | 171,26 7,39
critical 30,98 7,377 3 467,6 316,47 332,25 1,433 6 b b b 5,846 5
a  Triple poinf.
b The values|of C,, Cp, and w at the critical point are not included as part of this décument.
5.3 R717— Ammonia
5.3.1 Rarge of validity

The coeffici

T .. =195495K,

5.3.2 Coe

Coefficients

exponents of the real-gas-part are listed in Table 7, Table 8 and Table 9.

ents are valid within the followingranges:

T

max

=725 K; prax2d 000 MPa; p,,.. = 52,43 mol/1 (893 kg/m3)

fficients and exponénts of the ideal-gas part [Formulae (3) to (5)]

and exponents(ef'the ideal-gas part are listed in Table 5 and Table 6. Coefficientg

Table 5 — Coefficients and exponents for k =0

k Cx

0 4,000

Table 6 — Coefficients and exponents for k=1 up to 3

k ay by

1 2,224 1646
2 3,148 3965
3 0,957 9 7231

5.3.3 Coefficients and exponents of the real-gas part [Formula (2)]

Parameters

10

not listed are zero.

and

© IS0 2022 - All rights reserved



https://standardsiso.com/api/?name=802448882fa749bad7f634055a4e61d8

ISO 17584:2022(E)

Table 7 — Coefficients and exponents for k=1up to 5

k Ny ty dy
1 0,006 132 232 1,0 4
2 1,739 586 6 0,382 1
3 -2,226 179 2 1 1
4 -0,301 27553 1 2
5 0,089 670 23 0,677 3
Table 8 — Coefficients and exponents fork=6 upto 18
K Ny ty dy Iy ay my Bx Yie £
(¢ -0,076 387 037 2,915 3 2 1 1 0 1 0
7 -0,840 639 63 3,51 2 2 1 1 0 1 0
8 -0,270 263 27 1,063 3 1 1 1 0 1 0
9 6,212 578 0,655 1 2 -0,427 76 2 =1,708 1,036 -0,072 6
1 -5,784 4357 1,3 1 2 -0,642 4 2 *1,486 5 1,2777 | -0,127 4
11 2,481 754 2 3,1 1 2 -0,817 5 2 -2,0915 1,083 0,752 7
12 -2,373916 8 1,4395 2 2 -0,799 5 2 -2,43 1,290 4 0,57
13 0,014 936 97 1,623 2 2 -0,91 2 -0,488 0,928 2,2
14 -3,774 926 4 0,643 1 2 -0,357%4 2 -1,1 0,934 -0,243
15 0,000 625 435 1,13 3 2 1,21 2 -0,85 0,919 2,96
16 -0,000 017 359 4,5 3 2 -4,14 2 -1,14 1,852 3,02
17 -0,134 620 33 1 1 2 -22,56 2 -945,64 1,0589) | 0,957 4
18 0,077 490 728 4 1 2 -22,68 2 -993,85 1,052 7f | 0957 6
For gmmonia (R717), the final two terms-ifrthe summation of Formula (2) (i.e., k= 19,20) hgve a slightly
diffefent form, see Formula (22):
20
@ = ZNthk 5% exp[—ak (6—£k)lk Jexp[ ! — ] (22)
k=19 Xk (T=7i)"* +Dby
Table 9 — Coefficients and exponents for k = 19 up to 20
k Wiy ty dy I ay m Xk Yk £ by
19 -1,6909858 | 4,3315 -2,845 2 0,3696 | 1,108 | 0,447 1,244
A0 0,937 390 74 4,015 -2,834 2 0,2962 (1,313 | 0,4468P | 0,6826
5.3.4 ““Reducing parameters, molar mass, and gas constant

T* = 405,56 K, p* = 13,696 mol/l, M = 17,030 52 g/mol, R = 8,314 459 8 J/(mol-K)

5.3.5 Reference state parameters

T

r

= 273,15K, p..c= 1,0 kPa, h

ref =

28 044,796 J/mol, s

ref =

156,239 4 J/(mol-K)

R717 property values along the liquid-vapour saturation boundary are listed in Table 10.
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Table 10 — 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 Ki/kg | kJ/(kg-K) | kJ/(kg:K) | K]/(kgK)| m/s K/MPa
liquid -77,662 | 0,006 05 7339 -145,67 | -145,67 | -0,4835| 29675 | 4,3053 |2011,3| -0,2196
vapour 0,063 7 1248,25 | 1343,27 | 71329 | 1,5162 | 2,0229 | 355,26 180,96
liquid -75,00 | 0,007 47 730,8 -134,21 | -134,20 | -0,4253 | 29687 | 4,3123 [1994,6 | -0,2184
vapour 0,077 6 125191 | 1348,16 | 70557 | 1,5225 | 2,0319 | 357,48 169,43
liquid -70,00 | 0,0109 725 -112,62 | -112,60 | -0,3176 | 29701 | 4,3277 |1963,4| -0,2158
vapour 0,111 1258,72 | 135725 | 69177 | 1,5356 | 2,0507 | 361,55 150)11
liquid -6p,00 | 0,0156 719,3 -90,94 -90,92 |-0,2122| 29699 | 4,3451 |1932,3 |~-0,2128
vapour 0,155 126541 | 1366,19 | 6,7881 | 1,5505 | 2,0726 | 365,49 133143
liquid -6p,00 | 0,0218 713,5 -69,17 -69,14 | -0,1089 | 29677 | 43636 | 19044 | -0,2095
vapour 0,212 127199 | 137498 | 6,6663 | 1,5675 | 2,0975 {86929 11899
liquid -5p,00 | 0,0301 707,6 -47,31 -47,27 |-0,0075| 29633 | 4,382 |1870,6 | -0,2058
vapour 0,286 1278,43 | 1383,58 | 6,5515 | 1,5865 | 2,4259 | 372,93 106444
liquid -5p,00 | 0,0408 701,7 -25,35 -25,29 0,092 29567 |-4,4019 |1839,7| -0,2018
vapour 0,38 1284,72 | 139198 | 6,4433 | 1,607/ | 2,1578 | 376,41 95,48
liquid -45,00 | 0,054 4 695,8 -3,30 -3,23 0,189 8 2,948 4,421 |18088| -0,1975
vapour 0,498 1290,86 | 1400,17 | 6,341 16311 | 2,1934 | 379,73 859
liquid -4p,00 | 0,0716 689,8 18,84 18,94 0,2858 ' 29376 4,44 17776 | -0,1929
vapour 0,644 1296,83 | 1408,14 | 6,2441 | 1,6567 | 2,2328 | 382,86 77,48
liquid -3p,00 0,093 683,7 41,07 41,21 03801 | 29257 | 4,4589 |1746,3| -0,1879
vapour 0,822 1302,63 | 141586 6,1523 | 1,6844 | 2,2761 | 385,81 70,08
liquid -33,32b | 0,101 3 681,6 48,58 48573 04115 | 29214 | 44653 [17356| -0,1861
vapour 0,89 1304,55 |~14184 | 6,1224 | 1,6942 | 2,2916 | 386,76 67,18
liquid -3p,00 | 0,1194 677,5 63,4 63,57 0,4729 | 29127 4,478 |1714,6 | -0,1826
vapour 1,037 1308,25 | 1423,32 | 6,0651 | 1,7143 | 2,3235 | 388,57 63,55
liquid -2p,00 | 0,1514 671,3 85,81 86,04 05641 | 2,8991 | 44974 |1682,5| -0,1768
vapour 1,296 1313,68 | 1430,51 | 59821 | 1,7461 | 2,3749 | 391,12 57,18
liquid -2D,00 0,19 665 108,32 108,6 0,654 2,8852 | 45173 | 1650 -0,170 6
vapour 1,604 13189 | 143741 5903 1,7798 | 2,4305 | 393,47 52,68
liquid -15,00 | 0,2361 658,5 130,92 131,28 | 0,7424 | 2,8712 | 45382 | 16171 | -0,1439
vapour 1,966 132391 1444 58275 | 1,8152 | 2,4902 | 395,61 48,17
liquid -1p,00 | 052906 652 153,62 154,06 | 0,8295 | 2,8574 | 45604 |1583,7| -0,1367
vapour 2,391 1328,7 | 1450,27 | 57552 | 1,8523 | 2,5543 | 397,53 44,16
liquid -3,00 0,354 7 645,4 176,42 176,97 09153 | 2,8441 | 45841 | 15499 | -0,1489
vapour 2,885 1333,26 | 1456,2 | 56859 | 1,8907 | 2,6229 | 399,23 40,61
liquid 0 0,429 2 638,6 199,33 200 1 2,8314 | 46097 |15156| -0,1404
vapour 3,456 133757 | 1461,77 | 56193 | 19304 | 2,6962 | 400,7 3744
liquid 5 0,5156 631,8 222,36 223,17 | 1,0836 | 2,8194 | 46376 |1480,8| -0,1311
vapour 4,113 1341,62 | 146696 | 55552 | 19714 | 2,7745 | 401,94 34,61
liquid 10 0,614 8 624,8 245,51 246,49 | 1,1661 | 2,8083 | 4,6682 |14455| -0,1209
vapour 4,866 1345,38 | 1471,73 | 54933 | 2,0134 | 2,8583 | 402,95 32,09
liquid 15 0,728 2 617,7 268,8 269,98 1,247 7 2,798 4,7018 [14098| -0,1098

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 document.
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Table 10 (continued)
Temp. |[Pressure| Density | Internal |Enthalpy | Entropy C, G Sound J-T
energy speed | coefficient

°C MPa | kg/m® | k/kg | k/kg |Kl/(kgK)|Kl/(kgK) |KJ/(kgK)| m/s | K/MPa
vapour 5,724 1348,84 | 1476,07 | 54333 2,056 5 2,9481 | 403,7 29,82
liquid 20 0,857 610,4 292,24 293,64 | 1,3284 | 2,7886 | 47389 [1373,6| -0,0976
vapour 6,698 135199 | 147994 | 53751 | 2,1006 | 3,0445 | 404,21 27,79
liquid 25 1,002 7 603 315,84 317,5 1,4083 | 2,7802 4,78 13369 | -0,0842
vapour 7,801 1354,78 | 1483,32 | 53184 | 2,1458 | 3,1486 | 404,46 25,96
liquid 30 1,166 5 595,4 339,61 341,57 1,487 4 2,7727 | 4,8257 [ 12997 -0,0694
vapofir 9,046 13572 | 1486,16 | 52631 | 2,1922 | 3,2611 | 404,4% 24,3
liquid 35 1,35 587,6 363,58 365,88 1,5659 2,766 1 4,876 5 .| L.262,1]| -0,0529
vapoyr 10,448 1359,22 | 1488,44 | 52088 | 2,2396 | 3,3836 | 404,15 22,79
liquid 40 1,554 5 579,6 387,76 390,45 | 1,6439 | 2,7604 | 49333 |12239 | -0,0346
vapopr 12,024 1360,81 | 1490,1 51555 2,288 4~ 3,517 4 | 403,57 21,42
liquid 45 1,7817 571,4 412,18 415,3 1,7214 | 2,756 4997 111852| -0,0142
vapoyur 13,792 136193 | 1491,11 | 51028 2,3385 | 3,6646 | 402,68 20,16
liquid 50 2,033 563 436,85 440,46 | 1,7985 2,752 50688 | 1146 0,008 7
vapoyr 15,775 1362,54 | 1491,41 | 5,050~/ 2,3902 3,827 4 | 401,49 19,01
liquid 55 2,31 554,3 461,81 46597 | 158753 | 2,7492 | 51499 |1106,] 0,034 4
vapolir 17,996 1362,59 | 1490,95 | 49988 | 2,4436 | 4,0088 | 399,96 17,95
liquid 60 2,614 5 545,3 487,08 491,871 19519 | 2,7475 | 52424 |10656| 0,0636
vapofir 20,484 1362,04 | 1489,67 | 4,947 2,4989 | 4,2126 | 398,09 16,97
liquid 65 2,948 1 536 512,7 518,2 2,028 5 2,747 53486 | 10244 0,096 8
vapofir 23,274 1360,81D | 148748 | 4,895 2,5562 | 44434 | 395,84 16,06
liquid 70 3,3125 526,3 538,72 545,02 2,1052 2,747 9 54716 | 982,44 0,135
vapoyr 26,404 1\358,86 | 1484,31 | 4,8425 | 2,6159 | 47074 | 393,21 15,21
liquid 75 3,709 6 516,3 565,19 572,38 | 2,1822 | 2,7502 | 5,6157 | 939,5 0,1791
vapofr 29,924 1356,08 | 1480,05 | 4,7893 | 2,6781 5,013 | 390,16 14,41
liquid 80 4,141 3 505,7 592,18 600,37 | 2,2596 | 2,7543 5,787 895,6 0,2307
vapopr 33,892 1352,38 | 1474,57 | 47351 2,743 1 53714 | 386,66 13,66
liquid 85 4,609°5 494,6 619,77 629,08 | 2,3377 | 2,7605 | 59938 | 850,5 0,291 6
vapopr 38,384 1347,63 | 146772 | 4,6793 2,8112 5,798 4 | 382,67 12,95
liquid 90 5116 4 482,8 648,06 658,65 | 2,4168 | 2,7694 | 6,2489 | 804,2 0,364 5
vapolir 43,493 1341,68 | 1459,32 | 4,6216 | 2,8828 6,317 | 378,14 12,27
liquig 95 56641 470,3 677,19 689,24 2,497 3 2,7817 6,5716 | 756,3 0,453 2
vapolir 49,346 1334,32 | 14491 | 45613 | 29583 6,962 | 373,02 11,62
liqui 100 6,2551 456,8 707,37 721,07 2,579 8 2,798 3 6,993 3 706,7 0,563 1
vapour 56,112 1325,26 | 1436,74 | 4,4977 | 3,0383 | 7,7888 | 367,24 10,99
liquid 105 6,8919 442,1 738,88 754,47 2,6649 | 2,8208 7,568 6 654,9 0,702 7
vapour 64,035 1314,12 | 1421,74 | 4,4295 | 3,1229 | 8,8924 | 360,7 10,38
liquid 110 7,577 5 425,7 772,13 789,93 2,7539 | 2,8515 8,4 600,8 0,8851
vapour 73,481 1300,29 | 1403,41 | 4,3551 3,2128 | 10,4547 | 353,3 9,77
liquid 115 8,3151 4071 807,81 828,23 | 2,8486 | 2,8944 | 97067 | 543,8 1,132 6
vapour 85,052 1282,79 | 1380,55 | 4,2716 3,3127 | 12,884 2 | 344,87 9,15

*

a  Triple point

b Normal boiling point

The values of C,, C;,, and w at the critical point are notincluded as part of this document.
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Table 10 (continued)

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

°C MPa | kg/m3 | K/kg | K/kg |K/(kg'K)|K)/(kg'K) [K/(kg:K)| m/s | K/MPa
liquid 120 9,108 8 385,1 847,17 870,82 2,952 5 29575 | 12,0604 | 483 1,487 5
vapour 99,866 1259,78 | 1350,99 | 4,173 8 3,4416 17,313 | 334,87 8,47
liquid 125 9,963 8 3571 893,01 920,91 3,073 3 3,0726 | 17,6365 | 414,5 2,0511
vapour 120,494 1227,07 | 130976 | 4,0499 | 3,667 7 | 28,2685 | 321,42 7,64
liquid 130 10,888 3 3134 955,79 990,53 3,2401 3,5572 | 50,5468 313 3,245
vapour 156,733 116891 | 1238,38 | 3,8549 | 4,3847 96,671 | 294,02 6,36
critical 13p,41 | 11,363 4 233,3 1053,41 | 1102,13 | 3,5117 * * * 495D 6
a Triple poirft
b Normal bofling point
* The valuegof C,, Cp, and w at the critical point are not included as part of this document.

5.4 R12 4+ Dichlorodifluoromethane

5.4.1 Rarge of validity
The coefficignts are valid within the following ranges:

T . =116,099K, T,

max

=525 K; pax = 200 MPa; p,., = 15,13m0l/1 (1 829 kg/m3)

Coefficients|and exponents of the ideal-gas part are listedin Table 11. Coefficients and exponents ¢f the
real-gas parft are listed in Table 12.

Tahle 11 — Coefficients and exponents of the ideal-gas part [Formulae (3) to (5)]

k Cx ay by

0 4,003 638 529 — —

1 — 3,160 638 395 1433,434 2

2 — 0,371 259877 4 2 430,049 8

3 — 3,562 277 099 685,659 52

4 — 2,121 533 311 412,415 79

Table 12 S>Coefficients and exponents of the real-gas part [Formula (2)]

k Ny t d, I @
1 0,207 534 340 2 x 101 0,5 1 0 0
2 8,296-252-599-6-191 + + 8 8
3 0,100 158961 6 x 101 2 1 0 0
4 0,178 134761 2 x 101 2,5 2 0 0
5 0,255 6929157 x 101 -0,5 4 0 0
6 0,235 214 263 7 x 102 0 6 0 0
7 -0,849 5553314 x 104 0 8 0 0
8 -0,153 594 559 9 x 101 -0,5 1 1 1
9 -0,210881 677 6 1,5 1 1 1
10 -0,165 422 880 6 x 101 2,5 5 1 1
11 -0,118 131613 0 x 101 -0,5 7 1 1
12 -0,416 029 583 0 x 10~* 0 12 1 1

14 © IS0 2022 - All rights reserved
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Table 12 (continued)

ISO 17584:2022(E)

k Ny t dy I a
13 0,278 486 166 4 x 10~ 0,5 12 1 1
14 0,161 868 643 3 x 105 -0,5 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 101 2 1 3 1
18 -0,434 7025025 x 101 4 1 3 1
19 61042368449 12 3 3 1
20 -0,110 000 343 8 14 3 3 1
21 -0,336 1012009 x 102 0 5 3 1
22 0,378919 000 8 x 103 14 9 4 1
5.4.1 Reducing parameters, molar mass, and gas constant
1*=385,12 K, p*=4,672 781 mol/1, M = 120,913 g/mol, R = 8,314 47D]/(mol-K)
5.4.3 Reference state parameters
T.s = 273,15 K, ps = 1,0 kPa, h = 43 261068 ]/mol, s = 237753 2 ]/(molK),
f1=1,622 69755, f, =3 621,284 29
R12 property values along the liquid-vapour saturation boundary are listed in Table 13.
Table 13 — R12 property values(@long the liquid-vapour saturation boundafy
Temp. Pressure Density .«[\Internal |Enthalpy| Entropy C, G Sounj ]-_T_
energy speed | coefficient
°C MPa kg/m3 k]/kg k]/kg | KkJ/(kgK) | K]J/(kg-K) | K]/(kg:K)| m/s K/MPa
liquid -157,052 | 2,426x1077 1,828,8 66,33 66,33 0,2780 | 0,5725 | 0,8561 |1310,p| -0,5305
vapofir 3)038 x 10-5 | 275,23 | 283,21 | 2,1461 | 0,2860 | 0,3548 | 99,51 | 532,60
liquid -155,00 | 3,883x10<Z 18234 68,08 68,08 0,2930 | 0,5674 | 0,8510 |1299p| -0,5333
vapofir 4,779 x 105 | 275,82 | 283,94 | 2,1200 | 0,2894 | 0,3582 | 100,2f | 495,55
liquid -150,00 | 4,135x10-6 1810,1 72,31 72,31 0,3280 | 0,5567 | 0,8404 |12744| -0,5389
vapofir 1,340 x 104 | 277,29 | 28575 | 2,0612 | 0,2978 | 0,3665 | 102,1 418,14
liquid -145;00/| 3,019x10-¢ 17969 76,49 76,49 0,3613 | 0,5482 | 0,8321 |1249| -0,5430
vapopr 3,426 x 1074 | 278,80 287,61 2,0087 | 0,3062 | 0,3749 | 103,88 355,64
liquid C4-140,00 | 7,387x10-6 1783,7 80,63 80,63 | 0,3930 | 0,5415 | 0,8257 |1224,B| -0,5458
vapour 8,068 x 104 | 280,35 289,50 19617 | 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 1,768 x 1073 | 281,94 291,44 19195 | 0,3229 | 0,3917 | 107,34 263,05
liquid -130,00 | 3,577x1075 17575 88,85 88,85 0,4525 | 0,5324 | 0,8177 |1176,0| -0,547 6
vapour 3,635 x 1073 | 283,57 293,42 | 1,8816 | 0,3313 | 0,4001 | 109,02 228,57
liquid -125,00 | 7,189x1075 1744,5 92,93 92,93 0,4805 | 0,5296 | 0,8157 |1152,0| -0,5469
vapour 7,058 x 10-3 | 285,25 | 29544 | 1,8474 | 0,3396 | 0,4084 | 110,67 | 199,86
liquid -120,00 | 0,000137 17314 97,01 97,01 0,5076 | 0,5277 | 08146 |1128,1| -0,5453

a  Triple point.

b Normal boiling point.

c The values of C,, Cp, and w at the critical point are not included as part of this document.
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Table 13 (continued)

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

°C MPa kg/m* | K/kg | K/kg |k]/(kg'K)|K]/(kg'K) |K]/(kg:K)| m/s | K/MPa
vapour 0,013 03 286,96 297,49 1,8167 | 0,3478 | 04166 | 112,29 175,81
liquid | -115,00 | 0,000 250 1718,4 101,08 | 101,08 | 0,5338 | 0,5266 | 0,8145 |1104,5| -0,5428
vapour 0,022 97 288,72 | 299,59 | 1,7890 | 0,3559 | 0,4248 | 113,89 | 155,54
liquid | -110,00 | 0,000 436 1705,3 105,15 105,15 | 0,5591 | 0,5263 | 0,8152 |1081,1| -0,5395
vapour 0,038 87 290,51 | 301,72 | 1,7640 | 0,3640 | 0,4330 | 11545 | 138,34
liquid -105,00 | 0,000 732 1692,2 109,23 109,23 | 0,5838 | 0,5265 | 0,8166 [1058,0| -0,5B55
vapour 0,063 39 292,34 | 303,89 | 1,7414 | 0,3719 | 0,4410 | 116,99 |- 123|168
liquid -100,00 0,001 19 16791 113,32 113,32 0,6077 | 0,5272 | 0,8186 | 10350/, -0,5B08
vapour 0,1000 294,20 | 306,09 | 1,7210 | 0,3798 | 0,4491 | 148,49 | 111{11
liquid -95,00 0,001 87 1666,0 117,42 117,42 | 0,6310 | 0,5283 | 0,8211-)1-012,2| -0,5p54
vapour 0,1529 296,10 | 308,32 | 1,7026 | 0,3876 | 0,4571 | 11996 | 100}28
liquid -90,00 0,002 86 1652,8 121,53 | 121,53 | 0,6538 | 0,5298 | 0,8241 | 989,7 | -0,5194
vapour 0,227 5 298,03 310,59 1,6861 | 0,3953_1.0,4650 | 121,39 90,p2
liquid -85,00 0,004 26 1639,6 125,66 | 125,66 | 0,6761 | 0,536 | 0,8275 | 967,3 | -0,5128
vapour 0,3302 299,98 312,87 1,6711 | 04030 | 04730 | 122,79 828
liquid -80,00 0,006 19 1626,3 129,80 | 129,81 | 0,697 8:\0,5337 | 0,8313 | 9452 | -0,5p55
vapour 0,468 3 301,97 | 31519 | 1,65767| 04105 | 0,4810 | 124,14 75,69
liquid -75,00 0,008 81 16129 133,97 | 13398 | V7491 | 0,5361 | 0,8355 | 923,3 | -0,4p77
vapour 0,650 3 30398 | 317,52.431,6454 | 04181 | 0,4890 | 125,45 69,19
liquid -70,00 0,012 3 1599,5 138,16 138,1% 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 0,016 8 1586,0 142,37 142,38 0,7604 | 0,5413 | 0,8448 | 8799 | -0,4801
vapour 1,186 308,07 | 322,24 | 1,6245 | 0,4330 | 0,5052 | 12791 59,p6
liquid -60,00 0,022 6 1572,3 146,60 | 146,62 | 0,7806 | 0,5442 | 0,8499 | 858,5 | -0,4f03
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 | 8373 | -0,4598
vapour 2,029 312,23 327,00 1,6076 | 04477 | 0,5218 | 130,15 51,9
liquid -50,00 0,0391 1544,7 155,15 | 155,18 | 0,8197 | 0,5503 | 0,8609 | 816,2 | -0,486
vapour 2,598 314,34 329,39 1,6004 | 04550 | 0,5302 | 131,17 4797
liquid -45,00 0,056,4 1530,7 159,47 | 159,50 | 0,8389 | 0,5535 | 0,8668 | 7953 | -0,4866
vapour 3,286 316,45 | 331,79 | 1,5940 | 04624 | 0,5389 | 132,11 45,01
liquid -40,00 0,064 1 1516,5 163,81 | 163,86 | 0,8577 | 0,5568 | 0,8730 | 774,5 | -0,4R37
vapour 4,108 318,58 | 334,18 | 1,5882 | 0,4697 | 0,547 7 | 132,99 42,88
liquid -35,00 0,080 6 1502,2 168,19 168,24 0,876 3 | 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 0,100 3 14877 172,60 172,67 | 0,8946 | 0,5636 | 0,8863 | 733,3 | -0,3951
vapour 6,228 322,84 | 33894 | 1,5784 | 0,4843 | 0,5661 | 134,49 37,90
liquid | -29,75P 0,101 3 1487,0 172,82 | 172,89 | 0,8955 | 0,5637 | 0,8866 | 732,3 | -0,3943
vapour 6,289 32295 | 339,06 | 1,5782 | 0,4847 | 0,5666 | 134,52 37,81
liquid -25,00 0,1235 1473,0 177,04 17712 | 09127 | 0,5670 | 0,8934 | 7129 | -0,3792
vapour 7,563 324,98 341,30 1,5743 | 04917 | 0,5757 | 135,10 36,00

a  Triple point.

b Normal boiling point.

¢ The values of C,, Cpr and w at the critical point are not included as part of this document.
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Table 13 (continued)

ISO 17584:2022(E)

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

°C MPa kg/m® | Kk/kg | ki/kg |kJ/(kgK)|k]/(kg:K) |K]/(kg'K)| m/s | K/MPa
liquid -20,00 0,1507 1458,1 181,51 | 181,62 | 09305 | 0,5705 | 09007 | 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 | 09482 | 0,5741 | 09085 | 672,3 | -0,3434
vapour 10,889 329,24 | 34598 | 1,5673 | 0,5064 | 0,5960 | 136,05 32,75
liquid -10,00 0,218 8 14276 190,57 | 190,72 | 09656 | 0,5776 | 09166 | 652,1 | -0,3233
vapofir 12,925 331,36 | 348,29 | 1,5644 | 0,5139 | 0,6068 | 136,38 31,35
liquid -5,00 0,260 6 1412,0 195,15 | 195,34 | 09829 | 0,5812 | 09251 |-632'q | -0,3015
vapolir 15,244 333,47 | 350,56 | 1,5618 | 0,5213 | 0,6180" |136,5p 30,09
liquid 0,00 0,3081 1396,1 199,78 | 200,00 | 1,0000 | 0,5849 | 09341 | 611,9 | -0,2777
vapolir 17,873 335,56 | 352,81 | 1,5594 | 0,5289 |70,6298 | 136,69 28,94
liquid 5,00 0,362 0 1379,8 204,45 | 204,71 | 1,0169 | 0,5885 | 09436 | 5919 | -0,2516
vapofir 20,842 337,64 | 35501 | 1,5573 | 0,5365 | 0,6423 | 136,68 2791
liquid 10,00 0,4227 1363,2 209,15 | 209,46 | 1,0337 |.0,5922 | 09537 | 571,94 | -0,2230
vapofir 24,184 339,70 357,18 | 1,5554,| 0,5441 | 0,6555 | 136,5¢ 26,97
liquid 15,00 0,490 6 1346,3 21391 | 214,27 | 1,0504 | 0,5960 | 09645 | 551,94 | -0,1915
vapolir 27,935 341,73 | 359,30 |~15537 | 0,5519 | 0,6696 | 136,28 26,11
liquid 20,00 0,566 4 13289 218,71 219,14 471,0669 | 0,5997 | 09761 | 531,717 | -0,1565
vapolir 32,135 343,73 | 36136 | 1,5521 | 0,5597 | 0,6846 | 135,88 25,34
liquid 25,00 0,650 6 1311,0 223,56 |.224,06 | 1,0834 | 0,6036 | 09885 | 511, | -0,1176
vapolir 36,828 345,700\" 363,37 | 1,5506 | 0,5676 | 0,7008 | 1353 24,65
liquid 30,00 0,743 7 1292,7 228,47 | 229,04 | 1,0997 | 0,6075 | 1,0021 | 491,3 | -0,0740
vapolir 42,066 347,63 | 36531 | 1,5492 | 0,5757 | 0,7184 | 134,65 24,02
liquid 35,00 0,846 2 1273,8 233,43 | 234,10 | 1,1160 | 0,6114 | 1,0169 | 471, | -0,0248
vapofir 47,906 349,51 367,18 | 1,5478 | 0,5838 | 0,737 7 | 133,8p 23,46
liquid 40,00 09588 1,254,3 238,46 | 239,22 | 1,1322 | 0,6155 | 1,0332 | 450,5 0,0311
vapofir 54,416 351,34 | 36896 | 1,5465 | 0,5921 | 0,7589 | 132,8p 22,96
liquid 45,00 1,082.1 1234,0 243,55 | 244,42 | 1,1484 | 0,6197 | 1,0514 | 429,7 0,0950
vapolir 61,673 353,11 | 370,66 | 1,5451 | 0,6006 | 0,7827 | 131,65 22,52
liquid 50,00 1,216 6 1213,0 248,71 | 249,71 | 1,1645 | 0,6242 | 1,0719 | 408,94 0,168 8
vapoyir 69,771 354,81 | 372,24 | 1,5437 | 0,6093 | 0,8095 | 130,3p 22,14
liquid 55,00 1,363 0 11911 25395 | 255,10 | 1,1807 | 0,6288 | 1,0953 | 3875 0,254 9
vapolir 78,823 356,42 | 373,72 | 1,5421 | 0,6182 | 0,8404 | 128,7¢ 21,81
liquid 60,00 1,5219 1168,1 259,28 | 260,58 | 1,1969 | 0,6338 | 1,1225 | 3659 0,356 5
vapour 86,966 357,94 375,05 1,5404 | 0,627 4 0,876 3 | 127,02 21,54
liquid 65,00 1,694 1 1144,0 264,71 | 266,19 | 1,2131 | 0,6391 | 1,1545 | 3439 0,478 3
vapour 100,375 359,35 | 376,23 | 1,5385 | 0,6370 | 09191 | 125,07 21,31
liquid 70,00 1,880 2 1118,3 270,26 | 27194 | 1,2295 | 0,6450 | 1,1931 | 321,3 0,626 4
vapour 113,272 360,62 | 37722 | 1,5363 | 0,6471 | 09714 | 122,88 21,14
liquid 75,00 2,0811 10909 27594 | 27784 | 1,2461 | 0,6517 | 1,2410 | 298,11 0,8103
vapour 127,952 361,72 37799 | 1,5337 | 0,6578 | 1,0370 | 120,44 21,01
liquid 80,00 2,297 5 1061,4 281,78 | 28394 | 1,2629 | 0,6594 | 1,3024 | 2741 1,0439

a  Triple point.

b Normal boiling point.

