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A Helmholtz Free Energy Formulation of the Thermodynamic Properties of
the Mixture {Water + Ammonia }

Reiner Tillner-Roth ® and Daniel G. Friend
National Institute of Standards and Technology, Physical and Chemical Properties Division, 325 Broadway, Boulder, Colorado 80303

Received March 4, 1997; revised manuscript received October 28, 1997

A thermodynamic model incorporating a fundamental equation of state for the Helm-
holtz free energy of the mixtur@vater-ammonia is presented which covers the ther-
modynamic space between the solid—liquid—vapor boundary and the critical locus. It is
also valid in the vapor and liquid phases for pressures up to 40 MPa. It represents
vapor—liquid equilibrium properties with an uncertainty ©0.01 in liquid and vapor
mole fractions. Typical uncertainties in the single-phase regions&8% for the den-
sity and =200 J mol ! for enthalpies. Details of the data selection and the optimization
process are given. The behavior of the fundamental equation of state is discussed in all
parts of the thermodynamic space. 198 American Institute of Physics and American
Chemical Society.S0047-26888)00401-2

Key words: ammonia-water, equation of state, Helmholtz free energy, thermodynamic properties.
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Nomenclature

coefficient

molar Helmholtz free energy
molar isobaric heat capacity
molar isochoric heat capacity
molar Gibbs free energy
molar enthalpy

distribution coefficient

ky factors

molar mass

pressure

universal gas constant
uncertainty

sum of squares

molar entropy

temperature

molar internal energy

molar volume

speed of sound

liquid or overall mole fraction of ammonia
vapor mole fraction of ammonia
thermodynamic property
compressibility factor

a, 0

N << X 2 <[e|[H0[0 0 2T 2T A I|0|00]>]

a, B! Y ti '

d,, & exponents

@ fugacity coefficient of component

) reduced Helmholtz free energy

S inverse reduced volume or reduced density

9 reduced temperature

I3 mass fraction

Q molar density

T inverse reduced temperature

Subscripts

c critical point parameter

n reducing quantity

01 pure component {watep

02 pure component gammonia

(0] pure component i

tr triple point parameter
Superscripts

° ideal gas

E excess

r residual

saturated liquid
saturated vapor
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1. Introduction

The mixture{water-ammonid is an important working
fluid in absorption—refrigeration cycles. Recently, this mix-
ture has also been considered as a working fluid in future
power generation plants based on the Kalina cydter de-
sign and simulation of such machinery, an accurate descrip-
tion of the thermodynamic properties of the mixtyveater
+ammonia for a wide range of pressure, temperature, and
composition is needed.

Several thermodynamic models have been published in the
past. Old sources correlate experimental data by graphical
methods(Kracek? Scatchardet al®) and report tables for
saturation properties. A recent source of tables which is
widely used today is the work of Macrisst al* from the
Institute of Gas TechnologyGT). These tables cover the
range up to 5 MPa for vapor—liquid equilibriuWLE) and
single-phase properties.

An early wide-ranging equation of state was developed by
SchulZ in 1971. His model consists of two separate equa-
tions for the Gibbs free energg=G(p,T,x) of the vapor
and of the liquid phases for pressures up to 2.5 MPa. Ziegler
and Trepp extended this model to pressures up to 5 MPa. A
very recent modification reported by Ibrahim and Kleis
valid for temperatures above 230 K and pressures up to 11
MPa.

In addition to the Gibbs free energy models, numerous
other approaches are found in the literature. A Benedict—
Webb—Rubin(BWR)-type equation of state similar to that
used by Lee and Kesféis presented by Park and Sonntag.
They chose this model because of its capability to predict
properties of{water-ammonid up to 20 MPa and 650 K,
where experimental data are scarce for the VLE and virtually
nonexistent for other properties. El-Sayed and TritSusr
example, took the approach of establishing separate equa-
tions for different properties which were then combined in
cycle calculations. Ammonia—water mixtures can also be
treated as weak electrolyte solutions based on the work of
Edwardset al!' Such an approach is given by Kdfzor
example. It yields good results for the VLE at low and mod-
erate temperatures and pressures.

There are several other models reported in the
literature'*~" but most of them are applicable only in a re-
stricted range or allow calculation of only a limited number
of thermodynamic properties ¢ivater-ammonig. None of
these models, however, has been fitted to new measurements
in the single- and two-phase regions. Most of the models
available so far are based on a limited set of experimental
data, and it is sometimes unclear whether the selection of
data resulted from a comprehensive analysis. Furthermore,
correlations for{water+ammonia often use tabulated val-
ues, such as those published by Macessl* or by Scat-
chardet al.? rather than original experimental data. No cor-
relation based on the results of a thorough data analysis
could be found.

In this work, a fundamental equation of state for the Helm-
holtz free energy ofwatertammonia is developed accord-
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ing to the approach of Tillner-RotK. The equation incorpo- TABLE 1. Coefficients of the ideal-gas part of the Helmholtz free energy, Eq.
rates accurate wide-ranging equations of state for the pur@
components and describes the entire thermodynamic space of,

a; ; i a t;
the mixture by a single mathematical expression. All thermo ' ' : '
dynamic properties can be calculated from this model and, 1~ —7.720435 - 9 ~16.444285 -

) 2 8.649 358 - 10 4.036 946 -
therefore, all types of measurements of thermodynamic prop- 5 3.006 32 _ 1 -10 _
erties can be used as input data during the optimization pro- 4 0.012 436 1666 12 10.699 55 13
cess. 5 0.97315 4578 13  —1.775436 -3/2

Prior to the development of this correlation, data available 6 1.27950 10.018 14 0.82374034 —7/4
in the literature were compiled. Simultaneously with the de- ’ 0.969 56 11.964
0.248 73 35.600

velopment of the new equation of state, all experimental data
were evaluated and the most consistent data were identified.
The results of the data compilation and analysis are de-
scribed separately by Tillner-Roth and Friefid.

pure componentdp; are different due to different reducing

2. The Fundamental Equation of State parameterd , andV_nYOi used in the pure fluid equations:

A fundamental equation of state for the Helmholtz free D°(T,V,X) = (1=X)D1(To1,01) + XD (70, 50)
energyA=U —TSfor a binary mixture has been developed F(1=In(1—x)+X In 3
by Tillner-Roth?8 It is written in terms of the reduced Helm- (1=x)In(1=x)+x In . ®

holtz free energy as ) ) )
For convenience, uniform variables,

A
— — o o 0 r
RT O=0°(7°,6°,x)+P(7,8,X). (1)
® is split into an ideal pard°, depending on the dimension-

less variables®=T°/T, 5°=V?2/V, and mole fractiorx of ~ aré introduced. Consequently, the coefficients of the pure
ammonia, and a residual paft’, depending onr=T,/T, fluid ideal-gas functions are transformed, and the ideal-gas

5=V, /V, andx. In Eq. (1), A is the molar Helmholtz free function is written as
energy andR,=8.314471 Jmol* K~ ! is the universal gas .. .
constant given by Moldovegt al?° (7, 8" X)=In&"+(1-x)

Pure fluid equations of state in terms of the dimensionless
Helmholtz free energy form the basis of this model. For wa- . .
ter, the fundamental equation of state developed by3@nd +;4 arIn[1—exp(—67°)]
Wagnef! is used, which was adopted as the IAPWS Formu-
lation in 1995 for the thermodynamic properties of ordinary . 5 o ot
water substance for general and scientific use by the Interna- +ajy In7°+In X+i:212 ai ()"
tional Association for the Properties of Water and Steam. For o
ammonia, the fundamental equation of state developed by$ =500 K and 1¥¢,= 15 000 mol nT 3 were chosen arbi-
Tillner-Roth et al?? is used. Both formulations are given in trarily. The coefficients for Eq(5) are given in Table 1.
terms of ®(r,8) and are based on the current temperaturelhey differ from the original coefficient§? because of the
scale(ITS-90). variable transformation.

The reference values for enthalfyr internal energyand
entropy of the mixture equation of staeOS are fixed be-

Ideal-gas properties dfvaterrammonia are represented cause of preset reference values of the pure fluid equation of
by the ideal-gas parb° which is derived from the ideal-gas State. They can be changed by changing the coefficepts
parts®;, and @, of the water and ammonia equations of ahda,, which correspond to the water EOS, adanda;,

state. They are combined at constanand constanV ac- related to the ammonia equation of state. However, this
cordi.ng to would change the enthalpy and entropy values of the pure

. . L fluid equations of state as well. In the present work it has
P°(T,V,X)=(1=X)Py(T,V) +xPyAT,V) been chosen to set

=TT and 5°=VS/V, (4)

ajtas 7 +azln+In(1—x)

8

+x agtaigr

14

. (5

2.1. Ideal-Gas Properties

+(1—x)In(1—x)+x In x. (2
The last two terms result from the entropy of mixing of the

ideal-gas mixtur.e. Be.cause EQ2) .is evaluated at fixed {01 saturated liquid at the triple-point temperatures of both
and V, the dimensionless variables,=T,q/T and pure components, 273.16 K for water and 195.495 K for
60i=Vn/V used to evaluate the ideal-gas function for theammonia.

u'=0 ands’'=0

J. Phys. Chem. Ref. Data, Vol. 27, No. 1, 1998
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TaBLE 2. Coefficients of the reducing functions, E¢8) and(10), and the departure function, EA.3)

Equation of state constants

water ammonia
Te01=647.096 K Te0=405.40 K
Qc01=322 kg3 Oc07=225 kg mi 3
Pco1=22.064 MPa Pco=11.36 MPa
M,=0.018 015 268 kg mol* M,=0.017 030 26 kg mol*

Reducing functions
ky=1.239 5117k;=0.964 8407 &= 1.125 455,3=0.897 8069
Departure function

y=0.524 8379
i a; ti di €; i a; ti di €
1 —1.855 822E-02 3/2 4 - 8 —1.368072E-08 4 15 1
2 5.258 010E-02 1/2 5 1 9 1.226 146E-02 712 4 1
3 3.552 874E-10  13/2 15 1 10 —7.181 443E-02 0 5 1
4 5.451 379E-06 714 12 1 11 9.970 849E-02 -1 6 2
5 —5.998 546E-13 15 12 1 12 1.058 4086E-03 8 10 2
6 —3.687 808E-06 6 15 2 13 —0.196 3687 15/2 6 2
7 0.258 6192 -1 4 1 14 —0.777 7897 4 2 2
2.2. The Residual Part of the Helmholtz Free Energy The reducing functions contain a total of four adjustable pa-
) ; rameterse, B, ky andk,, which have to be fitted to experi-
The residual par®” has the form mental data. The values are listed in Table 2. For the reduc-
D'(7,8,X)=(1=X)Dy(7,8) + XD 7,8)+ AD(7,8,X). ing constants of the pure fluids their critical parameters are

(6) used as listed also in Table 2.
For the departure functioAd', the following expression

r r R H H
®,, and &, are the residual contributions of the water has been developed:

and the ammonia equations of state given byAand
Wagnef! and Tillner-Rothet al??> They are combined at AD(7,6,%)

6
constant reduced variablesand 6. An empirical departure =a17‘15d1+i122 a; exp(— &%) 7%

—x7Y
functionA®" is needed to describe the thermodynamic prop- X(1=x7)
erties of{water-ammonia accurately. It is evaluated at the 13
same reduced variablesand 6 as the residual parts of the +XE a; exp(— &%) 7t 5%
pure fluids. =7
To ensure that the mixture model is valid also for the pure +ay xPexp — 6°14) 714594 (13

componentsy and 6 are functions of composition,
The optimization process and the formulation of the equation

Ta(x) Vi(X) of state are described in Section 4. Coefficients and expo-

)= T and 5(x)= v @ nents are listed in Table 2. Relations between thermody-
. N namic properties and the fundamental equation of state are
and they must fulfill the conditions summarized in Table 3.

x—0: T(X)=Teor and Vo(x)—Veor,

Xx—1: To(X)—=Teoz and Vo(x)—Vegp  (8) 3. The Database

For the functionsT ,(x) andV,(x), the expressions
B ) ) N During the last 150 years, numerous experimental studies
Ta(X)=(1=X)Te o1t X Te o2t 2X(1=X)Tc12 9 gnthe thermodynamic properties @fater+ammonig were
and carried out. Available experimental data are summarized by
_ _ _ _ Tillner-Roth and Friend? The majority of measurements is
Via(X) = (1=X)2V 01+ XV gt 2X(1=XP) Vs 15 concerned with VLE properties such gs,T,x), (p,T,X,y),
(10) or (p,T,y) data. Few sources report single-phase measure-
are used where ments. Since the accuracy of VLE data varies strongly
among different sources, an assessment of all these measure-
Te1=kr 2(Tcort Teo (1D ments is essential in order to determine the most reliable
data. Furthermore, the selected VLE data have to be thermo-
o L dynamically consistent with available single-phase data to
Vei=Ky3(Veort Veod- (12 allow the formulation of an accurate equation of state.

and

J. Phys. Chem. Ref. Data, Vol. 27, No. 1, 1998
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TasLE 3. Relations between the reduced Helmholtz free energy and thermodynamic properties

Compressibility factoZ p(7,8,X)V
S =14 50
RnT
Molar internal energy U(r,8,7°,6°X)
—RT =7°® .+ 7P
m
Molar enthalpy H(7,8,7°,8°,X)
?=1+ 5CI)'5+ T°<I)°T°+ T(I):,
m
Molar entropy S(,8,7°,8°,X)
— R =710+ 7P - P°—P'
m
Molar isochoric heat capacity C,(7,8,7°,8°X)
s M P,
m
Molar isobaric heat capacity Cip(ﬂ 8,7°,8°,%) 074_ (14 6DY— 57d%,)2
Rm Rn ' 1+260%5+ 5207,
Speed of sound w3(7,8,7°,8°,x)M 1+ 6P — 57D )2
P wiror, & M - M _ 1 swns o, 000 07Pa) (C_‘is ) o
m v m.
Fugacity coefficients IN[Zgy(7,6X)]=D"'+ 5P 5—xF,

IN[Zey(7,5)]=D'+ 6D+ (1-X)F,,

Abbreviations:

(ID ((@0) (ID (&Z(bo) qr (&¢r) qr ((7(Dr)
D= " D= — D= — D= —
or & X or & T 8,X 96

o 7(32<I>' o (&Zqﬂ) o - PP’
T (97'2 5)(' or 9190 x' 66 &52

Fomais 2 Vg 7 Mg
ey, dx 0 T, dx T

7,X

[
P\ o)

X 87

The data analysis was carried out simultaneously with thévii) 146 enthalpies of the saturated liquid of ZinrRér,
development of the equation of state presented here. Startinfgiii) 98 isobaric heat capacities reported by Hildenbrand
with the entire set of experimental data, interim results for and Giauqué® Chan and Giauqu# and by Wrewsky
the equation of state were used to compare measurements  and Kaigorodoff’

and to eliminate data which showed large scatter or signifi-_, . baric heat ities f Ref 35 and 36
cant systematic deviations. This process was repeated seveirzﬂe ISobaric neat capacities from Reterences 5o an were

times with more stringent criteria imposed at each step.Ound to be inconsistent with the enthalpies measured by

Since the Helmholtz free energy model established here corfnner;” as shown by Tillner-Roth and FriefiSince these

sists of a single expression describing the whole thermody?Ve€re the only caloric data at low temperatures, they were

namic space, systematic deviations of data from the modd]€Vertheless included, although with a low weight, to give
are also an indicator for thermodynamic inconsistencies be'e€ equation of state at least some support in the low tem-
tween measurements of different properties, especially bd2érature liquid region. In addition to the selected data, the
tween single-phase and two-phase properties. p,T,x,y) d_ata of Gllllespleet aI._ were generally included

The results of the data analysis are given by Tillner-RothfO" comparisons during the optimization process. However,
and Friend® for all available sets of measurements. FromSince they overlap the selected data, they were not used in
these results, the following experimental data were selectetfting the coefficients.

to establish the fundamental equation of state fioater In contrast to other correlations, no tabulated data like
+ammonia: those of Macrisst al* were used in this work, because the

accuracy of tabulated values may be affected by the choice
() 402 (p,T,x) data of Sassenetal,”® Postmd&® ang weight of experimental input data used to generate the
Mollier,® and Permai® numbers.
(i) 26528(p,T,x,y)_29data of Smolenet al,?’ Polak and At high temperatures and pressures, only experimental
~ LuTand Iselii” N _ data for the p,T,x) and (o, T,x,y) behavior are available.
(iii) 57 saturated liquid densities of Jennings, Coexisting densities in the critical region were obtained from
(iv) 1208 liquid (o,V,T,x) data of Harms-Watzenbefd,  a modified Leung—Griffiths model which was established si-
(V) 599 vapor ,V,T,x) data of Harms-Watzenbety multaneously with the present equation of state. Details of
and of Ellerwald?? the Leung—Griffiths formulation fofwater+ammonia will
(vi) 92 excess enthalpies in the liquid of Statitit, be published in a separate papefhe Leung—Griffiths for-

J. Phys. Chem. Ref. Data, Vol. 27, No. 1, 1998
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Fic. 2. Distribution of selected experimental data in the single-phase re-

checking the behavior of the interim equation in the
entire thermodynamic space.

Two optimization methods were employed. A modified
Marquard—Fletcher algorithm developed by Deneisal*°

was used for all nonlinear optimizations. The structure of the

departure function was determined using the implementation
malism was chosen because it is based on scaling law theoof Wagner’s regression analyéiswhich was developed at
and is able to accurately describe VLE behavior of mixtureghe Institute of Thermodynamics, University of Hannover,

in the critical region. Equilibrium datap(T,x,y,0’,0")

Germany*?

were calculated from an interim Helmholtz free energy equa- A weighted sum of squares

tion up to about three-fourths of the critical pressure. These
data served as input during a subsequent optimization of the
Leung—Giriffiths model. Additionally, experimentapb,T,x)

and (p,T,x,y) data were also considered in this stage. Den-
sities from the improved Leung-Giriffiths model in the criti-
cal region were included during a subsequent improvement
of the Helmholtz free energy model.

VLE data (Fig. 1) cover the whole two-phase region be-
tween the solid—liquid—vapor boundary and the critical line.
Single-phase properti€Big. 2) are restricted to temperatures
between 200 K and 413 K in the liquid reaching up to 40
MPa. In the vapor, available data cover temperatures be-
tween 323 K and 523 K at pressures up to 10 MPa and
densites up to 1.5 moldnt. Leung—Griffiths data
(p,T,x,y,0’,0") were used for four temperatures between
450 K and 600 K. They are shown in Fig. 3 together with
selected saturated liquid densities and enthalpies.

4. The Optimization Process

Several tasks had to be simultaneously accomplished dur-
ing the optimization process:

(i) fitting all adjustable parameters to the selected experi-
mental data,

(i)  finding a structure for the reducing functioii$(x)
andV,(x) and the departure functich®",

(i) assessing and modifying the database,
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Fic. 3. Distribution of selected saturated liquid densities, enthalpies and
isobaric heat capacities.
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was used for the objective function. For the nonlinear opti-
mization, it was formulated according to the direct method
described by Ahrendts and Baéfirin this case.Y; can be
any thermodynamic property arsdis the corresponding to- 00 T 0 20 330 3
tal uncertainty estimated from experimental uncertainties ac-
cording to the Gaussian error propagation law.