¢ The values of C,, Cpr and w at the critical point are not included as part of this document.
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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 k]/kg k]/kg |kJ/(kg-K) |K]/(kg:K)|K]/(kg:K)| m/s K/MPa
vapour 144,822 362,62 378,48 1,5306 | 0,6693 | 1,1225 | 117,73 20,92
liquid 85,00 2,530 4 10291 287,82 290,27 | 1,2801 | 0,6684 | 1,3844 | 2494 1,349 5
vapour 164,464 363,26 378,64 | 1,5268 | 0,6819 | 1,2394 | 114,73 20,85
liquid 90,00 2,780 8 993,2 294,11 296,91 1,2978 | 0,6795 | 1,5006 | 223,6 1,763 6
vapour 187,766 363,54 378,35 | 1,5220 | 0,6961 | 1,4101 | 111,41 20,79
liquid 95,00 3,050 1 952,2 300,75 303,95 1,316 3 | 0,6936 | 1,6794 | 196,9 2,391 8
vapour 216,208 363,34 377,45 1,5159 | 0,7127 | 1,6835 | 107,75 20,p8
liquid 100,00 3,3399 903,8 307,89 311,58 1,336 0 | 0,7122 1,996 3 169,0 3,247 0
vapour 252,577 362,38 375,60 | 1,5076 | 0,7332 | 2,1924 | 108,73 20,41
liquid 105,00 3,652 5 842,2 315,90 320,24 | 1,3581 | 0,7387 | 2,753 97|, ¥39,3 4,787 2
vapour 303,473 360,05 372,08 | 1,4952 | 0,7610 | 3,4579 | 99,28 19,71
liquid 110,00 39924 742,7 326,44 331,82 1,3874 | 0,7870 | 78061 | 105,3 8,291 6
vapour 396,337 353,88 363,95 1,4712 | 0,8089,111,4400 | 93,96 17,60
critical | 111,97 4,136 1 565,0 340,44 347,76 1,428 3 c c c 13,3p9 4
a Triple poirft.
b Normal bofling point.
c The valuegof C,, Cp, and w at the critical point are not included as part of this document.
5.5 R22 + Chlorodifluoromethane
5.5.1 Rarge of validity
The coefficients are valid within the following ranges:
T.in=11573K, T ., = 550 K; p,,,., = 60 MPa; p, ., = 19,91 mol/1 (1 722 kg/m3)
Coefficients|and exponents of the ideal-gas part are listed in Table 14. Coefficients and exponents ¢f the
real-gas part are listed in Table 15
Tahle 14 — Coefficients and exponents of the ideal-gas part [Formulae (3) to (5)]

k Cx tx ay by

0 4,005 261 404 46 — — —

1 0,000 120 662 553 1 — —

2 — — 1,0 4352,309 5

3 — — 1,0 1935,159 1

4 — — 1,0 1 887,679 36

5 — — 1,0 1694,882 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

18
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Table 15 — Coefficients and exponents of the real-gas part [Formula (2)]

ISO 17584:2022(E)

k Ny b dy I a
1 0,695 645 445 236 x 10°1 -1 1 0 0
2 0,252 275 419 999 x 102 1,75 1 0 0
3 -0,202 351 148 311 x 10° 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 103 2,75 1 0 0
6 0,488 345 904 592 x 102 3 1 0 0
7 B 0687495655616~ 55 t 9 0
8 0,590 315 073 614 15 2 0 0
9 ~0,689 043 767 432 175 2 0o Y 0
0 0,284 224 445 844 3,5 2 e 0
1 0,125 436 457 897 1 3 A0 0
2 -0,113 338 666 416 x 10-1 4,5 3 4 0 0
3 ~0,631 388 959 17 x 101 15 K= 0 0
4 0,974 021 015 232 x 102 0,5 5 6 0 0
5 ~0,408 406 844 722 x 103 4,5 RN 0 0
6 0,741 948 773 570 x 103 1 QV7 0 0
7 0,315 912 525 922 x 10-3 4 N 7 0 0
8 0,876 009 723 338 x 10-5 5 o, 7 0 0
9 ~0,110 343 340 301 x 10-3 -0,5%" 8 0 0
20 ~0,705 323 356 879 x 10~ 95 8 0 0
1 0,235 850 731 510 RN 2 2 1
2 -0,192 640 494 729 7 2 2 1
3 0,375 218008 557 x 10-2.0" 12 2 2 1
D4 -0,448 926 036 678 x 104 15 2 2 1
S 0,198 120 520 635.X10-1 3,5 3 3 1
26 ~0,356 958 425 255 x 10-1 3,5 4 2 1
7 0,319 594 161.562 x 101 8 4 2 1
8 0,260 264291 078 x 10-5 15 4 2 1
9 -0,897629 021 967 x 102 25 4 4 1

0 0}8%5 482 791 645 x 10-1 3 6 2 1
b1 | .£)70,411831 711 251 x 102 9 6 2 1
2 o 0,567 428536 529 x 102 19 6 4 1
83~ | 0,563 368989 908 x 102 2 8 2 1
3% 0,191 5684 919 425 x 107~ / 5 Z 1
35 ~0,178 930 036 389 x 10-2 13 8 4 1

5.5.2 Reducing parameters, molar mass, and gas constant

T* = 369,295 K, p* = 6,058 22 mol/], M = 86,468 g/mol, R = 8,314 51 J/(mol-K)
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5.5.3 Reference state parameters

T = 27315 K, ps = 1,0 kPa, h

r

f, = 4,111 053 69, f, = 2 986,449 88

= 35 874,594 ]/mol, s, = 205291 5 ]J/(molK),

ref ref

R22 property values along the liquid-vapour saturation boundary are listed in Table 16.

Table 16 — R22 property values along the liquid-vapour saturation boundary

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

°C MPa kg/m3 kl/kg Ki/kg | KI/(kg'K) | K/(kg'K) | KI/(kg:K) | m/s K/WPa
liquid -157,422 [3,795x1077| 1721,3 29,60 29,60 0,076 1 0,716 1 1,075 3 1410,9 0,444 6
vapour 3,410x10-5| 321,58 332,71 2,695 2 0,329 2 0,4253 119,91 398,80
liquid 155,00 [6,620x10~7| 17149 32,20 32,20 0,098 3 0,7139 1,073 5 1(398,2 -0,4450
vapour 5,827 x1075| 322,38 333,74 2,6505 0,3318 0,428 0 121,05 380,74
liquid 150,00 [1,934x10-¢| 17018 37,56 37,56 0,142 8 0,708 6 1,069.6 13719 -0,445 6
vapour 1,633x107%| 324,05 335,90 2,5653 0,3375 04336 123,35 344,75
liquid 145,00 [5,141x10-¢| 1688,8 42,90 42,90 0,1853 0,702 7 1,066 3 1346,3 -0,4456
vapour 4,172x10"%| 325,76 338,08 2,4887 0,343 3 0,439 4 125,60 311,19
liquid 140,00 [1,258x1075| 1675,8 48,22 48,22 0,226 0 0,697 2 1,064 1 1321,4 -0,4449
vapour 9,826 x 104 327,49 340,29 2,4195 0,349 2 0,445 4 127,78 280,46
liquid 135,00 (2,860x10-5| 1662,8 53,54 53,54 0,265 2 0,692 3 1,062 8 1296,8 -0,443 6
vapour 2,153x1073| 329,25 342,53 2,357 0,3552 0,451 4 129,92 252,63
liquid 130,00 [6,091x1075| 1649,8 58,85 58,85 0,303 0 0,688 2 1,062 2 1272,4 -0,4417
vapour 4,426x1073| 331,04 344,80 2,3005 0,361 4 0,457 6 132,01 227,61
liquid 125,00 0,000 122 1636,8 64,16 64,16 0,3395 0,684 7 1,062 0 1248,0 -0,439 6
vapour 0,008 59 332,85 347,10 2,2492 0,367 6 0,463 9 134,05 20%,23
liquid 120,00 0,000 233 1623,7 69,47 69,47 0,374 7 0,6815 1,061 9 12237 -0,437 2
vapour 0,015 85 334,70 349,42 2,2027 0,373 9 0,470 3 136,04 18%,26
liquid 115,00 0,000 424 1610,7 74,78 74,78 0,4088 0,678 6 1,061 8 1199,5 -0,434 6
vapour 0,027 92 336,57 351,77 2,160 3 0,3803 0,476 8 137,99 167,49
liquid -110,00 | 0,000 740 1597,6 80,09 80,09 0,441 9 0,6759 1,061 6 11754 -0,4319
vapour 0,047 19 338,48 354,15 2,1217 0,386 8 0,483 4 139,90 151,69
liquid —105,00 0,001 24 1,584,5 85,40 85,40 0,473 9 0,673 2 1,061 4 11514 -0,4289
vapour 0,076 8 340,40 356,55 2,086 5 0,393 4 0,490 2 141,76 137,65
liquid 100,00 0,002'01 15713 90,70 90,71 0,5050 0,670 6 1,061 2 11275 -0,4257
vapour 0,1210 342,35 358,97 2,054 3 0,4000 0,497 2 143,57 12%,17
liquid 195,00 0,003 16 1558,1 96,01 96,01 0,5352 0,668 0 1,0611 1103,7 -04221
vapour 0,184 7 344,32 361,40 2,024 9 0,406 7 0,504 4 145,34 114,07
liquid +90:00 0,004 81 15449 101,31 101,32 05646 06655 1,061 2 10801 =04180
vapour 0,274 4 346,31 363,85 1,998 0 0,413 6 0,5118 147,05 104,20
liquid -85,00 0,007 15 1531,6 106,62 106,63 0,5932 0,663 2 1,061 6 1056,6 -0,413 4
vapour 0,397 3 348,31 366,31 1,973 4 0,420 6 0,5195 148,70 95,41
liquid -80,00 0,010 4 1518,2 111,93 111,94 0,6210 0,661 1 1,062 4 1033,1 -0,408 2
vapour 0,562 350,33 368,77 1,9508 0,427 7 0,527 6 150,29 87,58
liquid -75,00 0,014 7 1504,7 117,24 117,25 0,648 2 0,659 2 1,063 7 1009,8 -0,402 3
vapour 0,779 352,36 371,24 1,9300 0,4350 0,5359 151,82 80,60
liquid -70,00 0,020 5 1491,2 122,56 122,58 0,674 7 0,657 5 1,065 5 986,4 -0,3956

a Triple point.
b Normal boiling point.

c The values of C,, Cp, and w at the critical point are not included as part of this document.
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Table 16 (continued)
Temp. Pressure | Density Internal | Enthalpy | Entropy C, c, Sound J-T
energy speed | coefficient

°C MPa kg/m3 k]/kg kj/kg kJ/(kg:K) | KJ/(kg'K) | kJ/(kg-K) m/s K/MPa
vapour 1,060 354,39 373,70 1,910 8 0,442 5 0,544 7 153,28 74,36
liquid -65,00 0,027 9 14775 127,90 12791 0,700 6 0,656 2 1,067 9 963,2 -0,3881
vapour 1,416 356,42 376,15 1,893 2 0,450 2 0,5539 154,66 68,78
liquid -60,00 0,0375 1463,7 133,24 133,27 0,726 0 0,655 2 1,071 0 939,9 -0,379 6
vapour 1,863 358,46 378,59 1,877 0 0,458 1 0,5637 155,97 63,78
liquid -55.00 0.0496 14497 138.60 138.63 07509 06546 1.0748 916 -0,3702
vapour 2,414 360,49 381,02 1,861 9 0,466 2 0,573 9 15711 59,29
liquid -50,00 0,064 5 1435,6 143,98 144,03 0,775 2 0,654 3 1,079 3 893,4 -0,3597
vapour 3,088 362,52 383,42 1,848 0 0,474 5 0,584 7 158,31 55,26
liquid -45,00 0,0829 1421,3 149,38 149,44 0,799 2 0,654 4 1,0845 870,1] -0,3481
vapour 3,901 364,53 385,79 1,8351 0,483 1 0,596 2 159,3 51,63
liquid -40,81b 0,101 3 1409,2 153,93 154,00 0,818 9 0,654 8 1,089 5 850,4 -0,337 5
vapour 4,704 366,21 387,75 1,8250 0,4904 0,606 3 160,1 48,85
liquid,| -40,00 0,105 2 1406,8 154,81 154,89 0,8227 0,654 9 1,090 5 846,9 -0,3353
vapour 4,873 366,53 388,13 1,8231 0,4919 0,608 3 160,2 48,34
liquid -30,00 0,163 9 13772 165,76 165,88 0,868y7 0,657 0 1,104 9 800,3 -0,3057
vapour 7,379 370,48 392,69 18015 0,510 3 0,6349 161,7 42,68
liquid -25,00 0,201 4 1362,0 171,29 171,44 0,891 2 0,6585 1,113 4 777,0 -0,2887
vapour 8,958 372,42 394,90 1,791 8 0,519 9 0,649 5 162,3 40,24
liquid -20,00 0,2453 1346,5 176,86 177,04 09135 0,660 4 1,1227 753,6 -0,2700
vapour 10,790 374,33 397,06 1,782 6 0,5299 0,665 0 162,82 38,01
liquid -15,00 0,296 2 1330,8 182,47 182,70 0,935 4 0,662 6 1,1328 730,2 -0,2495
vapour 12,901 376,20 399,16 1,774 0 0,5400 0,6816 163,1 35,98
liquid -10,00 0,354 8 1314,7 188,13 188,40 0,957 2 0,665 1 1,143 9 706,8 -0,2270
vapour 15,322 378,04 401,20 1,765 8 0,550 5 0,699 4 163,3 34,13
liquid -5,00 0,4218 129853 193,85 194,17 09787 0,668 0 1,156 1 683,4 -0,202 3
vapour 18,086 379,84 403,16 1,758 1 0,5613 0,718 4 163,4 32,44
liquid 0,00 0,498 0 1281,5 199,61 200,00 1,000 0 0,6711 1,169 2 6599 -0,1750
vapour 21,229 381,59 405,05 1,750 7 0,5723 0,7390 163,31 30,89
liquid 5,00 0,584 1 1264,3 205,44 205,90 1,021 2 0,674 5 1,183 6 636,3 -0,144 8
vapour 24,792 383,29 406,85 1,743 6 0,583 6 0,7611 163,0 29,48
liquid 10,00Q 0,6809 1246,7 211,32 211,87 1,042 2 0,678 2 1,199 3 612,7 -0,1112
vapour 28,820 384,93 408,56 1,736 8 0,595 3 0,785 2 162,6 28,18
liquid 15,00 0,789 3 1228,6 217,28 217,92 1,063 0 0,682 2 1,216 6 5889 -0,0737
vapour 33,362 386,51 410,16 1,7302 0,607 2 0,8115 162,07 26,99
liquid 26,600 65,9160 12699 223,31 22406 16838 6,686+ 12356 565, -0,0316
vapour 38,477 388,01 411,66 1,7238 0,6195 0,840 4 161,32 25,90
liquid 25,00 1,043 9 1190,7 229,41 230,29 1,104 5 0,690 9 1,256 8 541,1 0,016 1
vapour 44,232 389,43 413,03 1,717 4 0,6321 0,872 4 160,38 24,90
liquid 30,00 1,1919 1170,7 235,61 236,62 1,1252 0,695 6 1,280 7 516,8 0,070 4
vapour 50,705 390,76 414,26 1,7111 0,6450 09081 159,25 23,98
liquid 35,00 1,354 8 1150,1 241,89 243,07 1,145 8 0,700 6 1,307 7 492,4 0,1331
vapour 57,988 391,98 415,34 1,704 8 0,658 4 0,948 5 157,91 23,14
liquid 40,00 1,533 6 1128,5 248,29 249,65 1,166 5 0,7059 1,3389 467,6 0,206 0
a  Triple point.
b Normal boiling point.
¢ The values of C,, €, and w at the critical point are not included as part of this document.
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Table 16 (continued)

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

°C MPa kg/m3 kj/kg k]/kg kj/(kg:K) | KI/(kg'K) | K]/(kg'K) m/s K/MPa
vapour 66,193 393,08 416,25 1,698 5 0,672 2 0,994 8 156,36 22,37
liquid 45,00 1,729 2 1106,0 254,80 256,36 1,187 2 0,711 6 1,375 5 442,5 0,2919
vapour 75,457 394,04 416,95 1,6919 0,686 5 1,0487 154,58 21,66
liquid 50,00 19427 1082,3 261,45 263,25 1,208 0 0,717 6 1,4191 417,0 0,394 5
vapour 85,952 394,83 417,44 1,685 2 0,701 4 1,112 6 152,56 21,01
liquid 55.00 21751 10572 26826 270,32 12291 07240 14724 3909 05190
vapour 97,899 395,43 417,65 1,678 1 0,717 0 1,190 2 150,28 20141
liquid 60,00 2,427 5 1030,4 275,26 277,61 1,250 4 0,7308 1,5392 364,3 0,630
vapour 111,591 395,80 417,55 1,670 5 0,733 5 1,287 2 147,72 19,85
liquid 65,00 2,701 2 1001,4 282,49 285,18 1,272 2 0,738 4 1,6259 337,0 0,8p7 4
vapour 127,430 395,87 417,06 1,662 2 0,7511 1,412 8 144,85 1932
liquid 70,00 2,997 4 969,7 290,01 293,10 1,294 5 0,746 7 1,7437%, 308,8 1,199
vapour 145,991 395,56 416,09 1,6529 0,770 2 15837 141,66 18,81
liquid 75,00 3,317 7 934,4 29791 301,46 1,317 7 0,756 3 19127 279,6 1,459 8
vapour 168,158 394,76 414,49 1,642 4 0,7914 1,832 2 138,11 1828
liquid 80,00 3,663 8 893,7 306,34 310,44 1,342 3 0/768,0 2,181 4 248,8 19420
vapour 195,404 393,26 412,01 1,6299 0,8157 2,2308 134,15 1270
liquid 35,00 4,037 8 844,8 315,60 320,38 1,369 0 0,784 0 2,6821 215,3 2,684 3
vapour 230,560 390,67 408,19 1,614.2 0,8450 2,984 1 129,71 16,98
liquid 00,00 4,442 3 780,1 326,39 332,09 1,400 1 0,8115 39811 177,0 4,0p0 6
vapour 280,625 386,04 401,87 1,592 2 0,884 3 49749 124,64 15(90
liquid 05,00 4,882 4 662,9 342,19 349,56 1,446 2 0,8918 17,3120 128,0 7,285 5
vapour 382,037 374,50 38728 1,548 6 0,956 6 25,286 3 117,96 13,40
critical 06,15 4,990 0 523,8 357,37 366,90 1,492 7 c [ c 10,366 1
a Triple poinft.
b Normal bofling point.
c The values|of C,, Cp, and w at the critical point @arenot included as part of this document.
5.6 R32 1+ Difluoromethane
5.6.1 Rarge of validity;
The coefficignts are ¥alid within the following ranges:

T ..=18634K T, . =435K;p, . =70 MPa; p_.. = 27,473 4 mol/l (1 429 kg/m3)

Coefficients and exponents of the ideal-gas part are listed in Table 17. Coefficients and exponents of the
real-gas part are listed in Table 18.

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

k Cx ay by
0 4,004 486 — —
1 — 1,160 761 798
2 — 2,645 151 4185
3 — 5,794 987 1806
4 — 1,129 475 11 510
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Table 18 — Coefficients and exponents of the real-gas part [Formula (2)]

k Ny ty dy I @
1 1,046 634 0,25 1 0 0
2 -0,545116 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 20158 2 1 0 0
6 0,001 622 75 2 3 0 0
7 8;600-62377225 6,75 8 6 0
3 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
1 0,000 478 202 5 -1 8 1 1
[ 2 -0,005 504 323 25 3 4 1
[3 -0,024 183 96 1,75 5 1 1
| 4 0,420903 4 4 1 2 1
(5 -0,461 6537 5 1 2 1
16 -1,200 513 1 3 1 1
|7 -2,591 55 1,5 1 1 1
(8 -1,400 145 1 2 1 1
19 0,826 301 7 0,5 3 1 1
5.6.17 Reducing parameters, molar mass, and gas constant
T*=351,255 K, p* = 8,150 084 6 mol Ay.M'= 52,024 g/mol, R = 8,314 471 ] /(mol-K)
5.6.3 Reference state parameters
T.s = 273,15 K, ps(=-10 kPa, h. = 28 204,341 ]J/mol, s.. = 171,691 ]/(mol-K),
fy =7254707 84, f, =2231,557 35
R32 property values-along the liquid-vapour saturation boundary are listed in Table 19.
Table19 — R32 property values along the liquid-vapour saturation boundayy
Temp. Pressure Density | Internal [Enthalpy| Entropy C, G Soun¥ J-T
energy speed |coefficient
oC MPa kg /m3 k] /kg ki/kg |k]/(kg-K) | k] /(kg:-K) | k]/(kg-K)| m/s K/MPa
liquid |-136,812| 4,800x105 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 | 6,339x1075 14249 -16,19 -16,19 | -0,0840| 1,0613 | 1,5900 |14049| -0,3375
vapour 2,872x1073 | 423,42 | 44549 | 3,2579 | 0,5007 | 0,6609 | 170,67 | 823,35
liquid -130,00 | 0,000131 14127 -8,26 -8,26 | -0,0276| 1,0494 | 1,5835 |1378,4| -0,3369
vapour 0,005 74 42590 | 448,77 | 3,1651 | 0,5041 | 0,664 6 | 173,59 | 686,24
liquid -125,00 | 0,000 257 1400,6 -0,36 -0,36 0,0267 | 1,0380 | 1,5777 |1352,1| -0,3359
vapour 0,010 85 428,39 452,05 | 3,0804 | 0,5080 | 0,6689 | 176,44 576,21

a

b

C

Triple point.

Normal boiling point.

The values of C,, Cp, and w at the critical point are not included as part of this document.
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Table 19 (continued)
Temp. Pressure Density | Internal |Enthalpy| Entropy C, G Sound J-T
energy speed |coefficient

°C MPa kg/m* | K/kg | kl/kg |KJ/(kg:K) |K]/(kg:K) |K)/(kg:K) | m/s | K/MPa
liquid -120,00 | 0,000 478 1388,4 7,52 7,52 0,0790 | 1,0274 | 1,5726 |1325,8| -0,3345
vapour 0,019 54 430,88 | 455,33 | 3,0030 | 0,5123 | 0,6738 | 179,21 | 48731
liquid | -115,00 | 0,000 850 1376,1 15,37 15,37 0,1294 | 1,0173 | 1,5682 |[1299,5| -0,3327
vapour 0,033 69 433,37 | 458,60 | 29320 | 0,5173 | 0,6796 | 18191 | 415,01
liquid | -110,00 0,001 45 1363,8 23,20 23,20 0,1782 | 1,0079 | 1,5647 |1273,4| -0,3304
vapour 0,055 8 435,85 461,86 | 2,8668 | 0,5229 | 0,6863 | 184,52 355178
liquid | -10%,00 0,002 39 1351,5 31,02 31,02 0,2254 | 09991 | 1,5619 |12473 [..-0,3R77
vapour 0,089 4 438,32 465,10 | 2,8068 | 0,5293 | 0,6940 | 187,05 306,92
liquid | -100,00 0,003 81 1339,0 38,82 38,83 0,2711 | 09910 | 1,5600 |[1@221,2| -0,3p44
vapour 0,1385 440,77 | 468,31 | 2,7515 | 0,5365 | 0,703 07| 189,50 | 266}28
liquid -95,00 0,00590 1326,5 46,62 46,62 0,3155 | 09834 | 1,5588 111953 | -0,3R05
vapour 0,208 4 443,20 | 471,48 | 2,7003 | 0,5446 | 07134 |191,84 | 232|23
liquid -90,00 0,008 87 13139 54,41 54,42 0,3586 | 09764, 11,5586 |1169,3| -0,3160
vapour 0,305 6 445,59 | 474,61 | 2,6529 | 0,553/8 | 0,7254 | 194,09 | 203}45
liquid -85,00 0,0130 1301,2 62,20 62,21 0,4006 [ 09700 | 1,5592 |1143,4| -0,3)09
vapour 0,438 44796 477,70 | 2,6089:\0,5641 | 0,7390 | 196,24 | 17895
liquid -80,00 0,018 7 12884 70,00 70,02 0,44157| 09641 | 1,5606 |[11175| -0,3p51
vapour 0,613 450,29 | 480,72 | 2/5679 | 0,5755 | 0,7543 | 198,26 | 15795
liquid -75,00 0,026 2 12754 77,81 77,83 04814 | 09588 | 1,5630 [1091,7| -0,2p86
vapour 0,842 452,57 483,687 | 2,5296 | 0,5880 | 0,7714 | 200,18 139,85
liquid -70{00 0,0361 12624 85,63 85,66 0,5204 | 09540 | 1,5663 [10658| -0,2p13
vapour 1,135 454,81 486,57 | 2,4939 | 0,6015 | 0,7903 | 201,96 12419
liquid -65,00 0,0488 1249,1 93,46 93,50 0,5585 | 09497 | 1,5706 [10399| -0,2831
vapour 1,507 456,99 | 489,38 | 2,4604 | 0,6160 | 0,8110 | 203,62 | 11058
liquid -60,00 0,065 0 1235,7 101,32 101,38 | 0,5958 | 09460 | 1,5758 |1014,1| -0,2f40
vapour 1,969 459,12 | 492,11 | 2,4289 | 0,6315 | 0,8335 | 205,14 983
liquid -55,00 0,085 2 12221 109,21 109,28 | 0,6324 | 09427 | 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 0,110 1 12084 117,13 117,22 0,6683 | 09400 | 1,5895 | 962,2 | -0,2p28
vapour 3,232 463,19 | 49727 | 2,3714 | 0,6646 | 0,8835 | 207,75 79,89
liquid | -51)65P 0,101 3 12129 114,51 114,59 | 0,6565 | 09408 | 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 0,140 6 1194,4 125,08 | 125,20 | 0,7035 | 09377 | 1,5980 | 936,3 | -0,2404
vapour 4,067 465,15 499,70 2,3450 [ 0,6820 09110 | 208,83 71,52
liquid -40,00 0,177 4 1180,2 133,08 | 133,23 | 0,7382 | 09359 | 1,6077 | 910,2 | -0,2267
vapour 5,065 466,99 502,02 | 2,3200 | 0,6998 | 09401 | 209,74 64,65
liquid -35,00 0,221 4 1165,7 141,12 141,31 0,7723 | 09346 | 16187 | 884,0 | -0,2115
vapour 6,248 468,78 | 504,21 | 2,2962 | 0,7180 | 09709 | 210,49 58,63
liquid -30,00 0,273 4 1151,0 149,21 149,45 0,8060 | 09338 | 1,6311 | 8578 -0,194 7
vapour 7,639 470,48 | 506,27 | 2,2735 | 0,7365 | 1,0035 | 211,07 53,37
liquid -25,00 0,334 6 11359 157,36 15766 | 0,8392 | 09334 | 1,6451 | 8314 -0,176 1

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 document.
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Table 19 (continued)
Temp. Pressure Density | Internal [Enthalpy| Entropy C, G Sound J-T
energy speed |coefficient

°C MPa kg/m* | K/kg | kl/kg |KJ/(kg:K) |K/(kg:K) |K)/(kg:K)| m/s | K/MPa
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 | 16594 | 0,8720 | 09335 | 1,6607 | 8049 | -0,1553
vapour 11,157 473,61 | 50997 | 2,2310 | 0,7740 | 1,0747 | 211,68 44,70
liquid -15,00 0,4881 11049 173,86 174,31 09044 | 09341 | 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 0,582 6 1088,8 182,23 182,76 09365 | 09351 | 1,6980 | 7514 -0,106 3
vapofir 15,870 476,31 | 513,02 | 2,1915 | 0,8121 | 1,156 0 [-211,5p 3798
liquid -5,00 0,690 6 1072,2 190,68 191,33 09684 | 09366 | 1,720 1 |,724,3 -0,077 2
vapoyr 18,769 477,47 514,26 | 2,1727 | 0,8315 | 1,2045 | 211,1 35,20
liquid 0,00 0,8131 1055,3 199,23 | 200,00 | 1,0000 | 09386 |“1,7450 | 696,94 | -0,044 4
vapopr 22,091 478,49 515,30 | 2,1543 | 0,85L6, | 1,2511 | 210,48 32,72
liquid 5,00 09514 10377 207,88 | 208,80 | 1,0314 | 09412 | 1,7733 | 669,41 | -0,007 1
vapoyur 25,891 479,36 516,11 2,1363 |,0,8709 | 1,3058 | 209,68 30,51
liquid 10,00 1,106 9 1019,7 216,66 | 217,74 | 1,0628,| 09443 | 1,8056 | 641,72 0,035 4
vapopr 30,232 480,05 516,66 | 24185 | 0,8911 | 1,3667 | 208,5# 28,54
liquid 15,00 1,2808 1000,9 225,56 | 226,84 [~1h0940 | 09480 | 1,8428 | 612,7 0,0843
vapolir 35,190 480,54 | 516,93 72,1008 | 09118 | 1,4353 | 2072 26,76
liquig 20,00 1,474 6 981,4 234,62 236,12 1,1253 | 09524 | 1,8859 | 583,7 0,141 0
vapofir 40,856 480,81 [.%51690 | 2,0831 | 09331 | 1,513 6 | 205,6p 25,16
liquid 25,00 1,689 6 961,0 243,84 245,60 1,1566 | 09577 | 19367 | 554, 0,207 6
vapofir 47,339 480,82 | 516,51 | 2,0652 | 09550 | 1,6045 | 203,7¢ 23,69
liquid 30,00 19275 939,6 253,27 255,32 1,1881 | 09638 | 19973 | 524, 0,286 5
vapoyr 54,776 480,54 | 515,72 | 2,0471 | 09779 | 1,7118 | 201,5¢ 22,36
liquid 35,00 2,1898 917,0 262,92 | 265,30 | 1,2198 | 09712 | 2,0710 | 493, 0,3815
vapopr 63,343 479,91 514,48 | 2,0285 | 1,0019 | 1,8412 | 199,04 21,13
liquid 40,00 2,478 3 893,0 272,84 | 275,61 | 1,2520 | 0,9800 | 2,1629 | 461, 0,497 6
vapopr 73,268 478,88 512,71 2,0091 | 1,0272 | 2,0012 | 196,19 19,98
liquid 45,00 2,794.8 867,3 283,09 | 286,31 | 1,2847 | 09907 | 2,2809 | 428, 0,642 8
vapopr 84,859 477,36 510,29 19888 | 1,0542 | 2,2056 | 192,96 18,90
liquid 50,00 3,141 2 839,3 293,74 | 29749 | 1,3183 | 1,0039 | 2,4385 | 3934 0,8288
vapolir 98,550 475,23 | 50710 | 19670 | 1,0834 | 2,477 3 | 189,3] 17,86
liquid 55;00 3,5199 808,3 30493 | 309,29 | 1,3531 | 1,0207 | 2,6610 | 3574 1,0751
vapolir 114,989 472,32 | 50293 | 19432 | 1,1156 | 2,8594 | 185,16 16,85
liqui 60,00 39332 773,3 316,84 321,93 1,898 | 1,0428 | 3,0007 | 319, 1,4157
vapour 135,213 468,35 | 49744 | 19166 | 1,1519 | 3,4412 | 180,43 15,83
liquid 65,00 4,384 3 732,3 329,81 335,80 1,4293 | 1,0732 | 3,5880 | 2794 19160
vapour 161,092 462,84 | 490,05 | 1,8855 | 1,1947 | 4,4462 | 174,95 14,75
liquid 70,00 4,876 8 680,9 344,57 | 351,73 | 1,4740 | 1,1194 | 4,8653 | 235,8 2,723 3
vapour 196,688 454,72 479,52 1,8464 | 1,2488 | 6,6388 | 168,40 13,49
liquid 75,00 54168 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

a  Triple point.

b Normal boiling point.

¢ The values of C,, Cpr and w at the critical point are not included as part of this document.
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Table 19 (continued)
Temp. Pressure Density | Internal |Enthalpy| Entropy C, G Sound J-T
energy speed |coefficient
°C MPa kg/m* | K/kg | kl/kg |KJ/(kg:K) |K]/(kg:K) |K)/(kg:K) | m/s | K/MPa
critical | 78,11 57820 424,0 400,51 414,15 1,648 6 c c c 8,073 1

a  Triple point.

b Normal boiling point.

¢ The values of C,, €, and w at the critical point are not included as part of this document.

5.7 R123—2;2=dichioro—1t, 1, 1=trifluoroectitane

5.7.1 Rarge of validity
The coefficients are valid within the following ranges:

Toin= 166K, T,

max

=600 K; p,ax = 40 MPa; p,.... = 11,6 mol/1 (1 774 kg/m3)

Coefficients|and exponents of the ideal-gas part are listed in Table 20. Coefficients and exponents ¢f the
real-gas parft are listed in Table 21.

Tahle 20 — Coefficients and exponents of the ideal-gas.part [Formulae (3) to (5)]
k Cx ty
0 2,046 006 —
1 4,866 562 x 102 1
2 -5,586 382 x{05 2
3 2,823 279x 1078 3

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

k Ny t dy I @
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/10L 5 0 0 0
4 -0,284 379 43T451 0 1 0 0
5 0,593 928 110,321 x 101 0,5 1 0 0
6 -0,936 560389 528 x 101 1 1 0 0
7 0,416 660 793 675 x 101 2 1 0 0
8 ~0;174 023 292 951 x 101 3 1 0 0
9 0,177 019 905 365 0 2 0 0
10 -0.15472169226x 101 1 2 0 (0]
11 0,161 820 495 59 x 101 2 2 0 0
12 0,288 903 529 383 x 101 3 2 0 0
13 -0,118 493 874 757 0 3 0 0
14 0,130 952 266 209 x 101 1 3 0 0
15 -0,117308 103 711 x 101 2 3 0 0
16 -0,128 125 131 950 1 4 0 0
17 -0,786 087 387 513 x 10-1 2 5 0 0
18 -0,816 000499305 x 10-1 3 5 0 0
19 0,536 451054 311 x 10-1 2 6 0 0
20 ~0,680 078211929 x 102 2 7 0 0
21 0,701 264 082 191 x 102 3 7 0 0
22 -0,901762397 311 x 10-3 3 8 0 0

26 © IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=802448882fa749bad7f634055a4e61d8

ISO 17584:2022(E)

Table 21 (continued)
k Ny te dy I a
23 0,100 242 647 494 x 102 3 0 2 1
24 0,280 607 656 419 4 0 2 1
25 -0,206814471606x 101 5 0 2 1
26 0,798 923 878 145 x 10! 3 2 2 1
27 -0,547972 072 476 4 2 2 1
28 -0,206814 470584 x 101 5 2 2 1
29 0,249 142 724 365 x 101 3 4 2 1
30 -0.273986034 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 -0,600457 561959 x 101 4 6 2 1
34 0,786 672 874826 x 101 5 6 2 1
35 0,708 085874 508 x 101 3 8 2 1
36 -0,150114 389748 x 101 4 8 2 1
37 0,182 205199 477 x 102 5 8 2 1
38 0,314 978575 163 x 102 3 10 2 1
39 0,784 455573794 x 102 4 10 2 1
40 0,364410397 155x 103 5 10 2 1

5.7.2 Reducing parameters, molar mass, and gas constant

5.7.3 Reference state parameters

o = 27315 K, p = 1,0 kPapbh. = 58 497533 J/mol, s
| = -8,106 583 79, f, = 5 001,445,551

ref

~

R123 property values along theliquid-vapour saturation boundary are listed in Table 22.