The sum of squares for the regression analysis is formu-
lated differently. Since this optimization method is used to
find the structure of the departure function, only the contri-
bution of an experimental value thd" can be used for the
quantityY;. For a given set of reducing functions, this con-
tribution can be extracted from any experimental property

which depends linearly on the coefficients of the departure  *%, 02 04 i 0, 0 08 10
. . N7 - NH,
_funct|on. The quantity for a (p,V,T,x) value, for example, o Smolenetal? o Postma?®
is calculated from * Mollier® o Sassenetal®
x lseli + Polak and Lu
JAD' 1 pv r FiG. 4. Deviations between liquid mole fractiorsand values from Eq1).
01
Y= =<l =-1]—(1-x
( ﬂﬁ)T 5(RmT ) ( )( r95)

JP" After a few steps of optimization, it became clear that
_X<_°2) ) (15)  these terms did not sufficiently describe the composition de-
a5 |, pendence ofA®'. Therefore, terms of the form

2 m_n 3 m__n

In this caseyY is linearly related to the first derivative afd" XA(L=x) OMrexp(= &%) - and x(1—x7) §Mr"exp(— 57
with respect tos. Similar linear relations can be derived for were also included, bringing the total number of candidate
other properties. terms to about 850. Subsequently, terms veith2 were no

Nonlinear properties have to be linearized before they catonger selected. Therefore, the number of terms was re-
be considered during the regression analysis. Regarding ttséricted to about 650.
data situation for{water-ammonia, this is important for The search for the functional form of the departure func-
VLE data which form the major part of the database. It istion was initially based only ong,V,T,x) data and on lin-
essential to use this experimental information during the linearized VLE properties which were obtained from the in-
ear regression analysis in order to formulate an accurate deerim equation. As the equation became more accurate,
parture function. The linearization of VLE data is describedlinearized enthalpy and heat capacity data were also in-
in Appendix A. cluded.

In a first step, only the coefficients; andk,, of the re-
ducing functionsT,(x) and V,(x) were optimized with the
departure functiol®" in Eq. (6) set to zero. With this first 5. Discussion
equation, the available experimental data were assessed in
order to identify unreliable measurements which were subse- In the following sections, the behavior of the equation of
quently discarded from the database. It was also used for thstate in the different regions of the thermodynamic space is
linearization of VLE data to be included in the subsequenkxamined. In addition to comparisons with selected experi-
search for the departure function. The assessment of expernental data, the general behavior of density, enthalpy, en-
mental data was repeated each time an improved equation gbpy, and heat capacity is discussed in regions where experi-
state was found. mental data are scarce or unavailable. The equation of state

The structure of the departure function was determineds also extrapolated into the supercritical region. Compari-
using Wagner's regression analy$isiagner's method al- sons for data which are not discussed here are given by
lows the correlator to select from a bank of terms those termgillner-Roth and Frient? where the same equation of state
which represent a given data set with the lowest possiblé&as been used.
value of the objective function.

The initial departure function was formulated from a bank

5.1. Vapor and Liquid Compositions

of about 400 terms of the forms Experimental VLE data for thep(T,x,y) behavior form
the major part of available measurements. In Figs. 4 and 5,
X(1=xY)8Mr"  and x(1—x”)éMr"exp( — 6°) the liquid and vapor mole fractions andy are compared

with values which were obtained from flash calculations for
where I<m<5, —0.5<n<20, and K e<4. The exponent givenp andT. Absolute deviations of liquid mole fractions
v remains constant during the regression analysis, and &re plotted in Fig. 4 versus temperature, pressure and liquid
optimized only in the nonlinear process. composition for the data sets selected for the optimization.
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0.04 Fic. 6. Distribution coefficienK of ammonia in dilute solutions.
0.02 |
0.00
0.02 deviations increase up ta 0.03 when approaching the criti-
0.08 . . . . cal locus.
0.0 0.2 0.4 0.6 0.8 1.0 The good representation is partially due to the fact that the
Vapor yy vapor mole fraction is close_to 1 over a large range of tem-
perature and pressure. In this region, the vapor phase behav-
® PolakandLu?® o Iseli® ior is dominated by the ammonia equation of state, which is

© Smolen etal.”’ v Perman?®

x Gillesple et al.%® very accurate in the gaseous phase. In the range of interme-

diate and low vapor mole fractions, the dew curve is very flat
Fic. 5. Deviations between vapor mole fractionand values from Eq1). gt |ow temperatures. Small uncertainties in pressure result in
considerable deviations for the vapor composition. Accord-
ingly, a scatter of-0.02 or less iry is a remarkable result.
In the range of very dilute ammonia solutions, only a few

At temperatures below 250 K, a slight systematic devigdata are available. The distribution coefficiglt=y/x of
tion is observed reaching0.02 inx for the lowest tempera- a@mmonia is plotted over liquid mole fraction in Fig. 6 and is
tures around 200 K. Above 250 K up to around 390 K liquid compared with experimental results at two different pres-
mole fractions are represented withirD.01, which is within ~ Sures and for one temperature. TKevalues obtained from
the scatter of experimental data. Systematic deviations ard®: T.X,y) measurements of Polak and Liagree very well
observed for some of the data measured by Sasset?® with the values obtained from Edl), especially at 0.448
Sassen’s measurementsxat 0.189 andx=0.346 show an MPa where they are represented almost within the experi-
offset of —0.01 in x compared to the data of Is&liand mental scatter. At 0.1013 MPa they are slightly higher than
Smolenet al?’ in their overlapping temperature range. The K values from Eq.(1). Data of Dvorak and Boublfk are
mole fractions of these two series of Sasseal, therefore, compared fofT =363.15 K. At liquid mole fractions around
were shifted tax=0.199 andx=0.355 during the optimiza- 0.01 agreement is good, while at lower mole fractions the
tion, so that they smoothly connect to the other selected dat&XPerimental distribution coefficients are higher than the cal-
However, the data shown in F|g 4 are Sassen’s origina| Va]CUlated results. Furthermore, the Uncertainty seems to in-
ues. At high temperatures close to the critical temperaturérease for the more dilute systems.
line, deviations inx increase up to 0.04 in mole fraction. For
{water-ammonia the dew-bubble curves are extremely flat
in the vicinity of the critical line(see Fig. 11 and large
deviations inx or y correspond to only small deviations of = Measured saturated liquid densities cover temperatures be-
pressure. No other systematic pattern is observed for the déween 243 K and 500 K. Densities at high temperatures are
viations when they are plotted over pressure or liquid moleavailable only for water-rich mixtures and, thus, do not ex-
fractionx, except for the deviations at low and high tempera-tend into the critical region. Measurements of Kiegal,*®
tures discussed before. Representation of experimental dalennings® and Harms-Watzenbetbare compared with re-
is mostly within =0.01. sults from the equation of state in Fig. 7. Densities are gen-

Comparisons for vapor compositiogsare given in Fig. 5  erally represented withirt 1% over the entire range of tem-
for selected data sets. The new EOS represents the vapperature and composition. None of the three data sets shows
mole fractions generally within=0.01 or better, with the a systematic pattern in the deviations, except the densities of
exception of data at high temperatures and pressures whedenning at x=0.8 which are probably too high.

5.2. Saturated Liquid Density

J. Phys. Chem. Ref. Data, Vol. 27, No. 1, 1998
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.

mole fractions between 0.3 and 0.4 and positive around

5.3. Caloric Properties of the Saturated Liquid

For the saturated liquid, Zinn¥rpublished a smoothe

x=0.7. This behavior is due to the inconsistency between
d enthalpies and heat capacities, which were measured be-

table of enthalpy data instead of the original measurementé\.’veenx:0'333 ancx=0.67.

These tabulated values were used during the correlation pro-

cess to establish E¢l) because no other enthalpy data were
available in this range. In addition to these enthalpies, quuifﬂ

IS CO-wor

Heat capacities are discussed in Fig. 9. The negative de-
viations of up to 10% observed for the data of Giauque and
ker®8 reflect the inconsistency between these

eat capacities and the saturated liquid enthalpies of Zinner.

isobaric heat capacities were reported by two grouifsat
very low temperatures. These heat capacities were probab
measured under atmospheric pressure and, therefore, do not
exactly overlap the enthalpies. However, they are located

Beviations for the heat capacities of Wrewsky and

very close to the saturation boundary and, therefore, signifi- 20
cantly influence the representation of the caloric properties of 10}
the saturated liquid. .

Unfortunately, the enthalpies and heat capacities are in- Y * oo vooes dios
consistent, as described by Tillner-Roth and Fri€hince - 401, og%@a&%ﬁ&ooow og o0
no other enthalpy or heat capacity measurements are avail- % o
ab!e in this_ range, i? is not clear which data set is more Q“ '2280 220 260 300 340
reliable. This inconsistency can be resolved only by new § T(K)
reliable measurements of heat capacity or enthalpy. Sinceloi
enthalpies and heat capacities were included during the op-~ 20
timization to prevent the development of nonphysical behav- 8 4p |
ior at low temperatures, systematic deviations are observed™ .
for both properties where experimental data overlap. 0 e X% ¥ §>| x

In Fig. 8, Zinner's enthalpies are compared with results 10t o i ieg
from Eq. (1). They are represented within 300 J/mol over )
the entire temperature range of his experiments; this is about '200_0 0.2 0.4 0.6 0.8 1.0
twice our estimate of the experimental uncertainty. The larg- liquid X,y

3

est deviations occur at low temperatures, where the tabulatec
data of Zinner may be an extrapolation of his underlying
experimental results. At temperatures above 370 K, devia-
tions are within+150 J mol'! and thus correspond to the
experimental uncertainty. Deviations are negative at liquidhic. 9. Deviations between isobaric heat capacities and values frofLEq.

® Chan and Giauque®®
o Hildenbrand and Giauque®®
x Wrewsky and Kaigorodoff®”
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Fic. 10. Equilibrium pressures and saturated liquid densities at the solid— 5
liquid—vapor boundary from Eq1). Q-

0
Kaigorodoff3’ measured at higher temperatures, are only . . . 0.6
within +4%. These data seem to be more consistent with XNH,> YNH,
Zinner’s results than the heat capacities from Refs. 35 and —Eq. (1), liquid ® Ref. 39, liquld
36. ====Eq. (1), vapor O Ref. 39, vapor

Fic. 11. Dew-bubble curves and coexisting densities at high temperatures.
5.4. Pressure and Density at the
Solid-Liquid—Vapor Boundary

The solid—liquid—vapor temperature as a function of mix-three-phase boundary, equilibrium pressures were calculated
ture composition is described by the correlation given byalong lines of constant composition. These lines show a
Tillner-Roth and Friend® When the reduced temperature physically reasonable shape in the entire range of composi-
Tu(X)/To(X) is calculated at this boundary, values down totion.

0.28 are obtained. The lower temperature limits of the pure An interesting result is obtained for the saturated liquid
fluid equations of state are given by the respective tripledensity along the solid—liquid—vapor boundary. Starting
point temperatures corresponding 1 o;/T.0;=0.43 for ~ from pure water, the density decreases for increasing ammo-
water andTy, oo/ T g;= 0.48 for ammonia. Since the mixture nia content until a minimum is reached around 200 K and
model uses pure fluid equations combined at constant re~0.28. Towards the eutectic pointat0.33, Eq.(1) pre-
duced variables, the pure fluid equations must be extrapdalicts an increasing density. Since no experimental data are
lated considerably beyond their lower temperature limits foravailable in this region, no conclusion can be drawn whether
calculation of properties close to the three-phase locus. Anthis prediction is correct or not. For liquid mole fractions
spurious behavior due to extrapolation has to be comperincreasing above=0.33, liquid density decreases again to-
sated for by the departure function, in order to achieve awards the triple-point liquid density of ammoniaat 1.
adequate representation of thermodynamic properties of the

{water+-ammonid mixture close to its three-phase locus.

At low temperatures, Eq1) has been fitted to experimgn— 5.5. The Two-Phase Envelope at High
tal (p,T,x) data of Postnd down to 200 K and to liquid Temperatures
densities from Harms-Watzenbétg reaching down to
243.15 K. The behavior at very low temperatures is illus- From the set of selected data, only the T,x) data of
trated by Fig. 10. Equilibrium pressures and liquid densitiesSasseret al®® and some ¢, T,x,y) data of Isef® at high
shown in this graph were obtained from VLE calculations forammonia concentrations extend to the critical locus. Devia-
a givenx and a temperature obtained from the triple-pointtions of vapor and liquid composition were already discussed
temperature equation established by Tillner-Roth andn Figs. 4 and 5. In this section, the general form of the
Friend!® The results are shown in Fig. 10. For comparison,two-phase envelope is the topic of interest.
triple-point pressures measured by Pogfmare also in- Properties on the two-phase boundary are shown in Figs.
cluded. No density measurements are available below 243 KL1 and 12 in the near-critical range for five temperatures

Postma’s equilibrium pressures are represented fairly welbbetween 400 K and 600 K. Coexisting densities and
over the full range of the solid—liquid—vapor boundary. (p,T,x,y) data from the modified Leung—Griffiths model es-
Triple-point pressures are extremely low 50 Pa near the tablished by Rainwater and Tillner-Rdttor the critical re-
eutectic point ak=0.33. In addition to the pressures on the gion of {water+ammonia are included in Fig. 11.
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Fic. 13. Deviations between liquid densities and values from(By.
Slight differences between results from Hd) and the
Leung—Griffiths model are observed for 500 K and 550 K
close to the critical locus. Vapor mole fractions from the

Leung—Griffiths model are higher by about 0.03 to 0.05, .
liquid mole fractions are higher by up to 0.02 than values®n average they are represented well. Other data, which all

from Eq. (1) for these isotherms. Agreement between the twd?Veriap the results of I-9|arms-Watzenberg, are discussed by

models for liquid and vapor compositions is good at 400 K, Tillner-Roth and Friend:

450 K, and 600 K. In addition to density, the enthalpy of mixing has also
Differences between coexisting densities correspond to thBéen measured in the liquid phase. Results of Stawde

deviations observed for theo(T,x,y) behavior. Agreement Ccompared with results from Eql) in Fig. 14. The enthalpy

is excellent for the isotherms at 400 K, 450 K, and 600 K,of mixing is almost independent of pressure and temperature

while the coexistence curves at 500 K and 550 K from Eqin the range of available experimental data between 298 K

(1) are shifted to slightly lower ammonia mole fractions and 373 K and at pressures between 2 MPa and 12 MPa.

compared to the Leung—Griffiths data. Reasonable behavididigher deviations occur only at intermediate mole fractions

is also observed for entropy and enthalpy on the two-phasaroundx= 0.5, where differences of about250 J mol * are

envelope, Fig. 12. The curves for all isotherms go smoothlybserved at high temperatures. The excess enthalpy is par-

from the saturated vapor to the saturated liquid. It has to b#écularly well represented fox>0.6.

emphasized again that no experimental densities or caloric

properties are available to verify the accuracy of these pre-

dictions.

5.7. Properties of Superheated Vapor

Two sets of p,V,T,x) properties are available in the va-
por phasé€’®? In Fig. 15 density deviations are plotted for

Equation(1) has been fitted to the extensive set of liquid both sets ovep, T, andx. Most data are represented within
densities measured by Harms-Watzenbertis results are  =0.5% in the entire range of experiments. Deviations for the
compared with Eq(1) in Fig. 13. The data are represented data of Harms-Watzenbetggenerally increase with increas-
within +£0.8% with a few exceptions where his results ap-ing pressure, reaching-1.3% at high temperatures. Eller-
proach the critical region at high ammonia mole fractions. Atwald’s datd? do not show this behavior. Deviations for his
temperatures below 300 K, the data show larger scatter, butensities remain within- 0.5% at pressures up to 10 MPa.

5.6. Properties of the Compressed Liquid

J. Phys. Chem. Ref. Data, Vol. 27, No. 1, 1998
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5.8. The Supercritical Region

No experimental data are available in the supercritical re
gion. Therefore, only the general behavior of the equation o
state can be analyzed. For this purpose, the compressibili

factor Z=pV/(R,,T) and the reduced enthalgy/(R,T,)

1.5
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Fic. 15. Deviations between vapor densities and values from(Hq.
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Fic. 16. Compressibility factoZ and reduced enthaIpW(Ran) in the
supercritical region for three reduced temperatufes—-) pure compo-
nents;(— — — 9 x=1/3; (----) x=2/3.

are plotted over the reduced densftyn Fig. 16. The reduc-
*ng functions, Eqgs.(9) and (10), were used to calculate

X)=V,(x)/V and d=1/7=T/T,(x). Results are shown
or the pure components and for the mixturexatl/3 and
x=2/3 for three reduced temperaturgs-T/T,=1/7 at 1.1,

1.5, and 2.0.

Reasonable behavior is obtained for all three temperatures.
The compressibility factor of the mixtures shows about the
same behavior as for the pure fluids, although it is slightly
higher for the mixtures aroundl= 1.2 than for the pure com-
ponents. This might be a property of the mixture, but it is
also possible that there is a small structural error in the equa-
tion of state, due to the lack of experimental data in this
region.

Enthalpies for the mixtures are located between the enthal-
pies for the pure components fdrup to 1.5. Atd=2, the
enthalpy of the mixture is closer to the enthalpy of pure
ammonia, especially around=1.5. This behavior corre-
sponds to the observations for the compressibility fazior
Experimental data in the supercritical region are required to
determine whether or not this result is correct.

Overall, the behavior of the equation of state is reasonable
even when extrapolated to>2T, which corresponds to
810 K for ammonia and to 1295 K for pure water. However,
since no experimental data are available in this region, no
estimates of accuracy can be given for supercritical states.

6. Conclusions

A fundamental equation of state for the Helmholtz free
energy of {water-rammonid has been established from
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which all thermodynamic properties can be derived by therequation of state is used to determine the properties remain-
modynamic relations. The entire thermodynamic space fronhg to complete the full informationq,T,x,y,V,W) for a
vapor to liquid, including VLE, is described by a single vapor—liquid equilibrium state. For @(T,x) value, for ex-
mathematical expression. . ample,y, V', andV” have to be calculated.

The Helmholtz free energy model covers the entire tWo-  prom the first two equations two independent conditions

phase region between the solid—liquid—vapor boundary andan he determined for the saturated vapor and saturated
the critical locus. The uncertainty of liquid and vapor m°|eliquid which are identical to those for single-phase
fractions is about- 0.01 except in the vicinity of the critical é

locus, where it can increase up to 0.04. Enthalpies and de
sities show a reasonable behavior on the whole two-phas
envelope, although experimental data for these properties a

p,V_,T,x) data as described in Section 4. Using the formula

rom Table 3 for calculation of the fugacity coefficient, Eqgs.
e3) and (A4) transform into

available only in a limited range of temperature and compo- 1—x 7"

sition. IN=—=—In— 40"~ " + 5P — 5 P
Experimental data in the single-phase regions are 1=y z

restricted to subcritical temperatures, for the liquid below R "

420 K and 40 MPa and for the vapor for pressures below V(@ + T D%+ 8 P)

10 MPa. Typical uncertainties are0.3% for the density and +x(<b;' + g ‘D: n 5;(1)%')’ (A5)

+200 J/mol for enthalpy in this range. No experimental data
are available for supercritical temperatures. Extrapolation "
into the supercritical area gives reasonable results, but the In X_ —IN O+ 5D — 5D
accuracy in these regions is unknown. !

In conclusion, the new equation of state represents the Y Y Y
currently available measurements mostly within the limits of +(1=y) (D) + DT+ 5,DT)
experimental error, but more experimental data are needed in
order to verify the reliability of calculated thermodynamic
properties especially in the single-phase regions.

—(1=X)(PF + 7D + 5.DT). (AB)

Partial differentials are abbreviated as in Table 3. Reduced
variables for the saturated vapor are given by
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8. Appendices
The derivatives of the reduced variables with respestdoe

8.1. Appendix A: Linearization of VLE Data abbreviated as
The vapor—liquid equilibrium of a binary mixture is cal- ar 98
culated by solving simultaneously the four equations Ty (a_x and 5X=(5) )
p=p(V',T,x), (A1) _ _ |
_ Upon introducing the general structure of the residual

p=p(V"T.y), (A2)  Helmholtz free energy of the binary mixture,

(1=%) @1V, T)=(1-Yy) @y(V',T,y), (A3) D= (1—X) D+ XD+ ADT, (A7)

x@a(V', T,X)=y@ (V" T,y). (A4)  the contributions of the departure function can be separated

o is the fugacity coefficient of componentcalculated as from the contributions of the pure fluid equations in Egs.
given in Table 3;x andy are the liquid and vapor mole (A5) and (A6):
fractions of component 2. ,
When an interim equation is known from which the VLE —In Eﬂn Z——A=A<1)’”—A<I>r/—yACDr"+xA<I>r/
can be calculated, these four equations can be linearized ang1 1- ! X X
the information of a VLE measurement can be included in

the linear regression analysis to determine the functional +(b”’—yb“>§)A<Dg—(5’—X@Q)Ad)g—yr’x’A(I)rT"
form of A®". Regardless of the type of experimental VLE e
data, 0,T.x), (p,T.x,y), or (p,T,y) values, the interim +XTAD, (A8)
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X " , / , chosen. Compositions are given in terms of mass fractions
Yo=In—+In —— B=A®" —AD" +(1-y)AD] of ammonia. At temperatures below 0 °C, the solid region is
Z encountered and no VLE exist for most tabulated vapor com-
. r " _ , v positions. At high temperatures, the VLE region is restricted
(1=X)AD, +["+(1-y) G JADS by the critical line. In the single-phase region, properties
—[6 +(1=%) 5;]A<I>g+(l—y)7-QA<DrT" were calcu_lated on isobgrs as functions of temperature and
mass fraction of ammonia.