T* = 456,831 K, p* = 3,596 417 mol/1, M = 152,931:¢/tol, R = 8,314 51 J/(mol-K)

= 283936 § J/(molK),

Table 22 — R123\property values along the liquid-vapour saturation boundgry

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

°C MPa kg/m3 Kj/kg | KI/kg |kJ/(kg-K)|k]/(kg-K)|k]/(kg-K)| m/s K/MPa
liquid -107,45)| 4,202x10-°6 1771,0 98,81 98,81 0,5311 | 0,6295 | 09289 |1243B| -0,4755
vapoyr 4,656x10-%4 | 313,47 | 322,50 | 1,8786 | 0,4194 | 0,4738 | 100,9} 335,67
liquid -105,00 | 5,765x10-6 1766,0 100,80 100,80 | 0,5430 | 0,6306 | 09280 |1235B| -0,4762
vapour 6,306%x10—+ T 314,38 323,52 1,867 5 [ 0,423 20,4776 | 101,57/ 319,10
liquid | -100,00 | 1,161x10-5 1754,5 105,44 105,44 | 0,5702 | 0,6321 | 09261 |1215,3| -0,4772
vapour 1,233x10-3 | 316,51 32593 | 1,8436 | 04319 | 04863 | 102,95 284,41
liquid -95,00 | 2,233x107° 1743,2 110,07 110,07 | 0,5965 | 0,6328 | 09245 |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 | 09235 |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 | 09232 |11539| -0,4759

a2 Triple point.

b Normal boiling point.

c The values of C,, Cp, and w at the critical point are not included as part of this document.
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Table 22 (continued)

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

°C MPa kg/m* | K/kg | K/kg |k]/(kg'K)|K]/(kg:K) |K]/(kg:K)| m/s | K/MPa
vapour 7,154x10-3 | 323,18 | 333,41 | 1,7849 | 0,4575 | 0,5119 | 106,97 | 205,49
liquid -80,00 0,000 125 1709,6 123,92 12392 | 0,6712 | 0,6346 | 09236 |1133,1| -0,4740
vapour 0,011 95 325,49 | 33598 | 1,7691 | 0,4658 | 0,5202 | 108,27 | 185,55
liquid -75,00 0,000 208 1698,5 128,54 | 128,54 | 0,6948 | 0,6356 | 09247 |1112,1| -0,4714
vapour 0,019 35 327,83 | 338,60 | 1,7549 | 0,4740 | 0,5285 | 109,55 | 168,05
liquid -70(00 0,000 336 16874 133,17 | 133,17 | 0,7179 | 0,6371 | 09266 [1091,1| -0,4p81
vapour 0,030 45 330,21 | 341,25 | 1,7422 | 0,4821 | 0,5367 | 110,81 |- 152|63
liquid -65,00 0,000 528 1676,2 137,80 | 137,80 | 0,7404 | 0,6388 | 09290 |10699], -0,4p43
vapour 0,046 66 332,63 | 34394 | 1,7307 | 04902 | 0,5448 | 112,06 | 13901
liquid -60,00 | 0,000808 1665,1 142,46 | 142,46 | 0,7625 | 0,6410 | 0,93207)1-048,7| -0,4599
vapour 0,069 77 335,09 | 346,66 | 1,7206 | 0,4982 | 0,5529 7| 113,27 | 12694
liquid -55,00 0,001 21 16539 147,13 147,13 | 0,7842 | 0,6435 | 09354 |10276| -0,4550
vapour 0,102 0 337,58 | 34942 | 1,7115 | 0,5061 40,5610 | 114,47 | 116|22
liquid -50,00 0,001 77 1642,6 151,81 | 151,81 | 0,8054 | 0,646:2 | 09393 (10064 | -0,4#96
vapour 0,146 1 340,11 | 352,21 | 1,7034 | 0539 | 0,5690 | 115,64 | 106{68
liquid -45,00 0,002 54 1631,3 156,52 | 156,52 | 0,826 3:\0,6493 | 09435 | 9853 | -0,4#37
vapour 0,205 2 342,66 | 355,03 | 1,6964°| 0,5217 | 0,5770 | 116,78 9817
liquid -40,00 0,003 58 1620,0 161,25 161,25 | 0/8468 | 0,6526 | 09480 | 964,3 | -0,4B75
vapour 0,283 1 345,25 | 357,88.431,6901 | 0,5295 | 0,5850 | 11790 90,5
liquid -35,00 0,004 95 1608,5 166,00 | 166,007 | 0,8669 | 0,6561 | 09528 | 9434 | -0,4B09
vapour 0,384 3 347,87 |+360,75 | 1,6847 | 0,5372 | 0,5931 | 118,98 833
liquid -30,00 0,006 75 1597,0 170,77 170,78 | 0,8868 | 0,6597 | 09578 | 922,6 | -0,4R39
vapour 0,513 6 350,51 | 363,65 | 1,6800 | 0,5448 | 0,6011 |120,03 77,60
liquid -25,00 0,009 06 15854 175,58 | 175,58 | 09063 | 0,6635 | 09629 | 9019 | -0,4166
vapour 0,676 7 353,19 | 366,57 | 1,6760 | 0,5525 | 0,6092 | 121,04 72,09
liquid -20,00 0,012 0 1573,8 180,40 | 180,41 | 09256 | 0,6674 | 09682 | 881,3 | -0,4p88
vapour 0,880 355,88 | 369,52 | 1,6726 | 0,5601 | 0,6174 | 122,01 67,13
liquid -15{00 0,015 7 1562,0 185,26 | 185,27 | 09446 | 0,6714 | 09735 | 8609 | -0,4p07
vapour 1,130 358,60 | 372,47 | 1,6698 | 0,5677 | 0,6256 | 122,94 62,65
liquid -10,00 0,020,2 1550,1 190,14 | 190,15 | 09633 | 0,6755 | 09790 | 840,7 | -0,3p23
vapour 1,435 361,34 | 37545 | 1,6675 | 0,5753 | 0,6339 | 123,82 58,60
liquid -5)00 0,0258 1538,2 195,04 | 195,06 | 09818 | 0,6797 | 09846 | 820,6 | -0,3B34
vapour 1,802 364,10 | 378,44 | 1,6656 | 0,5828 | 0,6423 | 124,66 54,03
liquid 0,00 0,032 6 1526,1 199,98 200,00 1,0000 | 0,6839 | 09902 | 800,7 -0,374 0
vapour 2,242 366,87 | 381,44 | 1,6642 | 0,5904 | 0,6508 | 125,44 51,61
liquid 5,00 0,0408 15139 204,94 | 20497 | 1,0180 | 0,6881 | 09959 | 7809 | -0,3643
vapour 2,762 369,67 | 384,44 | 1,6633 | 0,5979 | 0,6594 | 126,17 48,60
liquid 10,00 0,050 6 1501,6 20993 | 20997 | 1,0358 | 0,6924 | 1,0017 | 761,3 | -0,3540
vapour 3,374 372,47 | 38746 | 1,6626 | 0,6055 | 0,6682 |126,84 45,86
liquid 15,00 0,062 1 1489,2 214,95 21499 | 1,0534 | 0,6967 | 1,0076 | 7419 | -0,3431
vapour 4,088 375,29 | 390,48 | 1,6624 | 0,6130 | 0,6771 | 12745 43,37

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 document.

28

© IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=802448882fa749bad7f634055a4e61d8

Table 22 (continued)
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Temp. Pressure Density | Internal |Enthalpy| Entropy C, G Sound J-T
energy speed |coefficient

°C MPa kg/m* | K/kg | K/kg |k]/(kg'K)|K]/(kg:K) |K]/(kg:K)| m/s | K/MPa
liquid 20,00 0,075 6 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 | 12799 41,10
liquid 25,00 0,091 4 14639 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 27,82P 0,101 3 1456,6 22796 228,03 | 1,0975 | 0,7079 | 1,0230 | 692,7 | -0,3123
vapofir 6,471 382,56 | 398,22 | 1,6630 | 0,6324 | 0,7006 | 128,71 3795
liquid 30,00 0,1096 1451,0 230,18 230,26 | 1,1049 | 0,7097 | 1,0257 |-684/4 -0,306 6
vapopr 6,966 383,80 399,53 | 1,6633 | 0,6357 | 0,704 7 |128,88 37,15
liquig 35,00 0,1305 1438,0 235,32 235,41 1,1217 | 0,7141 | 1,082'0° | 665,5 -0,2929
vapopr 8,213 386,64 | 402,54 | 1,6641 | 0,6432 |70,7144 | 129,21 35,43
liquig 40,00 0,154 5 1424,8 240,48 240,59 | 1,1383 | 0,7185, | 1,0385 | 646,9 -0,278 2
vapopr 9,630 389,49 | 405,54 | 1,6651 | 0,6568 | 0,7243 | 129,46 33,86
liquid 45,00 0,181 7 1411,4 245,68 245,81 | 1,1548 |,0,7229 | 1,0451 | 628, -0,2625
vapopr 11,230 392,35 | 408,53 | 1,6662-| 0,6583 | 0,7344 | 129,64 32,42
liquid 50,00 0,212 5 13978 25091 251,06 14734 | 0,7273 | 1,0519 | 609,6 -0,2456
vapopr 13,031 395,20 411,50 |8h6676 | 0,6659 | 0,7448 | 129,78 31,11
liquid 55,00 0,247 1 1384,0 256,17 256,34'471,1873 | 0,7317 | 1,0589 | 591,2 -0,227 4
vapopr 15,051 398,04 41446 | 1,6691 | 0,6735 | 0,7556 | 129,78 2991
liquid 60,00 0,2859 1370,0 261,46 261,67 | 1,2033 | 0,7362 | 1,0663 | 5729 -0,207 6
vapopir 17,311 400,88 417,40 1,6707 | 0,6811 | 0,7667 | 129,64 28,82
liquid 65,00 0,329 2 1355,7 266,78 267,03 1,2191 | 0,7406 | 1,0740 | 554,6 -0,1861
vapopr 19,830 403,72 420,31 1,6725 | 0,6887 | 0,7783 | 129,4p 27,82
liquig 70,00 0,377 2 1341,2 272,14 272,42 | 1,2349 | 0,7451 | 1,0820 | 5364 -0,162 7
vapopr 22,632 406,54 | 423,20 1,6743 | 0,6963 | 0,7904 | 129,1Y 26,92
liquid 75,00 0,430 4 1.326,4 277,54 277,86 | 1,2505 | 0,7497 | 1,0906 | 518,2 -0,1370
vapopr 25,743 409,34 | 426,06 | 1,6762 | 0,7040 | 0,8030 | 128,79 26,09
liquid 80,00 0,489.1 1311,2 282,98 283,35 | 1,2660 | 0,7542 | 1,0996 | 500, -0,108 7
vapopr 29,188 412,14 428,89 | 16781 | 0,7117 | 0,8162 | 128,3p 25,34
liquig 85,00 0,553 6 12957 288,45 288,88 | 1,2814 | 0,7589 | 1,1093 | 4819 -0,077 3
vapopr 33,000 414,91 431,68 | 1,6801 | 0,7194 | 0,8302 | 127,69 24,66
liquid 90,00 0,624 2 12799 293,97 294,45 | 1,2967 | 0,7636 | 1,1197 | 463,4 -0,0425
vapopir 37,213 417,65 434,43 | 1,6822 | 0,7272 | 0,8450 | 1269} 24,05
liquid 95,00 0,701 4 1263,6 299,53 300,08 | 1,3120 | 0,7683 | 1,1310 | 445,6 -0,003 6
vapour 41,563 420,37 457,15 1,684 2 0,7350 0,8609 | 126,12 23,51
liquid 100,00 0,7855 12469 305,14 305,77 | 1,3271 | 0,7731 | 1,1433 | 4275 0,040 2
vapour 46,996 423,06 439,77 | 1,6862 | 0,7429 | 0,8780 | 125,14 23,03
liquid 105,00 0,876 9 1229,7 310,80 311,51 | 1,3422 | 0,7781 | 1,1568 | 409,2 0,089 6
vapour 52,661 425,71 442,36 | 16882 | 0,7509 | 0,8965 | 124,02 22,61
liquid 110,00 0,976 0 12119 316,51 317,32 1,3572 | 0,7831 | 1,1717 | 391,0 0,146 0
vapour 58,914 428,31 | 444,88 | 1,6902 | 0,7590 | 09168 | 122,76 22,24
liquid 115,00 1,083 2 1193,5 322,28 323,19 | 1,3723 | 0,7883 | 1,1884 | 372,6 0,210 6
a  Triple point.
b Normal boiling point.
¢ The values of C,, Cpr and w at the critical point are not included as part of this document.
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Table 22 (continued)

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

°C MPa kg/m3 | K/kg | K/kg |KJ/(kgK)|K)/(kgK) |K)/(kg'K)| m/s | K/MPa
vapour 65,824 430,86 447,32 1,6920 | 0,7672 | 09392 | 121,34 21,94
liquid 120,00 1,1990 1174,4 328,13 329,15 1,3872 | 0,7936 | 1,2072 | 354,1 0,285 4
vapour 73,471 433,35 449,67 | 1,6938 | 0,7755 | 09643 | 119,76 21,69
liquid 125,00 1,3237 11544 334,04 335,18 1,4022 | 0,7991 | 1,2287 | 335,5 0,372 8
vapour 81,950 435,78 451,93 1,6955 | 0,7840 | 09928 | 118,00 21,51
liquid 130,00 1,457 8 1133,6 340,03 341,32 1,4173 | 0,8048 | 1,2536 | 316,7 0,475 9
vapour 91,379 438,12 454,07 | 1,6969 | 0,7927 | 1,0257 | 116,05 21,88
liquid 135,00 1,601 8 11116 346,12 347,56 1,4323 | 0,8107 | 1,2828 | 2978 0,599 2
vapour 101,904 440,37 | 456,08 | 1,6982 | 0,8017 | 1,0643 | 113,89 21,82
liquid 140,00 1,756 3 1088,3 352,31 35392 1,4475 | 0,8170 | 1,317 87) 278,6 0,748 7
vapour 113,711 442,50 45794 1,6992 | 0,8110 | 1,106 1 111,51 21,82
liquid 145,00 19217 1063,5 358,62 360,43 1,4628 | 0,8236 | 1,3606 | 2591 0,933 4
vapour 127,044 444,48 459,61 1,7000 | 0,8207 41,1677 | 108,88 21,89
liquid 150,00 2,098 7 1036,8 365,08 367,10 1,4782 | 0,830:7 | 1,4146 | 2393 1,146 4
vapour 142,231 446,30 461,05 1,7003 | 08309 | 1,2405 | 105,99 21,63
liquid 155,00 2,2879 10078 371,72 37399 | 1,4940:\0,8384 | 1,4855 | 219,0 1,448 6
vapour 159,735 447,89 462,22 | 1,70007| 0,8417 | 1,3371 | 102,80 2175
liquid 160,00 2,4901 975,7 378,58 381,13 5101 | 0,8469 | 1,5836 | 198,2 1,874 8
vapour 180,242 449,20 463,01.4%1,6991 | 0,8534 | 1,4728 | 99,29 22,05
liquid 165,00 2,706 2 939,4 385,74 388,627 | 1,5267 | 0,8565 | 1,7303 | 176,6 2,447 8
vapour 204,853 450,11 468,32 | 16972 | 0,8662 | 1,6790 | 95,40 22,41
liquid 170,00 2,937 2 896,9 393,33 396,61 | 1,5443 | 0,8677 | 19792 | 154,0 3,314 7
vapour 235,543 450,42 462,89 | 1,6939 | 0,8806 | 2,0332 | 91,07 22,81
liquid 175,00 3,184 5 843,9 401,67 405,44 | 1,5635 | 0,8817 | 2,5102 | 129,6 4,777 9
vapour 276,595 449,73 461,25 | 1,6880 | 0,8975 | 2,7935 | 86,20 23,12
liquid 180,00 3,450 6 7659 411,72 416,22 1,5867 | 09019 | 4,5486 | 102,3 7,810 6
vapour 341,950 446,73 456,82 1,676 3 | 09194 | 56613 | 80,62 2279
critical | 183,68 3,6618 550,0 430,74 437,39 1,632 5 C c c 16,565 8
a Triple poirft.
b Normal bofling point.
c The valuegof C,, Cp, and w at the critical point are not included as part of this document.
5.8 R125 = Pentafluoroethane

5.8.1 Range of validity

The coefficients are valid within the following ranges:

T .. =172,52K, T

max

=500 K; p,,.x = 60 MPa; p,.., = 14,09 mol/1 (1 691 kg/m3)

Coefficients and exponents of the ideal-gas part are listed in Table 23. Coefficients and exponents of the
real-gas part are listed in Table 24.
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Table 23 — Coefficients and exponents of the ideal-gas part [Formulae (3) to (5)]

k Cx ty ay by
1 3,063 0 0,1 — —
2 — — 2,303 314,0
3 — — 5,086 756,0
4 — — 7,300 1707,0
Table 24 — Coefficients and exponents of the real-gas part [Formula (2)]
k Ny b d I Ay My Px Yy €k
1 5,280 760 0,669 1 0 0 — — ~— —
2 -8,676 580 1,05 1 0 0 — — — —
3 0,7501127 2,75 1 0 0 — oe) — —
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 -3,330988 2,75 1 1 1 — — — —
8 3,775 673 2,38 2 1 1 — — — —
9 -2,290919 3,37 2 1 1 — — — —
10 0,888 826 8 3,47 3 1 1 — — — —
11 -0,623 486 4 2,63 4 L 1 — — — —
12 -0,041 272 63 3,45 5 1 1 — — — —
13 -0,084 553 89 0,72 1 2 1 — — — —
14 -0,130875 2 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
5.8.17 Reducing parameters, molar mass, and gas constant
T1*=339,173 K, pt=4,779 mol/l, M = 120,021 4 g/mol, R = 8,314 472 ]/(mol-K)
5.8.3 Reference state parameters
T =273,5 K, pos = 1,0 kPa, h = 41 266,386 ]J/mol, s.. = 236,119 $ ]/(molK),
f} £29,876 674 5, f, =3 013,226 7

R125 property values along the liquid-vapour saturation boundary are listed in Table 25.

Table 25 — 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/m® | K/kg | k/kg |kJ/(kgK)|K}/(kgK)|Kl/(kgK)| m/s | K/MPa

liquid -100,632 | 0,00291 1690,7 87,13 87,13 0,490 2 0,677 6 1,0346 | 932,6 -0,3837
a  Triple point.

b Normal boiling point.

c The values of C,, Cp, and w at the critical point are not included as part of this document.

©1S0 2022 - All rights reserved 31


https://standardsiso.com/api/?name=802448882fa749bad7f634055a4e61d8

ISO 17584:2022(E)

Table 25 (continued)

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

°C MPa | kg/m® | k/kg | k/kg |KJ/(kgK)|K)/(kgK) |K}/(kgK)| m/s | K/MPa
vapour 0,244 6 265,48 277,39 1,5931 | 04984 | 0,5689 | 116,43 90,26
liquid -100,00 | 0,00309 | 1688,7 87,78 87,78 04940 | 06781 | 1,0351 | 929,2 -0,3830
vapour 0,258 3 265,79 277,74 1,5911 | 04997 | 05703 | 116,61 89,08
liquid -95,00 | 0,00481 | 16725 92,97 92,97 0,5235 | 0,6818 | 1,0396 | 903,2 -0,376 6
vapour 0,3918 268,25 | 280,54 | 1,5764 | 0,5099 | 0,5810 | 118,03 80,43
liquid -9p,00 0,00729 | 1656,2 98,18 98,18 0,5524 | 0,6860 | 1,0450 | 8775 -0,3649 4
vapour 0,577 9 270,75 283,36 | 1,5634 | 0,5201 | 0,5919 | 119,39 72,87
liquid -8p,00 0,010 7 16399 103,42 103,42 | 0,5806 | 0,6906 | 1,0512 | 852,3 -0,391 4
vapour 0,831 273,28 | 286,20 | 1,5520 | 0,5304 | 0,6031 | 120569 66,26
liquid -8p,00 0,0155 1623,4 108,69 108,70 | 0,6082 | 0,6955 | 1,0581 {18275 -0,3325
vapour 1,169 275,83 289,06 | 1,5421 | 0,5409 | 0,614 |[121,92 60,44
liquid -7p,00 0,0218 1606,7 114,00 114,01 0,6354 | 0,7006 | 1,0656 | 8029 -0,342 8
vapour 1,610 278,41 29194 | 1,5333 | 0,5514 |20,6264 | 123,07 55,33
liquid -7p,00 0,0301 15899 119,34 119,36 | 0,6620 | 0,7060/ | 1,0736 | 778,6 -0,3323
vapour 2,177 281,01 294,83 | 1,5257 | 05620 | 0,6385 | 124,13 50,81
liquid -6p,00 0,0408 15729 124,73 124,75 | 0,6882 |N0,7115 | 1,0822 | 754,5 -0,3408
vapour 2,892 283,62 297,71 1,5191 %70,5727 | 06511 | 125,11 46,82
liquid -60,00 0,054 3 1555,7 130,16 130,19 0,7140 | 0,7171 1,0912 | 730,6 | -0,3(83
vapour 3,783 286,24 | 300,60 |.1;5135 | 0,5836 | 0,6641 | 12598 43,28
liquid -5p,00 0,0713 1538,2 135,63 135,68\470,7394 | 0,7229 | 1,1007 | 706,8 | -0,2947
vapour 4,879 288,88 | 303/48 | 1,5086 | 05946 | 0,6776 | 126,75 40,14
liquid -5p,00 0,092 2 1520,5 141,15 141,21 0,7644 | 0,7288 | 1,1107 | 683,2 -0,27199
vapour 6,211 291,51 306,35 | 1,5044 | 0,6058 | 0,6916 | 127,41 37,35
liquid -48,09b 0,101 3 1513,6 143,27 143,34 | 0,7739 | 0,7311 1,1146 | 674,2 -0,2738
vapour 6,790 292,52 30744 | 1,5030 | 0,6101 | 0,6971 | 127,63 36,36
liquid -45,00 0,117 6 15024 146,72 146,80 | 0,7891 | 0,7349 | 1,1212 | 659,6 -0,243 6
vapour 7,814 294,15 309,20 | 1,5009 | 0,6171 | 0,7063 | 12794 34,86
liquid -40,00 0,148 3 1°484,0 152,34 | 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 -3p,00 0,184.9 1465,3 158,01 158,14 | 0,8375 | 0,747 3 1,1440 | 612,6 -0,246 2
vapour 11,985 299,41 314,84 | 1,4955 | 0,6402 | 0,7376 | 128,61 30,67
liquid -3p,00 0,2281 1446,1 163,74 16390 | 08614 | 0,7537 | 1,1565 | 589,1 -0,204 4
vapour 14,639 302,03 317,61 14935 | 0,6520 | 0,7545 | 128,73 28,91
liquid -25,00 0,278 6 1426,5 169,53 169,73 0,864 9 0,760 2 1,169 8 565,7 -0,180 3
vapour 17,736 304,63 320,34 | 1,4919 | 0,6640 | 07724 | 128,70 27,33
liquid -20,00 0,337 3 1406,4 175,38 175,62 | 09083 | 0,7668 | 1,1840 | 542,2 -0,1532
vapour 21,331 307,22 323,03 1,4906 | 0,6761 | 0,7912 |128,50 2591
liquid -15,00 0,4050 1385,8 181,30 181,59 | 09314 | 0,7736 | 1,1994 | 518,7 -0,1228
vapour 25,486 309,78 325,67 | 1,4895 | 0,6882 | 08112 | 128,11 24,66
liquid -10,00 0,482 5 1364,5 187,29 187,64 | 09544 | 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

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 document.
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Table 25 (continued)
Temp. |Pressure| Density |Internal | Enthalpy | Entropy C, G Sound J-T
energy speed | coefficient

°C MPa | kg/m® | k/kg | k/kg |KJ/(kgK)|K)/(kgK) |KI/(kgK) | m/s | K/MPa
liquid -5,00 0,570 7 1342,6 193,35 193,77 0,977 3 0,787 6 1,2344 | 4716 -0,0489
vapour 35,768 314,79 330,74 | 14881 | 0,7122 | 0,8550 | 126,77 22,61
liquid 0,00 0,670 5 1319,8 199,49 200,00 | 1,0000 | 0,7948 | 1,2547 | 448,0 | -0,0036
vapour 42,070 317,22 333,16 1,487 5 0,724 0 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 0,049 2
vapopr 49,291 319,59 335,47 1,486 9 0,7359 0,907 3 | 124,60 21,15
liquid 10,00 0,908 8 1271,5 212,05 212,76 1,0452 | 0,8095 | 1,3029 | 4004 0,1113
vapopr 57,564 321,87 337,66 1,486 3 0,748 3 0,939 2 | 123,17 20,61
liquid 15,00 1,049 2 1245,6 218,48 219,32 1,0678 | 08172 | 1,3323"| 376,3 0,1851
vapofir 67,054 324,06 339,71 1,4856 | 07617 | 09770 | 121,49 20,18
liquid 20,00 1,205 2 1218,3 225,03 226,02 | 1,0904 | 0,8252~+ 13666 | 352,0 0,274 2
vapofir 77,966 326,12 341,58 | 1,4846 | 0,7764)7| 1,0230 | 119,55 19,83
liquid 25,00 1,377 9 1189,4 231,71 232,87 1,1131 0,8335 1,407 4 327,4 0,383 5
vapolir 90,557 328,05 343,26 | 1,48344,0,7928 | 1,0798 | 117,32 19,53
liquid 30,00 1,568 5 1158,4 238,55 23991 1,1359 0,842 5 1,457 5 302,4 0,520 2
vapopr 105,170 329,80 344,71 14817 0,8111 1,1517 | 114,78 19,29
liquid 35,00 1,778 3 1125,0 245,57 247,16 1,1591 | 0,8522 | 1,5209 | 2769 0,695 6
vapoyur 122,270 331,33 345,88 1,479 4 0,8315 1,2452 | 111,88 19,08
liquid 40,00 2,008 5 1088,4 252,82 254367 1,1826 | 08630 | 1,6052 | 250,8 09282
vapoyr 142,522 332,60 346,69 1,476 4 0,854 2 1,3716 | 108,58 1891
liquid 45,00 2,2607 10477 260,36)| 262,52 | 1,2067 | 08755 | 1,7244 | 223,8 1,2501
vapopr 166,954 333;50 347,05 1,472 4 0,879 6 1,5535 | 104,82 18,78
liquid 50,00 2,5368 10011 268,29 | 270,83 1,2318 | 0,8907 | 19102 | 1956 1,724 7
vapofir 197,293 333,89 346,75 | 1,4667 | 09083 | 1,8425 | 100,51 18,67
liquid 55,00 2,8389 945,4 276,82 279,83 1,258 5 0,910 6 2,2517 165,3 2,494 8
vapofir 236,916 333,46 | 345,44 | 14584 | 09421 | 2,3860 | 95,57 18,51
liquid 60,00 3,170.3 872,1 286,46 290,10 1,288 4 09411 3,139 2 131,5 39752
vapofir 294,367 331,44 | 342,21 | 14448 | 09856 | 3,8329 | 89,84 18,06
liquid 65,00 3,537 0 735,1 300,06 304,88 1,3311 1,0139 | 13,6692 | 90,0 8,2955
vapolir 416,565 323,75 332,24 | 1,4120 | 1,0604 | 20,0735 | 82,63 15,85
critidal 66,02 3,617 7 573,6 311,75 318,06 | 1,3696 c c c 12,3608
a Triple point.
b Normal'boiling point.

c The values of C,, C,,and w at the critical point are not included as part of this document.

5.9 R134a—1,1,1,2-tetrafluoroethane

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

T . =169,85K, T

max

=455 K; prhax = 70 MPa; p, ., = 15,6 mol/1 (1 592 kg/m3)

Coefficients and exponents of the ideal-gas part are listed in Table 26. Coefficients and exponents of the
real-gas part are listed in Table 27.
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Table 26 — Coefficients and exponents of the ideal-gas part [Formulae (3) to (5)]

k Cx ty
0 -0,629 789 —
1 3,770 180 8 x 101 0,5
2 6,058 548 9 x 102 0,75

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

k N, i d, I @,
1 0,055 666 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 o 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 0,000 101 726 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

5.9.2 Reducing parameters, molar mass, and gas constant

5.9.3 Refq

T* =374

18 K, p* =4978 830 171 mol/1, M = 102,032 g/mol, R = 8,314 471 ]/(mol-K)

prence state parameters

T. = 27315 K, p; = 1,0 kPa, h
f,=-12,280 800 2, f, = 3 385,257 07

ref =

41 433,397 J/mol, s

ref =

225,535 3 J/(mol-K),

R134a property values along the liquid-vapour saturation boundary are listed in Table 28.
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Table 28 — R134a 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 Ki/kg | KJ/kg |KJ/(kgK)|k]/(kg:K) KI/(kg:K)| m/s K/MPa
liquid |-103,302| 0,000 390 15911 71,45 71,46 04126 | 0,7922 | 1,1838 |[1120,0| -0,3815
vapour 0,028 17 321,11 33494 | 19639 | 0,5030 | 0,5853 | 126,79 | 373,57
liquid | -100,00 | 0,000 559 1582,4 75,36 75,36 04354 | 0,7912 | 1,1842 |[1103,2| -0,3793
vapour 0,039 69 322,76 | 336,85 | 19456 | 0,5107 | 0,5932 | 127,87 318,13
liquid -95,00 0,000939 1569,1 81,29 81,29 04691 | 0,7910 | 1,1861 |10777| -0,3753
vapopr 0,064 79 325,29 339,78 | 19201 | 0,5224 | 0,6052 | 129,4f 253,65
liquid -90,00 0,001 52 1555,8 87,22 87,23 0,5020 | 0,7920 | 1,1892 |[1052B| -0,3707
vapoyr 0,102 4 327,87 342,76 | 1,8972 | 0,5341 | 0,617 3" (131,08 206,26
liquid -85,00 0,002 40 1542,5 93,18 93,18 0,5341 | 0,7940 | 1,19373 |[1027p| -0,3656
vapopir 0,157 0 330,49 345,77 | 1,876 6 | 0,5457 |70,6294 | 132,5p 170,88
liquid -80,00 0,003 67 1529,0 99,16 99,16 0,5654 | 0,7968, | 1,1981 |1001,B| -0,3599
vapopr 0,234 3 333,15 | 348,83 | 1,8580 | 0,553 | 0,6417 | 134,04 | 144,05
liquig -75,00 0,005 48 1515,5 105,16 105,17 | 0,5961 |-0,8002 | 1,2036 | 976,4 | -0,3536
vapopr 0,3412 335,85 35191 | 1,8414s| 0,5689 | 0,6540 | 135,4} 123,38
liquid -70,00 0,007 98 15019 111,19 111,20 | 06262 | 0,8040 | 1,2096 | 952, | -0,3469
vapopr 0,4857 338,59 | 355,02 |.1y8264 | 0,5806 | 0,6665 | 136,8f 107,19
liquid -65,00 0,011 4 1488,2 117,26 117,26 } 0,6557 | 0,8082 | 1,2161 | 9274 | -0,3396
vapopr 0,677 341,35 358,6 | 1,8130 | 0,5923 | 0,6793 | 138,16 94,32
liquid -60,00 0,0159 1474,3 123,35 123,36 | 0,6846 | 0,8127 | 1,2230 | 903, | -0,3318
vapopr 0,927 344,15\ 361,31 | 1,8010 | 0,6040 | 0,6924 | 139,41 8391
liquid -55,00 0,021 8 1460,4 129,48 129,50 | 0,7131 | 0,8175 | 1,2304 | 878,4 | -0,323 4
vapopir 1,246 346,96 | 364,48 | 1,7902 | 0,6159 | 0,7058 | 140,59 75,36
liquid -50,00 0,029 5 1446,3 135,65 135,67 | 0,7410 | 0,8224 | 1,2381 | 854,91 | -0,3143
vapopir 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 | 8309 | -0,3046
vapopr 2,152 352,65 370,83 | 1,7720 | 0,6402 | 0,734 1 | 142,7 62,23
liquig -40,00 0,051.2 14177 148,11 148,14 | 0,7956 | 0,8328 | 1,2546 | 8077 | -0,2941
vapopr 2,769 355,51 374,00 | 1,7643 | 0,6526 | 0,7490 | 143,68 57,08
liquig -35,00 0,066 1 1403,1 154,40 | 154,44 | 0,8223 | 0,8382 | 1,2635 | 783,71 | -0,2828
vapopr 3,521 358,38 37717 | 1,7575 | 0,6652 | 0,764 6 | 144,45 52,63
liquid -30,00. 0,084 4 1388,4 160,73 160,79 | 0,8486 | 0,8438 | 1,2729 | 760,3 | -0,2706
vapopr 4,426 361,25 380,32 | 1,7515 | 0,6781 | 0,7809 | 145,18 48,74
liquid -26,07P 0,101 3 1376,7 165,74 165,81 | 0,8690 | 0,8482 | 1,2805 | 742, | -0,2602
vapour 5,258 363,51 382,78 | 1,7472 | 0,6884 | 0,7942 | 145,67 46,01
liquid -25,00 0,106 4 13734 167,11 167,19 08746 | 08494 | 1,2827 | 7370 | -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 | 09002 | 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 0,163 9 1342,8 180,02 180,14 | 09256 | 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
liquid -10,00 0,200 6 13271 186,55 186,70 | 09506 | 0,8669 | 1,3156 | 6676 | -0,2096
a2 Triple point.
b Normal boiling point.
c The values of C,, Cp, and w at the critical point are not included as part of this document.
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b

[

Normal boiling point.

The values of C,, C;,, and w at the critical point are not included as part of this document.

Table 28 (continued)
Temp. Pressure Density | Internal |Enthalpy| Entropy C, G Sound J-T
energy speed |coefficient

°C MPa kg/m* | K/kg | K/kg |k]/(kg'K)|K)/(kg:K) |K]/(kg:K)| m/s | K/MPa
vapour 10,041 372,69 392,66 | 1,7334 | 0,7322 | 0,8544 | 146,89 37,11
liquid -5,00 0,243 3 1311,1 193,13 | 193,32 | 09754 | 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 0,292 8 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 | 0,897 2 | 146,94 32,95
liquid 5,00 0,3497 1278,1 206,48 206,75 1,0243 | 0,8854 | 1,3552 | 598,7 -0,146 1
vapour 17,131 381,08 | 401,49 | 1,7245 | 0,7755 | 09206 | 146,74 31,17
liquid 10,00 0,414 6 1261,0 213,25 213,58 | 1,0485 | 0,8918 | 1,3704 | 5757 |, -0,1200
vapour 20,226 383,82 | 404,32 | 1,7221 | 0,7904 | 09455 | 146,38 29,67
liquid 15)00 0,488 4 12434 220,09 | 220,48 | 1,0724 | 0,8983 | 1,38697) 552,7 | -0,0p07
vapour 23,758 386,52 | 407,07 | 1,7200 | 0,8056 | 09721 7| 145,85 28,12
liquid 20,00 0,571 7 1225,3 227,00 227,47 | 1,0962 | 09050 | L4049 | 529,6 | -0,0p78
vapour 27,780 389,17 409,75 1,7180 | 0,8210,4.1,0007 | 145,15 26,81
liquid 25,00 0,665 4 1206,7 23399 | 234,55 | 1,1199 | 09119 | 1,4246 | 506,5 | -0,0R04
vapour 32,350 391,77 412,33 1,716 2 | 08367 | 1,0316 | 144,26 25,p4
liquid 30)00 0,770 2 1187,5 241,07 | 241,72 | 1,14353\09189 | 1,4465 | 483,2 0,022 3
vapour 37,535 394,30 | 414,82 | 1,71457| 0,8527 | 1,0655 | 143,16 24,p8
liquid 35§00 0,887 0 11675 248,25 249,01 N1670 | 09262 | 1,4709 | 4599 0,071 4
vapour 43,416 396,76 417,19 .$31,7128 | 0,8691 | 1,1028 | 141,86 23,p3
liquid 40400 1,016 6 1146,7 255,52 256,41 1,1905 | 09336 | 1,4984 | 436,44 0,128 5
vapour 50,085 399,13 | 41943 | 1,7111 | 0,8858 | 1,1445 | 140,34 2278
liquid 45)00 1,1599 11251 262,91 263,94 1,2139 | 09414 | 1,5298 | 412,8 0,195 3
vapour 57,657 404,40" | 421,52 | 1,7092 | 09029 | 1,1917 | 138,57 22,p2
liquid 50,00 1,317 9 1102,3 270,43 | 271,62 | 1,2375 | 09494 | 1,5661 | 389,0 0,274 6
vapour 66,272 403,55 423,44 | 1,7072 | 09205 | 1,2461 | 136,55 21,B6
liquid 55,00 1,4915 1078,3 278,09 | 27947 | 1,2611 | 09579 | 1,6089 | 3649 0,399 8
vapour 76,104 405,55 425,15 1,7050 | 09387 | 1,3099 | 134,25 20,77
liquid 60,00 1,6818 10529 28591 | 28750 | 1,2848 | 09668 | 1,6602 | 340,5 04961
vapour 87,379 407,38 426,63 1,7024 | 09577 | 1,3868 | 131,66 20,R7
liquid 65)00 1,889,8 1025,6 29392 | 29576 | 1,3088 | 09764 | 1,7234 | 3157 0,6308
vapour 100,398 40899 | 42782 | 1,6993 | 09775 | 1,4822 | 128,74 19,83
liquid 70)00 2,116 8 996,2 302,16 | 304,28 | 1,3332 | 09869 | 1,8039 | 290,3 0,815 7
vapour 115,572 410,33 | 428,65 | 1,6956 | 09986 | 1,6051 | 125,46 19,46
liquid 75,00 2,564 1 964,1 310,68 313,13 1,3580 | 09988 19115 | 264,1 1,059 9
vapour 133,494 411,32 | 429,03 | 1,6909 | 1,0212 | 1,7714 | 121,80 19,14
liquid 80,00 2,633 2 928,2 319,55 322,39 | 1,3836 | 1,0129 | 2,0648 | 236,6 1,397 3
vapour 155,078 411,83 | 428,81 | 1,6850 | 1,0460 | 2,0122 | 117,69 18,86
liquid 85,00 29258 887,2 32893 | 332,22 | 1,4104 | 1,0308 | 2,3064 | 2074 1,893 6
vapour 181,853 411,67 42776 1,6771 | 1,0739 | 2,3971 | 113,09 18,57
liquid 90,00 3,244 2 8378 339,06 | 34293 | 1,4390 | 1,0556 | 2,7559 | 1759 2,693 6
vapour 216,761 410,45 425,42 1,6662 | 1,1068 | 3,1207 | 10790 18,20
a  Triple point.

36

© IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=802448882fa749bad7f634055a4e61d8

ISO 17584:2022(E)

Table 28 (continued)
Temp. Pressure Density | Internal |Enthalpy| Entropy C, G Sound J-T
energy speed |coefficient
°C MPa kg/m* | K/kg | K/kg |k]/(kg'K)|K]/(kg:K) |K]/(kg:K)| m/s | K/MPa
liquid 95,00 3,5912 7727 350,60 355,25 1,4715 | 1,0938 | 3,9385 | 141,2 4,191 6
vapour 267,139 407,23 | 420,67 | 1,6492 | 1,1489 | 50195 | 101,91 17,51
liquid 100,00 39724 651,2 367,20 | 373,30 | 1,5188 | 1,1737 | 17,5915 | 101,0 8,198 5
vapour 373,011 397,03 | 40768 | 1,6109 | 1,2180 | 25,3503 | 93,95 15,30
critical | 101,06 4,059 3 5119 381,71 | 389,64 | 1,5621 c c c 11,9312

a

b

C

Triple point.
Normal boiling point.

The values of C,, Cp, and w at the critical point are not included as part of this document.

5.10

5.10

The

Coef
real-gas part are listed in Table 30.

T .. =161,34K

R143a — 1,1,1-trifluoroethane

1 Range of validity
foefficients are valid within the following ranges:

T,

7 “max

=650 K; . = 100 MPa; p, .. = 15,85%mol/1 (1 332 kg/m3)

icients and exponents of the ideal-gas part are listed\in Table 29. Coefficients and expd

nents of the

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

< Cx ty ay by

1 1,057 8 0,33 — T

D — — 4,440 2 1791
3 — — 3,751 5 8L3

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

k N ty dy I a
1 73023 644 3 0,67 1 0 0
2 -8,701 85 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 0,008958 161 6 0,35 5 0 0
6 =6;20552t16 359 t t 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 59 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

© IS0 2022 - All rights reserved
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Table 30 (continued)
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)

5.10.3 Reference state parameters

T.of 73,15 K, Pres 1,0 kPa, h, 33 936,397 J/mol, s 198,961 3 J/(mol-K),
f1=-1,577780 74, f,=2527,263 78
R143a property values along the liquid-vapour saturation boundary are listed in Table/3T.
Table 31 — R143a property values along the liquid-vapour saturation boundary
Terpp. Pressure Density | Internal |Enthalpy| Entropy C, G Sound J-r
energy speed |coefficient

°C MPa kg/m3 k]/kg kj/kg |kJ/(kgK) |KkJAkgK)|Kk]/(kg'K)| m/s K/MPa
liquid |-111812| 0,001 07 1330,5 52,52 52,52 | 0,3142.4 0,8138 | 1,2112 |1058,1| -0,4B9 4
vapour 0,067 5 303,67 319,59 19696 0,5283 | 0,6299 | 137,57 385,09
liquid -11¢,00 0,001 29 1326,2 54,71 54,71 03277 | 0,8128 | 1,2119 |1049,4| -0,4B75
vapour 0,080 5 304,59 | 320,68 |\19579 | 0,5331 | 0,6350 | 138,22 | 35460
liquid -10%,00 0,002 11 13141 60,78 60,78 0,3643 | 0,8114 | 1,2151 |1025,5| -0,4B16
vapour 0,127 4 307,17 | 323,73 | 1,9281 | 0,5467 | 0,6495 | 13998 | 28435
liquid -100,00 0,003 33 13019 66,87 66,87 0,4000 | 0,8115 | 1,2199 |1001,7| -0,4R47
vapour 0,195 6 309,787 326,81 | 19012 | 0,5604 | 0,6642 | 141,68 | 230}56
liquid -95,00 0,005 10 1289,6 72,98 72,98 04348 | 0,8131 | 1,2260 | 9779 -0,417 1
vapour 0,2917 312,43 329,92 1,8770 | 0,5742 | 0,6792 | 143,32 189121
liquid | -90,00 0,007 61 12772 79,13 79,13 | 04688 | 0,8157 | 1,2333 | 954,2 | -0,4P86
vapour 04238 315,11 333,06 | 1,8553 | 0,5881 | 0,6944 | 144,89 157126
liquid | -8%,00 0,011 1 1264,8 85,31 85,32 | 0,5021 | 0,8194 | 1,2415 | 930,4 | -0,3p9 4
vapour 0,601 317,83 336,22 | 1,8357 | 0,6021 | 0,7100 | 146,39 132|144
liquid | -80,00 0,015% 1252,2 91,54 91,55 | 0,5348 | 0,8238 | 1,2504 | 906,6 | -0,3B95
vapour 0,835 320,58 339,40 1,8180 | 0,6162 | 0,7258 | 147,81 113{01
liquid -75,00 0,021 9 1239,5 97,81 97,83 0,5669 | 0,8288 | 1,2601 | 882,8 | -0,3}89
vapour 1,138 323,36 | 342,60 | 1,8021 | 0,6304 | 0,7421 | 149,13 | 9758
liquid -70.86 6;029-9 122677 10414 +041+6—0,5984—0;8344—1—1276-4—1+-859+ 0367 4
vapour 1,523 326,16 | 345,80 | 1,7879 | 0,6448 | 0,7589 | 150,37 | 85,45
liquid -65,00 0,040 2 1213,7 110,51 110,54 | 0,6294 | 0,8405 | 1,2813 | 8353 | -0,3551
vapour 2,005 32898 | 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 0,069 1 1187,3 123,43 | 123,49 | 0,6900 | 0,8538 | 1,3049 | 7877 | -0,3277
vapour 3,329 334,66 355,41 1,7531 | 0,6892 | 0,8133 | 153,41 60,93

a Triple point.

b Normal boiling point.

c The values of C,, Cp, and w at the critical point are not included as part of this document.
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Table 31 (continued)
Temp. Pressure Density | Internal |Enthalpy| Entropy C, G Sound J-T
energy speed |coefficient

°C MPa kg/m* | K/kg | K/kg |k]/(kg'K)|K]/(kg:K) |K]/(kg:K)| m/s | K/MPa
liquid -50,00 0,0887 11739 129,97 130,05 | 0,7197 | 0,8608 | 1,3175 | 7639 | -0,3123
vapour 4,210 337,51 358,58 | 1,7438 | 0,7046 | 0,8331 | 154,19 55,38
liquid | -47,24b 0,101 3 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 | 740,1 | -0,2956
vapofir 5,264 340,36 | 361,74 | 1,7354 | 0,7203 | 0,8539 | 154,8p 50,69
liquid -40,00 0,1411 1146,4 143,26 143,38 | 0,7779 | 0,8756 | 1,3448 |-.71674 | -0,2774
vapolir 6,514 343,20 | 364,86 | 1,7279 | 0,7363 | 0,8758" [ 155,3]L 46,68
liquig -35,00 0,1750 11323 150,00 | 150,15 | 0,8065 | 0,8833 | 1,3596 | 692, | -0,257 6
vapolir 7,988 346,04 | 36795 | 1,7211 | 0,7526 |70,8989 | 155,6p 43,21
liquig -30,00 0,214 9 11179 156,81 157,00 | 0,8348 | 0,891L1 | 1,3752 | 668,4 | -0,2358
vapofir 9,711 348,86 | 37099 | 1,7149 | 0,7693 | 09233 | 155,8¢# 40,20
liquid -25,00 0,261 4 1103,3 163,70 163,93 | 0,8629 | 0,8991 | 1,3918 | 644,91 | -0,2118
vapofir 11,716 351,67 | 37398 | 1,70948,| 0,7863 | 09492 | 155,8p 37,55
liquid -20,00 0,315 4 1088,3 170,66 17095 | 0,8907 | 09072 | 1,4094 | 620,94 | -0,1852
vapoyr 14,036 354,44 | 37691 |~h7043 | 0,8035 | 09767 | 155,68 35,22
liquid -15,00 0,377 4 10729 177,71 178,06 4709183 | 09154 | 1,4283 | 596,4 | -0,1555
vapoyr 16,709 357,18 379,76 | 1,6996 | 0,8211 | 1,0061 | 155,3B 33,16
liquid -10,00 0,448 2 10572 184,84 |. 485,27 | 09457 | 09237 | 1,4487 | 572,49 | -0,1223
vapolir 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 | 09729 | 09322 | 1,4709 | 548,4 | -0,0847
vapolir 23,292 362,53 | 385,23 | 1,6913 | 0,8571 | 1,0717 | 154,08 29,69
liquig 0,00 0,619 7 1024,3 199,40 | 200,00 | 1,0000 | 09408 | 14951 | 524,3 | -0,0420
vapofir 27,306 365,11 387,81 | 1,6876 | 0,8756 | 1,1087 | 153,0p 28,24
liquid 5,00 0,7219 1,007,0 206,83 | 207,54 | 1,0270 | 09495 | 1,5219 | 4994 0,006 9
vapofir 31,885 367,63 390,27 | 1,6839 | 0,8944 | 1,1492 | 1518} 26,94
liquid 10,00 0,836.3 989,1 214,37 | 215,22 | 1,0539 | 09585 | 1,5517 | 4751 0,0635
vapoyr 37,107 370,06 | 392,60 | 1,6804 | 09135 | 1,1942 | 150,48 25,79
liquid 15,00 09637 970,4 222,05 | 223,04 | 1,0809 | 09678 | 1,5854 | 450,2 0,1295
vapoyr 43,062 372,39 | 394,77 | 1,6768 | 09331 | 1,2447 | 148,74 24,76
liquid 20,00 1,105 2 950,8 229,86 | 231,02 | 1,1078 | 09773 | 1,6239 | 425, 0,207 5
vapolir 49,864 374,60 396,76 | 1,6732 | 09531 | 1,3024 | 146,7f 23,84
liquid 25,00 1,261 6 930,2 237,83 239,19 | 1,1349 | 09873 | 1,6687 | 399§ 0,3007
vapour 57,653 376,66 398,54 1,669 5 09737 1,369 5 | 144,5 23,04
liquid 30,00 1,434 0 908,4 245,98 247,56 | 1,1621 | 09978 | 1,7218 | 373,5 0,414 0
vapour 66,605 378,54 | 400,07 | 1,6652 | 09951 | 1,4494 | 141,93 22,33
liquid 35,00 1,623 6 885,2 254,33 | 256,16 | 1,1895 | 1,0091 | 1,7863 | 3470 0,554 3
vapour 76,954 380,21 | 401,31 | 1,6606 | 1,0173 | 1,5472 | 139,02 21,71
liquid 40,00 1,831 4 860,3 26291 | 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 | 19725 | 2918 09636
a  Triple point.
b Normal boiling point.
¢ The values of C,, Cpr and w at the critical point are not included as part of this document.
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Table 31 (continued)

¢ The valueg

of C, Cp, and w at the critical point are not included as part of this document:

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

°C MPa kg/m* | K/kg | K/kg |k]/(kg'K)|K)/(kg:K) |K]/(kg:K)| m/s | K/MPa
vapour 103,245 382,66 | 402,61 | 1,6491 | 1,0659 | 1,8366 | 132,04 20,69
liquid 50,00 2,307 3 803,0 281,02 | 28390 | 1,2748 | 1,0509 | 2,1181 | 262,7 1,277 7
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 1,727 3
vapour 141,302 383,20 | 401,44 | 1,6322 | 1,1237 | 2,4302 | 123,22 19,84
liquid 60400 2,874 4 7289 301,15 | 305,09 | 1,3371 | 1,0951 | 2,7143 | 199,5 2,423 7
vapour 168,236 382,16 | 399,24 | 1,6197 | 1,1595 | 3,0685 | 117,93 19,87
liquid 65,00 3,197 7 678,3 312,73 31745 | 1,3726 | 1,1312 | 3,5635 | 163,8 3,6929
vapour 205,645 379,39 | 39494 | 1,6018 | 1,2044 | 4,5323 | 111,84 18,p7
liquid 70)00 3,5527 600,8 327,28 333,19 | 1,4172 | 1,1984 | 771977\ 122,4 6,473 3
vapour 270,096 372,27 | 38542 | 1,5694 | 1,2720 | 11,5008 104,25 17,p7
critical | 72[71 3,761 0 431,0 350,18 | 35891 | 1,4906 c € c 12,3969
a Triple poirft.
b Normal bofling point.

5.11 R152

5.11.1 Rarge of validity

The coeffici

T in = 11

Coefficients
real-gas par

b4,5K, T,

max

a — 1,1-difluoroethane

ents are valid within the following ranges:

=500 K; ppyax = 60 MPa; g, = 18,07 mol/1 (1 194 kg/m3)

and exponents of the ideal-gas'part are listed in Table 32. Coefficients and exponents ¢f the
t are listed in Table 33.

Table 32 — Coefficients-and exponents of the ideal-gas part [Formulae (3) to (5)]
K Cx ty
0 3,354 952 —
1 1,098 649 x 102 1
2 2,501 616 x 10-> 2
3 -2,787 445 x 108 3

Table 33 — Coefficients and exponents of the real-gas part [Formula (2)]

k e d, I @,
1 -0,354 657 949 982 x 101 3 0 0 0
2 0,364 631 280 620 4 0 0 0
3 0,333 233 335 558 x 101 5 0 0 0
4 ~0,680 968 435 117 0 1 0 0
5 0,735 212 646 801 x 101 0,5 1 0 0
6 -0,112 473 063 838 x 102 1 1 0 0
7 0,549 916 715 657 x 101 2 1 0 0
8 0,240 186 327 322 x 101 1 0 0

40

© IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=802448882fa749bad7f634055a4e61d8

ISO 17584:2022(E)

Table 33 (continued)

Ny ty dy Iy ay
9 ~0,709 036 447 042 x 10-1 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 10-1 0 3 0 0
14 0,888 137 366 540 1 3 0 0
15 0966127346370 2 3 5 0
16 ~0,985 223 479 324 x 10-1 1 4 o Al o
17 0,183 419 368 472 x 10-1 2 5 0 O 0
18 ~0,338 550 204 252 x 10-1 3 5 g 0
19 0,124 921 101 016 x 10- 2 6 A0 0
20 ~0,221 056 706 423 x 102 2 7 A o0 0
21 0,216 879 133 161 x 102 3 7 f 0 0
22 ~0,233 597 690 478 x 10-3 3 8% " 0 0
23 0,354 657 949 982 x 101 3 R 2 1
24 0,364 631 280 620 4 OV 0 2 1
25 ~0,333 233 335 558 x 101 5 3 o0 2 1
26 0,276 133 830 254 x 10! 3 o 2 2 1
27 ~0,691 185 711 880 x 10-1 40 2 2 1
28 -0,333 233 335 558 x 101 35 2 2 1
29 0,782 761 327 717 NEE 4 2 1
30 ~0,345 592 855 940 x 10-1 %] 4 4 2 1
31 0,137 813531906 .. 5 4 2 1
32 0,186 173 126 153 3 6 2 1
33 ~0,341 119 393 297.x 10-1 4 6 2 1
34 0,459 378 439'687 x 10-1 5 6 2 1
35 0,216 470-912 607 x 10-1 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 9,185 210 290 813 x 10-2 3 10 2 1
39 [<)"0,101 674 662 734 x 102 4 10 2 1
40 f 0,124 078807 727 x 102 5 10 2 1

/\\
5.11 Za.!educing parameters,molarmass;and gas-constant

T*=386,411K, p*=5,571 45 mol/, M = 66,051 g/mol, R = 8,314 471 ] /(mol-K)

5.11.3 Reference state parameters

T = 27315 K, pos = 10 KkPa, h, = 34 189,811 J/mol, s
f1=4,360 056, f, = 2 654,673 62

188,564 6 J/(mol-K),

ref =

R152a property values along the liquid-vapour saturation boundary are listed in Table 34.
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Table 34 — R152a property values along the liquid-vapour saturation boundary

b

C

Normal boiling point.

The values of C,, C

7 ~p’

and w at the critical point are not included as part of this document.

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

°C MPa kg/m3 K/kg | kJ/kg |kJ/(kgK)|k]/(kg:K) K]/(kgK)| m/s | K/MPa
liquid | -118,592 | 6,414x10-> 11929 13,79 13,79 0,1119 | 09948 | 1,4774 [14009| -0,4326
vapour 3,297x1073 | 399,87 | 419,32 | 2,7357 | 0,5726 | 0,6987 | 154,04 | 336,54
liquid | -115,00 | 0,000 103 1186,3 19,13 19,13 0,1460 | 1,0090 | 1,4921 [1372,8| -0,4266
vapour 0,005 16 401,93 | 421,84 | 2,6924 | 0,5803 | 0,7064 | 155,63 | 308,12
liquid | -110,00 | 0,000 191 11771 26,62 26,62 0,1927 | 1,0210 | 1,5053 |13373| -0,4203
vapour 0,009 28 404,85 | 425,38 | 2,6368 | 0,5911 | 0,7173 | 157,80 | 273{32
liquid | -10%,00 | 0,000 339 11679 34,17 34,17 0,2383 | 1,0271 | 1,5131 |1305,0 |~—-0,4154
vapour 0,016 00 407,81 | 42896 | 2,5861 | 0,6020 | 0,7284 | 15993 243129
liquid | -100,00 | 0,000 579 1158,7 41,75 41,75 0,2827 | 1,0297 | 1,5178 |1Q749| -0,4112
vapour 0,026 58 410,82 | 432,59 | 2,5399 | 0,6131 | 0,73987| 162,01 217|125
liquid -95,00 0,000 956 1149,4 49,35 49,35 0,3259 | 1,0305 | 1,524.0 |1246,3| -0,4p72
vapour 0,042 68 413,87 | 436,26 | 2,4978 | 0,6244 | 07514 | 164,04 | 19462
liquid -9(1,00 0,001 53 1140,1 56,96 56,96 0,3681 | 1,0304,\1,5237 |12189| -0,4p30
vapour 0,066 4 41696 | 43997 | 2,4593 | 0,638 | 0,7634 | 166,02 174|86
liquid -85,00 0,002 37 1130,7 64,58 64,59 04091 |M0302 | 1,5265 |[1192,3| -0,3p86
vapour 0,1005 420,10 | 443,71 | 2,424 23{\0,6475 | 0,7758 | 16795 157|156
liquid -80,00 0,003 59 1121,3 72,22 72,23 04492 | 1,0302 | 1,5298 |1166,3| -0,3p37
vapour 0,148 3 423,26 | 44748 | 253920 | 0,6595 | 0,7886 | 169,81 142{37
liquid -75(00 0,005 30 11119 79,88 79,89 04884 | 1,0307 | 1,5339 |1140,7| -0,3883
vapour 0,2136 426,46 | 45127 | 2,3626 | 0,6718 | 0,8019 | 171,62 128,99
liquid -70{00 0,007 65 1102,4 87,56 87,57 0,5266 | 1,0317 | 1,5388 |1115,5| -0,3B24
vapour 0,301 2 429,69-1.-455,08 | 2,3357 | 0,6843 | 0,8157 | 173,36 117118
liquid -65,00 0,0108 1092,8 95,27 95,28 0,5641 | 1,0334 | 1,5446 |1090,4| -0,3y58
vapour 0,416 432,94 | 45890 | 2,3111 | 0,6972 | 0,8301 | 175,03 106}73
liquid -6(,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 0,020 4 1073,5 110,78 110,80 | 0,6369 | 1,0387 | 1,5589 [1040,9| -0,3p06
vapour 0,755 439,50 | 466,57 | 2,2677 | 0,7240 | 0,8609 | 178,12 89,p1
liquid -50,00 0,027 4 1063,7 118,59 118,62 | 0,6723 | 1,0422 | 1,5674 |1016,4| -0,3p20
vapour 0,994 442,80 | 470,40 | 2,2487 | 0,7379 | 0,877 4 | 179,54 81,87
liquid -45,00 0,036 2 1053,8 126,45 126,48 | 0,7071 | 1,0463 | 1,5768 | 991,8 | 0,327
vapour 1,289 446,10 | 474,21 | 2,2313 | 0,7522 | 0,8946 | 180,86 75,81
liquid -4(0,00 0,047 2 1043,8 134,35 | 134,40 | 0,7414 | 1,0509 | 1,5870 | 9674 | -0,3B26
vapour 1,651 449,41 | 478,02 | 2,2152 | 0,7669 | 09127 | 182,08 69,45
liquid -35,00 0,060 7 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 | 09317 | 183,19 64,20
liquid -30,00 0,077 2 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 | 09516 | 184,18 59,49
liquid -25,00 0,097 0 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 | 09724 | 185,06 55,26
liquid | -24,02b 0,101 3 1011,2 159,97 160,07 | 0,8477 | 1,0681 | 1,6247 | 889,5 | -0,2944
a Triple point.
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Table 34 (continued)
Temp. Pressure Density | Internal |Enthalpy| Entropy C, G Sound J-T
energy speed |coefficient

°C MPa kg/m* | K/kg | K/kg |k]/(kg'K)|K]/(kg:K) |K]/(kg:K)| m/s | K/MPa
vapour 3,376 45997 | 48998 | 2,1719 | 0,8164 | 09766 | 185,21 54,48
liquid -20,00 0,120 7 1002,7 166,52 | 166,64 | 0,8737 | 1,0730 | 1,6355 | 8699 | -0,2832
vapour 3,979 462,61 | 49294 | 2,1627 | 0,8295 | 09943 | 185,80 51,45
liquid -15,00 0,148 7 992,1 174,71 174,86 | 09058 | 1,0793 | 1,6496 | 8455 | -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 | 09375 | 1,0859 | 1,6645 | 821, | -0,2520
vapofir 5,852 469,12 500,15 | 2,1421 | 0,8629 | 1,0414 |186,8B 4493
liquid -5,00 0,2198 970,3 191,31 191,54 | 09689 | 1,0927 | 1,6804 |,796,4 | -0,2343
vapoyr 7,017 472,34 | 503,66 | 2,1329 | 0,8802 | 1,006"7 | 1872 42,13
liquid 0,00 0,264 0 959,1 199,72 200,00 | 1,0000 | 1,0997 |“1,6972 | 772, | -0,2149
vapoyr 8,359 475,53 50711 | 2,1243 | 0,8978, | 1,0935 | 187,3}Y 39,60
liquid 5,00 0,314 8 947,7 208,22 | 208,55 | 1,0308 | 1,1069 | 1,7151 | 7474 | -0,1938
vapolir 9,896 478,68 | 510,49 | 2,1164 |,09157 | 1,1218 | 1873} 37,31
liquid 10,00 0,372 8 936,1 216,79 217,19 1,0614,| 1,1144 | 1,7342 | 722,70 | -0,1706
vapolir 11,651 481,79 513,78 | 24089 | 09339 | 1,1517 | 18721 35,23
liquig 15,00 0,4386 924,2 225,45 | 22593 |8h0917 | 1,1220 | 1,7546 | 6979 | -0,1449
vapolir 13,647 484,85 | 516,99 472,1018 | 09525 | 1,183 4 | 186,8} 33,35
liquig 20,00 0,5129 912,0 234,21 | 234,77 | 1,1219 | 1,1299 | 1,7765 | 673,4 | -0,1165
vapofir 15,910 487,85 520,09 | 2,0952 | 09714 | 1,2173 | 186,3p 31,64
liquid 25,00 0,596 4 899,5 243,07\ 243,73 | 1,1519 | 1,1379 | 1,8001 | 6479 | -0,0849
vapofir 18,469 490,79 | 523,09 | 2,0888 | 09906 | 1,2536 | 185,6p 30,09
liquid 30,00 0,689 8 886,6 252,03 | 252,80 | 1,1817 | 1,1462 | 1,8258 | 622,71 | -0,0495
vapoyr 21,357 493,66 | 52596 | 2,0828 | 1,0101 | 1,2926 | 184,74 28,69
liquig 35,00 0,7939 8734 261,10 262,01 | 1,2114 | 1,1548 | 1,8539 | 5973 | -0,0096
vapoyr 24,613 496,44 | 528,70 | 2,0769 | 1,0300 | 1,3349 | 183,68 27,41
liquid 40,00 0,909 3 859,7 270,29 | 271,35 | 1,2411 | 1,163 6 | 1,8847 | 571,7 0,0357
vapolir 28,280 499,13 531,28 | 2,0711 | 1,0502 | 1,3811 |182,3p 26,25
liquid 45,00 1,036.8 845,5 279,62 | 280,84 | 1,2707 | 1,1728 | 19190 | 5459 0,087 3
vapolir 32,408 501,71 533,70 | 2,0655 | 1,0707 | 1,4320 | 180,74 25,20
liquig 50,00 1,177 4 830,8 289,08 | 290,50 | 1,3003 | 1,1823 | 19574 | 5199 0,146 8
vapolir 37,058 504,16 53593 | 2,0598 | 1,0917 | 1,4887 | 178,94 24,24
liquig 55;00 1,3317 815,4 298,70 | 300,34 | 1,3299 | 1,1922 | 2,0009 | 493,5 0,2159
vapolir 42,300 506,47 53795 | 2,0540 | 1,1131 | 1,5526 | 176,89 23,38
liqui 60,00 1,5007 799,4 308,50 310,38 1,3596 | 1,2026 | 2,0510 | 4669 0,297 0
vapour 48,222 508,60 | 539,72 | 2,0480 | 1,1350 | 1,6257 | 174,57 22,60
liquid 65,00 1,685 3 782,5 318,49 | 320,64 | 1,3895 | 1,2135 | 2,1094 | 440,0 0,393 4
vapour 54,933 510,53 541,21 | 2,0418 | 1,1575 | 1,7109 | 171,96 21,90
liquid 70,00 1,886 4 764,6 328,70 331,16 | 1,4196 | 1,2251 | 2,1789 | 412,6 0,509 6
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 34198 | 14501 | 1,2375 | 2,2637 | 3848 0,652 2
vapour 71,312 513,62 543,14 | 2,0279 | 1,2045 | 19360 | 165,79 20,71
a  Triple point.
b Normal boiling point.
¢ The values of C,, Cpr and w at the critical point are not included as part of this document.
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Table 34 (continued)
Temp. Pressure Density | Internal |Enthalpy| Entropy C, G Sound J-T
energy speed |coefficient

°C MPa kg/m3 | K/kg | K/kg |KJ/(kg:K) |K]/(kg'K) | K]/(kgK)| m/s | K/MPa
liquid 80,00 2,342 4 725,2 349,92 353,15 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 2,599 6 703,0 361,04 364,74 1,5126 | 1,2655 | 2,5099 | 3274 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 | 2974 1,367 5
vapour 107,172 515,21 542,06 | 2,0000 | 1,2832 | 2,5863 | 153,69 19,2
liquid 95/00 3,1791 650,9 384,82 389,71 1,5790 | 1,3004 | 29947 | 266,3 1,796 1
vapour 124,192 514,35 539,95 19871 | 1,3130 | 3,0228 | 148,70 18,p0
liquid 100,00 3,5050 618,5 39793 403,59 1,6151 | 1,3223 | 3,4951 | 2335 2,437 8
vapour 145,754 512,23 536,28 19707 | 1,3459 | 3,77597| 143,11 18,43
liquid 105,00 3,858 3 578,1 412,57 419,25 1,6552 | 1,3502 | 4,5947 | 198,0 3,508 2
vapour 175,224 507,95 529,97 19479 | 1,3838 | 54245 | 136,73 17,8
liquid 110,00 4,243 2 517,4 431,02 439,22 1,7058 | 1,3921_1.9,2614 | 1579 5,710 4
vapour 224,256 498,39 517,31 19096 | 1,437 | 12,2150 | 129,14 16,42
critical | 11326 4,516 8 368,0 465,28 477,55 1,8037 ¢ c c 11,2920
a  Triple point.
b Normal bo}ling point.
¢ The valuegof C,, C;,, and w at the critical point are not included as part of this decument.

5.12 R404A — R125/143a/134a (44/52/4)

5.12.1 Composition of R404A

The Compogition of R404A is listed in Table 85.