—(1-X)T,AD" . (A9)

A andB are determined only from the pure fluid equations
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TABLE 4. Saturation properties divater+ammonia

Bubble point, (¢’ = ) Dew point (¢” = §)
pB €II gl gll hl hll 8, 3" pD E/ g/ Q,, h/ hll 8, 3”
kPa kg/m?3 kJ/kg kJ/(kg K) kPa kg/m3 kJ/kg kJ/(kg K)
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SOOO HOOOOOOOO FOOOOOOD ~OOOOOOD FOO00000 ~OOO000D
TR LWN OWCOO-100CTHRLWN CO-IIUTHR W SOOI THRW WIS UTHR W OO -IO U

0.23 0.99905 919.11 0.0023 —374.91 1502.6 —0.8478 9.2757
0.59 0.99978 910.06 0.0060 —376.36 1501.9 —0.7632 8.8158
1.52 0.99996 895.37 0.0153 —370.71 1501.5 —0.7205 8.3560
3.44 0.99999 872.62 0.0347 —342.55 1500.9 —0.6543 7.9543
6.05 1.00000 840.22 0.0612 —280.46 1500.1 —0.5056 7.6752
8.29 1.00000 800.84 0.0840 —189.52 1499.5 —0.2843 7.5188
9.82 1.00000 760.62 0.0996 —83.00 1499.0 —0.0425 7.4343
10.94 1.00000 724.72 0.1110  32.33 1498.7 0.1622 7.3803| 10.94 1.00000 724.72 0.1110 32.33 1498.7 0.1622 7.3803

0.57 0.99847 920.70 0.0054 —340.08 1523.2 —0.6806 8.9408
1.44 0.99965 908.28 0.0138 —341.11 1522.0 —0.5937 8.4806
3.54 0.99993 890.50 0.0340 —333.68 1521.2 —0.5426 8.0384
7.51 0.99999 864.95 0.0724 —301.75 1520.3 —0.4583 7.6668
12.52 1.00000 830.76 0.1210 —236.87 1519.1 -0.2962 7.4128
16.74 1.00000 790.70 0.1621 —145.75 1518.1 —0.0741 7.2673
19.69 1.00000 750.19 0.1909 —39.91 1517.4 0.1645 7.1856
21.89 1.00000 713.62 0.2125  75.08 1516.9 0.3675 7.1318| 21.89 1.00000 713.62 0.2125 75.08 1516.9 0.3675 7.1318

1.27 0.99764 921.65 0.0116 —302.95 1543.9 —0.5103 8.6414
3.19 0.99945 905.62 0.0293 —305.38 1542.0 —0.4300 8.1834
7.53 0.99989 884.69 0.0693 —295.67 1540.8 —0.3684 7.7600
15.07 0.99998 856.60 0.1391 —259.74 1539.3 —0.2657 7.4156
24.02 0.99999 820.96 0.2224 —192.58 1537.6 —0.0932 7.1819
31.47 1.00000 780.32 0.2923 —101.49 1536.2 0.1287 7.0449
36.77 1.00000 739.43 0.3421 3.76 15635.1 0.3646 6.9652
40.84 1.00000 702.09 0.3806 118.42 1534.3 0.5661 6.9112| 40.84 1.00000 702.09 0.3806 118.42 1534.3 0.5661 6.9112

2.65 0.99655 921.18 0.0233 -264.86 1564.9 —0.3434 8.3710
6.57 0.99917 901.79 0.0578 —268.24 1562.0 —0.2672 7.9194
14.81 0.99982 877.99 0.1307 —255.86 1560.2 —0.1939 7.5156
28.13 0.99996 847.74 0.2492 —216.42 1558.0 —0.0759 7.1949
43.19 0.99999 810.90 0.3844 —147.65 1555.6 0.1036 6.9774
55.63 1.00000 769.71 0.4971 —56.75 1553.5 0.3247 6.8469
64.62 1.00000 728.34 0.5790  48.00 1552.1 0.5583 6.7688
71.69 1.00000 690.15 0.6438 162.32 1550.9 0.7583 6.7141| 71.69 1.00000 690.15 0.6438 162.32 1550.9 0.7583 6.7141

1.97 0.98190 940.47 0.0167 —213.40 1597.9 —0.2834 8.6296

5.23 0.99516 919.22 0.0441 -—225.96 1586.1 —0.1801 8.1269
12.61 0.99878 896.87 0.1066 —229.42 1582.0 —0.1042 7.6850
27.22 0.99970 870.57 0.2308 —214.33 1579.3 —0.0196 7.3005
49.34 0.99992 838.53 0.4207 —172.05 1576.2 0.1103 6.9999
73.41 0.99997 800.67 0.6299 —102.19 1572.9 0.2943 6.7951
93.22 0.99999 758.89 0.8041 —11.54 1570.2 0.5144 6.6696
107.73 1.00000 716.91 0.9328  92.78 1568.1 0.7461 6.5924
119.43 1.00000 677.83 1.0374 206.75 1566.5 0.9446 6.5367(119.43 1.00000 677.83 1.0374 206.75 1566.5 0.9446 6.5367

3.77 0.97624 940.10 0.0306 —171.23 1623.0 —0.1134 8.4043
9.76 0.99343 915.98 0.0792 —186.20 1607.5 —0.0198 7.9073
22.81 0.99825 891.07 0.1854 —189.05 1601.9 0.0584 7.4771
47.13 0.99954 862.63 0.3851 —171.42 1598.1 0.1532 7.1104
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TABLE 4. Saturation properties ¢ivater+ammonid—Continued

°C

|

PB 3
kPa

Bubble point (¢’ = §)

31 3"

kJ/ (kg K)

PD
kPa

Dew point (£ = €)
gl gll hl hl/
kg/m3 kJ/kg

3, 3”

kJ/ (kg K)

—10

0.01

10

20

SNOOCTHRWNO OCQOONOOUTLHEWNHO QORI CHRWNFO OO0 CHHRWN I OO

82.03 0.99986
118.88 0.99995
149.09 0.99998
171.52 0.99999
190.08 1.00000

2.18 0.88136

6.87 0.96977
17.30 0.99131
39.06 0.99755
77.53 0.99930
130.22 0.99977
184.49 0.99991
228.90 0.99996

262.33 0.99999

290.71 1.00000

0.61 0.00000

4.02 0.86180
11.99 0.96248
29.25 0.98873
63.81 0.99663
122.00 0.99895
198.62 0.99964
275.94 0.99985
339.15 0.99993
387.45 0.99997
429.55 1.00000

1.23 0.00000

7.07 0.84164
20.07 0.95438
47.37 0.98565
99.84 0.99544
184.44 0.99848
292.15 0.99943
399.03 0.99975
486.44 0.99988
554.33 0.99995
615.05 1.00000

2.34 0.00000
11.95 0.82096
32.34 0.94541
73.85 0.98199
150.56 0.99393
269.50 0.99783
416.63 0.99913
560.61 0.99960

g’ Q,I hl hll
kg/m® kJ/kg
829.06 0.6752 —126.89 1593.9
790.27 0.9864 —56.30 1589.5
747.84 1.2456 34.13 1585.9

705.15 1.4404 138.07 1583.1
665.14 1.6033 251.70 1580.8

968.09 0.0171 —100.01 1725.1
938.21 0.0537 —129.22 1648.7
911.69 0.1351 —145.53 1629.2
884.57 0.3062 —147.37 1621.8
854.30 0.6118 —127.45 1616.6

819.41 1.0375 —81.15 1611.0
779.71 1.4851 —10.02 1605.3
736.54 1.8586  80.24 1600.6

693.06 2.1446  183.87 1597.0
652.06 2.3906 297.16 1593.9

999.79 0.0049 0.00 2500.9
966.81 0.0304 -56.37 1762.0
935.11 0.0903 —87.10 1675.0
906.54 0.2205 —104.00 1651.2
877.52 0.4832 —104.58 1641.5

845.66 0.9319 —82.64 1634.7
809.66 1.5358 —34.90 1627.4
768.97 2.1613  36.68 1620.2

126.84 1614.3
230.23 1609.6
343.19 1605.4

724.96 2.6856
680.61 3.0949
638.56 3.4579

999.65 0.0094  42.02 2519.2
964.35 0.0516 —13.22 1799.3
931.06 0.1459 —44.88 1702.0
900.72 0.3451 —61.80 1673.3
870.04 0.7319 —61.03 1661.2
836.77 1.3672 —37.30 1652.3
799.57 2.1985 11.67 1643.1
758.04 3.0505  83.67 1634.2

173.80 1626.8
277.00 1620.8
389.71 1615.3

713.11 3.7695
667.81 4.3430
624.64 4.8679

998.16 0.0173  83.91 2537.5
960.94 0.0845  29.74 1837.0
926.22 0.2276 —2.35 1729.6
894.32 0.5209 —18.92 1695.8
862.17 1.0706 —16.75 1680.7

827.63 1.9431 8.61 1669.5
789.37 3.0592  58.67 1658.2
746.86 4.1956 131.10 1647.3

0.2921 6.8266
0.4791 6.6318
0.6981 6.5100
0.9283 6.4330
1.1253 6.3757

—0.0543 8.8505

0.0494 8.1997
0.1377 7.7103
0.2198 7.2923
0.3234 6.9418
0.4691 6.6717
0.6580 6.4847
0.8763 6.3654
1.1053 6.2880
1.3009 6.2285

0.0000 9.1556
0.1084 8.6434
0.2064 8.0142
0.2925 7.5337
0.3793 7.1279
0.4903 6.7914
0.6413 6.5325
0.8318 6.3514
1.0496 6.2335
1.2774 6.1550
1.4718 6.0925

0.1511 8.8998
0.2635 8.4551
0.3582 7.8467
0.4442 7.3759
0.5357 6.9817
0.6531 6.6573
0.8083 6.4072
1.0001 6.2303
1.2177 6.1128
1.4447 6.0324
1.6380 5.9662

0.2965 8.6661
0.4126 8.2827
0.5057 7.6954
0.5929 7.2347
0.6892 6.8512

0.8121 6.5369
0.9709 6.2938

1.1640 6.1196

190.08 1.00000

(V]
©
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COOTRI W Ui =300 T OO0 = DO DN =] =J Q0 = = ¢

665.14 1.6033 251.70 1580.8

964.44 0.0198 —104.19 1709.0
652.06 2.3906 297.16 1593.9

999.79 0.0049 0.00 2500.9

999.02 0.0054 —3.58 2415.3
998.01 0.0060 —6.98 2329.6
996.66 0.0068 —10.70 2243.9
994.85 0.0079 —-14.97 2158.1
992.37 0.0094 -20.06 2072.4
988.86 0.0116 -26.37 1986.6
983.66 0.0151 —34.59 1900.9
975.25 0.0218 —46.14 1815.1
959.06 0.0402 —64.90 1729.1
638.56 3.4579 343.19 1605.4
999.65 0.0094  42.02 2519.2
998.54 0.0104  38.36 2433.8
997.19 0.0116  34.85 2348.4
995.46 0.0132  30.99 2262.8
993.22 0.0153  26.54 2177.3
990.21 0.0181  21.21 2091.8
986.05 0.0223 14.58 2006.2

979.96 0.0291 5.89 1920.7

970.31 0.0420 —6.34 1835.0
952.16 0.0768 —26.10 1749.2
624.64 4.8679 389.71 1615.3
998.16 0.0173  83.91 2537.5
996.75 0.0191 80.17 2452.3
995.08 0.0214  76.54 2367.1
993.01 0.0243  72.52 2281.8
990.34 0.0281  67.87 2196.5
986.80 0.0333  62.28 2111.2
981.96 0.0409  55.28 2025.8
974.97 0.0533  46.10 1940.4

1.1253 6.3757

—0.0426 8.7624

1.3009 6.2285

0.0000 9.1556
0.0088 9.2873
0.0153 9.3398
0.0217 9.3533
0.0287 9.3339
0.0368 9.2813
0.0471 9.1910
0.0614 9.0520
0.0844 8.8391
0.1315 8.4768
1.4718 6.0925

0.1511 8.8998
0.1607 9.0306
0.1680 9.0822
0.1753 9.0949
0.1834 9.0746
0.1929 9.0213
0.2048 8.9303
0.2214 8.7910
0.2473 8.5785
0.2977 8.2184
1.6380 5.9662

0.2965 8.6661
0.3070 8.7961
0.3152 8.8469
0.3234 8.8589
0.3326 8.8379
0.3435 8.7840
0.3571 8.6926
0.3758 8.5532
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TABLE 4. Saturation properties ¢ivater+ammonid—Continued

Bubble point (¢ = §)

Dew point (£ = £)

t pB €Il Q, Q” hl h/l 8[ 3" pD €I Q, Q” hl hII 3, 3//
°C kPa kg/m? kJ/kg kJ/(kg K) | kPa kg/m? kJ/kg kJ/(kg K)
0.8 | 678.61 0.99980 700.92 5.1634 221.29 1638.0 1.3816 6.0016| 10.83 0.09166 964.07 0.0766 33.19 1854.9 0.4044 8.3412
0.9 | 771.87 0.99991 65450 5.9543 324.36 1630.5 1.6080 5.9183| 19.75 0.14716 943.99 0.1391 12.63 1769.1 0.4578 7.9832
1.0 | 857.48 1.00000 61020 6.7025 436.03 1623.3 1.8005 5.8475| 857.48 1.00000 610.20 6.7025 436.93 1623.3 1.8005 5.8475
30 0.0 | 4.25 0.00000 995.61 0.0304 125.73 2555.6 0.4368 8.4520| 4.25 0.00000 995.61 0.0304 125.73 2555.6 0.4368 8.4520
0.1 | 19.48 079991 956.74 0.1334 72.61 1874.8 0.5564 8.1248| 472 0.00525 993.92 0.0336 121.90 2470.7 0.4482 8.5815
02 | 50.37 0.93556 920.72 0.3435 40.46 1757.8 0.6493 7.5587|  5.30 0.01083 991.95 0.0376 118.13 2385.7 0.4573 8.6317
0.3 | 111.23 0.97768 887.43 07611 24.53 1718.6 0.7385 7.1084| 6.05 0.01737 989.52 0.0426 113.94 2300.6 0.4665 8.6430
0.4 | 21963 0.99204 853.96 1.5180 28.12 1700.2 0.8394 6.7346| 7.03 0.02538 986.42 0.0492 109.07 2215.6 0.4768 8.6215
0.5 | 381.97 0.99696 818.26 2.6848 54.98 1686.3 0.9671 6.4288| 8.38 0.03563 982.34 0.0583 103.18 2130.5 0.4891 8.5671
0.6 | 577.83 0.99870 778.95 4.1509 106.04 1672.5 1.1291 6.1908| 10.35 0.04937 976.80 0.0717 95.80 2045.3 0.5044 8.4755
0.7 | 767.35 0.99937 735.41 5.6387 178.95 1650.3 1.3236 6.0181| 1352 0.06901 968.89 0.0931 86.12 1960.1 0.5252 8.3360
0.8 | 923.28 0.99967 688.36 6.9214 269.28 1648.0 1.5414 5.8085| 19.48 0.10004 956.72 0.1335 72.60 1874.8 0.5565 8.1246
0.9 [1048.9 0.99985 640.93 7.0982 372.32 1638.6 1.7674 5.8115| 35.29 0.15972 934.71 0.2407 51.49 1788.9 0.6130 7.7687
1.0 |1167.2 1.00000 595.17 9.0533 484.90 1629.3 1.9597 5.7347[1167.2  1.00000 595.17 9.0533 484.90 1629.3 1.9597 5.7347
40 0.0 7.38 0.00000 992.18 0.0512 167.53 2573.5 0.5724 8.2556|  7.38 0.00000 992.18 0.0512 167.53 2573.5 0.5724 8.2556
0.1 | 3071 0.77857 951.85 0.2041 115.47 1912.7 0.6955 7.9798|  8.20 0.00558 990.22 0.0566 163.59 2488.9 (.5848 8.3846
02 | 76.01 0.92482 914.65 0.5031 83.57 1786.6 0.7801 7.4351| 9.22 0.01158 987.96 0.0632 159.68 2404.2 0.5948 8.4343
0.3 | 162.41 0.97267 880.11 1.0799 68.50 1741.7 0.8810 6.9954| 10.51 0.01866 985.16 0.0717 155.31 2319.4 0.6051 8.4451
0.4 | 311.06 0.98969 845.44 2.0939 73.50 1710.6 0.9864 6.6303| 12:21 0.02739 981.61 0.0828 150.20 2234.5 0.6166 8.4232
0.5 | 526.90 0.99581 808.64 3.6183 101.77 17027 1.1184 6.3314| 1454 0.03859 976.97 0.0981 144.00 2149.7 0.6302 8.3685
0.6 | 781.75 0.99800 768.29 5.5077 153.82 1686.1 1.2833 6.0972| 17.94 0.05364 970.71 0.1203 136.23 2064.7 0.6473 8.2766
0.7 |1026.1° 0.99902 723.65 7.4251 227.25 1670.3 1.4792 5.9247| 23.38 0.07511 961.85 0.1561 126.07 1979.7 0.6703 8.1372
0.8 |1228.4 0.99947 675.40 9.1037 317.83 1656.7 1.6975 5.8025| 3359 0.10878 948.39 0.2231 112.01 1894.4 0.7041 7.9264
0.9 |1394.6 0.99975 626.76 10.556 420.93 1645.0 1.9234 5.7107| 60.41 0.17253 924.47 0.3999 90.72 1808.4 0.7641 7.5722
1.0 |1555.4 1.00000 579.44 12.034 533.78 1633.1 2.1161 5.6265|1555.4 1.00000 579.44 12.034 533.78 1633.1 2.1161 5.6265
50 0.0 | 12.35 0.00000 988.00 0.0831 209.34 2591.3 0.7038 8.0749| 12.35 0.00000 988.00 0.0831 209.34 2591.3 0.7038 8.0749
0.1 | 46.97 0.75702 946.36 0.3034 158.38 1950.6 0.8303 7.8461| 13.72 0.00593 985.78 0.0918 205.28 2507.0 0.7172 8.2035
0.2 | 111.48 0.91316 908.07 0.7172 126.99 1815.8 0.9255 7.3233| 15.41 0.01238 983.21 0.1025 201.22 24225 0.7282 8.2528
0.3 | 230.63 0.96688 872.39 1.4928 112.93 1765.1 1.0204 6.8941| 17.56 0.02004 980.03 0.1162 196.65 2338.0 0.7395 8.2633
0.4 | 42913 0.98681 836.62 2.8187 110.36 1738.9 1.1301 6.5369| 20.39 0.02954 976.02 0.1342 191.29 2253.4 0.7523 8.2410
0.5 | 709.44 0.99432 79876 4.7701 148.98 1718.6 1.2661 6.2436| 24.26 0.04176 970.79 0.1588 184.79 2168.7 0.7674 8.1860
0.6 |1034.3 099727 757.35 7.1645 202.01 1699.0 1.4338 6.0118| 29.90 0.05817 963.77 0.1946 176.63 2084.0 0.7863 8.0941
0.7 |1343.7 0.99853 71152 9.6020 276.05 1680.3 1.6312 5.8385| 38.90 0.08154 953.94 0.2520 166.02 1999.1 0.8114 7.9548
0.8 |1601.8 0.99917 661.97 11.776 366.99 1664.0 1.8502 5.7127| 55.71 0.11788 939.19 0.3592 151.55 1913.9 0.8480 7.7444
0.9 |1818.5 0.99959 612.03 13.721 470.30 1649.6 2.0764 5.6148| 99,56 0.18567 913.33 0.6404 130.47 1827.5 0.9122 7.3916
1.0 [2034.0 1.00000 562.86 15.785 583.77 1634.2 2.2706 5.5213|2034.0 1.00000 562.86 15.785 583.77 1634.2 2.2706 5.5213
60 0.0 | 19.95 0.00000 983.16 0.1304 251.18 2608.9 0.8313 7.9082| 19.95 0.00000 983.16 0.1304 251.18 2608.9 0.8313 7.9082
0.1 | 69.88 073531 940.33 0.4393 201.38 1988.2 0.9613 7.7226| 22.15 0.00630 980.68 0.1440 247.00 2524.8 0.8458 8.0365
0.2 | 15930 0.90058 901.03 0.9979 170.72 1845.5 1.0586 7.2218| 24.87 0.01323 977.78 0.1608 242.78 2440.6 0.8577 8.0855
0.3 | 319.39 0.96025 864.30 2.0150 157.80 1788.7 1.1569 6.8033| 28.33 0.02151 974.22 0.1821 238.02 2356.3 0.8702 8.0957
0.4 | 578.22 0.98333 827.49 3.7130 165.67 1758.1 1.2706 6.4533| 3287 0.03182 969.71 0.2102 232.41 2272.0 0.8843 8.0732
0.5 | 934.75 0.99242 788.59 6.1666 196.63 1734.2 1.4105 6.1644| 39.09 0.04512 963.87 0.2486 22559 2187.5 0.9009 8.0180
0.6 |1341.4° 0.99616 746.09 9.1563 250.67 1711.2 1.5808 5.9339| 48.12 0.06298 956.06 0.3044 217.07 2103.0 0.9217 7.9259
0.7 |1726.7 0.99784 698.99 12.219 325.41 1689.4 1.7800 5.7588| 62.51 0.08830 945.23 0.3936 206.07 2018.2 0.9491 7.7867
0.8 |2051.3 0.99873 648.04 15.013 416.82 1670.0 2.0000 5.6282| 89.24 0.12735 929.16 0.5597 191.34 1933.0 0.9888 7.5768
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TABLE 4. Saturation properties ¢ivater+ammonid—Continued

Bubble point (¢’ = &) Dew point (§” = &)
t 5 pB €I/ Q, Q,I h, hlI 8, 3” pD é/ g/ QI' h’ h// 8, 8”
°C kPa kg/m3 kJ/kg kJ/(kg K) kPa kg/m3 kJ/kg kJ/(kg K)

2330.1 0.99935 596.65 17.607 520.53 1652.1 2.2269 5.5227| 158.56 0.19935 901.28 0.9933 170.87 1846.0 1.0580 7.2246
2615.6 1.00000 545.24 20.493 635.11 1632.4 2.4239 5.4174]|2615.6 1.00000 545.24 20.493 635.11 1632.4 2.4239 5.4174

31.20 0.00000 977.73 0.1984 293.07 2626.1 0.9551 7.7541] 31.20 0.00000 977.73 0.1984 293.07 2626.1 0.9551 7.7541
101.38 0.71350 933.80 0.6211 244.52 2025.5 1.0888 7.6081| 34.63 0.00669 974.98 0.2190 288.77 2542.4 0.9707 7.8821
222.33 0.88706 893.56 1.3583 214.79 1875.6 1.1887 7.1295| 38.89 0.01413 971.75 0.2445 284.39 2458.4 0.9837 7.9309
432.45 0.95270 855.85 2.6662 203.12 1812.6 1.2905 6.7218| 44.28 0.02308 967.78 0.2769 279.42 2374.4 0.9974 7.9408
762.82 0.97915 818.04 4.7979 212.43 1777.4 1.4083 6.3783{ 51.35 0.03426 962.75 0.3194 273.57 2290.3 1.0129 7.9181
1207.8 0.99002 778.12 7.8340 244.74 1749.5 1.5517 6.0929| 61.02 0.04870 956.26 0.3775 266.45 2206.0 1.0312 7.8628
1708.3 0.99468 734.47 11.518 299.84 1722.8 1.7248 5.8628| 75.04 0.06807 947.63 0.4620 257.60 2121.6 1.0540 7.7707
2181.1 0.99687 686.00 15.326 375.40 1697.4 1.9258 5.6850| 97.32 0.09542 935.76 0.5965 246.29 2037.0 1.0839 7.6315
2584.3 0.99809 633.52 18.894 467.42 1674.4 2.1472 5.5484| 138.57 0.13725 918.33 0.8466 231.47 1951.6 1.1269 7.4217
2039.1 0.99899 580.51 22.347 571.79 1652.5 2.3754 5.4336| 244.96 0.21373 888.30 1.4975 212.05 1863.9 1.2022 7.0696
3313.5 1.00000°526.31 26.407 688.19 1627.1 2.5770 5.3131{3313.5 1.00000 526.31 26.407 688.19 1627.1 2.5770 5.3131

47.41 0.00000 971.77 0.2937 335.02 2643.0 1.0756 7.6111| 47.41 0.00000 971.77 0.2937 335.02 2643.0 1.0756 7.6111
143.72 0.69163 926.82 0.8593 287.83 2062.4 1.2130 7.5014| 52.62 0.00711 968.73 0.3240 330.59 2559.6 1.0923 7.7390
303.73 0.87261 885.68 1.8126 259.18 1905.9 1.3160 7.0452| 59.07 0.01509 965.15 0.3617 326.06 2475.9 1.1065 7.7876
573.74 0.94419 847.03 3.4614 248.86 1836.8 1.4214 6.6484| 67.24 0.02475 960.74 0.4096 320.90 2392.1 1.1215 7.7974
987.39 0.97419 808.27 6.0943 259.66 1796.6 1.5432 6.3109| 77.94 0.03685 955.17 0.4723 314.81 2308.2 1.1384 7.7745
1533.4 0.98702 767.31 9.7981 293.34 1764.5 1.6901 6.0284| 92.55 0.05250 947.99 0.5580 307.42 2224.2 1.1586 7.7190
2140.0 0.99275 722.44 14.285 349.58 1733.8 1.8659 5.7979| 113.72 0.07346 938.51 0.6825 298.28 2139.9 1.1835 7.6267
2712.5 0.99555 672.48 18.978 426.07 1704.5 2.0692 5.6164| 147.26 0.10292 925.55 0.8803 286.75 2055.3 1.2162 7.4875
3207.8 0.99719 618.34 23.513 518.89 1677.4 2.2922 5.4726| 209.20 0.14764 906.72 1.2474 272.05 1969.7 1.2629 7.2776
3654.6 0.99846 563.49 28.111 624.26 1650.5 2.5226 5.3465| 368.25 0.22883 874.41 2.2019 254.21 1880.8 1.3454 6.9246
4142.0 1.00000 505.67 33.888 743.49 1617.5 2.7312 5.2060|4142.0 1.00000 505.67 33.888 743.49 1617.5 2.7312 5.2060

70.18 0.00000 965.30 0.4239 377.04 2659.6 1.1929 7.4782| 70.18 0.00000 965.30 0.4239 377.04 2659.6 1.1929 7.4782
199.49 0.66974 919.39 1.1659 331.33 2098.7 1.3343 7.4016; 77.88 0.00755 961.96 0.4677 372.51 2576.4 1.2109 7.6060
406.92 0.85723 877.39 2.3762 303.94 1936.4 1.4406 6.9679| 87.40 0.01611 958.02 0.5221 367.83 2493.0 1.2263 7.6544
747.33 0.93463 837.86 4.4196 295.06 1861.2 1.5498 6.5820| 99.47 0.02652 953.14 0.5911 362.48 2409.5 1.2427 7.6640
1256.3 0.96835 798.14 7.6235 307.38 1815.8 1.6755 6.2504} 115.25 0.03960 946.99 0.6814 356.17 2325.8 1.2613 7.6410
1915.9 0.98331 756.12 12.085 342.47 1779.2 1.8259 5.9701| 136.78 0.05653 939.09 0.8049 348.54 2241.9 1.2833 7.5853
2641.1 0.99025 709.95 17.491 399.95 1744.3 2.0046 5.7386| 167.92 0.07917 928.70 0.9839 339.17 2157.7 1.3106 7.4929
3325.7 0.99377 658.37 23.230 477.54 1710.8 2.2103 5.5527| 217.19 0.11083 914.63 1.2682 327.54 2073.0 1.3463 7.3534
3927.9 0.99592 602.43 28.974 571.35 1678.8 2.4354 5.4003| 307.94 0.15859 894.32 1.7955 313.19 1987.1 1.3972 7.1430
4485.4 0.99768 545.40 35.108 678.20 1645.9 2.6690 5.2603| 540.27 0.24490 859.51 3.1679 297.49 1896.7 1.4883 6.7880
5116.7 1.00000 482.75 43.484 801.75 1602.3 2.8884 5.0929|5116.7 1.00000 482.75 43.484 801.75 1602.3 2.8884 5.0929

101.42 0.00000 958.35 0.5982 419.17 2675.6 1.3072 7.3542( 101.42 0.00000 958.35 0.5982 419.17 2675.6 1.3072 7.3542
271.61 0.64787 911.53 1.5540 375.06 2134.4 1.4529 7.3078| 112.53 0.00802 954.71 0.6600 414.53 2592.8 1.3266 7.4819
535.61 0.84094 868.72 3.0654 349.07 1967.1 1.5628 6.8964( 126.27 0.01719 950.37 0.7367 409.71 2509.6 1.3433 7.5302
957.38 0.92399 828.31 5.5602 341.72 1885.7 1.6759 6.5219| 143.67 0.02841 945.00 0.8340 404.20 2426.3 1.3612 7.5397
1573.9 0.96152 787.65 9.4073 355.63 1835.0 1.8054 6.1958{ 166.42 0.04254 938.24 0.9615 397.69 2342.8 1.3816 7.5164
2359.5 0.97878 744.52 14.719 392.20 1793.7 1.9594 5.9174] 197.41 0.06083 929.56 1.1355 389.86 2259.0 1.4058 7.4606
3215.2 0.98705 696.95 21.172 451.03 1754.3 2.1412 5.6845| 242.20 0.08524 918.23 1.3878 380.33 2174.9 1.4357 7.3679
4024.7 0.99140 643.58 28.140 529.89 1716.1 2.3496 5.4935| 312.97 0.11922 902.98 1.7884 368.73 2090.1 1.4747 7.2280
4750.2 0.99416 585.67 35.399 624.96 1678.7 2.5772 5.3309| 443.07 0.17018 881.10 2.5314 354.99 2003.6 1.5305 7.0166
5439.5 0.99653 526.03 43.614 733.94 1638.2 2.8156 5.1741| 775.67 0.26209 84353 4.4727 342.13 1911.1 1.6316 6.6582
6255.3 1.00000 456.63 56.117 864.15 1579.8 3.0513 4.9691]6255.3 1.00000 456.63 56.117 864.15 1579.8 3.0513 4.9691
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TABLE 4. Saturation properties ¢ivater+ammonid—Continued

°C

|

PB
kPa

Bubble point (&' = §)
QI Q” hl
kg/m3 k] /kg

5/ 3”

kJ/ (kg K)

PD
kPa

Dew point (¢” = £)
Q, Q/, h/ hl’
kg/m3 kJ/kg

31 3”

kJ/(kg K)

866T ‘T 'ON ‘LZ 'IOA ‘ereq "J8d "wayD 'shud ¢
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=D ORI UTHR WO COXIATTHHRWN RO QOIS TIHERWN=RO QOIS TLHEBWN = O

143.38
363.32
693.71

1208.1
1944.3
2867.7
3865.2
4812.4
5678.9
6523.4
7578.3

198.68
478.19
885.35

1503.9
2371.3
3443.6
4593.4
5690.8
6716.8
7741.0
9112.5

270.28
620.07

1114.9
1849.0
2858.8
4089.8
5401.0
6660.7
7864.6
9091.3
10897.7

361.54
793.12

1386.8
2247.7
3410.3
4808.5
6288.5
7721.7
9120.2
10563.0

476.17

1001.8 0.53983
1705.8 0.74670

950.95 0.8263 461.42 2691.1
903.27  2.0381 419.04 21694
859.65  3.8980 394.59 1997.6
818.38 6.9032 388.87 19104
776.75 11.468  404.43 1854.3
732.45 17.729  442.59 1808.0
683.35 25.362  502.92 1763.8
628.02 33.772  583.26 1720.6
567.95 42.929 679.91 1676.9
505.07 53.993 791.96 1627.1
425.61 73.550 932.83 1546.2

943.11  1.1221 503.82 2705.9
894.59  2.6342 463.32 2203.4
850.18  4.8933 440.55 2028.1
808.05 8.4705 436.56 1935.1
76542 13.831 453.86 1873.5
719.85 21.142  493.71 1822.1
669.07 30.100 555.73 1773.0
611.59 40.195 637.79 1724.3
549.12 51.739  736.44 1673.2
482.07 66.746  852.94 1611.9
385.49 100.07 1013.1 14934

934.83  1.4970 546.39 2720.1
885.60  3.3600 507.92 2236.4
840.31 6.0720 486.97 2058.2
797.29 10.286  484.82 1959.8
753.60 16.523  503.97 1892.7
706.66 24.990 545.66 1836.0
654.01 35430 609.58 1781.7
594.15 47496 693.66 1727.1
529.02 62.047 794.87 1667.6
456.37 82.606 917.93 1591.8
312.29 156.77 11352 13825

926.13  1.9667 589.17 2733.5
876.00 4.2348 552.88 2268.3
830.00 7.4573 533.90 2087.8
786.08 12.376 533.72 1984.3
741.25 19.573  554.84 1911.7
692.80 29.310  598.56 1849.7
638.05 41.403 664.63 1790.0
575.57 55.782  751.08 1728.9
507.40 74.154  855.66 1659.5
426.74 102.77 988.84 1565.1

017.01 2.5481 632.18 2745.9
866.07  5.2799 598.24 2298.9
819.25 9.0746 581.38 2116.7

1.4188 7.2381
1.5689 7.2192
1.6827 6.8300
1.7998 6.4669
1.9332 6.1465
2.0908 5.8697
2.2759 5.6351
2.4874 5.4382
2.7183 5.2639
2.9634 5.0868
3.2249 4.8258

1.5279 7.1292
1.6827 7.1350
1.8005 6.7678
1.9217 6.4164
2.0592 6.1017
2.2205 5.8264
2.4092 5.5898
2.6243 5.3865
2.8591 5.1987
3.1141 4.9968
3.4218 4.6435

1.6347 7.0265
1.7943 7.0547
1.9164 6.7090
2.0418 6.3695
2.1834 6.0606
2.3487 5.7869
2.5414 5.5481
2.7606 5.3377
3.0005 5.1346
3.2701 4.9024
3.7153 4.3287

1.7392 6.9294
1.9040 6.9775
2.0306 6.6528
2.1604 6.3253
2.3062 6.0224
2.4758 5.7505
2.6729 5.5095
2.8968 5.2911
3.1435 5.0703
3.4357 4.8002

1.8418 6.8371
2.0119 6.9029
2.1432 6.5985

143.38
159.07
178.48
203.06
235.15
278.86

341.97 0.09170

441.57

624.54 0.18253
1092.5
7578.3

198.68
220.42
247.31
281.34
325.77
386.26
473.56
611.26
864.23

1513.1
9112.5

270.28
299.88
336.48
382.79
443.26
525.55
644.32
831.68

1176.3
2065.6
10897.7

361.54
401.19
450.21
512.24
593.24
703.51
862.70

1114.1
1577.8
2786.5

476.17
528.50
593.20

950.95  0.8269 461.42 2691.1
946.98  0.9125 456.69 2608.6
942.23 1.0186 451.75 2525.7
936.33  1.1533 446.10 2442.6
928.91  1.3296 439.42 2359.2
919.42 15704 431.43 2275.5
907.09 19196 421.84 2191.4
890.59 24740 410.43 21064
867.02  3.5044 397.59 2019.1
826.25 6.2152 388.39 1923.8
425.61 73.550 932.83 1546.2

943.11  1.1221 503.82 2705.9
938.79  1.2384 499.01 2623.7
933.59  1.3827 493.98 2541.1
927.14  1.5659 488.20 2458.1
919.01  1.8058 481.40 2374.9
908.65  2.1335 473.33 2291.3
895.25  2.6089 463.76 2207.1
877.42  3.3649 452.72 2121.6
852.01 4.7743 441.16 2033.3
807.53  8.5250 436.64 1934.3
385.49 100.07 1013.1 1493.4

934.83  1.4970 546.39 2720.1
930.15 1.6526 541.53 2638.2
92447  1.8459 536.42 2555.8
91741  2.0913 530.56 2473.0
908.52  2.4128 523.69 2389.8
897.23  2.8523 515.60 2306.1
882.70  3.4907 506.20 2221.7
863.43  4.5083 495.74 2135.7
835.96 6.4156 485.86 2045.9
787.01 11.578  487.39 1942.0
312.29 156.77 11352 1382.5

926.13  1.9667 589.17 2733.5
921.06  2.1721 584.28 2651.9
914.86  2.4273 579.13 2569.6
907.15  2.7515 573.23 2486.9
897.44  3.1768 566.34 2403.7
885.15  3.7589 558.33 2320.0
869.39  4.6061 549.24 2235.2
848.56  5.9613 539.62 21484
818.75  8.5218 531.95 2056.7
764.19 15.624  541.39 1946.2

917.01  2.5481 632.18 2745.9
911.50 2.8156 627.30 2664.6
904.75  3.1484 622.15 2582.5

1.4188 7.2381
1.4396 7.3658
1.4578 7.4141
1.4774 7.4233
1.4997 7.3999
1.5262 7.3437
1.5590 7.2506
1.6017 7.1100
1.6631 6.8972
1.7764 6.5335
3.2249 4.8258

1.5279 7.1292
1.5503 7.2569
1.5700 7.3050
1.5914 7.3140
1.6159 7.2903
1.6450 7.2337
1.6809 7.1400
1.7278 6.9984
1.7956 6.7834
1.9233 6.4123
3.4218 4.6435

1.6347 7.0265
1.6587 7.1542
1.6802 7.2022
1.7036 7.2110
1.7304 7.1868
1.7624 7.1298
1.8019 7.0352
1.8535 6.8922
1.9286 6.6741
2.0739 6.2925
3.7153 4.3287

1.7392 6.9294
1.7651 7.0571
1.7885 7.1049
1.8141 7.1133
1.8436 7.0887
1.8787 7.0309
1.9221 6.9353
1.9790 6.7903
2.0627 6.5679
2.2300 6.1718

1.8418 6.8371
1.8697 6.9649
1.8952 7.0124
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TABLE 4. Saturation properties ¢ivater+ammonid—Continued

Bubble point (&' = €)