Table\35 — 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 Rarnge’of validity

The coefficients are valid within the following ranges:

T . =172,52K,T

max

=455K; p, a0y = 60 MPa; p,., = 15,04 mol/1 (1 468 kg/m3)

5.12.3 Interaction parameters (Formulae 19 and 20)

{1p = 5,551; {4 = —0,000 445 2; {15 = ~0,432 6; {15 = ~0,000 345 3; {5 = 2,324; {53 = 0,000 618 2

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

Coefficients and exponents of the excess functions of R125/134a binary pair and R143a/134a binary
pair are listed in Table 36.
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Table 36 — 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 Ny ty dy Iy
1 -0,013 073 74 1
2 0,018 259 0,35 3 1
3 0,0000081299 10,0 11 2
4 0,007 849 6 53 2 3
Fi,=11697
1 iR =t00rthe g —funetionfor the RI35 /13 4apairtsidenticat tothat for-the RE25 /432 ppir.
b Hori=2;j=3:F)3=0,5557 the ¢; ., e function for the R143a/134a pair is identical to that for the Rl 24/143a pair.
5.12{5 Reference state parameters
ft=0,753 387 285, f, = 17,495 997 7
R404A property values of liquid on the bubble line and vapour on the dew line are listed in[Table 37.
Thable 37 — R404A property values of liquid on the bubblédine and vapour on the flew line
Pressure Temp. Density | Internal |Enthalpy| Entropy C, G Sounj J-T
energy speed |coefficient
MPa °C kg/m3 Kj/kg | kJ/kg, [kJ/(kgK)|KJ/(kg'K) K]/(kg'K)| m/s] | K/MPa
bubble 0,0100 -84,93 1421,3 91,82 91,83 0,5296 | 0,7710 | 1,2138 | 932,4 | -0,3545
dew -83,84 0,626 300,87 316,83 | 1,7229 | 0,5719 | 0,663 5 | 135,3p 113,71
bubble 0,0150 -79,30 1404,8 98,65 98,66 0,5654 | 0,7795 | 1,2137 | 8959 | -0,3495
dew -78,28 0916 30383 | 320,21 | 1,7064 | 0,5860 | 0,6793 | 136,88 96,75
bubble 0,020 0 -75,05 1392,4 103,80 103,81 | 0,5917 | 0,7854 | 1,2152 | 870,11 | -0,3444
dew -74,08 1,199 306,10 | 322,78 | 1,6953 | 0,5968 | 0,6915 | 1379 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 30794 | 324,87 | 1,6870 | 0,6055 | 0,7016 | 138,7¢ 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 | -0,3262
dew ~62,97 2,293 312,13 329,58 | 1,6707 | 0,6255 | 0,7252 | 140,49 66,23
bubble 0,0500 -59,92 13477 122,28 | 122,31 | 0,6815 | 0,8046 | 1,2295 | 786,94 | -0,3181
dew -59,07 2,825 314,28 33197 | 1,6635 | 0,6359 | 0,7377 | 141,14 60,94
bubble 0,060 0 -56,57 13377 126,40 | 126,44 | 0,7007 | 0,8088 | 1,2342 | 769,4 | -0,3106
dew -55,75 3,351 316,10 334,00 | 1,6578 | 0,6447 | 0,7487 | 141,72 56,99
bubble 0,080 0 -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 33736 | 1,6494 | 0,6596 | 0,767 5 | 142,57 51,36
bubble 0,100 0 -46,50 13071 138,89 13897 | 0,7571 | 0,8212 | 1,2511 | 719,2 | -0,2839
dew -45,74 5,415 321,62 | 340,08 | 1,6434 | 0,6720 | 0,783 6 | 143,16 47,44
bubble 0,101 32 -46,22 1306,3 139,24 139,31 | 0,7586 | 0,8215 | 1,2516 | 7179 -0,2831
dew -45,47 5,483 321,77 | 340,25 | 1,6430 | 0,6728 | 0,784 6 | 143,19 47,22
bubble 0,1200 -42,63 12951 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 | 0,797 8 | 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
a2 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 document.
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Table 37 (continued)
Pressure Temp. Density | Internal |Enthalpy| Entropy C, G Sound J-T
energy speed | coefficient

MPa °C kg/m3 Kl/kg | KkI/kg |KkJ/(kg'K)|Kk]/(kg'K) | k]/(kg'K)| m/s K/MPa
dew -38,53 7,439 325,59 344,41 1,6349 | 0,6923 | 0,8108 | 143,86 42,18
bubble 0,160 0 -36,20 1275,0 151,85 | 151,97 | 0,8130 | 0,8341 | 1,2726 | 6694 | -0,2498
dew -35,51 8,442 327,25 | 346,20 | 1,6318 | 0,7009 | 0,8228 | 144,07 40,29
bubble 0,180 0 -33,45 1266,2 155,35 | 15549 | 0,8277 | 0,8377 | 1,2790 | 656,2 | -0,2393
dew -32,78 9,441 328,75 | 34781 | 1,6292 | 0,7088 | 0,8339 | 144,21 38,70
bubble 0,2000 -30,93 1258,0 158,57 158,73 08411 | 0,8409 | 1,2852 | 644,2 | -0,2P91
dew -30,27 10,437 330,12 | 349,28 | 1,6270 | 0,7161 | 0,8445 | 144,29 37,4
bubble 0,500 -25,38 12399 165,72 165,92 0,8703 | 0,8482 | 1,2998 | 617,8 -0,204 6
dew -24,75 12,920 333,12 | 352,47 | 1,6225 | 0,7324 | 0,8688 | 144,34 34,66
bubble 0,000 -20,62 12239 171,90 172,14 | 0,8950 | 0,8546 | 1,31347) 5952 | -0,1811
dew -20,02 15,399 335,67 | 35515 | 1,6190 | 0,7465 | 0,8909 | 144,22 32,p4
bubble 0,8500 -16,44 1209,6 177,38 177,67 | 09166 | 0,8604 | 1,3264 | 5754 | -0,1$81
dew -15,86 17,881 337,90 357,47 1,6163 | 0,7592,1.09114 | 143,99 31,p4
bubble 04000 -12,69 1196,5 182,35 | 182,68 | 09358 | 0,86>6 | 1,3388 | 557,6 | -0,1B55
dew -12,12 20,369 339,87 359,51 1,6141 | 07706 | 09307 | 143,66 2975
bubble 04500 -9,28 1184,4 186,89 | 187,27 | 09531:\0,8704 | 1,3509 | 541,4 | -0,1130
dew -8,73 22,867 341,65 | 361,33 | 1,61227| 0,7811 | 09492 | 143,28 28,67
bubble 0,p000 -6,15 1173,0 191,11 191,53 | 09690 | 0,8750 | 1,3627 | 526,5 | -0,0p05
dew -5,61 25,378 343,26 | 362,96.431,6105 | 0,7907 | 09670 | 142,84 27,75
bubble 0,500 -3,24 1162,3 195,04 195,61 09837 | 08792 | 1,3744 | 512,7 | -0,0679
dew -2,72 27,905 344,74 | 364,45 | 1,6091 | 0,7997 | 09842 | 142,36 26,p7
bubble 0,000 -0,53 1152,0 198,74, 199,26 | 09973 | 0,8832 | 1,3859 | 499,7 | -0,0452
dew -0,02 30,449 346,11 | 365,81 | 1,6078 | 0,8082 | 1,001 1 | 141,85 26,p8
bubble 0,6500 2,02 1142,3 202,24 | 202,81 | 1,0101 | 0,8871 | 1,3973 | 4875 | -0,0p22
dew 2,52 33,012 347,37 | 36706 | 1,6066 | 0,8161 | 1,0177 | 141,31 25,p8
bubble 0,/000 4,42 11329 205,57 | 206,18 | 1,0222 | 0,8908 | 1,4087 | 476,0 0,001 1
dew 491 35,595 348,55 368,21 1,6055 | 0,8237 | 1,0342 | 140,75 2516
bubble 0,500 6,70 1123,8 208,74 | 209,41 | 1,0336 | 0,8943 | 1,4201 | 465,0 0,024 8
dew 7,18 38,201 349,65 369,28 | 1,6044 | 0,8309 | 1,0506 | 140,17 24,69
bubble 0,800 0 8,87 11151 211,78 | 212,49 | 1,0444 | 0,8977 | 1,4316 | 454,5 0,0489
dew 9,34 40,831 350,68 | 370,27 | 1,6035 | 0,8378 | 1,0670 | 139,58 24,p7
bubble 0,8500 10,94 1106,5 214,70 | 215,46 | 1,0547 | 09009 | 1,4431 | 4445 0,073 5
dew 11,40 43,485 351,64 | 371,19 | 1,6025 | 0,8445 | 1,0835 | 138,96 23,B9
bubble 0,9000 12,92 1098,2 217,51 218,32 1,0646 | 09041 | 1,4547 | 4349 0,098 6
dew 13,37 46,167 352,55 | 372,05 | 1,6016 | 0,8510 | 1,1001 | 138,34 23,55
bubble 09500 14,81 1090,2 220,22 221,09 1,0741 | 09072 | 1,4665 | 425,6 0,124 4
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 | 09102 | 1,4784 | 416,7 0,150 7
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 | 09217 | 1,5280 | 383,5 0,263 3
dew 23,73 62,884 357,03 376,12 1,5965 | 0,8869 | 1,2058 | 134,36 22,03
bubble 1,400 0 29,22 10234 241,44 | 242,81 | 1,1462 | 09325 | 1,5821 | 353,8 0,3901

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 document.
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Table 37 (continued)
Pressure Temp. Density | Internal |Enthalpy| Entropy C, G Sound J-T
energy speed |coefficient

MPa °C kg/m3 Kl/kg | Kki/kg |KkJ/(kg'K)|Kk]/(kg'K) | Kk]/(kg:)K)| m/s K/MPa
dew 29,60 74,728 359,29 378,02 1,5932 | 09091 | 1,2853 | 131,56 21,35
bubble 1,600 0 34,51 995,7 249,58 | 251,19 | 1,1730 | 09431 | 1,6427 | 326,5 0,5351
dew 34,87 87,247 361,08 | 379,42 | 1,5896 | 09306 | 1,3757 | 128,65 20,82
bubble 1,800 0 39,33 968,6 25719 | 259,05 | 1,1977 | 09535 | 1,7122 | 301,2 0,703 3
dew 39,67 100,56 362,48 | 380,38 | 1,5858 | 09518 | 1,4810 | 125,66 20,41
bubble 2,0000 43,75 941,6 264,40 266,52 1,2208 | 09643 | 1,7941 | 2773 09015
dew 44,07 114,81 363,51 | 38092 | 1,5817 | 09728 | 1,6071 |122,58 20,07
bubble 2,2000 47,85 914,4 271,29 273,70 1,2427 | 09755 | 1,8935% |,254,5 1,1392
dew 48,15 130,20 364,18 | 381,08 | 1,5770 | 09939 | 1,762'8 | 119,4 19,79
bubble 2,4000 51,68 886,5 27796 | 280,66 | 1,2635 | 09875 |72,0185 | 232,5 1,430 1
dew 51,95 146,99 364,50 | 380,83 | 1,5718 | 1,0153, | 19620 | 116,19 19,55
bubble 2,6000 55,26 857,5 284,47 | 287,50 | 1,2837 | 1,009 | 2,1832 | 2111 1,7950
dew 55,51 165,54 364,44 380,15 1,5658 | 41,0375 | 2,2291 |112,8} 19,31
bubble 2,8000 58,63 826,8 29090 | 294,29 | 1,3036| 1,0161 | 2,4136 | 190,0 2,267 1
dew 58,86 186,43 363,94 37896 | 15587 | 1,0609 | 2,6091 | 109,4f 19,06
bubble 3,0000 61,81 793,4 297,36 | 301,15 |~h3234 | 1,0343 | 2,7653 | 1690 29028
dew 62,01 210,55 36290 | 37715 %71,5503 | 1,0862 | 3,1973 | 1059} 18,74
bubble 3,2000 64,82 755,6 304,02 | 308,25 | 1,3438 | 1,0570 | 3,3812 | 1478 3,806 8
dew 64,99 239,56 361,13 |.874,49 | 1,5397 | 1,1148 | 4,2333 | 102,35 18,29
critidal 3,7289 72,05 486,5 336,26 343,92 1,445 5 b b b 12,3347

a  Hubble point and dew point at one standard atmosphefe)

b The values of C,, Cp, and w at the critical point are-hotincluded as part of this document.

5.13 R407C—R32/125/134a(23/25/52)
The ¢omposition of R407C is listéd in Table 38.

Table 38 — Composition of R407C

Component Mass fraction Mole fraction
| R32 0,23 0,381 10942
2 R125 0,25 0,179 55889
] R134a 0,52 0,439 331(69

M = 862037 g/mol

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

Toin=172,52K, T,

max

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

5.13.2 Interaction parameters (Formulae 19 and 20)

{15 = 28,95; {1, = =0,006 008; {3 = 7,909; {;3 = —0,002 039; {3 = —0,432 6; {»3 = —0,000 345 3

Coefficients and exponents of the excess functions are listed in Table 39.
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Table 39 — Coefficients and exponents of the excess functions [Formula (21)]

R32/125 binary pair?
k Ny ty dy L
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 6;346-49 2566 2 3
7 0,085 658 11,40 3 3
8 -0,064 429 4,50 6 3
R32/134a binary pair?b
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 74 1 1
2 0,018 259 0,35 3 1
3 0,0000081299 10,0 11 2
4 0,007 849 6 53 2 3

a  j=1;j=2{F,=1,00.

b j=1;j=3}F;3=100.

¢ i=2;j=3[F,3=1,00.

5.13.3 Reference state parameters

f3=1,043 708 79, f, = -8,741 068 03

=

R407C property values of liquid.én)the bubble line and vapour on the dew line are listed in Table 4

Table 40 — R407C property values of liquid on the bubble line and vapour on the dew line

Pr¢ssure Temp. Density | Internal |Enthalpy| Entropy C, G Sound J-T
energy speed | coefficient

MPa °C kg/m3 k]/kg kj/kg |kJ/(kg'K)|Kk]/(kg'K)|Kk]/(kg'K)| m/s K/MPa
bubble 0,p10.0 -82,45 1495,5 90,48 90,48 0,5259 | 0,8200 | 1,2815 [1008,4| -0,3R99
dew =74,81 0,527 347,81 | 366,78 | L9471 | 0,565%4 | 0,008 1 | 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 | 19253 | 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 35295 | 372,75 | 19104 | 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

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 document.
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Table 40 (continued)
Pressure Temp. Density | Internal |Enthalpy| Entropy C, G Sound J-T
energy speed |coefficient

MPa °C kg/m3 Kl/kg | Kki/kg |KkJ/(kg'K)|Kk]/(kg'K) | Kk]/(kg:)K)| m/s K/MPa
bubble 0,0400 -61,25 1433,7 117,70 117,72 0,6612 | 08287 | 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 | -0,297 2
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 | 156,1 63,04
bubble 0,0800 -48,42 1395,3 134,33 134,39 | 0,7374 | 0,8361 | 1,3056 |-828;3 -0,2799
dew -41,34 3,707 365,41 386,99 | 1,8445 | 0,6479 | 0,769 2' |, 157,1 57,08
bubble 0,1000 -43,90 1381,5 140,24 140,31 | 0,7635 | 0,8391 | 1,302"1 | 805,9 -0,269 8
dew -36,90 4,574 367,73 389,59 | 1,8349 | 0,6601 |70,7855 | 157,81 52,81
bubble 0,101 32 -43,63 1380,7 140,60 140,67 | 0,7650 | 0,839.3, | 1,3125 | 804,] -0,2691
dew -36,63 4,631 367,87 389,75 | 1,8343 | 06669 | 0,7865 | 157,8% 52,57
bubble 0,1200 -40,05 1369,7 145,30 145,39 | 0,7854 |.0,8418 | 1,3181 | 786,9 -0,260 4
dew -33,11 5,432 369,69 391,78 | 1,8278-| 0,6707 | 0,8001 |158,3¢# 49,54
bubble 0,1400 -36,67 13591 149,75 149,86 | 0,8043 | 0,8443 | 1,3238 | 770,2 -0,2515
dew -29,79 6,283 371,40 393,68 |~18210 | 0,6802 | 0,8133 | 158,74 46,91
bubble 0,160 0 -33,65 1349,7 153,75 153,86'470,8211 | 0,8466 | 1,3292 | 7554 -0,243 1
dew -26,83 7,130 372,92 395,36 | 1,8156 | 0,6887 | 0,8255 | 159,05 44,74
bubble 0,180 0 -30,92 1341,0 157,38 157,51 | 0,8362 | 0,8488 | 1,3344 | 742, -0,2350
dew -24,15 7,973 374,29 396,86 | 1,8110 | 0,6965 | 0,8369 | 159,2 42,90
bubble 0,2000 -28,41 1333,0 160,72 160,87 | 0,8499 | 0,8508 | 1,3394 | 7299 -0,227 2
dew -21,69 8,813 375,53 398,22 | 1,8069 | 0,7038 | 0,8476 | 1594} 41,32
bubble 0,2500 -22,90 1315,1 168,11 168,30 | 0,8798 | 0,8555 | 1,3513 | 703, -0,208 4
dew -16,28 10,904 378,24 401,17 | 1,7984 | 0,7200 | 0,8722 | 159,74 38,14
bubble 0,3000 -18,19 1,299,5 174,48 174,71 09050 | 0,8598 | 1,3624 | 680,1 -0,190 6
dew -11,66 12,989 380,52 403,62 | 1,7917 | 0,7340 | 0,8945 | 159,8P 35,72
bubble 0,3500 -14,04 1285,5 180,12 180,39 | 09269 | 0,8637 | 1,373 1 | 660,d -0,173 3
dew ~7,61 15,071 382,49 | 405,72 | 1,7861 | 0,7465 | 09151 | 159,79 33,80
bubble 0,4000 +10,33 1272,8 185,20 185,52 | 09465 | 0,8673 | 1,3834 | 6419 -0,156 4
dew -3,97 17,154 384,24 | 407,55 1,7814 | 0,7578 | 09345 | 159,66 32,22
bubble 0,450,0 -6,95 12611 189,86 190,21 | 09641 | 0,8707 | 1,3934 | 625,5 -0,1398
dew -0,67 19,241 385,79 409,18 | 11,7772 | 0,7682 | 09528 | 159,46 30,89
bubble 0,5000 -3,85 1250,1 194,16 194,56 | 09801 | 0,8740 | 1,4032 | 610,4 -0,1233
dew 2,36 21,354 367,20 410,64 1,773 5 0,7779 0,9704 | 159,20 29,76
bubble 0,5500 -0,98 1239,8 198,17 198,61 | 09950 | 0,8771 | 1,4129 | 596,3 | -0,1069
dew 517 23,435 388,48 411,95 1,7702 | 0,7868 | 09875 | 15891 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 2791
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
a Bubble point and dew point at one standard atmosphere.
b Thevalues of C,, Cpr and w at the critical point are not included as part of this document.
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Table 40 (continued)
Pressure Temp. Density | Internal |Enthalpy| Entropy C, G Sound J-T
energy speed | coefficient

MPa °C kg/m3 Kl/kg | KkI/kg |KkJ/(kg'K)|Kk]/(kg'K) | k]/(kg'K)| m/s K/MPa
bubble 0,750 0 8,85 12031 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 | 15742 25,84
bubble 0,800 0 11,00 11949 215,16 | 215,83 | 1,0561 | 0,8911 | 1,4600 | 5374 | -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 22095 | 221,71 | 1,0764 | 0,8961 | 1,4789 | 517,6 0,009 8
dew 20,74 38,456 395,16 418,57 1,7529 | 0,8378 | 1,0976 | 156,11 24,82
bubble 1,000 18,69 1164,1 226,33 | 227,19 | 1,0950 | 09010 | 1,4979 | 499,2 0,044 7
dew 24,32 42,877 396,57 419,89 1,7491 | 0,8499 | 1,1282 | 155,16 23,p0
bubble 1,000 25,30 1136,2 236,14 | 237,20 | 1,1283 | 09102 | 1,5370 | 466,0 0,118 0
dew 30,73 51,932 398,92 | 422,03 | 1,7421 | 0,8721 | 1,190 27 153,16 2218
bubble 1,4000 31,14 1110,2 244,98 246,24 | 1,1577 | 09190 | 1,5780 | 436,4 0,196 8
dew 36,37 61,306 400,79 | 423,63 | 1,7358 | 0,8926 | 12549 | 151,05 21,17
bubble 1,000 36,39 1085,5 253,09 254,57 | 1,1843 | 09274 ,1.1,6219 | 4094 0,242 6
dew 41,43 71,047 402,28 | 424,80 | 1,7298 | 09120 | 1,3242 | 148,85 20,B6
bubble 1,8000 41,18 1061,7 260,64 262,33 1,2086 | 09358 | 1,6695 | 384,5 0,376 9
dew 46,03 81,203 403,44 | 425,61 | 1,7241:]\0,9305 | 1,399 6 | 146,57 19,69
bubble 2,p000 45,59 1038,5 267,74 | 269,66 | 1,23117| 09441 | 1,7218 | 361,3 04915
dew 50,25 91,831 404,32 426,10 N7484 | 09484 | 1,483 1 | 144,24 19,13
bubble 2,000 49,68 1015,7 274,47 | 276,64 .431,2522 | 09526 | 1,7804 | 339,3 0,598 7
dew 54,15 103,00 404,93 426,29 1,7126 | 09660 | 1,5770 | 141,84 18,p4
bubble 24000 53,51 993,1 280,92 | 283,34 | 1,2723 | 09613 | 1,8470 | 3184 0,731 5
dew 57,79 114,78 405,29 426,20 1,7068 | 09834 | 1,6845 | 139,40 18,p2
bubble 2,6000 57,11 970,5 287,14 | 289,82 | 1,2914 | 09705 | 19244 | 298,2 0,893 8
dew 61,19 127,27 405,42 | 42585 | 1,7007 | 1,0008 | 1,8096 | 136,90 17,84
bubble 2,8000 60,51 947,5 293,17 296,12 1,3097 | 09802 | 2,0161 | 278,6 1,040 7
dew 64,38 140,60 405,30 | 425,21 | 1,6944 | 1,0183 | 19582 | 134,35 17,48
bubble 3,000 0 63,73 924,1 299,07 302,31 1,3276 | 09909 | 2,1279 | 2594 1,249 5
dew 67,40 154,93 404,93 | 424,29 | 1,6877 | 1,0360 | 2,1390 | 131,75 17,15
bubble 3,000 66,80 899,9 304,88 308,43 1,3450 | 1,0028 | 2,2682 | 240,4 1,501
dew 70,25 170,45 404,28 | 423,06 | 1,6805 | 1,0543 | 2,3648 | 129,09 16,B3
bubble 3,4000 69,73 874,6 310,65 | 314,54 | 1,3622 | 1,0164 | 2,4511 | 221,6 1,826 8
dew 72,94 187,47 403,33 421,46 1,6726 | 1,0734 | 2,6567 | 126,38 16,9
bubble 3,600.0 72,53 847,6 316,46 | 320,71 | 1,3795 | 1,0322 | 2,7011 | 202,7 2,270 7
dew 75,50 206,40 402,01 419,45 1,6659 1,093 7 3,0004 | 125,59 16,14
bubble 3,8000 75,22 818,1 322,38 | 327,02 | 1,3970 | 1,0512 | 3,0653 | 183,8 2,704 3
dew 7792 227,89 400,24 41691 1,6540 | 1,1156 | 3,6132 | 120,73 15,74
bubble 4,0000 77,82 785,1 328,54 | 333,64 | 14152 | 1,0747 | 3,6469 | 164,8 3,360 4
dew 80,21 253,04 397,85 | 413,66 | 1,6424 | 1,1401 | 44863 | 117,75 15,26
bubble 4,2000 80,32 746,0 335,20 340,83 1,4348 | 1,1050 | 4,7261 | 145,6 4,274 2
dew 82,37 284,01 394,55 | 409,34 | 1,6281 | 1,1687 | 6,0289 | 114,58 14,63
critical 4,629 8 86,03 484,2 368,92 378,48 1,538 4 b b b 10,392 2

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 document.
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5.14 R410A — R32/125 (50/50)
The composition of R410A is listed in Table 41.

Table 41 — 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 ¢oefficients are valid within the following ranges:

Tin=172,52 K, T, . = 435 K; prax = 60 MPa; p, . = 20,2 mol/1(1 496 kg/m?)

’ “max

5.14{2 Interaction parameters (Formulae 9 and 20)

g, = 28,95; ¢;, = -0,006 008

Coefficients and exponents of the excess functions are listed\in Table 42.

Table 42 — Coefficients and exponents ofthe excess functions [Formula (21)]
R32/125:binary pair?
k Ny e dy I
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
a  f,=1,00;i=15=2.

5.14|3 Reference state parameters

fy €0,617 469 323, f, = -0,596 795

R410A property values of liquid on the bubble line and vapour on the dew line are listed in Table 43.

Table 43 — 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 k]J/kg kj/kg |kJ/(kgK)|Kk]/(kg'K) |Kk]/(kg'K)| m/s K/MPa
bubble 0,0100 -88,23 1460,6 76,55 76,56 04588 | 0,8662 | 1,3441 [1004,0f -0,3215
dew -88,14 0,476 357,77 378,76 | 2,0927 | 0,5442 | 0,6680 | 159,71 156,70
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 document.
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Table 43 (continued)

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

MPa °C kg/m3 Kl/kg | KkI/kg |KkJ/(kg'K)|Kk]/(kg'K) | k]/(kg'K)| m/s K/MPa
bubble 0,0150 -82,84 14449 83,79 83,80 04974 | 0,8620 | 1,3444 | 9776 | -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 14329 89,24 89,26 0,5258 | 0,8596 | 1,3455 | 9578 | -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 14231 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,p300 -72,71 1414,8 97,42 97,44 0,5672 | 08569 | 1,3483 | 928,2 |..-0,3p18
dew -72,63 1,333 365,21 | 38771 | 2,0151 | 0,5833 | 0,7172 | 164,59 |, 108{80
bubble 0,p400 -68,12 14011 103,61 | 103,64 | 0,5978 | 0,8555 | 1,3515 | 9058 | -0,2p4 4
dew -68,04 1,745 367,37 | 390,29 | 19956 | 0,5964 | 0,734 47) 165,84 98,17
bubble 0,p500 -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 | 19807 | 0,6075 | 0,7492 | 166,78 90,44
bubble 0,p60 0 -61,22 1380,0 11296 | 113,00 | 0,6426 | 0,8544 11,3577 | 872,1 | -0,2818
dew -61,14 2,551 370,58 | 394,10 | 19687 | 0,6122 | 0,7624 | 167,53 84,44
bubble 0,p800 -55,98 13639 120,08 | 120,14 | 0,6758 | 08543 | 1,3636 | 846,5 | -0,2f08
dew -55,90 3,342 372,99 | 396,92 | 1,9500:5\0,6338 | 0,7855 | 168,66 75,p6
bubble 0,100 0 -51,70 1350,5 12592 | 12599 | 0,70247| 0,8546 | 1,3693 | 825,6 | -0,2609
dew -51,62 4,123 374,92 399,17 | 9358 | 0,6477 | 0,8054 | 169,47 69,16
bubble 0,101 32 -51,44 1349,7 126,27 | 126,34.430,7040 | 0,8547 | 1,3697 | 824,3 | -0,2p02
dew -51,36 4,174 375,03 | 399,81°| 19350 | 0,6486 | 0,8066 | 169,52 68,80
bubble 0,200 -48,06 1339,0 130,90 | 13099 | 0,7247 | 0,8552 | 1,3747 | 8077 | -0,2pb16
dew -47,98 4,895 376,54-~401,05 | 19243 | 0,6599 | 0,8231 | 170,08 64,24
bubble 0,140 0 -44,87 1328,8 135,29 | 135,39 | 0,7441 | 0,8559 | 1,3799 | 792,0 | -0,2¢30
dew -44,79 5,662 37795 | 402,67 | 19147 | 0,6706 | 0,8391 | 170,56 60,0
bubble 0,160 0 -42,02 1319,6 139,22 | 139,34 | 0,7612 | 0,8567 | 1,3850 | 7779 | -0,2B47
dew -41,94 6,425 379,19 | 404,09 | 19065 | 0,6804 | 0,8539 | 170,93 57,p5
bubble 0,800 -39,44 1311,2 142,79 14293 | 0,776 6 | 0,8576 | 1,3899 | 7652 | -0,2p67
dew -39,36 7,183 380,30 | 405,36 | 1,8993 | 0,6892 | 0,867 7 | 171,22 54,80
bubble 0,200 0 -37,07 1303,4 146,07 | 146,23 | 0,7905 | 0,8585 | 1,3946 | 7534 | -0,2190
dew -36,99 7940 381,31 | 406,50 | 1,8928 | 0,6974 | 0,8806 | 171,45 51,p4
bubble 0,500 <31,88 1286,1 153,32 | 153,51 | 0,8209 | 0,8608 | 1,4061 | 7275 | -0,2p06
dew -31,79 9,822 383,48 | 40893 | 1,8794 | 0,7155 | 09100 | 171,83 47,04
bubble 0,000 -27,44 12711 159,56 | 159,80 | 0,8466 | 0,8631 | 14172 | 7053 | -0,1830
dew =27,35 11,697 365,29 410,94 1,868 5 0,7310 09565 [ 172,01 43,70
bubble 0,3500 -23,54 12576 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 | 09608 | 172,06 40,90
bubble 0,400 0 -20,04 1245,3 170,05 | 170,38 | 0,8887 | 0,8678 | 1,4384 | 6678 | -0,1493
dew -19,95 15,442 388,20 | 414,10 | 1,8514 | 0,7570 | 09834 | 172,00 38,62
bubble 0,4500 -16,87 12339 174,60 17496 | 09065 | 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 0,500 0 -13,96 1223,3 178,80 | 179,21 | 09228 | 0,8725 | 1,4589 | 636,7 | -0,116 6
dew -13,86 19,198 390,48 | 416,53 | 1,8383 | 0,7786 | 1,0253 | 171,68 35,10

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

MPa °C kg/m3 Kl/kg | Kki/kg |KkJ/(kg'K)|Kk]/(kg'K) | Kk]/(kg:)K)| m/s K/MPa
bubble 0,5500 -11,26 1213,4 182,72 183,17 | 09379 | 0,8747 | 1,4690 | 622,7 | -0,100 4
dew -11,16 21,085 391,46 417,54 | 1,8326 | 0,7881 | 1,0450 | 171,44 33,70
bubble 0,6000 -8,74 12039 186,39 186,89 | 09518 | 0,8770 | 1,4791 | 609,6 | -0,0843
dew -8,64 22,979 392,34 | 41846 | 1,8275 | 0,7970 | 1,0641 | 171,16 32,48
bubble 0,6500 -6,38 11949 189,86 190,40 | 09649 | 08792 | 1,4891 | 5973 | -0,0681
dew -6,28 24,882 393,16 419,28 | 1,8227 | 0,8054 | 1,0827 | 170,85 31,40
bubble 0,700 0 -4,15 1186,3 193,15 193,74 | 09772 | 0,8815 | 1,4991 |.585/ -0,0519
dew -4,05 26,795 393,90 420,03 | 1,8183 | 0,8133 | 1,1008" |,170,5P 30,44
bubble 0,750 0 -2,04 1178,1 196,28 196,92 | 09888 | 0,8837 | 150972 | 574,5 -0,0355
dew -1,93 28,718 394,59 420,71 1,8141 | 0,8207 |71,1486 | 170,16 29,58
bubble 0,8000 -0,03 1170,1 199,27 199,96 | 09998 | 0,8859, | 1,5193 | 5639 -0,0191
dew 0,08 30,652 395,23 421,33 | 1,8102 | 0,82A8 | 1,1362 | 169,78 28,80
bubble 0,9000 3,72 11549 204,91 205,69 | 1,0204 |,.0,8902 | 1,5396 | 5439 0,014 2
dew 3,83 34,557 396,37 422,41 | 1,8030-| 0,8409 | 1,1708 | 168,98 27,45
bubble 1,000 0 7,17 1140,5 210,15 211,02 1,0892 | 0,8945 | 1,5602 | 5254 0,048 2
dew 7,27 38,515 397,35 423,31 |8h7964 | 0,8529 | 1,2051 | 168,18 26,32
bubble 1,200 0 13,34 1113,7 219,69 220,76 71,0730 | 09030 | 1,6025 | 4919 0,1190
dew 13,46 46,611 39894 | 424,68 | 1,7846 | 0,8746 | 1,2743 | 166,3L 24,52
bubble 1,4000 18,79 1088,8 228,27 229,56 | 1,1027 | 09114 | 1,6469 | 462, 0,194 3
dew 18,91 54,978 400,12 425,59 | 1,7741 | 0,8943 | 1,346 6 | 164,4)D 23,14
bubble 1,6000 23,68 1065,2 236,15 237,65 1,1296 | 09199 | 1,6941 | 434, 0,2751
dew 23,80 63,652 400,97 426,11 1,7644 | 09128 | 1,4241 | 162,4) 22,03
bubble 1,8000 28,13 1042,6 243,46 245,19 1,154 2 | 09285 | 1,744 7 | 4095 0,362 8
dew 28,25 72,672 401,54 | 426,31 | 1,7552 | 09308 | 1,5090 | 160,38 21,11
bubble 2,0000 32,22 1,020,7 250,33 252,29 1,176 9 | 09374 | 1,7998 | 386,( 0,458 6
dew 32,34 82,083 401,87 | 426,24 | 1,7464 | 09485 | 1,6033 |158,2p 20,33
bubble 2,2000 36,02 999,2 256,85 259,05 1,1983 | 09465 | 1,8608 | 363,4 0,564 3
dew 36,14 91,932 401,97 42590 | 1,7379 | 09663 | 1,7094 | 156,01 19,64
bubble 2,4000 39,56 978,0 263,07 265,52 | 1,2185 | 09560 | 19295 | 342,7 0,682 1
dew 39,68 102,28 401,86 | 425,33 | 1,7294 | 09843 | 1,8306 | 153,7f 19,03
bubble 2,600,0 42,89 957,0 269,05 271,77 | 1,2377 | 09660 | 2,0082 | 3224 0,8150
dew 43,00 113,19 401,54 | 424,51 | 1,7209 | 1,0025 | 19708 | 151,48 18,47
bubble 2,8000 46,02 935,8 274,85 27784 | 1,2561 | 09767 | 2,1005 | 3029 0,966 5
dew 46,14 124,76 401,02 423,47 1,712 5 1,021 72 2,1357 | 149,12 17,96
bubble 3,0000 48,99 914,5 280,50 283,78 | 1,2740 | 09881 | 2,2112 | 283,8 1,141 6
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 1,346 9
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 1,591 3
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 1,887 4
dew 57,15 180,26 396,63 416,60 1,6747 | 1,1031 | 3,2757 | 139,03 16,09
a Bubble point and dew point at one standard atmosphere.
b Thevalues of C,, Cpr and w at the critical point are not included as part of this document.
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Table 43 (continued)

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

MPa °C kg/m3 Kl/kg | KkI/kg |KkJ/(kg'K)|Kk]/(kg'K) | k]/(kg'K)| m/s K/MPa
bubble 3,8000 59,50 821,0 302,53 307,16 1,3425 | 1,0472 | 3,0704 | 210,3 2,253 4
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 | 1919 2,716 9
dew 61,93 21717 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 3,322 4
dew 64,17 239,86 389,73 407,24 1,6380 | 1,1820 | 58263 | 130,40 14,p3
critical 49026 71,36 459,5 357,88 368,55 1,518 1 b b b 9,747 7
a Bubble point and dew point at one standard atmosphere.
b The valuegof C,, Cp and w at the critical point are not included as part of this document.