Dew point (¢” = §)

t Z PB €Il Q, Q" hl hll 3, 3” pD 6/ Q, Q” hl hII 3, 8"
°C kPa kg/m3 kJ/kg kJ/(kgK) | kPa kg/m? kd /kg kJ/ (kg K)
0.3 | 27043 0.85284 774.36 14.770  583.30 2008.5 2.2776 6.2832| 675.10 0.03998 896.33 3.5718 616.26 2499.8 1.9232 7.0204
0.4 | 40290 0.90007 728.31 23.019 606.56 1930.4 2.4279 5.9865| 782.09 0.06057 885.74 4.1279 609.43 2416.6 1.9556 6.9952
0.5 | 5601.3 0.93883 678.18 34.148 65252 1863.0 2.6020 5.7164| 927.82 0.08720 872.37 4.8905 601.61 2332.6 1.9942 69365
0.6 | 72557 0.95475 621.06 48.091 721.07 1797.7 2.8042 5.4730|1138.4 0.12236 855.27 6.0037 593.00 2247.4 2.0421 6.8394
0.7 | 88723 0.96378 555.70 65210  810.33 1729.5 3.0336 5.2457|1471.6 0.17054 832.70 7.7938 584.53 2159.5 2.1051 6.6918
0.8 |10477.1 0.96945 483.90 88.517 919.49 1648.4 3.2806 5.0042|2089.0 0.24238 800.18 11.214 579.73 2065.3 2.1989 6.4637
0.9 |121184 0.97272 390,56 129.56 1060.7 1528.1 3.6199 4.6827|3724.9 0.37893 738.26 21.046 599.80 1945.5 2.3945 6.0470
160 0.0 | 618.24 0.00000 907.45 3.2596 675.48 2757.5 1.9426 6.7492| 618.24 0.00000 907.45 3.2596 675.48 2757.5 1.9426 6.7492
0.1 | 12507 051870 855.71 6.5189 644.05 2328.0 2.1182 6.8303| 686.38 0.01153 901.49 3.6043 670.64 2676.4 1.9727 6.8769
0.2 | 2076.6 072557 808.03 10953  629.47 2144.9 2.2545 6.5455| 770.66 0.02542 894.13 4.0337 665.53 2594.3 2.0005 6.9241
0.3 | 322313 083482 762.11 17.505 633.65 2032.2 2.3936 6.2424| 877.39 0.04283 884.93 4.5808 659.70 2511.7 2.0312 6.9316
0.4 | 47182 089420 71470 26.905 659.24 1948.8 2.5487 5.9520|1016.9 0.06503 873.39 5.3008 653.02 2428.3 2.0667 6.9055
05 | 6469.4 092623 662.66 39.564 707.71 1875.8 2.7279 5.6838{1207.1 0.09372 858.83 6.2908 645.52 2344.0 2.1093 6.8456
0.6 | 8301.6 094348 602.86 55590 779.11 1804.6 2.9357 5.4377|1482.5 0.13155 840.27 7.7420 637.62 2258.0 2.1621 6.7466
0.7 |101005 0.95304 534.36 76.021 871.76 1728.2 3.1718 5.1998|1919.5 0.18339 815.74 10.092 630.67 2168.7 2.2321 6.5956
0.8 [11921.6 0.95793 457.95 10594  987.45 1632.5 3.4412 4.9324|2735.0 0.26111 779.97 14.653 629.60 2071.0 2.3382 6.3597
0.9 |13628.2 0.95669 34098 168.64 1171.2 1472.4 3.8473 4.5311|4952.9 0.41409 707.73 28.487 664.66 1938.1 2.5724 59128
170 0.0 | 792.19 0.00000 897.45 4.1222 719.09 2767.9 2.0417 6.6650| 792.19 0.00000 897.45 4.1222 719.09 2767.9 2.0417 6.6650
0.1 | 1544.8 049779 844.88 7.9782 690.36 2355.6 2.2231 6.7593| 879.84 0.01227 890.99 4.5619 714.33 2687.0 2.0742 6.7926
0.2 | 25043 070380 796.30 13.125 678.22 2171.9 2.3646 6.4932| 988.29 0.02717 882.97 5.1108 709.32 2605.0 2.1045 6.8394
0.3 | 38091 081551 749.25 20,621 684.85 2055.1 2.5087 6.2020|1125.7 0.04591 872.93 58115 703.64 2522.3 2.1382 6.8461
0.4 | 5480.8 087764 700.33 31.286 713.00 1966.5 2.6690 5.0181|1305.6 0.06984 860.33 6.7359 697.22 2438.6 2.1774 6.8191
05 | 741316 091166 646.12 45.637 764.31 1887.9 2.8538 5.6516|1551.2 - 0.10078 844.49 8.0117 690.20 2353.7 2.2243 6.7576
0.6 | 94245 092994 583.27 64.049 839.05 1810.3 3.0682 5.4023|1907.6 0.14153 824.20 9.8923 683.25 2266.8 2.2828 6.6561
0.7 |11428'3 093944 511.30 88.616 935.90 1724.2 3.3124 5.1509|2475.9 0.19745 797.51 12.968 678.31 2175.5 2.3610 6.5005
0.8 134244 094143 428142 128.16 1061.6 1608.4 3.6026 4.8472|3547.6 028211 757.71 19.068 682.15 2073.2 2.4820 6.2541
0.9 [1471311 0.94024 269.07 21016 1313.6 1427.3 4.1641 4.4089|6590.5 0.45846 669.51 39.209 740.13 1920.0 2.7736 5.7600
180 0.0 | 1002.8 0.00000 887.00 5.1588 763.06 2777.2 2.1393 6.5841[1002.8 0.00000 887.00 5.1588 763.06 2777.2 2.1393 6.5841
0.1 | 1889.3 047711 833.57 9.6877 737.22 2381.5 2.3268 6.6895|1114.3 0.01306 879.99 5.7151 758.43 2696.5 2.1744 6.7115
0.2 | 29940 068144 784.02 15630 727.72 2197.7 2.4736 6.4408|1252.3 0.02905 871.25 6.4110 753.59 2614.5 2.2076 6.7576
0.3 | 44659 079491 735,73 24.170 737.01 2077.1 2.6231 6.1613|1427.5 0.04924 860.28 7.3016 748.15 2531.4 2.2446 6.7635
0.4 | 6319.7 0.85929 685.10 36.232 768.01 1983.3 2.7890 5.8837|1657.0 0.07506 846.53 8.4805 742.11 2447.4 2.2877 6.7351
0.5 | 84341 089489 628.37 52479 82258 1899.0 2.9803 5.6187|1971.1 0.10844 829.25 10.115 735.77 2361.8 2.3396 6.6716
0.6 [106225 091373 562.07 73.703 901.24 1814.2 3.2023 5.3647|2428.4 0.15242 80721 12.543 730.11 2273.4 2.4046 6.5669
0.7 [1281977 0.92206 486.17 10373 1003.6 1715.7 3.4572 5.0948|3162.5 0.21297 777.76 16.569 727.80 2179.6 2.4925 6.4052
0.8 [1491855 0.91626 392,89 160.25 1146.0 1565.7 3.7820 4.7255|4568.9 0.30612 732.74 24.799 738.26 2070.8 2.6327 6.1441
190 0.0 | 12552 0.00000 876.08 6.3954 807.44 2785.3 2.2355 6.5060|1255.2 0.00000 876.08 6.3954 807.44 2785.3 2.2355 6.5060
0.1 | 22896 045670 821.74 11.681 784.69 2405.6 2.4293 6.6203|1395.6 0.01392 868.47 7.0940 803.01 2704.6 2.2735 6.6330
0.2 | 3550.8 0.65853 771.14 18,511 778.05 2221.9 2.5819 6.3879|1569.5 0.03109 858.93 7.9702 798.41 2622.4 2.3099 6.6784
0.3 | 51982 077303 721.46 28.213  790.26 2097.8 2.7371 6.1195|1790.5 0.05286 846.94 9.0954 793.32 2539.1 2.3506 6.6831
0.4 | 7237.4 0.83905 668.86 41.838 824.44 1998.8 2.9092 5.8478|2080.7 0.08073 831.91 10.591 787.82 2454.4 2.3982 6.6530
05 | 9531.1 0.87568 609.21 60.253 882.79 1908.4 3.1078 5.5836|2479.0 0.11679 813.02 12.678 782.41 2367.7 2.4557 6.5870
0.6 [11892.0 0.89431 530.01 84.030 966.16 1815.2 3.3390 5.3223|3061.9 0.16437 788.86 15.809 778.44 2277.6 2.5283 6.4780
0.7 [14266.5 0.89922 458.29 122.90 1076.2 1699.2 3.6089 5.0234|4006.1 0.23031 756.16 21.096 779.60 2180.2 2.6279 6.3082
0.8 |16245.2 0.89783 346.59 231.56 1249.6 1461.0 4.0011 4.4587|5858.8 0.33436 703.92 32.405 799.39 2062.0 2.7938 6.0257
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TABLE 4. Saturation properties ¢ivater+ammonid—Continued
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Bubble point (&' = £) Dew point (£” = £)
t E pB 5// Q’ Q,I h' hll 8' 3/1 pD €I Q' Q” h/ hlI 3' 3”
°C kPa kg/m3 kJ/kg kJ/(kg K) kPa kg/m3 kJ/kg kJ/ (kg K)
200 0.0 1554.9 0.00000 864.66 7.8610 852.28 2792.0 2.3306 6.43021554.9 0.00000 864.66 7.8610 852.28 2792.0 2.3306 6.4302
0.1 | 2751.3 0.43655 809.36 13.997 832.84 2427.6 2.5310 6.5513]1730.0 0.01486 856.39 8.7330 848.12 2711.3 2.3718 6.5567
0.2 | 4180.1 0.63514 757.59 21.824  829.31 2244.3 2.6897 6.3339{1947.2 0.03331 845.96 9.8302 843.86 2628.9 2.4116 6.6011
0.3 | 6010.4 0.74986 706.35 32.830 844.73 2116.8 2.8511 6.0758{2223.7 0.05680 832.84 11.245 839.25 2545.0 2.4565 6.6044
0.4 | 8236.6 0.81680 651.46 48.229  882.55 2012.7 3.0301 5.8092(2587.7 0.08692 816.38 13.136  834.50 2459.4 2.5092 6.5721
0.5 |10704.2 0.85370 588.39 69.201  945.34 1915.5 3.2372 5.5443(3089.2 0.12594 795.66 15.797  830.32 2371.3 2.5731 6.5027
0.6 |13231.8 0.87087 513.77 98.453 1034.5 1811.5 3.4796 5.2706(3828.2 0.17760 769.00 19.841  828.59 2278.7 2.6546 6.3881
0.7 115732.3 0.86697 426.31 150.35 1156.3 1665.3 3.7731 4.9157{5041.4 0.24999 732.16 26.848 834.42 2176.3 2.7689 6.2072
210 0.0 1907.7 0.00000 852.72  9.5885 897.64 2797.3 2.4246 6.3564[1907.7 0.00000 852.72 9.5885 897.64 2797.3 2.4246 6.3564
0.1 | 3280.1 0.41668 796.38 16.680 881.76 2447.4 2.6319 6.4822(2124.2 0.01587 843.71 10.672 893.84 2716.4 2.4693 6.4821
0.2 | 48875 0.61131 743.31 25.632 881.61 2264.7 2.7971 6.2781]2393.3 0.03573 832.30 12.040  890.05 2633.5 2.5131 6.5252
0.3 | 6906.9 0.72542 690.26 38.120 900.62 2133.8 2.9653 6.0291{2736.5 0.06109 817.91 13.813  886.08 2548.9 2.5626 6.5266
0.4 | 9319.5 0.79242 632.69 55.581 942.61 2024.2 3.1522 5.7664[3189.9 0.09370 799.82 16.199  882.31 2462.1 2.6211 6.4916
0.5 111952.8 0.82856 565.60 79.711 1010.7 1919.0 3.3694 5.4980|3818.0 0.13603 776.99 19.593  879.76 2372.2 2.6925 6.4179
0.6 |14631.5 0.84200 485.86 115.63 1107.4 1799.6 3.6262 5.2018|4751.9 0.19241 747.29 24.847 881.00 2276.2 2.7847 6.2959
0.7 1171454 0.83960 387.54 207.39 12494 1576.4 3.9604 4.6867|6315.6 0.27284 704.92 34.296 893.34 2166.4 2.9183 6.0988
220 0.0 | 2319.6 0.00000 840.22 11.615 943.59 2801.0 2.5177 6.28412319.6 0.00000 840.22 11.615  943.59 2801.0 2.5177 6.2841
0.1 | 3882.1 0.39709 782.74 19.785  931.54 2464.9 2.7323 6.4124|2585.4 0.01697 830.39 12.956  940.25 2719.8 2.5664 6.4088
0.2 | 5678.3 0.58706 728.21 30.016 935.10 2282.6 2.9044 6.2200]2916.3 0.03837 817.87 14.657 937.07 2636.2 2.6145 6.4503
0.3 | 7892.2 0.69968 673.06 44.216 958.15 2148.3 3.0802 5.9785|3339.6 0.06580 802.04 16.875 933.96 2550.6 2.6694 6.4493
0.4 110488.0 0.76573 612.30 64.145 1005.0 2032.5 3.2762 5.7176|3901.0 0.10117 782.10 19.888  931.48 2462.2 2.7344 6.4107
0.5 |13275.7 0.79965 540.47 92.440 1079.6 1917.3 3.5056 5.4405|4684.4 0.14726 756.76 24.235 931.08 2369.6 2.8146 6.3314
0.6 |16074.7 0.80452 454.39 139.92 1187.0 1771.4 3.7828 5.0978|5864.3 0.20923 723.21 31.134  936.34 2268.8 2.9202 6.1990
0.7 |118374.1 0.72567 339.41 296.49 1362.2 1435.4 4.1845 4.3467|7901.2 0.30037 672.85 44.279  958.28 2147.8 3.0808 5.9775
230 0.0 | 2797.1 0.00000 827.12 13.985 990.20 2802.9 2.6101 6.2129(2797.1 0.00000 827.12 13.985  990.20 2802.9 2.6101 6.2129
0.1 | 4563.4 0.37777 768.38 23.374  982.29 2479.7 2.8324 6.3416|3121.1 0.01818 816.37 15.639  987.46 2721.3 2.6633 6.3362
0.2 | 65584 0.56241 712.16 35.077 989.95 2297.7 3.0121 6.1587|3525.4 0.04126 802.59 17.7561  985.07 2636.8 2.7163 6.3756
0.3 | 8970.4 0.67261 654.55 51.296 1017.6 2159.6 3.1962 5.9227|4044.4 0.07099 785.11 20.526  983.07 2b49.7 2.7772 6.3716
0.4 |11743.8 0.73649 589.97 74.305 1070.2 2036.5 3.4029 5.6601|4736.7 0.10944 763.00 24.342  982.30 2459.2 2.8499 6.3285
0.5 [14670.2 0.76588 512.50 108.64 1153.0 1907.0 3.6477 5.3647|5711.8 0.15987 734.60 29.952  984.76 2363.0 2.9407 6.2416
0.6 |17525.8 0.74761 417.50 184.87 1277.0 1697.9 3.9568 4.8943|7208.2 0.22877 695.96 39.190  995.63 2255.1 3.0637 6.0944
240 0.0 | 3347.0 0.00000 813.37 16.749 1037.6 2803.0 2.7020 6.1424|3347.0 0.00000 813.37 16.749 1037.6 2803.0 2.7020 6.1424
0.1 | 5330.4 0.35871 753.21 27.526 1034.1 2491.7 2.9325 6.2692(3739.6 0.01950 801.56 18.788 1035.6 2720.6 2.7601 6.2639
0.2 | 7533.4 0.53737 695.04 40.943 1046.4 2309.6 3.1204 6.0936(4230.7 0.04446 786.35 21.409 1034.2 2634.8 2.8188 6.3007
0.3 |10145.6 0.64415 634.50 59.607 1079.3 2166.9 3.3141 5.8602|4864.1 0.07673 766.96 24.8900 1033.7 2545.9 2.8866 6.2928
0.4 |13087.9 0.70431 565.28 86.677 1139.0 2034.5 3.5336 5.5906|5715.2 0.11870 742.26 29.750 1035.1 24524 2.9684 6.2437
0.5 116129.4 0.72497 480.93 131.14 1232.7 1881.4 3.7987 5.2558(6929.6 0.17428 710.00 37.092 1041.5 2351.0 3.0725 6.1462
0.6 |18933.7 0.66066 372.91 271.94 1383.4 1555.3 4.1592 4.5393|8848.0 0.25229 664.05 49.883 1060.6 2232.3 3.2196 5.9765
250 0.0 { 3976.2 0.00000 798.89 19.967 1085.8 2801.0 2.7935 6.0721]3976.2 0.00000 798.89 19.967 1085.8 2801.0 2.7935 6.0721
0.1 6189.6 0.33989 737.12 32.336 1087.3 2500.6 3.0328 6.1947]4449.3 0.02096 785.89 22.480 1084.8 2717.5 2.8572 6.1914
0.2 | 8608.9 0.51191 676.66 47.786 1104.6 2317.8 3.2298 6.0237{5043.3 0.04799 769.01 25.740 1084.7 2630.1 2.9223 6.2249
0.3 (114215 0.61415 612.58 69.512 1143.8 2169.2 3.4346 5.789015813.5 0.08314 747.37 30.126 1086.0 2538.6 2.9982 6.2119
0.4 |14519.8 0.66845 537.68 102.36 1212.2 2023.6 3.6700 5.5030{6858.6 0.12918 719.49 36.382 1090.5 2441.0 3.0911 6.1546
0.5 |17636.4 0.67033 444.35 168.81 1321.7 1821.0 3.9642 5.0716{8378.4 0.19112 682.08 46.209 1102.3 2332.0 3.2123 6.0421

¥8

AdN3Idd "9 'd dNV HLOY-d3NTIIL '




866T ‘T 'ON ‘LZ 'IOA ‘ereq "J9d "wayDd 'shud ¢

TABLE 4. Saturation properties ¢ivater+ammonid—Continued

°C

e

pPB
kPa

€II

Bubble point (&' = &)

U

e

U4

o

kg/m3

hl

hII

kJ/kg

3,

3”

kJ/ (kg K)

PD ¢
kPa

Dew point (£” = §)

U

e

17

o

kg/m3

hl

hll

kJ/kg

8, 3”

kJ/(kg K)

260

270

280

290

300

310

320

330

340
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4692.3
71479
9790.5
12801.0
16036.0
19152.3

5503.0
8212.0
11083.7
14285.5
17624.7
20238.1

6416.6
9389.1
12493.1
15872.8
19241.8

7441.8
10686.3
14022.3
17552.0
20625.0

8588.0
12110.9
15671.8
19278.4

9865.1
13669.7
17435.0
20854.0

112844
15368.6
19279.0

12858.2
17210.2
21060.9

14600.8
19183.6

0.00000
0.32129
0.48597
0.58236
0.62744
0.59035

0.00000
0.30284
0.45943
0.54830
0.57769
0.51553

0.00000
0.28449
0.43210
0.51108
0.51115

0.00000
0.26614
0.40366
0.46874
0.43162

0.00000
0.24768
0.37353
0.41678

0.00000
0.22890
0.34060
0.34755

0.00000
0.20950
0.30237

0.00000
0.18892
0.25235

0.00000
0.16586

783.63
719.98
656.81
588.39
506.36
400.26

767.46
701.63
635.17
561.32
469.96
340.81

750.28
681.85
611.34
530.51
425.63

731.91
660.34
584.70
494.45
366.27

712.14
636.67
554.31
449.87

690.67
610.23
518.53
387.83

667.09
580.03
473.61

640.77
544.27
408.38

610.67
498.63

23.712
37.926
55.837
81.562
123.57
243.48

28.073
44.455
65.421
96.672
155.98
312.58

33.165

52.133

77.018
116.52
214.72

39.132

61.255

91.379
144.66
300.96

46.168

72.241
109.78
189.97

54.541

85.738
134.67
270.71

64.638
102.81
171.63

77.050
125.43
236.33

92.759
158.04

1135.0
1141.8
1165.0
1211.7
1291.6
1426.0

1185.3
1198.1
1228.1
1284.0
1379.8
1561.5

1236.9
1256.4
1294.4
1362.2
1482.7

1290.0
1317.2
1364.9
1448.9
1614.7

1345.0
1381.0
1441.1
1550.1

1402.2
1448.8
1525.5
1682.1

1462.2
1521.9
1624.3

1525.9
1603.1
1755.6

1594.5
1698.4

2796.6
2506.0
2321.5
2165.1
1998.6
1693.6

2789.7
2507.6
2320.0
2152.3
1947.6
1608.7

2779.9
2504.7
2312.2
2127.3
1846.0

2766.7
2496.7
2296.3
2082.8
1721.3

2749.7
2482.5
2269.7
2004.3

2728.0
2460.8
2227.8
1875.0

2700.6
2429.3
2161.1

2666.1
2384.1
2048.0

2621.9
2316.6

2.8850
3.1336
3.3408
3.5588
3.8147
4.1548

2.9765
3.2354
3.4543
3.6883
3.9726
4.4010

3.0685
3.3387
3.5711
3.8256
4.1537

3.1612
3.4441
3.6928
3.9752
4.3839

3.2552
3.5526
3.8218
4.1468

3.3510
3.6655
3.9622
4.3684

3.4495
3.7850
4.1237

3.5518
3.9151
4.3364

3.6601
4.0656

6.0017
6.1175
5.9479
5.7063
5.3865
4.7424

5.9305
6.0367
5.8646
5.6078
5.2158
4.5037

5.8580
5.9515
5.7718
5.4863
4.9388

5.7834
5.8606
5.6662
5.3272
4.6115

5.7059
5.7621
5.5429
5.1000

5.6244
5.6536
5.3928
4.7671

5.5372
5.5311
5.1966

5.4422
5.3874
4.9094

5.3356
5.2071

4692.3  0.00000
5259.7 0.02258
5975.2 0.05193

6909.9
8195.3
10119.7

5503.0
6180.9
7040.5
8174.4
9764.0
12268.6

6416.6
7224.0
8255.0
9633.6
11625.2

7441.8
8401.3
9638.3
11324.9
13897.0

8588.0
9727.0
11215.0
13307.2

9865.1
11218.0
13019.6
15702.7

11284.4
12895.5
15107.7

12858.2
14788.3
17600.5

14600.8
16942.9

0.09036
0.14125
0.21154

0.00000
0.02438
0.05637
0.09862
0.15549
0.23809

0.00000
0.02641
0.06141
0.10822
0.17301

0.00000
0.02871
0.06724
0.11972
0.19638

0.00000
0.03136
0.07413
0.13418

0.00000
0.03448
0.08254
0.15421

0.00000
0.03822
0.09342

0.00000
0.04292
0.10939

0.00000
0.04924

783.63
769.22
750.40
726.04
694.11
649.32

767.46
751.42
730.26
702.54
665.17
608.41

750.28
732.29
708.27
676.21
630.95

731.91
711.55
683.94
645.98
587.61

712.14
688.83
656.52
609.81

690.67
663.59
624.73
562.91

667.09
634.93
586.10

640.77
601.35
534.10

610.67
559.59

23.712
26.814
30.885
36.458
44.646
58.317

28.073
31.917
37.034
44.208
55.215
75.680

33.165
37.954
44.453
53.871
69.351

39.132
45.149
53.533
66.289
90.035

46.168
53.823
64.888
83.096

54.541

64.455

79.590
108.42

64.638
77.816
99.808

77.050
95.290
131.51

92.759
119.84

1135.0
1135.2
1136.7
1140.5
1149.1
1169.1

1185.3
1187.0
1190.7
1197.8
1212.1
1245.7

1236.9
1240.6
1247.1
1258.7
1281.8

1290.0
1296.2
1306.5
1324.6
1362.7

1345.0
1354.4
1370.0
1398.0

1402.2
1416.0
1439.1
1485.0

1462.2
1482.2
1517.1

1525.9
1554.8
1612.6

1594.5
1638.3

2796.6
2711.7
2622.1
2527.2
2423.7
2302.7

2789.7
2702.9
2610.3
2510.6
2398.4
2256.1

2779.9
2690.4
2593.8
2487.3
2361.2

2766.7
2673.8
2571.6
2454.9
2303.3

2749.7
2652.1
2541.9
2408.7

2728.0
2623.9
2501.7
2337.3

2700.6
2587.3
2445.6

2666.1
2538.8
2358.3

2621.9
2471.3

2.8850 6.0017
2.9550 6.1180
3.0275 6.1472

3.1131

6.1277

3.2196 6.0591
3.3649 5.9232

2.9765 5.9305
3.05639 6.0431
3.1351 6.0667
3.2323 6.0383
3.3569 5.9534
3.5399 5.7763

3.0685 5.8580
3.1543 5.9658
3.2459 5.9821
3.3579 5.9413
3.5078 5.8307

3.1612
3.2570
3.3614
3.4928
3.6835

3.2552
3.3629
3.4835
3.6428

3.3510
3.4734
3.6156
3.8216

3.4495
3.5906
3.7645

3.5518
3.7183
3.9482

3.6601
3.8645

5.7834
5.8851
5.8915
5.8325
5.6754

5.7059
5.7995
5.7921
5.7042

5.6244
5.7070
5.6793
5.5371

5.6372
5.6045
5.5438

5.4422
5.4867
5.3615

5.3356
5.3425
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TABLE 5. Properties ofwater-ammonia in the one-phase reaion

°C

kg

m?3

water

kJ
kg

8
K
kg - K

£=0.2
h

kJ
kg

£E=04

h
kJ
kg

s
kJ

kg- K

£§=0.6
h s

kJ kJ
kg kg-K

e
kg

m3

£=1038
h

kJ
kg

8
kJ
kg - K

ammonia

0
kg
m?

h
kJ
kg

8
kJ

kg - K

—50
—-25

25
50
75

100
125
150
175
200
225

250
275
300
325
350

p=0.1

997.05
988.03
974.84

0.5897
0.5503
0.5164
0.4866
0.4603
0.4368

0.4156
0.3964
0.3790
0.3630
0.3483

104.92
209.42
314.08

2675.79
2726.73
2776.62
2826.10
2875.47
2924.92

2974.54
3024.40
3074.56
3125.03
3175.85

0.3672
0.7038
1.0157

7.3611
7.4933
7.6148
7.7284
7.8356
7.9375

8.0346
8.1278
8.2172
8.3034
8.3867

940.54
935.14
923.57

0.5814
0.5431
0.5099
0.4807
0.4548
0.4316

0.4107
0.3918
0.3745
0.3588
0.3443

—192.18 —0.1974

905.65
894.10

—305.29 --0.4300

~87.06
19.07

2512.40
2563.94
2615.13
2666.34
2717.77
2769.55

2821.76
2874.45
2927.65
2981.40
3035.71

0.2062
0.5780

877.54

7.6450(0.5736
7.7787(0.5352
7.90340.5036
8.0209(0.4749
8.1326]0.4494
8.2393]0.4265

8.3415]0.4059
8.4399)0.3872
8.5348(0.3702
8.6266]0.3546
8.715510.3403

—209.34
—104.59

2348.23
2400.80
2453.48
2506.51
2560.06
2614.21

2669.02
2724.53
2780.79
2837.81
2895.60

—0.0229
0.3791

7.7682
7.9046
8.0329
8.1547
8.2709
8.3824

8.4898
8.5934
8.6938
8.7912
8.8858

0.5659
0.5294
0.4974
0.4692
0.4441
0.4215

0.4012
0.3828
0.3660
0.3506
0.3365

—259.66 —0.2658
—149.52 0.2018

2183.79
2237.54
2291.79
2346.70
2402.38
2458.90

2516.31
2574.66
2633.97
2694.25
2755.54

7.8083
7.9478
8.0799
8.2060
8.3269
8.4433

8.5557
8.6646
8.7704
8.8734
8.9738

780.35

0.5998

0.5585
0.5227
0.4913
0.4636
0.4388
0.4166

0.3966
0.3784
0.3618
0.3466
0.3326

—101.43

1964.71

2019.13
2074.19
2130.07
2186.88
2244.71
2303.61

2363.64
2424.82
2487.17
2550.73
2615.50

0.1286

7.6155

7.7665
7.9093
8.0454
8.1758
8.3014
8.4227

8.5402
8.6544
8.7657
8.8742
8.9803

702.11
0.8447
0.7612
0.6942
0.6387
0.5917

0.5514
0.5162
0.4854
0.4581
0.4337
0.4118

0.3920
0.3741
0.3577
0.3427
0.3289

118.47
1580.50
1635.65
1689.84
1744.04
1798.74

1854.24
1910.71
1968.27
2027.02
2087.02
2148.32

2210.96
2274.98
2340.39
2407.22
2475.48

0.5659
6.6782
6.8900
7.0799
7.2544
7.4175

7.5714
7.7179
7.8581
7.9930
8.1232
8.2495

8.3722
8.4917
8.6084
8.7225
8.8343

—-50
—-25

25
50
75

100
125
150
175
200
225

250
275
300
325
350

p=0.2

MPa

999.89
997.09
988.08
974.89

958.40
1.1138
1.0418
0.9798
0.9255
0.8773

0.8341
0.7951
0.7597
0.7275
0.6979

0.16
105.01
209.51
314.16

419.24
2716.61
2769.12
2820.25
2870.75
2921.01

2971.24
3021.57
3072.09
3122.87
3173.93

—0.0001
0.3672
0.7037
1.0157

1.3071
7.1531
7.2811
7.3985
7.5081
7.6116

7.7100
7.8040
7.8941
7.9808
8.0645

940.58
935.18
923.60
908.11

1.0971
1.0275
0.9671
0.9139
0.8665

0.8240
0.7856
0.7507
0.7189
0.6897

-192.07
—86.96
19.16
127.06

2555.98
2608.97
2661.39
2713.69
2766.12

2818.82
2871.90
2925.41
2979.42
3033.94

905.67
894.13
877.57
858.11

—0.1974
0.2062
0.5779
0.9254

7.4395(1.0812
7.5686|1.0136
7.6890]0.9546
7.80260.9024
7.9105]0.8559

8.0137]0.8141
8.1129]0.7763
8.208310.7419
8.3005]0.7105
8.389810.6816

—305.18
—209.25
—104.50

5.63

2394.47
2448.44
2502.39
2556.60
2611.26

2666.46
2722.30
2778.82
2836.05
2894.03

—0.4301
-0.0230
0.3790
0.7647

7.5651
7.6966
7.8205
7.9382
8.0508

8.1589
8.2631
8.3640
8.4617
8.5567

856.66
833.87
809.58

1.1417
1.0657
1.0000
0.9423
0.8911
0.8454

0.8042
0.7670
0.7331
0.7021
0.6737

~259.57 ~0.2659
—149.44 0.2016
—34.94 0.6412

2177.60
2232.65
2287.80
2343.37
2399.55
2456.46

2514.19
2572.79
2632.30
2692.76
2754.19

7.4647
7.6075
7.7419
7.8695
7.9915
8.1087

8.2217
8.3311
8.4373
8.5405
8.6412

780.39
753.43

1.1243
1.0507
0.9866
0.9301
0.8800
0.8350

0.7946
0.7579
0.7245
0.6940
0.6659

—101.34
11.31

2014.70
2070.59
2127.08
2184.34
2242.52
2301.71

2361.96
2423.33
2485.84
2549.53
2614.42

0.1284
0.6068

7.4229
7.5679
7.7055
7.8370
7.9633
8.0852

8.2032
8.3178
8.4293
8.5380
8.6443

702.15
671.56
1.5468
1.4035
1.2873
1.1903

1.1076
1.0361
0.9735
0.9183
0.8690
0.8249

0.7851
0.7489
0.7160
0.6859
0.6582

118.56
229.20
1626.97
1683.67
1739.39
1795.08

1851.27
1908.23
1966.17
2025.21
2085.44
2146.93

2209.73
2273.88
2339.40
2406.33
2474.67

0.5657
1.0355
6.5272
6.7259
6.9054
7.0714

7.2272
7.3750
7.5161
7.6516
7.7824
7.9090

8.0320
8.1518
8.2687
8.3829
8.4949
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TABLE 5. Properties ofwater-ammonia in the one-nhase reaion—Continued

water £=0.2 §=04 £=0.6 §=0.38 ammonia

t o h 8 o h 3 0 h 8 o h 8 o h s o h 8

ol W0l W oW |k B W |k K W |k K Wk & W
m? kg kg- K | md kg kg - K m? kg kg - K m? kg kg - K m? kg kg-K| m? kg kg -K

p = 0.3 MPa
—-50 905.70 —305.08 —0.4301|856.69 —259.48 —0.2661|780.42 —101.25 0.1283(702.20 118.65 0.5655
-25 940.62 —191.97 —0.1974|894.16 —209.15 —0.0230}833.90 —149.35 0.2015]753.48 11.39 0.6066|671.61 229.28 1.0352
0 1999.94 0.26 —0.0001[935.22 —86.87 0.2062|877.61 —-104.42 0.3789(809.62 —34.86 0.6410 2.3595 1617.88 6.3035
25 [997.14 105.10 0.3671}923.64 19.24 0.5778|858.15 5.72 0.7646 2.1289 1677.34 6.5119
50 1988.12 209.59 0.7037(908.15 127.14 0.9253 1.9464 1734.66 6.6965
75 1974.93 314.24 1.0156(889.68 236.97 1.2526 1.7961 1791.38 6.8656
100 [958.44 419.32 1.3071 1.6975 2010.19 7.2181|1.6690 1848.27 7.0234
125 1939.06 525.12 1.5815 1.6358 2387.92 7.3611|1.6095 2227.65 7.4045|1.5840 2066.95 7.3654|1.5597 1905.74 7.1725
150 |1.5772 2761.21 7.0792(1.5534 2602.59 7.3677|1.5304 2443.28 7.4959]1.5079 2283.76 7.5412]1.4858 2124.06 7.5045|1.4645 1964.06 7.3145
175 11.4800 2814.19 7.2009(1.4595 2656.33 7.4911}1.4393 2498.19 7.6220(1.4193 2340.01 7.6703]1.3997 2181.79 7.6370]1.3805 2023.40 7.4507
200 [1.3958 2865.91 ~7.3132{1.3774 2709.55 7.6067}1.3592 2553.10 7.7412{1.3412 2396.71 7.7934|1.3234 2240.33 7.7641|1.3060 2083.86 7.5820
225 [1.3217 2917.03 7.4185{1.3048 2762.64 7.7160}1.2881 2608.28 7.8549{1.2716 2454.01 7.9114|1.2553 2299.80 7.8866|1.2392 2145.54 7.7090
250 11.2556 2967.89 7.5181(1.2400 2815.85 7.8202|1.2245 2663.90 7.9638]1.2092 2512.05 8.0251]1.1940 2360.28 8.00501.1791 2208.50 7.8323
275 11.1962 3018.70 7.6130({1.1816 2869.33 7.9201[1.1671 2720.06 8.0687(1.1527 2570.90 8.1350{1.1386 2421.83 8.1200(1.1246 2272.78 7.9523
300 [1.1424 3069.61 7.7038]1.1286 2923.16 8.0161}1.1150 2776.83 8.1700{1.1015 2630.63 8.2415]1.0881 2484.51 8.2318[1.0750 2338.42 8.0694
325 [1.0934 3120.68 7.7910]1.0804 2977.42 8.10881.0674 2834.29 8.2681{1.0547 2691.27 8.3451{1.0421 2548.33 8.3408}1.0297 2405.44 8.1839
350 [1.0486 3172.00 7.8750(1.0362 3032.16 8.19841.0239 2892.45 8.3633{1.0118 2752.85 8.4459{0.9998 2613.33 8.4472{0.9880 2473.86 &8.2959
p = 0.4 MPa

—50 905.73 —304.98 —0.4301|856.72 —259.39 —0.2662|780.46 —101.16 0.1281|702.24 118.74 0.5652
—25 940.66 —191.86 —0.1974 (894.19 —209.06 —0.0231|833.94 —149.27 0.2014|753.53 11.48 0.6064 [671.66 229.36 1.0350
0 1999.99 0.37 —0.0001{935.26 —86.77 0.2061}877.64 ~104.33 0.3788{809.65 -—-34.78 0.6409{725.01 126.84 1.0493}3.2026 1608.30 6.1356
25 1997.18 105.20 0.3671]923.68 19.33 0.5778|858.19 5.80 0.7645 2.8716 1670.81 6.3548
50 |988.17 209.68 0.7036]908.18 127.23 0.9252 2.6164 1729.84 6.5449
75 1974.98 314.32 1.01561889.73 237.05 1.2525 2.4091 1787.64 6.7172
100 [958.49 419.39 1.3070 2.2786 2005.61 7.0700]2.2355 1845.25 6.8770
125 1939.11 525.19 1.5814 2.1609 2222.55 7.257412.1230 2063.27 7.2196(2.0871 1903.24 7.0274
150 |2.1237 2752.81 6.9306]2.0881 2595.98 7.2213[2.0543 2438.00 7.3506|2.0213 2279.66 7.3965}1.9891 2121.01 7.3603|1.9582 1961.94 7.1704
175 |1.9877 2807.91 7.057211.9580 2651.14 7.3480(1.9291 2493.92 7.4790]1.9005 2336.62 7.5273|1.8723 2179.22 7.4939|1.8450 2021.58 7.3073
200 [1.8715 2860.95 7.1724|1.8455 2705.32 7.4656|1.8199 2549.56 7.5998|1.7944 2393.84 7.6516|1.7692 2238.12 7.6218|1.7446 2082.28 7.4391
225 11.7700 2912.98 7.2795|1.7466 2759.12 7.5764]1.7234 2605.28 7.7146(1.7003 2451.55 7.7704|1.6774 2297.88 7.7449(1.6549 2144.15 7.5665
250 |1.6801 2964.50 7.3804|1.6586 2812.86 7.6817(1.6373 2661.31 7.8243|1.6160 2509.90 7.8847]1.5949 2358.59 7.8638]1.5742 2207.26 7.6901
275 }11.5996 3015.81 7.4763|1.5796 2866.74 7.7823[1.5598 2717.80 7.9298]1.5400 2569.02 7.9951]1.5204 2420.34 7.9791]1.5011 2271.68 7.8104
300 [1.5270 3067.10 7.5678|1.5082 2920.90 7.8789|1.4896 2774.85 8.0316(1.4711 2628.95 8.1020|1.4527 2483.17 8.0911(1.4347 2337.43 7.9277
325 [1.4609 3118.49 7.6555|1.4432 2975.42 7.9720|1.4256 2832.52 8.1301(1.4082 2689.77 8.2059|1.3909 2547.13 8.2004(1.3739 2404.54 8.0423
350 [1.4006 3170.06 7.7400|1.3838 3030.38 8.0620]1.3671 2890.86 8.2256(1.3506 2751.50 8.3070|1.3343 2612.25 8.3070(1.3182 2473.05 8.1545
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TABLE 5. Properties ofwater-ammonia in the one-nhase reaion—Continued

water §=0.2 §=04 £=0.6 £€=0.28 ammonia

t o h 8 o) h 8 0 h s el h 8 0 h 8 o h 8

oo ke KoK | ke kI kK ke Ko ko ke Ko K 4 kg K K pokg kI K
m?3 kg kg - K | md kg kg K | m? kg kg - K | m? kg kg - K | m? kg kg-K| md kg kg -K

p = 0.5 MPa
—50 905.76 —304.88 —0.4302|856.75 —259.30 —0.2663]780.50 —101.07 0.1279]702.28 118.83 0.5650
-25 940.70 —191.76 —0.1974|894.22 —208.96 —0.0232|833.97 —149.18 0.2012]753.58 11.56 0.6062|671.72 229.43 1.0347
0 11000.05 0.47 —0.0001]935.29 —86.68 0.2061|877.67 —104.24 0.3787|809.69 —-34.70 0.6407|725.06 126.91 1.0491(638.62 343.19 1.4714
25 1997.23 105.29 0.3671]923.72 19.42 0.5777|858.22 5.88 0.7644|784.19 82.31 1.0505 3.6329 1664.09 6.2286
50 1988.21 209.76 0.7036]908.22 127.31 0.9251]836.65 119.41 1.1300 3.2979 1724.94 6.4246
75 1975.02 314.40 1.0155|889.77 237.13 1.2524 3.0298 1783.85 6.6002
100 1958.54  419.47 1.3069 2.8074 1842.20 6.7621
125 [939.16  525.26 1.5813 2.7204 2217.34 7.1410|2.6677 2059.54 7.1049]2.6182 1900.72 6.9139
150 [917.02 632.20 1.8418(2.6322 2589.13 7.1045|2.5856 2432.60 7.2355(2.5404 2275.49 7.2826|2.4967 2117.94 7.2472|2.4547 1959.82 7.0578
175 12.5032 2801.39 6.9428]2.4632 2645.82 7.2347|2.4242 2489.59 7.3664]2.3858 2333.19 7.4151|2.3481 2176.63 7.3819(2.3115 2019.75 7.1954
200 [2.3528 2855.86 7.0611]2.3184 2701.03 7.3546(2.2845 2545.97 7.4888}2.2508 2390.94 7.5405]2.2174 2235.90 7.5106|2.1848 2080.69 7.3277
225 12.2225 2908.85 7.1702]2.1920 2755.55 7.4669(2.1616 2602.25 7.6047[2.1314 2449.07 7.6602]2.1013 2295.95 7.6343|2.0718 2142.76 7.4555
250 [2.1078 2961.06 7.2725]2.0801 2809.83 7.5732]2.0524 2658.70 7.7153|2.0247 2507.75 7.7751]1.9973 2356.90 7.7536]1.9702 2206.03 7.5795
275 12.0055 3012.89 7.3693|1.9799 2864.13 7.6746(1.9543 2715.53 7.82141.9288 2567.12 7.8860|1.9034 2418.84 7.8693(1.8784 2270.57 7.7000
300 |11.9135 3064.58 7.4615}1.8895 2918.62 7.7718|1.8657 2772.85 7.9236{1.8419 2627.27 7.9933[1.8182 2481.83 7.9817|1.7949 2336.44 7.8175
325 11.8300 3116.28 7.549811.8075 2973.41 7.8654|1.7851 2830.74 8.0225[1.7627 2688.26 8.0975(1.7406 2545.93 8.0911]1.7187 2403.65 7.9322
350 11.7539 3168.11 7.6347[1.7326 3028.59 7.9557|1.7114 2889.27 8.1184]1.6903 2750.14 8.1988{1.6694 2611.16 8.1979)1.6488 2472.24 8.0446
p = 0.6 MPa