5.15 R507A — R125/143a (50/50)

The composijition of R507A is listed in Table 44.

Table 44 — Composition of R507A

i Component Mass fraction Mole fraction
1 R125 0,50 0,41183971
2 R143a 0,50 0,588 160 29

M =98,859 4 ¢/mol

5.15.1 Rarge of validity

The coefficignts are valid within the following nanges:

T i =172,52K,

5.15.2 Inte

T,

max

raction parameters [Fermulae (19) and (20)]

(12 =5,5b1; (12 =-0,000 4452

Coefficients

and exponents of the excess functions are listed in Table 45.

Table 45— Coefficients and exponents of the excess functions [Formula (21)]

=500 K; p . = 60 MPa; p,.. = 14,96 mol/1 (1 468 kg/m3)

R125/143a binary pair?
k Ny ty dy I
1 -0,013 073 7,4 1
2 0,018 259 0,35 1
3 0,000 0081299 10,0 11 2
4 0,007 849 6 5,3 2 3
a  j=1;j=2F,=11697.
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5.15.3 Reference state parameters

f3=0,630988 493, f, = 19,345 427

ISO 17584:2022(E)

R507A property values of liquid on the bubble line and vapour on the dew line are listed in Table 46.

Table 46 — 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 k] /kg k[ /kg kI/(kg-K) | k] /(kg-K) | k] /(kg-K)| m/s K/MPa
bubble 0,0100 -85,26 1432,7 92,21 92,21 0,5310 | 0,7633 | 1,2026 | 926, | -0,3545
dew -85,24 0,639 297,04 312,68 | 1,7044 | 0,5669 | 0,657 3~[\133,98 112,99
bubble 0,0150 -79,66 1416,1 98,94 98,95 0,5663 | 0,7720 | 1,2028 -| 8899 | -0,3494
dew -79,65 0,934 300,00 | 316,06 | 1,6884 | 0,5809 | 056930 | 1354} 96,12
bubble 0,0200 -75,44 1403,6 104,02 | 104,04 | 0,5923 | 0,7780 N1,2044 | 864,47 | -0,3442
dew -75,43 1,223 302,26 | 318,61 | 1,6776 | 0,5916)| 0,6851 | 136,58 85,83
bubble 0,0250 -72,01 13934 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 |137,3% 78,70
bubble 0,0300 -69,10 1384,7 111,67 111,69 | 0,630%| 0,7865 | 1,2091 | 8279 -0,3346
dew -69,09 1,786 305,67 | 322,47 | .1,6633 | 0,6077 | 0,7039 | 13799 73,37
bubble 0,0400 -64,29 13704 117,49 117,52¢4.0,6586 | 0,7926 | 1,2141 | 801,4 | -0,3258
dew -64,29 2,337 308,28 | 32539 | 1,6538 | 0,6201 | 0,7186 | 139,00 65,80
bubble 0,0500 -60,37 1358,6 122,25 | 12229 | 0,6812 | 0,7976 | 1,2191 | 781,31 | -0,3176
dew -60,37 2,880 310,41 327,77 1,6469 | 0,6304 | 0,7310 | 139,7% 60,55
bubble 0,0600 -57,04 1348,5 126,32 | 126,36 | 0,7001 | 0,8017 | 1,2238 | 764,14 | -0,3100
dew -57,04 3,416 312,23 329,79 1,6415 | 0,6392 | 0,7418 | 140,38 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 1.317,6 138,65 | 138,73 | 0,7559 | 0,8141 | 1,2408 | 714, | -0,2832
dew -47,01 5,517 317,72 | 335,85 | 1,6276 | 0,6662 | 0,7764 | 141,76 47,13
bubble 0,101 32 -46,74 1316,8 138,99 139,07 0,7574 | 0,8145 | 1,2413 | 712, -0,282 4
dew -46;74 5,586 317,87 | 336,01 | 1,6273 | 0,6670 | 0,777 4 | 141,79 46,91
bubble 0,1200 =43,16 1305,6 143,44 143,53 0,7769 | 0,8190 | 1,2483 | 695,7 -0,2712
dew -43,16 6,551 319,83 | 338,15 | 1,6231 | 0,6769 | 0,7905 | 142,1} 44,21
bubble 0,1400 -39,79 12949 147,65 147,76 | 0,7951 | 0,8232 | 1,2555 | 6789 | -0,2598
dew -39,79 7,578 321,68 | 340,15 | 1,6195 | 0,6863 | 0,803 3 | 142,4f 4191
bubble 0,160 0 -36,77 1285,2 151,44 | 151,57 | 0,8113 | 0,8271 | 1,2622 | 664, | -0,2488
dew -36.77 8.599 323,33 34193 16166 | 06948 | 08152 | 142.6¥ 40,03
bubble 0,180 0 -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 | 6129 | -0,203 4
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 09137 | 0,8532 | 1,3158 | 570,7 -0,156 5

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 document.
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Table 46 (continued)
Pressure Temp. Density | Internal |Enthalpy| Entropy C, G Sound J-T
energy speed | coefficient

MPa °C kg/m3 Kl/kg | KkI/kg |KkJ/(kg'K)|Kk]/(kg'K) | k]/(kg'K)| m/s K/MPa
dew -17,08 18,208 333,93 353,15 1,6019 | 0,7524 | 09028 | 142,60 30,85
bubble 0,400 0 -13,36 1206,1 181,56 | 181,89 | 09327 | 0,8584 | 1,3282 | 553,0 | -0,1337
dew -13,35 20,741 33590 | 355,18 | 1,5998 | 0,7637 | 09219 | 142,28 29,57
bubble 0,4500 -9,97 1193,8 186,05 | 186,43 | 09499 | 0,8633 | 1,3403 | 5369 | -0,1111
dew -9,95 23,284 337,67 | 35699 | 1,5980 | 0,7741 | 09401 | 141,89 28,49
bubble 0,p00 0 -6,85 1182,3 190,21 190,63 09657 | 0,8678 | 1,3520 | 522,0 | -0,0884
dew -6,83 25,841 339,28 | 358,63 | 1,5965 | 0,7836 | 09577 | 141,45 27,p9
bubble 0,500 -3,96 1171,5 194,10 194,57 | 09802 | 0,8720 | 1,3636 | 508,3 |, -0,0657
dew -394 28,413 340,75 | 360,11 | 1,5951 | 0,7924 | 09747 | 140,98 26,81
bubble 0,600 0 -1,26 1161,2 197,75 198,27 | 09937 | 0,8760 | 1,37517) 4953 | -0,0427
dew -1,24 31,003 342,11 361,47 1,5939 | 0,8007 | 09943 | 140,47 26,14
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 | 0,8086,1,1,0077 | 13993 25,p5
bubble 0,/000 3,67 1141,8 204,49 | 205,11 | 1,0183 | 0,8835 | 1,3979 | 471,7 0,004 0
dew 3,70 36,243 344,55 363,86 | 1,5918 | 08160 | 1,0240 | 139,37 25,03
bubble 0,y500 594 1132,7 207,63 | 208,29 | 1,029 6:\0,8870 | 1,4093 | 460,7 0,047 9
dew 597 38,897 345,64 | 36492 | 1,59087| 0,8230 | 1,0401 | 138,79 24,67
bubble 0,800 0 8,10 1123,8 210,63 | 211,34 | 10404 | 0,8903 | 1,4207 | 450,3 0,042 3
dew 8,13 41,575 346,67 | 36591.%31,5899 | 0,8298 | 1,0563 | 138,19 24,115
bubble 0,000 12,13 1106,8 216,29 217,10 1,0604 | 0,8968 | 1,4438 | 430,7 0,102 5
dew 12,16 47,010 348,54 | 367,68 | 1,5882 | 0,8427 | 1,0891 | 136,95 2345
bubble 1,000 15,84 1090,6 221,56 222,48 | 1,0788 | 09029 | 1,4674 | 412,5 0,151
dew 15,87 52,559 350,20" | 369,22 | 1,5865 | 0,8550 | 1,1227 | 135,67 22,B7
bubble 1,000 22,49 1060,0 231,21 | 232,34 | 1,1119 | 09143 | 1,5170 | 379,5 0,249 1
dew 22,53 64,044 353,00 371,74 1,5834 | 0,8781 | 1,1941 | 132,98 21,p8
bubble 1,4000 28,36 1031,0 23993 | 241,29 | 1,1412 | 09250 | 1,5713 | 3499 0,397 7
dew 28,40 76,121 355,25 373,64 | 1,5802 | 09001 | 1,2736 | 130,18 21,81
bubble 1,600 0 33,63 1003,0 24798 | 249,58 | 1,1678 | 09355 | 1,6321 | 322,7 0,544 9
dew 33,67 88,893 357,04 375,04 1,576 7 | 09216 | 1,3644 | 127,27 20,1
bubble 1,800 0 38,43 975,6 255,51 | 257,35 | 1,1923 | 09460 | 1,7020 | 2974 0,716 1
dew 38,46 102,48 358,42 | 37599 | 1,5731 | 09428 | 14707 | 124,28 20,41
bubble 2,p000 42,83 948,2 262,63 | 264,74 | 1,2152 | 09567 | 1,7846 | 273,5 09183
dew 42,87 117,05 359,45 | 376,53 | 1,5690 | 09640 | 1,5985 | 121,20 20,p8
bubble 2,2000 46,91 920,5 269,45 271,84 1,2368 | 09679 | 1,6854 | 250,8 1,161 5
dew 46,95 132,79 360,12 | 376,68 | 1,5644 | 09852 | 1,7569 | 118,04 19,81
bubble 2,4000 50,72 892,1 276,04 278,73 1,2576 | 09800 | 2,0128 | 2289 1,460 0
dew 50,75 149,99 360,43 | 376,43 | 1,5592 | 1,0069 | 19610 | 114,80 19,58
bubble 2,6000 54,28 862,6 282,49 | 285,50 | 1,2777 | 09934 | 2,1818 | 2075 1,836 0
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 | 1654 2,989 0

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 document.
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Table 46 (continued)
Pressure Temp. Density | Internal |Enthalpy| Entropy C, G Sound J-T
energy speed |coefficient
MPa °C kg/m3 KJ/kg KJ/kg | KI/(kg-K)|Kk]/(kg-K)|k]/(kg-K)| m/s K/MPa
dew 60,82 215,50 358,77 | 372,69 | 1,5377 | 1,0790 | 3,2592 | 104,54 | 18,77
bubble 3,2000 63,78 7579 301,91 306,13 | 1,3375 | 1,0504 | 3,4581 | 1441 39440
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 31390 | 1,3596 | 1,0828 | 50548 | 122,2 5,443 2
dew 66,63 285,53 353,82 365,73 | 1,5122 | 1,1439 | 70760 | 97,03 17,52
bubbfe | 3,6000 68,45 6579 315,53 | 320,89 | 1,3796 | 1,1237 | 10,2657 | 103, | 74847
dew 68,55 679,05 313,87 319,13 1,3743 | 1,1024 | 6,5048 |112,8D 6,40
critidal | 3,705 0 70,62 490,8 332,90 | 340,45 | 1,4358 b b b 12,3835
a  Hubble point and dew point at one standard atmosphere.
b The values of C,, Cp, and w at the critical pointare not included as part of this document.
5.14 R290 — Propane
5.16}1 Range of validity
The ¢oefficients are valid within the following ranges:
Tin = 85,525 K, T, = 650 K; ppax = 1 000 MPa; p, . 20,6 mol/1 (908,4 kg/m3)
5.16{2 Coefficients and exponents of the ideal-gas part (Formulae 3 to 5)
Coefficients and exponents of the ideal-gas part are listed in Table 47 and Table 48. Coefficients and
expopnents of the real-gas part are listed in_ Tdble 49 and Table 50.
Table 47 —-Coefficients and exponents for k=0
k Ck
0 4,000 0
Table 48 — Coefficients and exponents for k=1 up to 3
k ay by
1 3,043 393,0
2 5,874 12370
3 9,337 1984,0
4 7922 43510
5.16.3 Coefficients and exponents of the real-gas part (Formula 2)
Table 49 — Coefficients and exponents for k=1 up to 11
1 0,042 910 051 1,00 4 0 0
2 1,731 367 1 0,33 1 0 0
3 -2,451 652 4 0,80 1 0 0
4 0,341 574 66 0,43 2 0 0
5 -0,460 478 98 0,90 2 0 0
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Table 49 (continued)

k Ny ty dy I @

6 -0,668 472 95 2,46 1 1 0

7 0,208 897 05 2,09 3 1 0

8 0,194 213 81 0,88 6 1 0

9 -0,229 178 51 1,09 6 1 0

10 -0,604 058 66 3,25 2 2 0

11 0,066 680 654 4,62 3 2 0

Table 50 — Coefficients and exponents for k= 12 up to 18

k Nk L de | Kk a My By Vi &
12 ,017 534 618 0,76 1 2 2 0,963 2,33 0,684 1,283
13 0,338 742 42 2,5 1 2 2 1977 3,47 0,829 0,693 6
14 0,222 287 77 2,75 1 2 2 1917 3,15 1,419 0,788
15 0,232 190 62 3,05 2 2 2 2,307 3,19 0,817 0,47B
16 0,092 206 94 2,55 2 2 2 2,546 0,92 1,500 0,857
17 0,475 757 18 8,40 4 2 2 3,28 18,8 1,426 0,271
18 -p,017 486 824 6,75 1 2 2 14,6 5478 1,093 0,948

5.16.4 Reducing parameters, molar mass, and gas constang

T" =369

5.16.5 Refq

prence state parameters

89 K, p* = 5,000 00 mol/l, M = 44,095 62 g/mal, R = 8,314 459 8 J/(mol-K)

T..s=27B15K, p.os= 1,0 kPa, h,..;= 26 148;457 ]/mol, s,..s = 157,910 3 J/(mol-K)
R290 (propqne) Property values along-the'liquid-vapour saturation boundary are listed in Table 5.
Table 51 — R290 (propane) Property values along the liquid-vapour saturation boundarny
Terpp. Pressure Density | Internal |Enthalpy| Entropy C, G Sound J-r
energy speed |coefficient
°C MRa kg/m3 k]/kg kJ/kg |kJ/(kgK)|Kk]/(kg'K)|Kk]/(kg'K)| m/s K/MPa
liquid | -1870622 | 1,720 %1010 7331 -196,64 | -196,64 | -1,3959 | 1,3553 | 19158 |2136,4| -0,6252
vapour 1,067 x 108 | 350,13 366,26 | 51858 | 0,6907 | 0,8792 | 143,28 49193
liquid 185 4,853 x 10-10 730,4 -191,61 | -191,61 -1,338 1,3518 | 19179 |2118,6| -0,624 2
vapour 2,920~=10-%1T—35196 368,58 5,617 6,70t ;889614523 #453,64
liquid -180 2,939 x 109 725,2 -182,01 | -182,01 -1,232 1,3465 | 19227 |2084,6| -0,6219
vapour 1,673 x 107 | 355,51 373,08 4,727 0,7208 | 09093 | 148,86 391,26
liquid -175 1,460 x 108 720 -172,38 | -172,38 | -1,1314 | 1,3426 | 19282 |2050,4| -0,6193
vapour 7,887 x 107 | 359,16 37767 | 44729 | 0,7404 | 09289 |152,38 340,14
liquid -170 6,126 x 108 7149 -162,73 | -162,73 | -1,0354 | 1,3397 | 19342 |(2016,2| -0,6165
vapour 3,149 x 106 | 362,91 382,36 | 4,2491 | 0,7596 | 09481 | 155,81 297,85
liquid -165 2,225 x 107 709,8 -153,04 | -153,04 | -09437 | 1,3376 | 19406 | 1982 -0,6133
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 document.
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Table 51 (continued)
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Temp. Pressure Density | Internal |Enthalpy| Entropy C, G Sound J-T
energy speed |coefficient

°C MPa kg/m* | K/kg | K/kg |k]/(kg'K)|K]/(kg:K) |K]/(kg:K)| m/s | K/MPa
vapour 1,09 x 105 | 366,76 | 387,15 | 4,0512 | 0,7784 | 09669 | 159,16 | 262,59
liquid -160 7,137 x 107 704,7 -143,32 | -143,32 | -0,8558 | 1,3361 | 19473 | 19479 | -0,6099
vapour 3,35 x 1075 370,7 392,03 | 3,8755 | 0,7967 | 09852 | 162,43 | 23295
liquid -155 2,054 x 106 699,7 -133,57 | -133,57 | -0,7715 | 1,3351 | 19543 |1913,9| -0,6063
vapour 9,22x105 | 374,73 397 37192 | 0,8145 | 1,0031 | 165,63 | 20784
liquid -150 5,380 x 10-© 694,6 -123,78 | -123,78 | -0,6903 | 1,3345 | 19616 | 188( | -0,6024
vapofir 2,317 x 104 | 378,84 | 402,06 | 3,5796 | 0,8319 | 1,0205 | 1687} | 186,44
liquid -145 1,297 x 105 689,6 -113,95 | -11395 | -0,6121 | 1,3343 | 19691 |1846| -0,5982
vapolir 5,366 x 10"* | 383,04 | 407,21 | 3,4546 | 08489 | 1,03724 | 171,84 168,1
liquid -140 2,904 x 105 684,5 -104,09 | -104,09 | -0,5366 | 1,334 4 1,977 [1812| -0,5938
vapolir 1,157 x 103 | 3387,33 | 412,43 | 3,3426 | 0,8655, | 1,0541 | 174,85 | 152,32
liquid -135 6,095 x 105 679,5 -94,18 -94,18 | -0,4636 | 1,3349 | 19852 | 1779 | -0,5891
vapolir 2,340 x 103 | 391,69 417,74 | 3,2419 |.0,8818 | 1,0704 | 177,81 | 138,68
liquid -130 0,000 121 674,4 -84,23 -84,23 | -0,3929/| 1,3357 | 19937 |1745p| -0,584
vapolir 0,004 47 396,14 | 423,12 | 34544 | 0,8979 | 1,0866 | 180,7 126,85
liquid -125 0,000 227 669,3 -74,24 -74,24 |0,3243 | 1,337 2,0026 | 1712 | -0,5786
vapolir 0,008 13 400,66 | 428,58 473,0698 | 09138 | 1,1026 | 183,58 | 116,55
liquid -120 0,000 408 664,3 -64,21 -6421 | -0,2576 | 1,3386 | 2,0119 |1678p| -0,5728
vapofir 0,014 13 405,25 |. 434,11 | 29962 | 09297 | 1,118 6 | 186,3] 107,51
liquid -115 0,000 702 659,2 -54,12 -54,12 | -0,1928 | 1,3407 | 2,0217 |1645p| -0,5666
vapofir 0,023 57 40992 | 439,71 | 29297 | 09455 | 1,1347 | 189,0p 99,51
liquid -110 0,001 16 654 43,99 -4399 | -0,1298 | 1,3433 | 2,0318 [1611B -0,56
vapolir 0,037 9 414,65 | 445,37 | 2,8697 | 09614 1,151 | 191,6f 92,38
liquid -105 0,001 87 6489 -33,8 -33,8 | -0,0683 | 1,3464 | 2,0426 [15784| -0,553
vapolir 0,059 419,45 451,1 2,8155 | 09775 | 1,1675 | 194,24 85,93
liquid -100 0,002 9 643,7 -23,56 -23,56 | -0,0083 | 1,3502 | 2,0538 [1544p| -0,5456
vapolir 0,089 424,32 | 456,88 | 2,7664 | 09937 | 1,1845 | 196,7p 80,06
liquid -95 0,004:38 638,5 -13,27 -13,26 | 0,0504 | 1,3546 | 2,0657 |1511,p| -0,5377
vapolir 0,1309 429,24 | 462,71 | 2,7221 | 1,0103 | 1,2019 | 199,18 74,67
liquid -90 0,006 45 633,3 -291 -29 0,1077 | 1,3598 | 2,0783 | 1474 | -0,5292
vapolir 0,187 6 434,22 | 468,58 2,682 1,027 2 1,22 201,58 69,69
liquid =85 0,009 27 628,1 7,52 7,53 0,1639 | 1,3657 | 2,0917 |1444)| -0,5202
vapolir 0,263 439,25 | 474,49 | 2,6457 | 1,0446 | 1,2387 | 203,78 65,08
liqui -80 0,013 622,68 18,01 18,03 0,2189 | 1,37235 | 2,1059 [1411, -0,510 6
vapour 0,361 444,32 | 480,44 2,613 1,0625 | 1,2583 | 205,94 60,81
liquid -75 0,018 6174 28,57 28,6 0,2729 | 1,3797 | 2,1209 (13778 -0,5003
vapour 0,487 449,45 | 486,41 | 2,5833 1,081 1,2789 | 207,99 56,85
liquid -70 0,024 4 612 39,21 39,25 0,3259 | 1,3878 | 2,1369 |1344,6| -0,4893
vapour 0,646 454,61 | 492,41 | 2,5566 | 1,1001 | 1,3003 | 209,94 53,19
liquid -65 0,0325 606,6 49,93 49,99 0,3781 | 1,3967 2,154 |1311,4| -0,4776
vapour 0,843 459,82 | 49842 | 2,5324 | 1,1197 | 1,3229 | 211,76 49,82

a  Triple point

b Normal boiling point

*  Thevaluesof C, Cpr and w at the critical point are not included as part of this document.
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Table 51 (continued)
Temp. Pressure Density | Internal |Enthalpy| Entropy C, G Sound J-T
energy speed |coefficient
°C MPa kg/m* | K/kg | K/kg |k]/(kg'K)|K)/(kg:K) |K]/(kg:K)| m/s | K/MPa
liquid -60 0,042 7 601,1 60,74 60,81 0,4294 | 1,4063 2,172 |1278,4| -0,4651
vapour 1,084 465,05 | 504,44 | 2,5107 1,14 1,346 5 | 213,46 46,72
liquid -55 0,055 2 595,5 71,64 71,73 0,4799 | 1,4166 | 2,1912 |[12454| -0,4518
vapour 1,376 470,32 510,46 2,491 1,1608 | 1,3712 | 215,03 43,88
liquid -50 0,070 6 5899 82,63 82,75 0,5298 | 1,4276 | 2,2115 |1212,5| -0,4374
vapour 1,727 475,61 516,48 2,4734 | 1,1823 | 1,3971 | 216,45 41,27
liquid -45 0,089 1 584,2 93,73 93,88 0,5789 | 1,4393 2,233 |1179,7 |-.l-0,4221
vapour 2,143 480,93 522,49 2,4575 | 1,2043 | 1,4242 | 217,73 38,9
liquid -42f11b 0,101 3 5809 100,18 | 100,36 0,607 1,446 3 2,246 |1d60,8| -0,4128
vapour 2,416 484,01 | 52595 | 2,4491 | 1,2173 | 1,44047) 2184 37,p3
liquid -40 01111 578,4 104,93 105,12 0,6275 | 1,4515 | 2,2558 | 1147 -0,4057
vapour 2,633 486,27 | 528,48 | 2,4433 | 1,2269 | 14526 | 218,85 36,74
liquid -35 0,137 2 572,6 116,25 116,49 0,6755 | 1,4644 12,2799 |1114,4 -0,388
vapour 3,204 491,62 | 534,45 | 2,4306 1,25 1,4822 | 219,81 347
liquid -30 0,167 8 566,6 127,68 12797 0,7231 | 4779 | 2,3054 |1081,7| -0,3¢91
vapour 3,867 496,98 | 540,38 | 2,4192:N1,2736 | 1,5133 | 220,6 32,p8
liquid -25 0,203 4 560,6 139,24 139,6 0,770'1 1,492 2,3323 [10491| -0,3486
vapour 4,63 502,35 546,28 2,409 1,297 8 1,546 | 221,21 31,B5
liquid -20 0,244 5 554,5 15092 | 151,36.440,8168 | 1,5068 | 2,3608 |1016,5| -0,3265
vapour 5,505 507,71 552487| 2,3999 | 1,3225 | 1,5803 | 221,64 29,88
liquid -15 0,291 6 548,2 162,74 | \163,28 0,863 1,5221 2,391 983,8 | -0,3026
vapour 6,501 513,07 55793 2,3918 | 1,3478 | 1,6165 | 221,87 28,p4
liquid -0 0,3453 541,8 174,71 175,35 0,909 1,5381 2,423 951,1 | -0,2767
vapour 7,632 518,41 | 563,65 | 2,3846 | 1,3737 | 1,6548 | 221,89 27,83
liquid - 0,406 535,3 186,83 187,59 09546 | 1,554 6 2,457 918,3 -0,248 4
vapour 891 523,73 569,3 2,3781 | 1,4002 | 1,6954 | 221,7 26,3
liquid ( 0,474 5 528,6 199,1 200 1 1,5718 | 2,4932 | 885,5 -0,217 4
vapour 10,351 529,03 | 574,87 | 2,3724 | 1,4274 | 1,7387 | 221,3 25,p4
liquid 3 0,5511 521,8 211,54 212,6 1,0452 | 1,5896 | 2,5318 | 852,5 -0,183 3
vapour 11,969 534,28 | 580,33 | 2,3672 | 14553 | 1,7852 | 220,65 24,85
liquid 1p 0,636 6 514,7 224,16 2254 1,0902 | 1,6081 | 2,5733 | 8194 | -0,1457
vapour 13,783 539,48 585,67 | 2,3626 | 1,4841 | 1,8353 | 219,77 23,p5
liquid 1p 0,7315 507,5 236,96 238,4 1,1351 | 1,6271 | 2,6179 | 786,2 | -0,1039
vapour 15,815 544,63 590,89 2,358 3 1,5137 1,8697 | 215,63 22,83
liquid 20 0,8365 500,1 24996 | 251,64 | 1,1799 | 1,6468 | 2,6662 | 7529 -0,057
vapour 18,082 549,69 59595 | 2,3544 | 1,5442 | 19492 | 217,22 22,19
liquid 25 09521 492,4 263,17 265,11 1,2247 | 1,6671 | 2,7189 | 719,3 -0,004 3
vapour 20,618 554,66 | 600,84 | 2,3507 | 1,5759 | 2,0147 | 215,53 21,61
liquid 30 1,079 484,4 276,61 278,83 1,2695 | 1,6881 | 2,776 7 | 685,5 0,055 6
vapour 23,451 559,53 | 605,54 | 2,3471 | 1,6086 | 2,087 7 | 213,53 21,1
liquid 35 1,217 9 476,1 290,28 292,84 1,3143 | 1,7097 | 2,8408 | 651,4 0,124 4

a  Triple point

b Normal boiling point

*  Thevalues of C,, Cp and w at the critical point are not included as part of this document.
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Table 51 (continued)

ISO 17584:2022(E)

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

°C MPa kg/m® | K/kg | K/kg |KJ/(kgK)|K/(kgK) |KI/(kgK)| m/s | K/MPa
vapour 26,618 564,25 610,01 | 2,3436 | 1,6426 | 2,1697 | 211,22 20,66
liquid 40 1,369 4 467,5 304,22 307,15 1,3594 | 1,7322 | 29127 617 0,204 1
vapour 30,165 568,82 614,21 2,3399 | 1,6779 | 2,263 2 | 208,57 20,27
liquid 45 1,534 3 458,4 318,44 321,79 1,4046 | 1,7555 | 29946 | 582,1 0,297 7
vapour 34,146 573,18 618,12 2,336 1,7148 | 2,3713 | 205,56 19,94
liquid 50 1,713 3 4489 332,98 336,8 1,4502 | 1,7798 | 3,0893 | 546,94 0,409 1
vapopr 38,63 577,31 621,66 | 2,3317 | 1,7534 | 2,4987 |-202,1Y 19,66
liquid 55 1,907 2 438,8 347,88 352,23 14962 | 1,8053 | 3,2013" {,5109 0,544 1
vapopr 43,706 581,14 624,77 | 2,3268 | 1,7938 | 2,65109 | 198,35 19,44
liquid 60 2,116 7 428 363,19 368,14 | 1,5429 | 1,8323 |73,3375 | 474,2 0,7109
vapopr 49,493 584,59 627,36 2,321 1,8359, | 2,8414 | 194,0f 19,27
liquid 65 2,3429 416,3 378,98 384,6 1,590 3 1,861 3,5089 | 436,6 0,922 3
vapopir 56,152 587,56 629,29 | 2,3139 |,.18804 | 3,0863 | 189,3p 19,16
liquid 70 2,586 8 403,6 395,34 401,75 1,6389,| 1,8923 | 3,7349 | 3979 1,199 1
vapopr 63,916 5899 630,37 | 23052 | 19296 | 3,4214 | 184,0p 19,1
liquig 75 2,849 3 389,5 412,45 419,76 156891 | 19272 | 4,0529 | 3575 1,577
vapojr 73,14 591,37 630,33 °472,2939 | 19871 3914 178,18 19,04
liquig 80 3,1319 373,3 430,54 438,93 1,7417 | 19688 | 4,5445 | 3149 2,1231
vapojr 84,406 591,62 628,73 | 2,2791 | 2,0571 | 4,7067 | 171,59 18,95
liquid 85 3,436 1 354 450,1 459,81 1,798 2,0231 | 54328 | 2691 2,98
vapopr 98,818 589,98 624,75 | 2,2585 | 2,1442 | 6,1824 | 164,14 18,73
liquid 90 3,764 1 328,8 472,26 483,71 1,861 6 2,107 7,623 3 | 218,3 4,519 8
vapopr 118,995 584,84 616,47 | 2,2272 | 2,2603 | 9,887 6 | 155,58 18,17
liquid 95 4,119 5 286,5 501,95 516,33 19476 | 2,3024 | 23,594 | 1581 8,238 5
vapopr 156,308 569,45 595,81 | 2,1635 | 2,467 5 | 36,0657 | 144,07 16,38
critidal | 96,74 4,2512 220,5 535,95 555,23 | 2,0516 * * * 12,8995
a2 Triple point
b Normal boiling point
*  The values of C, Cp. and w at the critical point are not included as part of this document.
5.17 R600a&-)lsobutane
5.17{1~ Range of validity

Tnin = 113,73 K, T,,04 = 575 K; pryay = 35 MPa; p,, o, = 12,9 mol/1 (749,8 kg/m3)

5.17.2 Coefficients and exponents of the ideal-gas part (Formulae 3 to 5)

Coefficients and exponents of the ideal-gas part are listed in Table 52 and Table 53. Coefficients and
exponents of the real-gas part are listed in Table 54 and Table 55.

© IS0 2022 - All rights reserved

Table 52 — Coefficients and exponents for k=0

Ck

4,059 566 19
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Table 53 — Coefficients and exponents for k=1 up to 4

k ay by

1 4946 410 14 387,940 64
2 4,094 75197 973,807 82
3 15,663 282 4 1772,711 03
4 9,739 181 22 4 228,524 24

5.17.3 Coefficients and exponents of the real-gas part (Formula 2)

Table 54 — Coefficients and exponents for k= 1 up to 23

k Ny ty dy I @,

1 2,068 682 073 0,5 1 0 0

2 -3,640 009 862 1 1 0 0

3 0,519 687 544 1,5 1 0 0

4 0,177 458 459 0 2 0 0

5 -0,123 618 079 0,5 3 0 0

6 0,045 145 314 0,5 4 0 0

7 0,030 476 48 0,75 4 0 0

8 0,755 083 877 2 1 1 0

9 -0,858 853 81 2,5 1 1 0

10 0,036 324 01 2,5 2 1 0

11 -0,019 548 799 1,5 7 1 0

12 -0,004 445 239 1 8 1 0

13 0,004 641 076 1,5 8 1 0

14 -0,071 444 098 4 1 2 0

15 -0,080 765 06 7 2 2 0

16 0,155 604 609 3 3 2 0

17 0,002 031 875 7 3 2 0

18 -0,106 248836 3 4 2 0

19 0,039807 691 1 5 2 0

20 0,016371 431 6 5 2 0

21 0,000 532 122 0 10 2 0

22 -0,007 868 156 6 2 3 0

23 -0,003 098 119 13 6 3 0

Table 55— Coefficientsandexpoments fork=24upto 25

k Ny t dy I ay my By Yk i
24 -0,042 276 037 2 1 2 2 -10 -150 1,16 0,85
25 -0,005 300 104 0 2 2 2 -10 -200 1,13 1

5.17.4 Reducing parameters, molar mass, and gas constant

T*=407,81K, p* = 3,879 756 788 mol/1, M = 58,122 2 g/mol, R = 8,314 459 8 ] /(mol-K)

62 © IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=802448882fa749bad7f634055a4e61d8

5.17.5 Reference state parameters

T

r

o= 273,15K, p.o¢= 1,0 kPa, h ¢ =

ref —

32 638,234 ]/mol, s

ref =

ISO 17584:2022(E)

176,637 3 J/(mol-K)

R600a (isobutane) Property values along the liquid-vapour saturation boundary are listed in Table 56.