-50 905.79 —304.78 —0.4302|856.78 —259.21 —0.2664|780.54 —100.98 0.1278]702.32 118.92 0.5648
-25 940.73 —191.65 —0.1974[894.25 —208.87 —0.0232(834.01 —149.09 0.2011]753.62 11.65 0.6060|671.77 229.51 1.0344
0 |1000.10 0.57 —0.0001]935.33 —~86.58 0.2060877.71 —104.15 0.3786|809.73 —34.61 0.6405|725.12 126.99 1.0488]638.69 343.26 1.4710
25 1997.27 105.38 0.3671(923.75 19.51 0.5776858.26 5.97 0.7643|784.24 82.39 1.0504 4.4142 1657.16 6.1216
50 |988.25 209.85 0.7035(908.26 127.39 0.9251{836.69 119.49 1.1298 3.9913 1719.95 6.3240
75 |975.06  314.49 1.0154|889.81 237.21 1.2523 3.6584 1780.01 6.5030
100 |958.58  419.54 1.3068]868.75 349.11 1.5627 3.3846 1839.13 6.6670
125 1939.21  525.33 1.5812 3.2183 2055.77 7.0098[3.1533 1898.19 6.8202
150 |1917.08 632.26 1.8417 3.1247 2427.06 7.1394]3.0655 2271.27 7.1881]3.0085 2114.84 7.15372.9542 1957.68 6.9651
175 13.0274 2794.60 6.8467}2.9752 2640.36 7.1402]2.9249 2485.18 7.2728(2.8755 2329.72 7.3223(2.8271 2174.03 7.2896]2.7803 2017.92 7.1034
200 [2.8399 2850.64 6.9684|2.7963 2696.66 7.2624[2.7532 2542.34 7.3970(2.7104 2388.03 7.4489]2.6681 2233.68 7.4191(2.6268 2079.10 7.2363
225 [2.6793 2904.64 7.0796|2.6411 2751.94 7.3763(2.6030 2599.19 7.5140(2.5649 2446.57 7.5695|2.5271 2294.02 7.5434(2.4900 2141.36 7.3645
250 [2.5387 2957.57 7.1833|2.5043 2806.78 7.483712.4699 2656.08 7.62552.4354 2505.58 7.6850)2.4011 2355.20 7.66322.3673 2204.79 7.4887
275 (2.4139 3009.94 7.2811(2.3823 2861.50 7.585912.3507 2713.25 7.7322(2.3191 2565.22 7.7964|2.2876 2417.33 7.7792{2.2565 2269.47 7.6095
300 12.3019 3062.03 7.3740(2.2726 2916.33 7.6837}2.2432 2770.84 7.8350(2.2139 2625.58 7.9041(2.1847 2480.49 7.89192.1559 2335.44 7.7272
325 12.2007 3114.06 7.462912.1732 2971.40 7.7777]2.1457 2828.96 7.9342|2.1182 2686.76 &8.0085|2.0910 2544.72 8.0016{2.0640 2402.76 7.8421
350 12.1085 3166.15 7.5482(2.0825 3026.80 7.8685]2.0566 2887.68 8.0304(2.0308 2748.79 8.1101(2.0051 2610.07 8.1086{1.9798 2471.43 7.9546
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TABLE 5. Properties ofwater-ammonia in the one-nhase reaion—Continued

water £ =0.2 £=04 £=0.6 £=0.38 ammonia

t o h 8 o h s o h 8 o h 8 o h 8 Qe h 8
oc| k& K kK [k K k] | ke K K | ke kK kK | ke kI kJ | kg kI k]
m? kg kg - K m? kg kg -K m? kg kg-K m3 kg kg K m? kg kg - K| m? kg kg -K

p = 0.8 MPa
-50 905.85 —304.57 —0.4303([856.84 —259.03 —0.2667|780.62 —100.80 0.1274(702.41 119.10 0.5643
-25 940.81 —191.44 —0.1974|894.31 —208.68 —0.0234|834.08 —148.92 0.2008|753.72 11.81 0.6057 |671.88 229.67 1.0338
0 |1000.20 0.77 —-0.0001]935.40 —86.39 0.2060(877.77 —103.98 0.3784|809.81 —34.45 0.6402|725.24 127.15 1.0484638.83 343.38 1.4703
25 1997.36 105.57 0.3670(923.83 19.69 0.5775]858.33 6.13 0.7640|784.33 82.54 1.0500]694.69 245.22 1.4619|6.0440 1642.56 5.9432
50 1988.34  210.02 0.7035[908.34 127.56 0.9249]836.77 119.65 1.1296 5.4167 1709.67 6.1595
75 1975.15 314.65 1.0153|889.89 237.36 1.2521 4.9401 1772.21 6.3459
100 [958.68 419.69 1.3067|868.84 349.25 1.5625 4.5560 1832.91 6.5143
125 1939.31 52547 1.5810 4.3380 2048.09 6.8565[4.2355 1893.08 6.6704
150 |917.19 632.38 1.8415 : 4.1342 2262.62 7.0353[4.0453 2108.57 7.0039{3.9619 1953.38 6.8173
175 (4.1041 2780.06 6.6880(4.0213 2629.02 6.9863(3.9438 2476.13 7.1217(3.8683 2322.67 7.1732(3.7949 2168.77 7.1421(3.7244 2014.24 6.9570
200 |3.8331 2839.77 6.8177]3.7675 2687.67 7.1136(3.7033 2534.95 7.2494(3.6396 2382.13 7.3023(3.5768 2229.19 7.2733|3.5157 2075.91 7.0909
225 |3.6063 2896.00 6.9335(3.5507 2744.57 7.2308(3.4952 2592.99 7.3689[3.4397 2441.54 7.4246(3.3846 2290.13 7.3988(3.3305 2138.56 7.2199
250 [3.4106 2950.46 7.0402(3.3615 2800.58 7.3405}3.3122 2650.79 7.4821]3.2627 2501.22 7.5415|3.2133 2351.79 7.5195(3.1647 2202.31 7.3448
275 {3.2384 3003.94 7.1401(3.1940 2856.19 7.4444(3.1493 2708.65 7.5902(3.1044 2561.39 7.6539]3.0595 2414.32 7.6363[3.0152 2267.26 7.4660
300 {3.0849 3056.89 7.2345]3.0441 2911.71 7.543413.0030 2766.81 7.6939|2.9618 2622.20 7.7623(2.9205 2477.80 7.7495|2.8797 2333.46 7.5841
325 12.9467 3109.58 7.3245]2.9088 2967.33 7.6384]2.8706 2825.38 7.7940|2.8323 2683.73 7.8674(2.7941 2542.30 7.8597|2.7562 2400.96 7.6994
350 12.8215 3162.20 7.4107|2.7858 3023.19 7.7299]2.7501 2884.48 7.8907|2.7143 2746.07 7.9695(2.6785 2607.88 7.9671]2.6431 2469.81 7.8121
p = 1.0 MPa

-50 905.90 —304.37 —0.4304|856.90 —258.85 —0.2669]780.70 —100.62 0.1271702.49 119.28 0.5638
-25 940.89 —191.23 —0.1974[894.38 —208.50 —0.0235(834.15 —148.75 0.2006(753.81 11.98 0.60531671.99 229.83 1.0333
0 11000.30 0.98 —0.0001{935.48 —86.20 0.2059]877.84 —103.80 0.3782]809.89 -34.29 0.6399|725.35 127.30 1.0479638.97 343.51 1.4697
25 1997.45 105.75 0.3670{923.90 19.87 0.5774(858.41 6.30 0.7638{784.42 82.70 1.0497|694.84 245.36 1.4614|7.7778 1626.84 5.7927
50 [988.43  210.20 0.7034|908.42 127.73 0.9247|836.85 119.80 1.1293 6.8984 1698.96 6.0252
75 1975.24  314.81 1.0152|889.98 237.52 1.2519|813.26 236.08 1.4759 6.2568 1764.20 6.2198
100 |958.77  419.84 1.3065(|868.93 349.39 1.5622 5.7509 1826.59 6.3929
125 1939.42  525.61 1.5809(845.30 463.70 1.8587 5.4838 2040.22 6.7340]5.3342 1887.91 6.5519
150 917.31 632.51 1.8412 5.2293 2253.70 6.9127]5.1006 2102.19 6.8849{4.9817 1949.05 6.7008
175 1892.35 741.08 2.0905|5.0997 2617.06 6.86124.9874 2466.76 7.0003|4.8797 2315.47 7.0546|4.7761 2163.45 7.0256|4.6776 2010.53 6.8420
200 [4.8538 2828.29 6.6956(4.7609 2678.35 6.9943[4.6712 2527.38 7.1319(4.5827 2376.14 7.1863|4.4957 2224.66 7.1585[4.4115 2072.69 6.9770
225 4.5526 2887.02 6.8166|4.4763 2737.00 7.1151|4.4007 2586.68 7.2541[4.3250 2436.44 7.3105]4.2498 2286.21 7.28534.1762 2135.74 7.1068
250 14.2965 2943.15 6.9265|4.2307 2794.26 7.2273(4.1647 2645.42 7.3691|4.0981 2496.82 7.4288(4.0316 2348.36 7.4070(3.9661 2199.82 7.2323
275 |4.0735 2997.82 7.0286(4.0150 2850.80 7.3328(3.9558 2704.01 7.4785!3.8961 2557.54 7.5421(3.8363 2411.29 7.5245|3.7772 2265.04 7.3541
300 13.8761 3051.66 7.1247]3.8229 2907.04 7.4332(3.7691 2762.74 7.5833|3.7147 2618.79 7.6514|3.6602 2475.10 7.6383|3.6062 2331.47 7.4726
325 13.6994 3105.04 7.215913.6503 2963.23 7.5291|3.6006 2821.78 7.6841(3.5506 2680.69 7.7571(3.5004 2539.88 7.748913.4505 2399.17 7.5882
350 13.5398 3158.21 7.3029(3.4939 3019.55 7.6214|3.4477 2881.27 7.7816(3.4011 2743.34 7.8597(3.3545 2605.70 7.8567}3.3082 2468.18 7.7012
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TABLE 5. Properties ofwater-ammonia in the one-nhase reaion—Continued

water £§=0.2 £=04 £§=0.6 £=0.8 ammonia

0 h 8 o h 8 0 h 8 el h s 0 h 3 o h 3

ol s W W e W W |k W Wk Kk K Wk KW
m? kg kg K| m® kg kg K| m® kg kg K| m® kg kg K| m® kg kg K| m® kg kg K

p = 1.2 MPa
-50 905.96 —304.17 —0.4305|856.96 —258.67 —0.2671|780.78 —100.44 0.1267702.58 119.45 0.5633
-25 940.97 —191.02 —0.1974(894.44 —208.31 —0.0237(834.21 —148.58 0.2003]|753.91 12.15 0.60491672.10 229.99 1.0327
0 |1000.40 1.18 —0.0001|935.55 —86.01 0.2058(877.91 —103.62 0.3781809.97 —34.12 0.6396]725.47 127.45 1.0475{639.11 343.64 1.4690
25 1997.54 105.94 0.3669}923.98 20.05 0.5772|858.48 6.47 0.7636|784.51 82.85 1.0493]694.98 245.49 1.4609]602.95 460.89 1.8796
50 |988.51  210.37 0.7033|908.49 127.89 0.9246|836.93 119.96 1.1291|757.44 202.13 1.4334 8.4429 1687.77 5.9096
75 1975.33  314.97 1.0150{890.06 237.67 1.2517|813.35 236.22 1.4756 7.6111 1755.98 6.1130
100 [958.86  419.99 1.3064{869.02 349.54 1.5620 6.9704 1820.16 6.2911
125 [939.52  525.75 1.5807{845.40 463.83 1.8584 6.4501 1882.67 6.4532
150 [917.42 632.63 1.8410 6.1752 2095.69 6.78556.0138 1944.67 6.6043
175 [892.48  741.19 2.0902 6.0579 2457.05 6.8975]5.9110 2308.10 6.955115.7713 2158.06 6.9287|5.6399 2006.80 6.7469
200 [5.9053 2816.08 6.590915.7783 2668.68 6.8934(5.6579 2519.61 7.0334|5.5401 2370.05 7.0897|5.4250 2220.08 7.0633|5.3144 2069.47 6.8830
225 [5.5195 2877.68 6.7179|5.4190 2729.23 7.0181(5.3199 2580.26 7.15835.2210 2431.29 7.2158]5.1230 2282.27 7.1914(5.0273 2132.92 7.0136
250 [5.1973 2935.63 6.8314|5.1126 2787.81 7.1328(5.0276 2639.97 7.2753[4.9418 2492.38 7.3354|4.8561 2344.92 7.31414.7718 2197.32 7.1398
275 |4.9197 2991.57 6.9358|4.8456 2845.33 7.2402(4.7704 2699.31 7.3861{4.6944 2553.66 7.44994.6180 2408.24 7.4323(4.5425 2262.81 7.2621
300 |4.6760 3046.34 7.033614.6092 2902.31 7.3419|4.5415 2758.63 7.4919{4.4728 2615.36 7.5599|4.4038 2472.38 7.54684.3353 2329.48 7.3810
325 14.4588 3100.45 7.1260]4.3978 2959.09 7.4389|4.3357 2818.16 7.5936(4.2729 2677.64 7.6663{4.2098 2537.45 7.657914.1470 2397.37 7.4969
350 [4.2634 3154.18 7.2140|4.2068 3015.89 7.5319(4.1494 2878.03 7.6916(4.0913 2740.60 7.76944.0330 2603.50 7.7661}3.9750 2466.56 7.6102
p = 1.5 MPa

-50 906.04 —303.86 —0.4306]857.04 —258.40 —0.2675]780.90 —100.17 0.1262]702.70 119.72 0.5626
—-25 941.09 —190.71 —0.1974(894.53 —208.03 —0.0239]834.32 —148.32 0.1999]754.05 12.41 0.60431672.26 230.23 1.0319
0 |1000.55 1.48 —0.0001|935.66 —85.72 0.2057(878.01 —103.36 0.3778|810.09 —-33.88 0.6392]|725.64 127.68 1.0468{639.32 343.84 1.4680
25 1997.68  106.22 0.3668924.09 20.31 0.5770(858.59 6.72  0.7633|784.65 83.08 1.0488]695.20 245.68 1.4601603.24 461.01 1.8784
50 |988.64 210.63 0.7031]908.61 128.14 0.9243|837.06 120.19 1.1287]|757.60 202.33 1.4329 10.90 1669.95 5.7577
75 1975.46  315.21 1.0149|890.18 237.90 1.2514|813.49 236.44 1.4751 9.7198 1743.21 5.9763
100 1959.00 420.22 1.3061|869.16 349.75 1.5616 8.8489 1810.30 6.1624
125 [939.67 525.95 1.5804|845.56 464.02 1.8580 8.1576 1874.70 6.3295
150 [917.59  632.82 1.8407 7.8255 2085.71 6.6601}7.5861 1938.03 6.4838
175 [892.68 741.35 2.0898 7.4976 2296.73 6.829417.2916 2149.83 6.8073|7.1012 2001.16 6.6288
200 [7.5498 2796.01 6.4537(7.3539 2653.44 6.7640|7.1759 2507.57 6.9086(7.0046 2360.72 6.9683|6.8393 2213.14 6.94486.6820 2064.60 6.7665
225 {7.0125 2862.96 6.5917]6.8673 2717.16 6.8953]6.7262 2570.38 7.0380}6.5862 2423.43 7.0975]6.4482 2276.29 7.074816.3143 2128.66 6.8984
250 16.5784 2923.93 6.7111(6.4604 2777.89 7.0143|6.3424 2631.66 7.1580(6.2235 2485.63 7.21936.1048 2339.70 7.1990}5.9884 2193.56 7.0255
275 16.2112 2981.94 6.8194|6.1103 2836.96 7.1246(6.0080 2692.18 7.2710(5.9042 2547.78 7.3354|5.7999 2403.64 7.31845.6968 2259.47 7.1486
300 [5.8925 3038.21 6.9198(5.8034 2895.11 7.2283|5.7124 2752.41 7.3785|5.6199 2610.18 7.4467|5.5266 2468.30 7.4337|5.4340 2326.48 7.2681
325 |5.6111 3093.45 7.0142|5.5305 2952.81 7.3269(5.4482 2812.67 7.4814|5.3644 2673.04 7.5540|5.2799 2533.78 7.54565.1957 2394.67 7.3846
350 |5.3594 3148.07 7.1036|5.2854 3010.35 7.4211(5.2099 2873.15 7.58055.1331 2736.47 7.6579|5.0556 2600.20 7.6544|4.9784 2464.11 7.4983
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TABLE 5. Properties ofwater-ammonia in the one-nhase reaion—Continued

water £=0.2 £§=04 £=10.6 £§=10.28 ammonia

t o h s o h s o h S - Qo h 8 o h 8 o h s

ol W Wl W 0k W W |k W Wk W W |k KWW
m? kg kg-K| m? kg kg - K | m? kg kg . K | m? kg kg-K | m? kg kg-K| m? kg kg K

p = 2.0 MPa
—50 906.19 —303.35 —0.4308|857.19 —257.94 ~0.2681]781.09 —99.73 0.1254|702.91 120.17 0.5614
—25 941.28 —190.18 —0.1975|894.68 —207.56 —0.0243|834.49 —147.89 0.1992]754.29 12.83 0.6033|672.53 230.62 1.0305
0 11000.81 1.99 0.0000{935.85 —85.24 0.2055{878.17 —102.92 0.3773(810.29 —-33.46 0.6384|725.93 128.07 1.0457[639.67 344.16 1.4663
25 [997.90 106.68 0.3667924.27 20.76  0.5767|858.77 7.13 0.7627)784.88 83.46 1.0480]695.56 246.01 1.45881603.71 461.22 1.8763
50 |1988.86  211.06 0.7029{908.80 128.56 0.9239{837.26 120.58 1.1280|757.87 202.68 1.4319|662.35 367.18 1.8490(15.45 1636.69 5.5357
75 1975.69  315.62 1.0145]890.39 238.29 1.2509(813.72 236.79 1.4744|728.56 324.68 1.7955 13.47 1720.58 5.7861
100 |959.24  420.60 1.3057(869.39 350.10 1.5611|787.88 355.89 1.8047 12.12 1793.22 5.9876
125 1939.92  526.30 1.5799(845.82 464.33 1.8573 11.10 1861.07 6.1637
150 |917.87 633.13 1.8401(819.43 581.53 2.1428 10.69 2068.43 6.4904110.27 1926.77 6.3237
175 1893.00 741.61 2.0892 10.26  2276.82 6.65819.9036 2135.74 6.6450(9.5858 1991.63 6.4727
200 |865.00 852.46 2.3298 9.8185 2486.38 6.7383|9.5272 2344.62 6.8053|9.2533 2201.32 6.7874|8.9980 2056.39 6.6133
225 19.6328 2836.15 6.4160]9.3829 2695.87 6.7279]9.1488 2553.28 6.8761(8.9211 2410.00 6.9400]8.6995 2266.17 6.9209|8.4873 2121.50 6.7474
250 |8.9688 2903.26 6.5475|8.7788 2760.66 6.8548|8.5917 2617.40 7.0017(8.4045 2474.17 7.0657(8.2187 2330.91 7.0477|8.0377 2187.26 6.8762
275 |8.4272 2965.18 6.6632(8.2717 2822.58 6.9704|8.1147 2680.01 7.118617.9554 2537.84 7.1846|7.7953 2395.91 7.1691|7.6377 2253.86 7.0005
300 {7.9676 3024.21 6.7685[7.8344 2882.84 7.0779|7.6982 2741.86 7.2290|7.5590 2601.45 7.2980|7.4183 2461.43 7.2860(7.2787 2321.46 7.1211
325 [7.5681 3081.48 6.8663]7.4504 2942.15 7.1792|7.3293 2803.40 7.3340(7.2053 2665.28 7.4071|7.0796 2527.64 7.3990|6.9543 2390.16 7.2384
350 17.2149 3137.68 6.9583(7.1085 3000.97 7.2756]6.9990 2864.92 7.4348|6.8869 2729.54 7.5123(6.7730 2594.67 7.5088(6.6593 2460.03 7.3529
p = 3.0 MPa