Table 56 — R600a (isobutane) 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 k]/kg k]/kg |k]/(kg-K) K] /(ko-K) | K]/(kg-K)| m/s K/MPa
liquid -159,422 | 2,289 x 108 740,3 -112,38 | -112,38 | -0,6798 | 1,1741 | 1,6888 [19998| -0,6838
vapopr 1,407 x 10°6 | 352,05 368,32 | 3,5468 | 0,7366 | 0,879 6,+\189,3p 577,37
liquid -155 6,886 x 10-8 736,2 -104,88 | -104,88 | -0,6152 | 1,1832 | 1,702%+[1961,R| -0,6769
vapopr 4,074 x 10-6 | 355,35 372,25 | 3,4232 | 0,7571 | 059001 | 141,7¢ 498,97
liquig -150 2,156 x 107 731,4 -96,33 -96,33 | -0,5443 | 1,1939 N1,7187 |1918p -0,669
vapopr 1,224 x 105 | 359,19 376,81 | 3,2977 | 0,7298)| 09229 | 144,3p 426,39
liquid -145 6,122 x 107 726,7 -87,69 -87,69 | -04756 | 4,2047 | 1,7349 |1878JL| -0,6611
vapopr 3,339 x 105 | 363,15 381,48 | 3,1856 0,802 09451 | 146,98 367,2
liquid -140 1,594 x 106 722,0 -78,98 -7898 | -0,4089| 1,2155 1,751 |1838B| -0,6531
vapopr 8,369 x 105 | 367,21 386,26 | 3,0852 | 0,8238 | 09669 | 149,51 318,49
liquid -135 3,845 x 106 717,3 -70,18 -70,18 -0,344 1,226 2 1,767 |1800)6| -0,6452
vapopr 1,945 x 10"* | 371,39 391,15 | 29953 | 0,8451 | 09882 | 152,01 278,06
liquid -130 8,660 x 106 712,5 -61,31 <6131 | -0,2809 | 1,2368 1,783 |1763p| -0,6373
vapopr 4,229 x 10* | 375,66 396,14 29147 | 0,8661 | 1,0092 | 154,4p 244,24
liquid -125 1,835 x 105 707,8 -52,35 -52,35 | -0,2194 | 1,2473 | 1,7988 |1727p| -0,6293
vapojr 8,658 x 10* |, 380,04 | 401,24 | 2,8423 | 0,8868 | 1,0299 | 156,88 215,75
liquig -120 3,679 x 105 703,0 -43,32 -43,32 | -0,1595 | 1,2578 | 1,8147 |1692B| -0,6214
vapopr 1,680 x 10- | 384,53 406,43 | 2,7772 | 09072 | 1,0503 | 159,25 191,58
liquig -115 7,023 x 105 698,3 -34,21 -34,21 | -0,1009 | 1,2683 | 1,8304 |1657B| -0,6133
vapojr 3,105 x 103 | 389,11 411,73 2,7188 | 09274 | 1,0705 | 161,58 170,94
liquid -110 0,000 128 693,5 -25,02 -25,02 | -0,0437 | 1,2788 | 1,8463 | 1624 -0,605 2
vapopr 0,005 49 393,79 417,12 2,6663 | 09474 | 1,0906 | 163,8f 153,22
liquig -105 0,000225 688,7 -15,75 -15,75 0,0123 | 1,2895 | 1,8621 |1590,B -0,597
vapopr 0,009 34 398,56 422,61 2,6192 | 09673 | 1,1107 | 166,12 13792
liquid -100 0,000 379 683,9 -6,4 -6,39 0,0671 | 1,3003 | 1,8781 |1558j1| -0,5886
vapopr 0,015 33 403,44 428,19 2,577 09872 | 1,1307 | 168,38 124,65
liquid “95 0,000 62 679,1 3,04 3,04 0,1208 | 1,3113 | 1,8943 |[1525B| -0,5801
vapolr 0,024 34 408.4 43386 | 25391 | 1,0071 | 1,1508 [ 170 113,08
liquid -90 0,000 982 674,2 12,55 12,55 01734 | 1,3226 | 19106 | 1494 -0,5713
vapour 0,037 53 413,45 439,62 | 2,5052 1,027 1,171 172,62 102,95
liquid -85 0,001 51 669,4 22,14 22,14 0,2251 | 1,3341 | 19272 |1462,5| -0,5624
vapour 0,056 3 418,6 445,46 2,475 1,0471 | 1,1914 | 174,69 94,04
liquid -80 0,002 27 664,5 31,82 31,82 0,2759 | 1,3459 | 19441 |1431,3| -0,5532
vapour 0,082 4 423,83 451,39 | 2,4481 | 1,0673 | 1,2121 | 176,71 86,19
liquid -75 0,003 33 659,5 41,58 41,59 0,325 8 1,358 19613 |1400,5| -0,5437
vapour 0,117 8 429,14 4574 2,4242 | 1,087 6 1,233 178,67 79,24
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 document.
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Table 56 (continued)
Temp. Pressure Density | Internal |Enthalpy| Entropy C, G Sound J-T
energy speed |coefficient

°C MPa kg/m* | K/kg | K/kg |k]/(kg'K)|K)/(kg:K) |K]/(kg:K)| m/s | K/MPa
liquid -70 0,004 78 654,6 51,43 51,44 0,3749 | 1,3705 | 19789 |13699| -0,5339
vapour 0,165 434,54 | 463,48 | 2,4031 | 1,1082 | 1,2543 | 180,57 73,07
liquid -65 0,006 71 649,6 61,37 61,38 04232 | 1,3834 | 19969 [1339,5| -0,5238
vapour 0,226 8 440,02 469,63 | 2,3845 | 1,1291 | 1,2761 | 182,41 67,57
liquid -60 0,009 27 644,6 71,4 71,41 04708 | 1,3967 | 2,0153 |1309,4| -0,5134
vapour 0,306 2 445,58 475,85 | 2,3683 | 1,1502 | 1,2983 | 184,18 62,p6
liquid -55 0,012 6 639,5 81,52 81,54 0,5177 | 1,4103 | 2,0342 |[1279,6 -0,5(|)2 5
vapour 0,407 451,22 482,14 | 2,3541 | 1,1717 | 1,3211 | 185,88 58,6
liquid -50 0,016 8 634,4 91,74 91,76 0,564 1,4243 | 2,0536 |12499| -0,4912
vapour 0,532 456,92 | 488,49 | 2,3419 | 1,1935 | 1,344 47) 18749 54,81
liquid -45 0,0221 629,3 102,05 | 102,09 | 0,6098 | 1,4388 | 2,07/35 '|1220,4| -0,4795
vapour 0,687 462,7 494,89 | 2,3315 | 1,2156 | 13683 | 189,01 50,76
liquid -40 0,028 7 624,1 112,47 112,51 | 0,6549 | 1,4537 2,094 (11911 -0,4¢72
vapour 0,875 468,55 | 501,35 | 2,3227 | 1,2382 | 1,3929 | 190,45 47,65
liquid -35 0,036 8 6189 122,98 123,04 | 0,6995 1469 2,1152 | 11619 | -0,4%4 4
vapour 1,102 474,46 507,85 2,3154:\1,2611 | 1,4183 | 191,79 4466
liquid -30 0,046 6 613,6 133,61 | 133,68 | 0,74377| 1,4847 | 2,1369 11329 | -0,441
vapour 1,373 480,44 514,4 23095 | 1,2844 | 1,4443 | 193,02 42,04
liquid -25 0,058 4 608,3 144,34 | 144,43 .430,7874 | 1,5008 | 2,1593 | 1104 -0,427
vapour 1,693 486,48 520,997| 2,3048 | 1,3081 | 1,4712 | 194,14 39,p7
liquid -20 0,072 5 602,9 155,18 155,3 08306 | 1,5173 | 2,1824 |10753| -04122
vapour 2,069 492,57 527,61 2,3013 | 1,3323 | 1,4989 | 195,14 37,p1
liquid -1f5 0,0891 5974 166,14* | 166,29 | 0,8735 | 1,5342 | 2,2063 |1046,7| -0,3966
vapour 2,506 498,72 | 534,26 | 2,2989 | 1,3568 | 1,5275 | 196,03 35,65
liquid -11,f75b 0,101 3 593,8 173,32 173,5 09012 | 1,5454 | 2,2222 |1028,1| -0,3861
vapour 2,827 502,75 | 538,59 | 2,2979 1,373 1,546 6 | 196,53 34,87
liquid -10 0,108 4 5919 177,21 1774 0,916 1,5515 | 2,2309 |1018,2| -0,3802
vapour 3,012 50492 | 54093 | 2,2975 | 1,3818 1,557 | 196,78 336
liquid -5 0,1310 586,3 188,41 188,63 09582 | 1,5692 | 2,2564 | 989,8 -0,362 8
vapour 3,593 511,17 547,63 | 2,2969 | 1,4072 | 1,5875 | 1974 32,13
liquid ( 0,157 0 580,6 199,73 200 1 1,5873 | 2,2827 | 961,5 | -0,3444
vapour 4,257 517,47 554,34 | 2,2972 | 1,4329 1,619 197,87 30,p5
liquid g 0,186 7 574,8 211,18 211,5 1,0415 | 1,6057 2,31 933,2 | -0,3247
vapour 5,012 523,8 561,06 2,298 2 1,4591 1,6517 198,2 29,29
liquid 10 0,220 6 5689 222,76 | 223,15 | 1,0828 | 1,6245 | 2,3382 905 -0,3037
vapour 5,867 530,17 567,78 2,3 1,4857 | 1,6856 | 198,38 28,06
liquid 15 0,259 0 562,9 234,48 | 23494 | 1,1239 | 1,6436 | 2,3676 | 8769 | -0,2812
vapour 6,831 536,58 574,5 2,3023 | 1,5126 | 1,7208 | 198,39 26,93
liquid 20 0,302 2 556,9 246,34 246,88 | 1,1647 | 1,663 1 | 2,3982 | 848,8 -0,257
vapour 7913 543,02 | 581,21 | 2,3051 1,54 1,757 3 | 198,24 259
liquid 25 0,3507 550,7 258,34 25898 | 1,2053 | 1,6829 2,43 820,7 -0,2308

a  Triple point

b Normal boiling point

*  Thevalues of C,, Cp and w at the critical point are not included as part of this document.
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Table 56 (continued)
Temp. Pressure Density | Internal |Enthalpy| Entropy C, G Sound J-T
energy speed |coefficient

°C MPa kg/m* | K/kg | K/kg |k]/(kg'K)|K]/(kg:K) |K]/(kg:K)| m/s | K/MPa
vapour 9,126 549,47 5879 2,3085 | 1,5677 | 1,7954 | 1979 24,97
liquid 30 0,404 7 544,3 270,5 271,24 | 1,2458 1,703 2,4633 | 792,5 | -0,2024
vapour 10,48 555,95 594,57 | 2,3123 | 1,5958 | 1,8353 | 197,39 24,11
liquid 35 0,464 8 537,8 282,81 | 283,67 | 1,2861 | 1,7234 | 2,4982 | 7644 | -0,1715
vapour 11,988 562,44 | 601,21 | 2,3165 | 1,6243 | 1,8771 | 196,68 23,34
liquid 40 0,5312 531,2 295,28 | 296,28 | 1,3263 | 1,7442 | 2,5349 | 736,2 -0,137 5
vapofir 13,666 568,93 607,8 2,3211 | 1,6533 1,921 |[1957} 22,64
liquid 45 0,604 4 524,4 307,92 309,07 | 1,3664 | 1,7653 | 2,573 7 |,7079 -0,1001
vapoyr 15,529 575,42 614,34 | 2,3259 | 1,6826 | 19675 | 194,64 22,01
liquid 50 0,684 9 5174 320,74 | 322,06 | 1,4064 | 1,7868 |72,6148 | 6794 -0,0585
vapoyr 17,595 581,9 620,82 | 2,3309 | 1,7123, | 2,016 7 | 193,29 21,45
liquid 55 0,773 0 510,2 333,74 | 33525 | 1,4464 | 1,8085 | 2,6587 | 651, -0,0121
vapolir 19,886 588,35 | 627,22 | 2,3361 |, 41,7423 | 2,0692 | 191,7 20,95
liquid 60 0,869 2 502,7 346,93 | 348,66 | 1,48649/| 1,8307 | 2,7058 | 6224 0,040 2
vapolir 22,426 594,77 | 633,53 | 23414 | 1,7724 | 2,1253 | 189,8p 20,51
liquig 65 09739 495 360,32 | 362,29 |ab5263 | 1,8533 | 2,7567 | 593,5 0,099 5
vapolir 25,242 601,14 | 639,72 42,3467 | 1,8024 | 2,1858 | 187,7% 20,15
liquig 70 1,087 5 487 373,94 376,27 | 1,5664 | 1,8763 | 2,8123 | 5644 0,167 5
vapofir 28,369 607,43 645,77 2,352 1,8326 | 2,2519 | 185,3p 19,86
liquid 75 1,210 7 478,6 387,78 390,31 | 1,6065 | 1,8998 | 2,8736 | 5349 0,246 3
vapofir 31,846 613,63 651,64 | 2,357 2 1,863 2,3255 | 182,6f 19,64
liquid 80 1,343 8 469,9 401,87 | 404,73 | 1,6469 | 19238 | 29421 | 505,1 0,338 6
vapoyr 35,721 619,69 657,31 | 2,3621 | 1,8942 | 2,4094 | 179,6p 19,49
liquig 85 1,487 4 460,7 416,24 | 419,46 | 1,6874 | 19485 | 3,0199 | 4749 0,448 3
vapoyr 40,057 625,6 662,73 | 2,3667 | 19268 | 2,507 4 | 176,29 19,42
liquid 90 1,642 0 451,1 4309 434,54 | 1,7283 1,974 3,11 444,7 0,581
vapolir 44927 631,31 667,86 | 2,3708 | 19615 | 2,6248 | 172,5p 19,42
liquid 95 1,808.1 440,7 4459 450 1,7696 | 2,0005 | 3,2168 | 412,98 0,744 5
vapolir 50,43 636,76 | 672,62 | 2,3743 | 19989 | 2,7689 | 168,4P 19,49
liquig 100 1,986 5 429,6 461,28 4659 1,8114 | 2,0282 | 3,3473 | 380,7 0951
vapolir 56,697 6419 676,94 | 2,3769 | 2,0394 2,951 | 163,88 19,62
liquig 105 2,177 8 417,6 47711 | 482,33 | 1,8539 | 2,0577 | 3,5135 | 3474 1,219 6
vapolir 63,91 646,62 680,7 2,3785 | 2,0835 | 3,1893 | 158,7¢ 19,82
liqui 110 2,382 6 404,3 493,5 499,59 1,6974 | 2,0897 | 3,7365 | 313,3 1,5821
vapour 72,331 650,8 683,74 | 2,3785 | 2,1318 | 3,5173 | 153,11 20,1
liquid 115 2,6019 389,4 510,58 517,26 | 19423 | 2,1257 | 4,0594 | 2776 2,096
vapour 82,372 654,22 | 68581 | 2,3765 | 2,1853 | 4,0024 | 146,86 20,44
liquid 120 2,8366 372 528,63 | 536,26 | 19893 | 2,1685 | 4,5846 240 2,8757
vapour 94,741 656,52 | 686,46 | 2,3714 | 2,2465 4,806 1399 20,84
liquid 125 3,0880 350,6 548,2 557,01 2,04 2,2238 | 56286 200 4,186 3
vapour 110,866 656,96 | 684,81 2,361 2,3208 | 6,4282 | 132,07 21,21
a  Triple point
b Normal boiling point
*  Thevaluesof C, Cpr and w at the critical point are not included as part of this document.
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Table 56 (continued)
Temp. Pressure Density | Internal |Enthalpy| Entropy C, G Sound J-T
energy speed |coefficient
°C MPa kg/m* | K/kg | K/kg |k]/(kg'K)|K)/(kg:K) |K]/(kg:K)| m/s | K/MPa
liquid 130 3,357 8 321 570,79 581,25 | 2,0985 | 2,3093 | 89081 | 156,3 6,819 8
vapour 134,723 653,51 | 678,44 | 2,3396 | 2,4243 | 11,5568 | 123,05 21,22
critical | 134,66 3,629 0 225,5 617,84 | 63394 | 2,2259 * * * 16,282 2
a Triple point

Normal boiling point

* The valuegd

of C,, Cp, and w at the critical point are not included as part of this document.

5.18 R1336mzz(Z) - (cis-1,1,1,4,4,4-hexafluorobutene)

5.18.1 Ran

5.18.2 Coe

Coefficients

exponents of the real-gas part are listed in Table 59 and Table 60.

5.18.3 Coe|

ge of validity
80,0 K, T, = 500 K; ppoy = 46 MPa; p, . = 9,725 mol/1 (1 595,5 kg/m3)
fficients and exponents of the ideal-gas part (Formulae 3/to 5)

and exponents of the ideal-gas part are listed in Table‘57"and Table 58. Coefficients

Table 57 — Coefficients and expénents for k=0

Ck
4,00

Table 58 — Coefficients'and exponents for k=1 up to 2

k ay bk
1 20,2 736,0
2 5,275 2299,0

fficients and exponents of the real-gas part (Formula 2)

Table 59 — Coefficients and exponents for k=1 up to 10

66

k N, t dy I @,
1 | 0036673095 1 4 0 1
2 1,195 661 9 0,26 1 0 1
3 -1,846 237 6 1 1 0 1
4 | -0,60599297 1 2 0 1
5 0,249 738 33 0,515 3 0 1
6 1,254 827 8 2,6 1 2 1
7 -1,438 961 2 3 3 2 1
8 0,351 688 87 0,74 2 1 1
9 -0,821 040 51 2,68 2 2 1
10 | -0,031747538 0,96 7 1 1

and

© IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=802448882fa749bad7f634055a4e61d8

ISO 17584:2022(E)

Table 60 — Coefficients and exponents for k= 11 up to 18

k Ny t de | I a my By Yk a
11 1,028 138 8 1,06 1 2 2 -0,746 -1,118 0,962 1,225
12 0,210 940 74 3,4 1 2 2 -2,406 -3,065 1,111 0,161
13 0,701 701 1,617 3 2 2 -0,780 4 -0,727 4 1,135 1,231
14 0,246 385 28 1,865 2 2 2 -1,25 -0,8435 1,163 1,395
15 -1,529 503 4 1,737 3 2 2 -0,682 6 -0,675 4 0,969 0,907 2
16 0,334 24978 3,29 2 2 2 -1,677 -0,436 1,286 0,958
17 011324 5242 2 2 2 =1762 =3;808 5274 0,412
19 -0,023 457 179 2 1 2 2 -21 -1 888 1,056 0,944
5.18}4 Reducing parameters, molar mass, and gas constant
T =444,5K, p" = 3,044 mol/l, M = 164,056 g/mol, R = 8,314 459 8 ]/(mol:K)
5.18({5 Reference state parameters
T..s=27315K, p.os= 1,0 kPa, h,.s= 62 425,495 ]/mol, s,..s = 298,993 7 ] /(mol-K)
Property values along the liquid-vapour saturation boundaty are listed in Table 61.
Table 61 — R1336mzz(Z) (cis-1,1,1,4,4,4-hexafluerobutene) — Property values along the liquid-
vapour saturation boundary
Temp.| Pressure | Density | Internal |Enthalpy| Entropy C, G Soungd J-T
energy speedl coeffi-
cient
°C MPa kg/m3 Kl/kg K]/kg | kJ/(kg'K) | KI/(kgK) | kJ/(kgK) m/s K/MPa
liquid -40 | 0,00235 | 15229 154,9 1549 | 0,8217 0,7859 1,084 2 8749 -0,391 3
vapoyir 0,199 2 339,26 351,04 | 1,663 0,627 6 0,679 2 112,7L 92,58
liquid -35 | 0,00332 | 15113 160,35 160,35 | 0,844 8 0,795 8 1,095 1 854, -0,382 7
vapour 0,276 5 342,4 354,42 | 1,6597 0,6425 0,694 4 113,7p 86,39
liquid -30 | 0,00462.4%71499,7 | 165,85 165,86 | 0,867 7 0,805 6 1,106 834, -0,374 1
vapoqr 0,377 4 345,6 357,85 | 1,6573 0,657 0,709 3 114,6p 80,71
liquid 25 | 000633 | 14879 171,41 171,41 | 0,8903 0,815 2 1,116 8 814,4 -0,365 3
vapoqr 0,5071 | 348,85 361,34 | 1,6557 0,6713 0,724 115,6/ 75,47
liquid -205070,00854 | 1476,1 177,02 177,03 | 09127 0,824 6 1,127 4 795 -0,356 2
vapour 0,6716 | 352,16 364,88 | 1,6548 0,685 3 0,738 6 116,5[t 70,63
liquid 15 | 00114 | 14642 | 182,68 182,69 | 09349 0.8339 1,138 775, -0,346 9
vapour 0,878 355,52 368,46 | 1,6545 0,699 0,753 117,41 66,16
liquid -10 | 00149 | 14522 188,4 188,41 | 09568 0,843 1 1,148 5 756,3 | -0,3373
vapour 1,133 358,93 372,09 | 1,6548 0,712 6 0,767 4 118,22 62,03
liquid -5 0,0193 | 14401 194,16 194,18 | 09785 0,852 1,158 9 737,3 -0,327 4
vapour 1,445 362,39 375,76 | 1,6557 0,726 0,7817 118,99 58,22
liquid 0 0,0247 | 14278 199,98 200 1 0,860 9 1,169 2 718,5 -0,317
vapour 1,823 365,88 379,46 | 1,657 0,739 2 0,7959 119,7 54,69
liquid 5 0,0314 | 14155 | 205,85 205,87 | 1,0213 0,869 6 1,179 6 699,9 -0,306 3
vapour 2,277 369,42 383,19 | 1,6588 0,752 2 0,810 2 120,36 51,43

b Normal boiling point

*  Thevalues of C,, ,, and w at the critical point are not included as part of this document.

© IS0 2022 - All rights reserved

67


https://standardsiso.com/api/?name=802448882fa749bad7f634055a4e61d8

ISO 17584:2022(E)

Table 61 (continued)
Temp.| Pressure | Density | Internal |Enthalpy| Entropy C, G Sound J-T
energy speed coeffi-
cient
°C MPa kg/m3 | k/kg | K/kg |K/(kgK)| KJ/(kgK) | KI/(kgK) | m/s K/MPa
liquid 10 0,039 4 1403 211,77 211,8 1,042 4 0,8781 1,189 8 681,4 -0,295
vapour 2,818 372,99 386,95 1,661 0,765 2 0,824 5 120,95 48,43
liquid 15 0,0489 13904 217,74 217,78 1,063 3 0,886 5 1,2001 663,1 -0,283 2
vapour 3,458 376,6 390,74 1,663 5 0,778 0,8389 121,47 45,67
liquid 20 0,0602 13776 22377 223,81 1,084 0,894 7 1.2104 6449 -0,270 7
vapour 4,207 380,23 394,55 1,666 4 0,790 7 0,853 4 121,93 434,13
liquid 25 0,073 6 1364,7 229,84 229,89 1,104 6 09028 1,2207 626,9 20,357 4
vapour 5,081 383,89 398,37 1,669 6 0,803 3 0,867 9 122,31 40,79
liquid 30 0,0891 13516 235,96 236,03 1,1249 09108 1,2311 6089 -0,243 4
vapour 6,092 387,57 402,2 1,6731 0,8158 0,8827 122,61 34,66
liquid [33,43| 0,1013 1342,4 240,22 240,29 1,1389 0916 2 1,2383 596,6 -0,4332
vapour 6,88 390,13 404,86 1,6756 0,824 4 0,893 122,77 37,29
liquid 35 0,107 2 1338,3 242,13 242,21 1,1451 09186 1,2415 591,1 -0,428 4
vapour 7,258 391,28 406,05 1,676 8 0,8282 0,897 6 122,83 3p,7
liquid 40 0,128 1324,8 248,36 248,45 1,165 2 09263 1,2521 573,3 -0,312 4
vapour 8,593 395 409,9 1,680 7 0,840 5 09127 122,96 3491
liquid 45 0,1519 1311 254,63 254,75 1,185 0,933 8 1,262 8 555,7 -0,1951
vapour 10,117 398,74 413,75 1,684 8 0,852 8 09281 123 33,28
liquid 50 01791 12971 260,95 261,09 1,204.8 09413 1,2737 538,1 -0,176 5
vapour 11,848 402,49 417,61 1,689 1 0,864 9 09437 122,94 31,79
liquid 55 0,2099 12829 267,33 267,5 1,224 4 0,948 6 1,284 8 520,6 -0,156 2
vapour 13,808 406,25 421,45 1,6935 0,877 0,959 7 122,77 30,45
liquid 60 0,244 7 1268,4 273,76 2i73,95 1,243 8 0,9559 1,296 2 503,1 -0,134 2
vapour 16,02 410,0% 425,29 1,698 1 0,889 09761 122,5 29,22
liquid 65 0,2837 1253,6 280,24 280,47 1,2631 0,963 1,307 9 485,7 -0,1101
vapour 18,508 413,78 429,11 1,702 7 09009 09929 122,12 284,12
liquid 70 0,327 4 1238,5 286,78 287,05 1,2823 09701 1,3201 468,3 -0,483 6
vapour 21,303 417,54 432,91 1,707 4 09127 1,010 4 121,61 2712
liquid 75 0,376 1 223 293,38 293,68 1,301 4 0977 2 1,3328 450,9 -0,054 3
vapour 24,433 421,3 436,68 1,7122 09245 1,028 5 120,98 24,23
liquid 80 0,429.9 12071 300,03 300,38 1,320 4 0,984 2 1,346 1 433,4 -0,021 7
vapour 27934 425,04 440,43 1,717 0,936 2 1,047 5 120,22 24,43
liquid 85 0,489 5 1190,8 306,74 307,15 1,3393 09911 1,360 2 416 0,014 7
vapour 31,647 428,77 444,14 1,721 86 0,9479 1,067 5 119,51 24,73
liquid 90 0,5552 11741 313,51 313,98 1,3581 0,998 1,375 2 398,6 0,0557
vapour 36,215 432,47 4478 1,726 6 0,959 6 1,0887 118,26 24,11
liquid 95 0,627 3 1156,8 320,35 320,89 1,376 8 1,005 1,3913 381,1 0,1021
vapour 41,091 436,14 451,41 1,7313 09712 1,1115 117,05 23,57
liquid 100 0,706 3 11389 327,26 327,88 1,3955 1,012 1,4087 363,5 0,1552
vapour 46,534 439,77 454,95 1,736 0,983 1,136 2 115,68 23,11
liquid 105 0,792 7 11204 334,24 334,94 1,414 1 1,019 1,427 9 345,8 0,216 3
vapour 52,617 443,36 458,42 1,740 6 0,994 8 1,163 3 114,13 22,73

b Normal boiling point

*  Thevalues of C,, €, and w at the critical point are not included as part of this document.
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Temp.| Pressure | Density | Internal |Enthalpy| Entropy C, G Sound J-T
energy speed coeffi-
cient
°C MPa | kg/m® | Kk/kg | k/kg |K/(kgK)| KJ/(kgK) | KJ/(kgK) | m/s | K/MPa
liquid 110 0,886 8 1101,1 341,3 342,1 1,4326 1,026 1 1,449 1 328 0,287 5
vapour 59,423 446,89 461,81 1,745 1 1,006 7 1,193 4 112,38 22,43
liquid 115 09891 1081 348,44 349,36 1,451 2 1,0333 1,473 1 310 0,371 2
vapour 67,055 450,35 465,1 1,749 4 1,0189 1,227 4 110,44 22,21
liqui 120 11001 10599 355.68 356,72 14698 10408 1.5005 291.9 04711
vapour 75,641 453,73 468,27 1,753 5 1,0312 1,266 6 108)2F 22,06
liquid 125 1,220 4 10377 363,03 364,2 1,488 4 1,048 5 1,5325 273, 0,592 1
vapourr 85,339 457 471,3 1,757 4 1,0439 1,3126 105,8p 22
liquid 130 1,350 4 10141 370,49 371,82 1,507 1 1,056 5 1,570.8 254,4 0,741 4
vapour 96,355 460,15 474,16 1,761 1,057 1,368 103,1p 22,02
liquid 135 1,4909 988,9 378,1 379,6 1,526 1,0651 1,617 9 235,3 09299
vapour 108,962 463,14 476,82 1,764 2 1,070.7 1,436 8 100,2B 22,15
liquid 140 1,642 3 961,7 385,87 387,58 1,545 1,0743 1,678 215,4 1,174 6
vapoyir 123,535 465,94 479,23 1,766 8 15085 2 1,5256 96,91 22,38
liquid 145 1,805 6 931,8 393,85 395,78 1,564 3 1,084 4 1,758 5 195,72 1,503 8
vapour 140,616 468,48 481,32 1,7689 1,100 5 1,6459 93,24 22,73
liquid 150 1,981 4 898,5 402,09 404,29 15841 1,0959 1,873 4 1739 1,968 1
vapour 161,044 470,67 482,97 1,77 1,117 2 1,8211 89,21 23,22
liquid 155 2,170 8 860,2 410,7 413,22 1,604 6 1,109 6 2,054 4 151,15 2,667 4
vapour 186,228 472,36 484,02 1,769 9 1,136 9 2,106 9 84,61 23,87
liquid 160 2,3749 814,1 419,87 422,78 1,626 2 1,127 2,389 6 127,5 3,8282
vapour 218,866 473,28 484,13 1,767 8 1,163 5 2,6561 79,51 24,56
liquid 165 2,595 3 753,1 480,07 433,52 1,650 2 1,153 3,2519 101,1 6,092 7
vapoyir 265,561 472,74 482,52 1,762 1,2022 4,097 3 73,6 25,04
liquid 170 2,8349 6444 443,57 44797 1,682 2 1,22 11,053 3 70,3 12,409 7
vapour 357,94 467,66 475,58 1,744 5 1,2815 16,701 1 66,14 23,7
criticpl |171,35 2,903 499,4 455,8 461,61 1,712 7 * * * 19,1803
b Normal boiling point
*  Thevalues of C,, &ynand w at the critical point are not included as part of this document.
5.19 R1234ze(E) — trans-1,3,3,3-tetrafluoropropene
5.19{1~Range of validity

T . =169,0K,T,

max

=420 K; p;ax = 1000 MPa; p,.., = 13,25 mol/1 (1 511 kg/m3)

5.19.2 Coefficients and exponents of the ideal-gas part (Formulae 3 to 5)

Coefficients and exponents of the ideal-gas part are listed in Table 62 and Table 63. Coefficients and
exponents of the real-gas part are listed in Table 64 and Table 65.

Table 62 — Coefficients and exponents for k=0

Ck

4,000

© IS0 2022 - All rights reserved
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Table 63 — Coefficients and exponents for k= 1 up to 2

k ay by
9,357 5 513
2 10,717 1972

5.19.3 Coefficients and exponents of the real-gas part (Formula 2)

Parameters not listed are zero.

k N, e d,
1 | 003982797 1 4
2 1,812 227 0,223 1
3 ~2,537 512 0,755 1
4 | -0,5333254 1,24 2
5 0,167 703 1 0,44 3

Table 65 — Coefficients and exponents for k =6 up to 16

k Ny b de | A my By Yk £k
6 -1,323 801 2 1 2 1 1 0 1 d

7 0,669 465 4 2,2 3 2 1 1 0 1 (

8 ),807 271 8 1,2 2 1 1 1 0 1 (

9 10,774 022 9 1,5 2 2 1 1 0 1 d
10 -0,018 438 46 09 7 1 1 1 0 1 d
11 1,407 916 1,33 1 2 2 -1,00 -1,21 0,943 0,7p8
12 0,423 708 2 1,75 1 2 2 -1,61 -1,37 0,642 0,87
13 0,227 006 8 2,11 3 2 2 -1,24 -0,98 0,59 0,85
14 -0,805 213 1 3 2 2 -9,34 -171 1,2 0,79
15 (0,009 943 18 1,5 2 2 2 -5,78 -474 1,33 1,8
16 -0,008 798 793 1 1 2 2 -3,08 -15,4 0,64 0,11

5.19.4 Reducing parameters, molar mass, and gas constant

T* = 382|513 K, p%=2%,29 mol/1, M = 114,041 6 g/mol, R = 8,314 462 1 ]/(mol-K)

5.19.5 Reference state parameters

T,

r

o= 273,15 K, po¢ = 1,0 kPa, h, ¢ = 44 375,837 | /mol, 5, = 237,138 3 J/(mol-K)

ref =

Property values along the liquid-vapour saturation boundary are listed in Table 66.
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Table 66 — R1234ze(E) — trans-1,3,3,3-tetrafluoropropene — 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 k]/kg k]/kg | KkJ/(kgK) Kk]J/(kg-K) K]/(kg:K)| m/s K/MPa
liquid | -104,152 | 0,000 229 1510,8 69,95 69,95 0,403 0,824 6 1,218 1122 | -0,3917
vapour 0,018 56 299,8 312,12 1,836 0,553 0,626 | 118,06 89,18
liquid | -100,00 | 0,000 365 15004 75 75 04326 | 08244 | 1,2171 |1101,8| -0,3901
vapour 0,028 95 302,12 314,73 | 1,8171 0,564 0,6371 | 119,35 84,27
liquid -95,00 0,000 621 14838 01,09 c1,09 0,467 2 0,624 7 I,2Z166 [ 10//, -0,3879
vapofir 0,047 83 304,96 31794 | 1,7967 | 0,576 9 0,65 120,88 78,85
liquid -90,00 0,001 02 1475,5 87,17 87,17 0,5009 | 0,8255 | 1,2168/|10536| -0,3851
vapofir 0,076 4 307,86 321,2 1,7787 | 0,5893 | 0,6626 |122,3B 73,89
liquid -85,00 0,001 62 1463,1 93,25 93,26 0,5337 | 0,8267 |/1,2177 |1029) | -0,3818
vapofir 0,118 3 310,82 | 324,52 | 1,7628 | 0,6013 | '0,6748 | 123,8p 69,34
liquid -80,00 0,002 5 1450,7 99,35 99,35 0,5656 | 08284 | 1,2193 | 1004 | -0,3780
vapolir 0,1781 313,83 | 327,88 | 1,7488 | 09,6129 | 0,6867 | 125,2p 65,14
liquid -75,00 0,003 76 1438,2 105,45 105,45 | 0,5968,| 0,8305 | 1,2214 | 9824 | -0,3737
vapolir 0,261 4 316,89 | 331,29 | 1,7365 | 0,6242 | 0,6983 | 126,68 61,27
liquid -70,00 0,005 53 14257 111,56 | 111,56 |<0,6273 | 0,8328 | 1,2241 | 959,14 | -0,3688
vapolir 0,374 9 319,99 334,73"~1,7258 | 0,6352 | 0,7097 | 128,0# 57,68
liquid -65,00 0,007 94 1413,2 117,69 11769 | 0,6571 | 0,8355 | 1,2273 | 9354 | -0,3633
vapolir 0,526 2 323,13 | 338,21 | 1,7165 | 0,6459 | 0,7209 | 129,3# 54,35
liquid -60,00 0,011 2 1400,6 123,83\ 123,84 | 0,6863 | 08385 | 1,2311 | 912,4 | -0,3572
vapolir 0,724 326,31 | 341,72 | 1,7085 | 0,6564 | 0,7321 | 130,58 51,27
liquid -55,00 0,015 4 1388 130 130,01 | 0,7148 | 0,8417 | 1,2354 | 8899 | -0,3505
vapofir 0,979 329,51 | 345,25 | 1,7015 | 0,6668 | 0,7433 | 1317y 48,4
liquid -50,00 0,0209 1375,3 136,19 136,2 0,7429 | 0,8451 | 1,2403 | 8671 | -0,3431
vapoyr 15303 332,75 | 348,81 | 1,6956 0,677 0,7545 | 132,8p 45,75
liquid -45,00 0,027 9 13624 142,4 142,42 | 0,7704 | 0,8487 | 1,2456 | 844, | -0,3349
vapolir 1,707 336 352,37 | 1,6907 | 0,6871 | 0,7658 | 13394 43,29
liquid -40,00 0,036.7 1349,5 148,64 | 148,66 | 0,7975 | 0,8525 | 1,2515 822 -0,3259
vapolir 2,206 339,28 | 35594 | 1,6865 | 0,6972 | 0,7774 | 1349 41,01
liquid -35,00 0,047 7 1336,5 15491 15494 | 0,8241 | 0,8565 | 1,2579 | 799,4 | -0,3161
vapolir 2,814 342,57 | 359,51 | 1,6831 | 0,7072 | 0,7891 | 135,79 38,9
liquid 30,00 0,061 1 1323,3 161,21 161,25 | 0,8503 | 0,8606 | 1,2648 | 777, | -0,3053
vapoliy 3,549 345,87 | 363,09 | 1,6803 | 0,7173 | 0,8012 | 136,58 36,94
liqui =25,00 0,077 % 13099 167,5% 1676 0,876 T | 0,864 9 1,2723 | 7549 | -0,2935
vapour 4,428 349,18 | 366,65 | 1,6782 | 0,7274 | 0,813 6 | 137,27 35,14
liquid -20,00 0,096 9 1296,4 173,92 173,99 | 09015 | 0,8693 | 1,2803 | 732,7 | -0,2806
vapour 5,47 352,49 370,2 1,676 6 | 0,7376 | 0,8265 | 137,87 33,47
liquid | -18,97P 0,101 3 1293,6 175,23 175,31 | 09067 | 0,8702 | 1,2821 | 728,1 | -0,2778
vapour 5,706 353,17 37093 | 16763 | 0,7398 | 0,8292 | 13797 33,14
liquid -15,00 0,1201 1282,7 180,33 | 180,42 | 09266 | 0,8739 | 1,2889 | 710,5 | -0,266 4
vapour 6,696 355,8 373,74 | 1,6754 0,748 0,8398 | 138,35 31,93

a2 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.

© IS0 2022 - All rights reserved

71


https://standardsiso.com/api/?name=802448882fa749bad7f634055a4e61d8

ISO 17584:2022(E)

Table 66 (continued)
Temp. Pressure Density | Internal |Enthalpy| Entropy C, G Sound J-T
energy speed |coefficient

°C MPa kg/m* | K/kg | K/kg |k]/(kg'K)|K]/(kg:K) |K]/(kg:K)| m/s | K/MPa
liquid -10,00 0,147 4 1268,7 186,78 186,9 09513 | 08786 | 1,2981 | 688,3 | -0,2509
vapour 8,129 359,11 377,25 | 1,6747 | 0,7584 | 0,8538 | 138,71 30,52
liquid -5,00 0,179 4 1254,6 193,28 | 193,42 | 09758 | 0,8835 | 1,3079 | 666,2 | -0,2339
vapour 9,793 362,41 380,73 1,674 3 0,769 0,8684 | 138,95 29,21
liquid 0 0,216 5 1240,1 199,83 200 1 0,8885 | 1,3185 | 644,1 | -0,2152
vapour 11,714 365,69 384,18 1,6743 | 0,7797 | 0,8837 | 139,06 28,02
liquid g 0,259 3 12254 206,42 | 206,63 | 1,0239 | 0,8938 | 1,3298 622 -0,194 6
vapour 13,923 368,96 387,59 1,6745 | 0,7907 | 0,8999 | 139,04 26,p3
liquid 1P 0,308 4 12104 213,07 | 213,32 | 1,0476 | 0,8992 1,342 600 -0,1718
vapour 16,45 372,21 | 390,96 1,675 0,801 8 0917 7| 138,87 25,p3
liquid 1p 0,364 2 1195 219,77 220,08 1,0711 | 09049 | 1,3553 578 -0,146 4
vapour 19,332 375,43 | 394,27 | 16756 | 0,8131 | 09353 | 138,55 25,01
liquid 2p 0,427 3 1179,3 226,54 226,9 1,0944 | 0,9106,.1,3698 556 -0,1181
vapour 22,607 378,62 | 39753 | 1,6765 | 0,8247 | 09548 | 138,08 24,19
liquid 2b 0,498 5 1163,1 233,37 233,8 1,1175 | 09164 | 1,3856 | 534,1 | -0,0862
vapour 26,321 381,78 | 400,72 | 1,677 4:)\0,8365 | 09758 | 137,43 23,44
liquid 3p 0,578 3 1146,4 240,27 | 240,78 | 1,14057| 09222 | 1,4029 | 512,1 | -0,0501
vapour 30,523 384,89 | 403,83 | 6Y84 | 0,8485 | 09986 | 136,61 2276
liquid 3p 0,667 4 1129,3 247,25 247,84 (51,163 4 0,928 1,422 490,1 | -0,0p90
vapour 35,272 387,95 406,877 | 1,6794 | 0,8608 | 1,0234 | 135,6 2216
liquid 4p 0,766 4 1111,5 254,31 255 1,1861 | 09338 | 1,4431 | 4679 0,038 1
vapour 40,636 390,94 409,8 1,6805 | 0,8733 | 1,0507 | 1344 21,p4
liquid 4b 0,876 1 1093,1 261,46 | 262,27 | 1,2088 | 09395 | 1,4667 | 445,5 0,092 7
vapour 46,693 393,86 | 412,63 | 1,6815 | 0,8861 | 1,0812 | 132,99 21,19
liquid 5p 0,997 2 1073,8 268,71 269,64 | 1,2315 | 09453 | 1,4932 | 422,8 0,196 5
vapour 53,538 396,7 415,33 | 1,6823 | 0,8993 | 1,1159 | 131,36 20,B1
liquid 5p 1,130 4 1058,7 276,07 27714 1,2541 | 09512 | 1,5234 | 399,7 0,2318
vapour 61,286 399,44 | 417,88 1,683 09132 1,156 | 129,49 20,61
liquid 6p 1,276 6 1032,5 283,55 284,78 1,2768 | 09574 | 1,5583 | 376,1 0,321 8
vapour 70,078 402,05 | 420,26 | 1,6835 0,928 1,203 6 | 127,38 20,7
liquid 6p 1,436 5 1010,1 291,16 | 292,58 | 1,2996 | 09641 | 1,5995 | 3519 0,4B1
vapour 80,093 404,51 422,45 1,683 6 0,944 1,261 3 125 20,p9
liquid 7P 1,611 986,2 298,92 | 300,56 | 1,3225 | 09715 | 1,6493 | 3272 0,5p6
vapour 91,563 406,38 424,4 1,6654 | 0,961 4 1,5329 [ 122,52 19,97
liquid 75 1,801 960,6 306,87 | 308,74 | 1,3456 | 09799 | 1,7113 | 301,6 0,736 6
vapour 104,797 408,88 426,06 | 1,6826 | 09805 | 1,4241 | 119,32 19,9
liquid 80 2,007 7 932,7 315,03 31719 | 1,3691 | 09896 | 1,7916 | 2753 0,958 2
vapour 120,226 410,68 | 42738 | 1,6811 | 1,0015 | 1,5446 | 11596 19,87
liquid 85 2,2321 901,9 323,47 325,95 1,393 1,0012 | 19012 248 1,256 9
vapour 138,484 412,13 | 428,25 | 1,6787 | 1,0247 | 1,7122 | 112,2 19,89
liquid 90 2,4755 867,2 332,27 335,12 1,4177 | 1,0156 | 2,0622 | 2194 1,679 4

a  Triple point.

b Normal boiling point.

*  Thevalues of C,, Cp and w at the critical point are not included as part of this International Standard.
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Table 66 (continued)
Temp. Pressure Density | Internal |Enthalpy| Entropy C, G Sound J-T
energy speed |coefficient
°C MPa kg/m* | K/kg | K/kg |k]/(kg'K)|K]/(kg:K) | K]/(kg:K)| m/s | K/MPa

vapour 160,57 413,11 428,52 1,674 9 1,051 19634 | 107,99 19,94
liquid 95 2,7395 8269 341,58 | 344,89 | 14435 | 1,0344 | 2,3271 | 1894 2,3196
vapour 188,222 413,38 | 42793 | 1,6691 1,082 2,386 3 | 103,27 19,96
liquid 100 3,026 7773 351,7 355,59 | 1,4715 | 10613 | 2,8593 | 157,22 3,3995
vapour 225,006 412,5 425,95 1,66 1,1216 | 3,2581 | 9793 19,83
liquid 105 3,337 8 708,1 363,52 368,23 1,504 1,1089 | 4,5733 | 1211 56195
vapofir 281,016 409,24 | 421,12 | 1,6438 1,182 6,1217 |~91,7 19,14
critidal | 109,36 3,634 9 489,2 388,11 395,54 | 1,5744 * * * 0,000

a  Triple point.

b N
* o

ormal boiling point.

he values of C,, Cp, and w at the critical point are not included as part of this International Standard.

5.20

5.20

5.20

Coef
expo

R1234yf — 2,3,3,3-tetrafluoropropene

1 Range of validity
' in = 12277 K, T,

max

=410 K; p,,.x = 30 MPa; p,., = 13,81 mol/I (1 575 kg/m3)

2 Coefficients and exponents of the ideal-gas part (Formulae 3 to 5)

nents of the real-gas part are listed in Table 69 and Table 70.

Table 67 -+ Coefficients and exponents for k=0

Ck
0 4,000

Table 68 — Coefficients and exponents for k=1 up to 2

k ay by

1 8,65 512
2 9,75 1570
3 2,11 4500

5.20.3 Coefficients and exponents of the real-gas part (Formula 2)

Parameters not listed are zero.

©ISO

Table 69 — Coefficients and exponents fork=1up to 5

k N, t dy
1 0,034 038 7 1 4
2 1,912 859 0,222 1
3 -2,198 472 0,61 1
4 | -08147645 1,122 2
5 0,228 828 2 0,5 3

2022 - All rights reserved
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Table 70 — Coefficients and exponents for k= 6 up to 16

k Ny t de | I a my By Yk £k
6 -1,654 36 2,14 1 2 1 1 0 1 0
7 -1,446 628 2,284 3 2 1 1 0 1 0
8 0,596 172 2 1,05 2 1 1 1 0 1 0
9 -0,614 8209 2,33 2 2 1 1 0 1 0
10 -0,018 0069 0,778 7 1 1 1 0 1 0
11 0,284 527 5 1 1 2 2 -28,1 -1016 1,061 0,96
12 -0;365-686-9 2 T 2 2 =28 ~1+666 1662 6,96
13 2,198 935 1,236 1 2 2 -1,307 -1,16 1,3 0,8b3
14 40,427 032 9 1,6 1 2 2 -1,96 -1,2 1,04 1,15
15 -0,401 5581 1,85 1 2 2 -1,25 -1,26 1 1B
16 D,117 958 7 0,7 1 2 2 -1 -1,6 1,14 1,b
17 40,314 100 2 1,75 1 2 2 -2,2 -0,87 1,1 0,762

5.20.4 Reducing parameters, molar mass, and gas constant

5.20.5 Refq

T" =367

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

prence state parameters

ref =

42 251,666 ]/mol, s

ref =

85 K, p* = 4,18 mol/l, M = 114,041 6 g/mol, R = 8,314 462 6189/(mol-K)

232,282 1]/(mol-K)

Property vallues along the liquid-vapour saturation boundary are listed in Table 71.

b

*

Normal boiling point.

The values of C,, Cp, and w at the critical point are not included as part of this document.

Table 71 — R1234yf - 2,3,3,3-tetrafluoropropene — Property values along the liquid-vapqur
sataration boundary
Terpp. Pressure Density «jInternal |Enthalpy| Entropy C, G Sound J-r
energy speed |coefficient
°C MPa kg/m3 k]J/kg kj/kg |kJ/(kgK)|K]J/(kg-K)|k]/(kg:K)| m/s K/MPa
liquid | -150}382 | 5,363x10~7 1.574,7 26,33 26,33 | 0,0875 | 0,7295 | 1,1031 |1274,5| -0,4%67
vapour 5,991x1075 | 260,66 269,61 2,0691 | 0,3938 | 0,4667 | 102,99 266(05
liquid -1%0 5,831x107/ 1573,7 26,75 26,75 0,0909 | 0,7293 | 1,1028 |1272,5| -0,4%68
vapour 6,495x1075 | 260,81 | 269,79 | 2,0644 | 0,3951 | 0,468 | 103,13 | 26378
liquid -140 4,342%10-6 15475 37,74 37,74 0,176 7 | 0,7268 | 1,0957 |1220,4| -0,4%82
vapour 4,473x10~% | 264,92 | 274,63 | 19559 | 04276 | 0,5006 | 106,59 2129
liquid -130 2,340x1075 1521,8 48,68 48,68 0,2559 | 0,7276 | 1,0933 | 1169 -0,4%6 8
vapour 2,242x10~* | 269,36 | 279,79 | 1,8704 | 0,459 0,5319 | 10997 | 175,09
liquid -120 9,770x10-5 1496,5 59,61 59,61 0,3298 | 0,7305 | 1,0941 |1118,5| -0,4531
vapour 8,752x10~% | 274,09 | 285,26 | 1,8031 | 0,489 | 0,5619 | 113,26 | 145,85
liquid -110 0,000 333 1471,3 70,57 70,57 | 0,3991 | 0,7353 | 1,0976 [1068,6| -0,4471
vapour 0,027 98 279,11 291 1,7502 | 0,5174 | 0,5906 | 116,45 122,47
liquid -100 0,000 959 1446,3 81,57 81,57 | 0,4645 0,742 1,1038 |1019,2| -0,4388
vapour 0,076 1 284,4 297 1,7087 | 0,544 6 0,618 119,52 103,39
liquid -90 0,002 42 1421,3 92,65 92,66 | 0,5267 | 0,7507 | 1,1128 | 970,4 | -0,4279
a Triple point.
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Table 71 (continued)
Temp. Pressure Density | Internal |Enthalpy| Entropy C, G Sound J-T
energy speed |coefficient
°C MPa kg/m* | K/kg | K/kg |k]/(kg'K)|K]/(kg:K) |K]/(kg:K)| m/s | K/MPa

vapour 0,181 4 289,92 303,23 | 1,6765 | 0,5708 | 0,6447 | 122,46 87,66
liquid -80 0,005 43 1396,1 103,84 | 103,84 | 0,5862 | 0,7612 | 1,1246 | 922,1 -0,414 4
vapour 0,388 295,64 | 309,65 | 1,6517 | 0,5961 | 0,6711 | 125,23 74,65
liquid -70 0,0111 1370,8 115,15 115,16 | 0,6433 | 0,773 2 1,139 874,4 | -0,3982
vapour 0,758 301,55 | 316,23 | 1,6331 | 0,6211 | 0,6976 | 127,78 639
liquid -60 0,021 1345,1 126,62 | 126,64 | 0,6984 | 0,7865 | 1,1557 | 8273 -0,3789
vapofir 1,375 307,61 32292 | 1,6193 | 0,6459 | 0,7247 |130,0p 55,05
liquid -50 0,037 2 13189 138,27 | 138,29 | 0,7518 | 0,8007 | 1,1745' |,780,9 -0,356 3
vapoyr 2,341 313,79 329,7 1,6095 | 0,6709 | 0,762"7 | 132,04 47,77
liquid -40 0,062 2 1292,1 150,1 150,15 | 0,8037 | 0,8154 |“1,1953 | 7349 -0,33
vapoyr 3,781 320,07 | 336,52 1,603 0,696, | 0,7821 | 133,6p 41,81
liquid -35 0,0789 1278,5 156,1 156,16 | 0,8292 0,823 1,2064 | 712,1 -0,3152
vapolir 4,725 323,23 33993 | 1,6008 |,0,7088 | 0,7975 | 1343 39,25
liquid -30 0,098 9 1264,7 162,15 162,23 | 0,854€/| 0,8306 1,218 689,5 -0,299 3
vapolir 5,843 326,41 | 343,34 | 15992 | 0,7216 | 0,8133 |134,8p 36,93
liquig -29,46b 0,1013 1263,1 162,81 | 162,89 0,857 0,8315 | 1,2193 | 6871 -0,297 5
vapolir 5,976 326,76 | 343,71 1,599 0,723 0,815 | 13491 36,7
liquig -25 0,122 8 1250,6 168,26 | 168,36 | 0,8792 | 0,8384 | 1,2301 667 -0,282
vapofir 7,16 329,6 346,75 | 1,5981 | 0,7345 | 0,8296 | 135,28 34,85
liquid -20 0,1509 1236,3 174,43 174,55 | 09038 | 0,8462 | 1,2427 | 644,7 -0,263 2
vapofir 8,698 332,8 350,14 | 1,5974 | 0,7475 | 0,8466 | 135,59 32,96
liquid -15 0,1837 12217 180,66 | 180,81 | 0,9282 0,854 1,2559 | 6224 -0,2427
vapoyr 10,485 336 353,52 | 1,5972 | 0,7607 | 0,864 1 | 135,76 31,27
liquid -10 0,2218 1206,8 186,95 187,13 | 09523 0,862 1,2698 | 600,2 -0,2203
vapoyr 12,548 339,2 356,87 | 1,5973 | 0,7739 | 0,8825 | 135,79 29,74
liquid -5 0,265 7 1191,7 193,31 193,53 | 09762 0,87 1,284 3 | 578,72 -0,1957
vapolir 14,92 342,39 | 360,19 | 1,5978 | 0,7872 | 09016 | 135,68 28,36
liquid 0 0,315.9 1176,1 199,73 200 1 0,878 1,2996 | 556,2 -0,168 6
vapolir 17,634 345,57 | 363,48 | 1,5985 | 0,8006 | 09217 | 1354} 27,13
liquid 5 0,373 1160,2 206,23 | 206,55 | 1,0236 | 0,8862 | 1,3158 | 534, -0,1385
vapolir 20,73 348,74 | 366,73 | 1,5995 | 0,8142 0943 | 134,99 26,03
liquig 10 0,437 6 1143,8 212,8 213,18 1,047 08944 | 1,3331 | 512,3 -0,104 9
vapolir 24,25 351,88 | 36993 | 1,6006 | 0,8279 | 09655 | 134,3p 25,05
liqui 15 0,510 4 1127 219,45 2199 1,070 3 0,9027 1,3516 | 490,3 -0,067 2
vapour 28,245 355 373,06 | 1,6019 | 0,8417 | 09897 | 133,62 24,17
liquid 20 0,591 8 1109,7 226,18 | 226,71 | 1,0935 | 09111 | 1,3717 | 468,4 | -0,0245
vapour 32,769 358,07 376,14 | 1,6032 | 0,8557 | 1,0157 | 132,65 23,4
liquid 25 0,682 7 1091,7 233 233,63 | 1,1166 | 09196 | 1,3936 | 446,4 0,024 2
vapour 37,89 361,11 379,13 | 1,6046 | 0,8698 1,044 | 131,49 22,72
liquid 30 0,783 6 1073,1 239,92 240,65 | 1,1396 | 09282 | 1,4177 | 424,3 0,080 3
vapour 43,683 364,09 | 382,03 1,606 08841 | 1,0752 | 130,11 22,14
a  Triple point.
b Normal boiling point.
*  Thevaluesof C, Cpr and w at the critical point are not included as part of this document.
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Table 71 (continued)

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

°C MPa kg/m* | K/kg | K/kg |k]/(kg'K)|K)/(kg:K) |K]/(kg:K)| m/s | K/MPa
liquid 35 0,895 3 1053,8 246,93 247,78 1,162 7 0,937 1,444 7 402 0,145 5
vapour 50,241 367 384,82 | 1,6074 | 0,8987 | 1,1099 | 128,5 21,64
liquid 40 1,018 5 1033,6 254,06 | 255,05 | 1,1857 | 09461 | 14751 | 379,6 0,222 4
vapour 57,674 369,82 387,48 1,6086 | 09135 | 1,1493 | 126,65 21,22
liquid 45 1,153 9 1012,3 261,32 | 262,46 | 1,2087 | 09553 | 1,5101 | 3569 0,314
vapour 66,121 372,55 390 1,6096 | 09287 | 1,1948 | 124,55 20,B9
liquid 5p 1,302 3 989,9 268,71 | 270,02 | 1,2318 | 09649 | 1,5511 | 3339 04251
vapour 75,754 375,15 392,34 1,6104 | 09443 | 1,2485 | 122,16 20,p3
liquid 5p 1,464 7 966,1 276,25 | 277,77 | 1,2551 | 09748 | 1,6001 | 31205 0,542 2
vapour 86,799 377,6 394,48 | 1,6108 | 09604 | 1,313 57 119,48 20,45
liquid 6p 1,6418 940,6 283,98 | 28573 | 1,2786 | 09853 | 1,6603 | 286,6 0,7351
vapour 99,553 379,86 | 396,35 | 1,6107 | 09771 | 1,3947 | 116,46 20,86
liquid 6p 1,834 7 9129 291,93 293,94 1,3025 | 09964, 11,7372 | 262,1 0,939 1
vapour 114,432 381,87 3979 1,6099 | 09946 | 1,5005 | 113,1 20,84
liquid 7P 2,044 5 882,5 300,14 302,45 1,3268 | 40085 | 1,8399 | 2369 1,239 7
vapour 132,04 383,56 | 399,04 | 1,6083:\1,0132 | 1,6459 | 109,33 20,89
liquid 7b 2,2722 848,4 308,68 | 311,36 | 1,3518 1,022 19874 | 210,7 1,642 4
vapour 153,322 384,81 | 399,63 | 16053 | 1,0333 | 1,8611 | 105,13 20,p1
liquid 8p 2,5195 809,1 317,69 320,8 1,3779 | 1,0375 | 2,2236 | 183,3 2,317 8
vapour 179,914 385,43 399,43 1,6005 | 1,0555 | 2,2179 | 100,41 20,67
liquid 8p 2,788 1 761,3 327,42 331,08 | 1,4058 | 1,0565 | 2,6841 | 1539 3,379 5
vapour 215,174 385 397,96 1,5925 | 1,0818 2,941 95,08 20,/8
liquid 9p 3,0808 6959 338,61" | 343,04 | 1,4378 | 1,0844 | 4,1131 121 5,549 1
vapour 268,811 382,38 | 393,84 | 1,5777 | 1,1206 | 5,2877 | 88,89 20,45
critical 94)70 3,384 4 476,7 362,83 369,93 1,509 9 * * * (
a  Triple point.
b Normal bofling point.
*  The valueqof C, Cp and w at the griticdl point are not included as part of this document.
5.21 R1233zd(E) —{rans-1-chloro-3,3,3-trifluoropropene
5.21.1 Range ofwvalidity

Toin=19525K, T, = 550 K; p,_.. = 100 MPa; p__.. = 11,395 mol/I (1 487 kg/m?3)

5.21.2 Coefficients and exponents of the ideal-gas part (Formulae 3 to 5)

Coefficients and exponents of the ideal-gas part are listed in Table 72 and Table 73. Coefficients and
exponents of the real-gas part are listed in Table 74 and Table 75.
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Table 72 — Coefficients and exponents for k=0

Ck

4,000
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Table 73 — Coefficients and exponents for k= 1 up to 2

k ay by
1 7,097 4 2870
2 13,7 761

5.21.3 Coefficients and exponents of the real-gas part (Formula 2)

Parameters not listed are zero.

k N, t d,
1 | 004394257 1 4
2 1,062 919 0,182 1
3 -1,287 914 0,865 1
4 | -08088619 1,092 4 2
5 0,237 2427 0,49 3

ISO 17584:2022(E)

Table 75 — Coefficients and exponentsfor k = 6 up to 18

k Ny t de | I a Ml By Yk &

6 -1,940 3 1,958 1 2 1 1 0 1 0

7 -2,831 967 2,05 3 2 1 1 0 1 0

8 0,373 421 0,658 2 1 s 1 0 1 0

9 -1,515 798 2,051 2 2 1 1 0 1 0

1d -0,027 556 27 0,862 7 L 1 1 0 1 0

11 4,240 23 1,852 1 2 2 -1,532 -0,291 2 1,717 1 0,883 4
17 -0,031 52671 1,92 2 2 2 -0,635 -0,624 5 0,63 1,386
13 -1,366 494 1,936 3 2 2 -1,405 6 -0,669 0,785 2 0,519 6
14 2,647 143 1,515 1 2 2 -1,451 -0,579 8 2,251 1,133
15 -2,325 463 2,668 1 2 2 -1,395 -0,464 3 1,821 0,978 8
14 -0,254 152 1 1,755 1 2 2 -2,259 -2,449 2,074 1,166
17 0,133 083,443 0,526 1 2 2 -24,3 -1061,4 1,079 7 0,924 4
19 -0,15692174 2,98 1 2 2 -23,6 -917,8 1,084 0,937 2

5.21{4 Reducing parameters, molar mass, and gas constant

"= 438,86 K, p* = 3,704 mol/1, M = 130,496 2 g/mol, R = 8,314 462 618 ]/(mol-K)

5.21.5 Reference state parameters

T,

r

= 273,15K, p..c= 1,0 kPa, h

ref =

52 752,273 ]/mol, s

ref =

260,149 7 ]/(mol-K)

Property values along the liquid-vapour saturation boundary are listed in Table 76.

© IS0 2022 - All rights reserved
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ISO 17584:2022(E)

Table 76 — R1233zd(E) — 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 K/kg | kJ/kg |kJ/(kgK)|k]/(kg:K) K]/(kgK)| m/s | K/MPa
liquid -78,002 | 0,000 286 1487 116,62 116,62 | 0,6419 | 0,6957 | 1,0063 |[1111,7| -0,4903
vapour 0,022 99 34196 | 354,39 | 1,8603 | 04713 | 0,5351 | 118,77 | 116,29
liquid -70 0,000 603 1470,8 124,72 | 124,72 | 0,6826 | 0,7036 | 1,0185 [1078,5| -0,4792
vapour 0,046 66 345,81 | 358,74 | 1,8346 | 04947 | 0,5587 | 120,8 102,3
liquid -60 0,001 4 1450,2 13498 | 13498 | 0,7319 | 0,7139 | 1,0339 (10369 | -0,4647
vapour 0,103 2 350,87 | 364,43 | 1,8084 | 0,5231 | 0,587 3 |123,28 87,68
liquid -50 0,002 97 1429,5 145,4 145,4 0,7797 | 0,7249 | 1,0496 | 9951 |~-0;4495
vapour 0,209 3 356,19 | 370,37 | 1,7878 | 0,5505 | 0,6151 | 125,68 75,65
liquid -40 0,005 83 1408,5 155,97 155,98 0,826 0,7365 | 1,0658 | 9534 | -0,4333
vapour 0,394 1 361,75 | 376,53 1,772 0,576 8 | 0,642 17| 12796 653
liquid -35 0,007 96 13979 161,32 161,33 | 0,8487 | 0,7426 1,074 932,6 | -0,4%247
vapour 0,527 8 364,6 379,68 | 1,7656 | 0,5896 |.0,6552 | 129,05 61,14
liquid -30 0,010 7 13873 166,71 166,72 | 0,8711 | 0,7488,.1,0824 | 9119 | -04159
vapour 0,697 367,51 | 382,88 | 1,7601 | 0,6021 | 0,6683 | 130,1 57,63
liquid -25 0,014 2 1376,5 172,15 172,16 | 0,8932 | 07551 1,091 891,2 | -0,4066
vapour 0,907 370,47 | 386,13 | 1,7555\0,6144 | 0,6811 | 131,11 53,p8
liquid -20 0,0186 1365,7 177,62 177,63 | 09151 | 0,7615 | 1,0997 | 870,6 -0,397
vapour 1,166 373,47 | 389,41 | 157516 | 0,6264 | 0,6939 | 132,07 50,74
liquid -15 0,024 1354,7 183,14 183,16.440,9367 | 0,7681 | 1,1085 | 850,1 | -0,3869
vapour 1,482 376,51 | 392,27 | 1,7484 | 0,6383 | 0,7065 | 132,98 478
liquid -10 0,0307 1343,7 188,7 188,73 0,958 0,7747 | 1,1175 | 829,7 | -0,3f164
vapour 1,862 379,59-1.-396,06 | 1,7459 | 0,6499 0,719 | 133,84 4512
liquid -5 0,0388 1332,6 194,31t | 194,34 | 09791 | 0,7814 | 1,1267 | 809,5 | -0,3653
vapour 2,317 382,7 399,43 1,744 0,6612 | 0,7315 | 134,63 4267
liquid ( 0,048 5 1321,3 199,96 200 1 0,7881 | 1,1361 | 789,3 | -0,3337
vapour 2,857 385,84 | 402,82 | 1,7425 | 0,6724 | 0,7439 | 135,36 40,44
liquid g 0,060 1 13099 205,66 | 205,71 | 1,0207 | 0,7948 | 1,1457 | 769,3 | -0,3415
vapour 3,491 389,01 | 406,23 | 1,7416 | 0,6835 | 0,7564 | 136,02 3841
liquid 1P 0,073 8 1298,4 211,41 211,47 | 10412 | 0,8016 | 1,1554 | 749,3 | -0,3285
vapour 4,232 392,21 | 409,65 | 1,7411 | 0,6943 | 0,7688 | 136,61 36,66
liquid 1p 0,089 9 1286,7 217,2 217,27 | 1,0614 | 0,8083 | 1,1654 | 729,5 | -0,3148
vapour 5,091 395,42 | 413,08 1,741 0,705 0,7813 | 13712 34,87
liquid 18,130 0,101 3 1279,4 220,86 | 22094 | 1,0741 | 0,8125 | 1,1718 | 7171 -0,31)5 7
vapour 5,695 39744 | 415,23 | 1,7411 | 0,7116 | 0,7892 | 1374 33,89
liquid 20 0,108 7 12749 223,05 | 223,13 | 1,0816 | 0,8151 | 1,1756 | 709,8 | -0,3002
vapour 6,082 398,65 | 416,52 | 1,7412 | 0,7155 | 0,7939 | 137,55 33,33
liquid 25 0,1303 12629 228,94 | 229,05 | 1,1015 | 0,8218 1,186 690,1 | -0,2846
vapour 7,219 401,9 419,95 1,7418 | 0,7259 | 0,8066 | 137,89 31,92
liquid 30 0,1553 1250,8 234,89 | 235,01 | 1,1213 | 0,8285 | 1,1968 | 670,6 -0,268
vapour 8,517 405,16 | 423,39 | 1,7427 | 0,7362 | 0,8195 | 138,14 30,64
liquid 35 0,1837 12384 240,88 | 241,03 | 1,1409 | 0,8352 | 1,2078 | 651,1 | -0,2501

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 document.
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