-50 906.47 —302.34 —0.4312|857.49 —257.04 —0.2692|781.48 —98.83 0.1236/703.33 121.07 0.5591
—25 941.67 —189.13 —0.1975(894.99 —206.62 —0.0250]834.83 —147.02 0.1978]754.76  13.67 0.6014|673.06 231.42 1.0277
0 §1001.31 3.01 0.0000(936.22 —84.29 0.2050|878.51 —102.04 0.3764|810.68 —32.64 0.6369(726.50 128.84 1.0435|640.36 344.81 1.4630
25 1998.35  107.60 0.3665|924.64 21.65 0.5761]859.13 7.97 0.7616|785.34 84.23 1.0463696.27 246.67 1.4562|604.64 461.64 1.8721
50 1989.30  211.92 0.7024|909.19 129.40 0.9231(837.66 121.36 1.1268|758.42 203.37 1.4299|663.28 367.66 1.8458{564.19 583.74 2.2652
75 1976.13  316.42 1.0139|890.80 239.07 1.2499|814.18 237.50 1.4729]729.24 325.25 1.79321626.17 493.06 2.2195]22.18 1668.54 5.4706
100 [959.71  421.35 1.3050(869.85 350.82 1.5599|788.43 356.51 1.8029 19.33 1756.19 5.7140
125 {940.43  526.99 1.5790(846.34 464.96 1.8559|759.83 479.02 2.1207 17.39 1832.34 5.9117
150 |1918.44 633.75 1.8390(820.04 582.05 2.1411 15.93 1903.40 6.0848
175 {893.65  742.14 2.0879(790.42 702.97 2.4187 15.46 2105.97 6.3991(14.75 1972.06 6.2424
200 1865.76  852.86 2.3283 14.93 2310.12 6.5560[14.32 2176.71 6.5527|13.78 2039.65 6.3892
225 [834.16  966.91 2.5631|14.89 2647.95 6.4625|14.34 2516.29 6.6274}13.84 2381.75 6.7036{13.38 2245.32 6.6940(12.94 2106.97 6.5279
250 [14.16  2856.56 6.2893|13.73 2723.25 6.6100|13.34 2587.21 6.7664|12.95 2450.36 6.8380]12.58 2312.91 6.826412.22 2174.49 6.6601
275 [13.14  2928.68 6.4241(12.82 2792.02 6.7385|12.51 2654.63 6.8923|12.20 2517.36 6.9631|11.89 2380.16 6.952011.59 2242.55 6.7872
300 (12.32 2994.36 6.5413|12.06 2857.12 6.8546/11.81 2720.06 7.0090]|11.54 2583.57 7.0812|11.28 2447.49 7.0721|11.02 2311.36 6.9099
325 |111.63  3056.36 6.6472(11.42 2920.06 6.9621|11.20 2784.38 7.1188{10.97 2649.49 7.1938/10.74 2515.20 7.1878(10.51 2381.08 7.0290
350 111.04 3116.09 6.7450(10.86 2981.68 7.0631|10.66 2848.12 7.2232{10.46 2715.46 7.3019[10.26 2583.49 7.2996(10.05 2451.83 7.1449
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TABLE 5. Properties ofwater-ammonia in the one-nhase reaion—Continued

water £ =0.2 £§=04 £§=0.6 £ =0.8 ammonia

t 0 h 3 0 h 8 0 h 8 0 h 8 ol h 8 o h 3

oc| ke K K | ke kI kK | ke kI kK 4 kg ko k] ) kg kI k) ) ke k] kJ
m* kg kg K| m® kg kg K| m® kg kg K| m* kg kg K| m® kg kg K| m® kg kg K

p = 4.0 MPa
—-50 906.75 —301.32 —0.4316{857.78 —256.13 —0.2704781.87 —97.93 0.1219]703.75 121.97 0.5567
—25 942.06 —188.08 —0.1976(895.30 —205.68 —0.0257{835.17 —146.16 0.1965]755.23  14.52 0.5995(673.59 232.21 1.0249
0 11001.82 4.02 0.0001]936.58 —83.33 0.2046|878.84 —~101.16 0.3754|811.07 -31.82 0.6354|727.07 129.61 1.0413|641.05 345.47 1.4597
25 [998.80 108.53 0.3662[925.01 22.54 0.5754(859.49 8.80 0.7605)785.79 85.00 1.0446{696.97 247.34 1.4536(605.57 462.07 1.8680
50 (989.73  212.78 0.7020(|909.57 130.23 0.9223(838.06 122.14 1.1255(758.96 204.06 1.4280|664.19 368.15 1.8427|565.54 583.75 2.2598
75 1976.57  317.23 1.0133(891.22 239.85 1.2490814.64 238.22 1.4714|729.90 325.82 1.7909|627.43 493.25 2.2154]516.90 715.23 2.6514
100 [960.17  422.10 1.3042)870.30 351.53 1.5587|788.97 357.13 1.8012|697.63 451.33 2.1389 27.71 1714.09 5.4855
125 1940.93  527.68 1.5780{846.86 465.59 1.8545(760.49 479.50 2.1186 24.35 1801.30 5.7119
150 {919.00 634.37 1.8379820.65 582.57 2.1395 22.01 1878.80 5.9007
175 {894.29  742.67 2.0866|791.16 703.33 2.4167 21.55 2073.67 6.2050)20.21 1951.75 6.0682
200 |866.51  853.27 2.3267 19.74 2150.67 6.3723|18.76 2022.45 6.2218
225 |835.08 967.14 2.5612 20.12 2474.78 6.4261[19.15 2351.38 6.5196(18.30 2223.57 6.5224{17.55 2092.13 6.3653
250 |798.92 1085.78 2.7935[19.22 2681.04 6.4119|18.47 2554.48 6.5822|17.77 2425.26 6.6643[17.12 2294.32 6.6610(16.52 2161.53 6.5012
275 |18.31  2887.33 6.2312|17.73 2758.72 6.5570|17.18 2627.68 6.7190|16.64 2496.05 6.7965|16.12 2364.00 6.7911(15.62 2231.10 6.6311
300 [16.99 2961.72 6.3640|16.55 2829.71 6.6837[16.12 2697.24 6.8431]15.69 2565.12 6.9198]15.25 2433.28 6.9147|14.83 2301.16 6.7561
325 115.93  3029.49 6.4797|15.58 2896.85 6.7983]|15.22 2764.66 6.9582|14.86 2633.30 7.0362[14.49 2502.57 7.0331|14.13 2371.94 6.8770
350 [15.04 3093.35 6.5843|14.75 2961.64 6.9045|14.45 2830.84 7.0666[14.13 2701.09 7.1472]13.81 2572.18 7.1471|13.49 2443.59 6.9943
p = 5.0 MPa

—-50 : 907.03 —300.31 —0.4319(858.08 —255.23 —0.2716|782.26 —97.03 0.1203|704.16 122.86 0.5544
—25 942.45 —187.03 —0.1976|895.60 —204.74 —0.0264{835.51 —145.30 0.1951|755.69 15.37 0.5976(674.12 233.02 1.0222
0 11002.32 5.03 0.0001(936.95 —82.38 0.2042|879.17 —100.27 0.3745|811.46 —31.00 0.6339]|727.63 130.39 1.0391|641.73 346.13 1.4564
25 1999.25 109.45 0.3659]925.38 23.43 0.5748]859.85 9.63 0.7594|786.24 85.78 1.0429]697.67 248.01 1.4510]606.48 462.51 1.8640
50 }1990.16  213.64 0.70151909.95 131.06 0.9214]838.46 122.92 1.1242]759.49 204.75 1.4261)665.09 368.65 1.8395)566.86 583.78 2.2544
75 1977.01 318.04 1.0127|891.63 240.62 1.2480(815.10 238.93 1.4699]730.56 326.40 1.7886|628.66 493.46 2.2115]519.13 714.31 2.6432
100 {960.63  422.85 1.3034[870.76 352.24 1.5575|789.50 357.75 1.7995|698.48 451.71 2.1361(586.13 624.88 2.5759[37.93 1664.24 5.2690
125 1941.44  528.37 1.57711847.37 466.22 1.8532]|761.15 479.99 2.1165|661.66 582.52 2.4753 32.17 1767.32 5.5368
150 1919.56 634.99 1.83681821.25 583.09 2.1378|729.13 606.83 2.4254 28.59 1852.76 5.7451
175 1894.93  743.20 2.0852}791.88 703.70 2.4147 26.00 1930.64 5.9239
200 |867.26  853.69 2.3251}758.35 829.41 2.6876 25.59 2122.94 6.2197(23.98 2004.76 6.0849
225 §835.99  967.38 2.5593 2495 231849 6.3618]23.53 2200.82 6.3802[22.33 2076.99 6.2337
250 1800.08 1085.75 2.7910125.45 2632.40 6.2325]|24.09 2518.66 6.4232(22.92 2398.69 6.5190(21.88 2275.10 6.5257|20.94 2148.36 6.3735
275 |124.13  2839.49 6.0572(23.09 2722.12 6.4001{22.17 2598.95 6.5732(21.32 2473.81 6.6593|20.51 2347.43 6.6608[19.75 2219.51 6.5063
300 |22.05 2925.73 6.2111{21.34 2800.37 6.5398}20.67 2673.30 6.7058]20.00 2546.07 6.7882]19.34 2418.78 6.7880|18.71 2290.88 6.6336
325 [20.49 3000.63 6.3391]19.96 2872.43 6.6628|19.42 2744.21 6.8270|18.88 2616.69 6.9088]18.33 2489.74 6.9092|17.80 2362.74 6.7564
350 119.24  3069.34 6.4516(18.81 2940.79 6.7748]18.37 2813.04 6.9397|17.91 2686.43 7.0230|17.44 2560.72 7.0255]|16.98 2435.31 6.8752
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TABLE 5. Properties ofwater-ammonia in the one-nhase reaion—Continued

water £=0.2 £§=104 £§=0.6 £=0.8 ammonia

t o h s o h s e} h 8 o h s e} h 3 o} h s
o | ke K K | ke kI kK kg ko kK | kg kI K] kg K K | ke kI K]
m?3 kg kg-K| m? kg kg -K m? kg kg-K | md kg kg K | md kg kg K| md kg kg-K

p = 6.0 MPa
—-50 907.31 —299.29 —0.4323|858.37 —254.32 —0.2727]782.64 —96.13 0.1186]704.58 123.77 0.5521
—-25 942.83 —185.98 —0.1977{895.91 —203.81 —0.0271|835.85 —144.44 0.1938]756.15 16.22 0.5957(674.64 233.82 1.0194
0 11002.82 6.04 0.0002[937.31 —81.42 0.2038{879.49 -99.39 0.3735|811.84 —30.17 0.6324|728.18 131.17 1.0369|642.40 346.80 1.4531
25 1999.69  110.37 0.3657]925.74 24.32  0.5742(860.21 10.47 0.7583|786.68 86.55 1.0413]698.36 248.68 1.4485]607.38 462.96 1.8600
50 [990.59 214.50 0.7010]910.33 131.90 0.9206|838.86 123.71 1.1229]760.02 205.45 1.4242]665.97 369.16 1.8365|568.15 583.84 2.2491
75 |977.45 318.84 1.0120(892.03 24140 1.2470(815.55 239.65 1.4685|731.21 326.98 1.7863|629.87 493.69 2.2076|521.28 713.47 2.6353
100 |961.10  423.61 1.3026|871.21 352.95 1.5564|790.04 358.37 1.7978[699.32 452.10 2.1334(587.93 624.57 2.5705|51.59 1600.27 5.0367
125 1941.94  529.07 1.5762[847.88 466.85 1.8518|761.80 480.48 2.1144(662.83 582.58 2.4717 41.17 1729.47 5.3727
150 1920.11 635.61 1.8357|821.85 583.62 2.1362|729.96 607.11 2.4228 35.79 1825.03 5.6057
175 [895.56  743.74 2.0839]792.61 704.07 2.4127{692.96 740.33 2.7286 32.16 1908.64 5.7977
200 |868.00 854.10 2.3236|759.27 829.55 2.6851 31.97 2093.22 6.0831(29.45 1986.56 5.9670
225 [836.90 967.63 2.5574 31.37 2282.49 6.2178]29.09 2176.97 6.2556]27.28 2061.53 6.1214
250 1801.23 1085.74 2.7886 30.34 2479.01 6.2767|28.45 2370.43 6.3901]26.87 2255.21 6.4089]25.50 2134.99 6.2653
275 [759.09 1210.89 3.0223(29.03 2681.41 6.2554}27.56 2568.14 6.4432(26.26 2450.56 6.5398[25.07 2330.43 6.5493(23.98 2207.79 6.4012
300 |27.63  2885.57 6.0704]26.50 2768.79 6.4113}25.48 2648.12 6.5859(24.50 2526.36 6.6750(23.56 2403.99 6.6806]22.67 2280.50 6.5309
325 125.39  2969.48 6.2137(24.59 2846.65 6.5443|23.81 2722.96 6.7138]23.04 2599.64 6.8002[22.27 2476.71 6.8048]21.52 2353.48 6.6556
350 |23.67 3043.93 6.3357|23.05 2919.06 6.6630]22.43 2794.71 6.8313|21.79 2671.46 6.9179(21.14 2549.13 6.9234]20.50 2426.99 6.7760
p = 8.0 MPa

—50 907.86 —297.26 —0.4331|858.95 —252.51 —0.2750]783.40 —94.32 0.1152]705.40 125.57 0.5475
—-25 943.59 —183.89 —0.1978(896.51 —201.93 —0.0286|836.52 —142.71 0.1911|757.06 17.92 0.5919]675.68 235.43 1.0140
0 }1003.82 8.06 0.00031938.03 —79.51 0.2030(880.15 —-97.63 0.3717|812.61 —28.52 0.6295]|729.28 132.73 1.0326|643.73 348.15 1.4467
25 [1000.58 112.21 0.3651]926.47 26.09 0.5729(860.92 12.14 0.7561|787.57 88.10 1.0379(699.71 250.04 1.4434(609.14 463.90 1.8521
50 {991.45 216.22 0.7001|911.09 133.57 0.9190(839.65 125.27 1.1204|761.07 206.85 1.4204|667.70 370.19 1.8304|570.66 584.03 2.2388
75 {978.32  320.46 1.0108|892.85 242.96 1.2450(816.45 241.08 1.4655|732.50 328.15 1.7818632.21 494.19 2.1999(525.34 712.02 2.6202
100 |962.02  425.11 1.3011|872.10 354.38 1.5541|791.09 359.63 1.7943{700.98 452.91 2.12791591.37 624.08 2.5601(464.68 858.04 3.0247
125 |942.94  530.46 1.5744|848.90 468.12 1.8491|763.08 481.47 2.1103]665.10 582.77 2.4646|541.29 764.45 2.9240]65.33 1634.43 5.0363
150 1921.22 636.86 1.8335]823.03 584.68 2.1329|731.59 607.70 2.4178|622.33 720.70 2.8005 52.67 1763.07 5.3503
175 |896.82  744.81 2.0814|794.04 704.83 2.4088]695.18 740.23 2.7220 45.86 1861.59 5.5767
200 (869.48 854.95 2.3205]|761.08 829.85 2.6802 41.24 1948.50 5.7654
225 |838.68  968.15 2.5536|722.62 961.89 2.9520 41.45 2125.33 6.036437.77 2029.62 5.9326
250 |803.49 1085.75 2.7839 41.03 2307.64 6.1582(37.65 2213.16 6.2085]35.02 2107.63 6.0854
275 |762.16 1210.03 3.0159 39.91 2498.70 6.2065|37.09 2400.55 6.3318134.74 2295.01 6.3614|32.74 2183.97 6.2279
300 [41.19 2786.51 5.7938(38.29 2697.13 6.1767[36.09 2593.41 6.3755(34.16 2484.79 6.4821|32.40 2373.49 6.5014]30.82 2259.50 6.3627
325 [36.49  2898.44 5.9851(34.79 2790.34 6.3360[33.27 2677.80 6.5197|31.83 2564.15 6.6177]30.45 2450.03 6.6321]29.16 2334.80 6.4913
350 [33.36  2988.16 6.1321]32.18 2872.68 6.4709(31.04 2756.32 6.6483[29.90 2640.58 6.7429]28.78 2525.51 6.7557|27.70 2410.25 6.6148

{VINONNV+HdILVYM} FHNLXIN FHL 40 NOILYTINNHO4 A9YINT 3344 ZLTOHW13H

€6



866T ‘T 'ON ‘LZ 'IOA ‘ereq "J8d "wayD 'shud ¢

TABLE 5. Properties ofwater-ammonia in the one-nhase reaion—Continued

water £=02 £§=04 £=0.6 £§=0.8 ammonia

i i) h 3 o) h 8 e} h s 0 h 8 0 h s o h 3

ol 8 M Wk W Wk W Wk W W |k W K|k W W
m? kg kg K| md kg kg-K m? kg kg -K m? kg kg -K m? kg kg-K| m? kg kg-K

p =10.0 MPa
-50 908.40 —295.22 —0.4339(859.52 —250.68 —0.2773|784.15 —92.51 0.1119|706.21 127.38 0.5429
—25 944.33 —181.80 —0.1979]897.10 -200.05 —0.0300|837.18 —140.97 0.1885|757.95 19.63 0.5881(676.70 237.05 1.0086
0 |1004.82 10.06 0.00031938.74 —77.60 0.2021]880.79 —95.86 0.3698(813.36 —26.86 0.6265|730.35 134.30 1.0283[{645.03 349.51 1.4403
25 11001.46 114.05 0.3646927.18 27.87 0.5716|861.62 13.80 0.7539|788.44 89.65 1.0346|701.03 251.40 1.4385[610.86 464.87 1.8443
50 1992.30 217.94 0.6992(911.84 135.23 0.9173|840.43 126.84 1.1179|762.09  208.25 1.4166]669.38 371.25 1.8244(573.07 584.30 2.2289
75 1979.19 322.06 1.0096 (893.65  244.51 1.2430|817.34  242.52 1.4627(733.75 329.33 1.7774|634.45 494.75 2.1924}529.13 710.85 2.6059
100 |962.93 426.61 1.2996(872.99  355.81 1.5517[792.13 360.89 1.7910(702.58  453.75 2.1225|594.61 623.72 2.5501}472.45 852.53 2.9985
125 1943.92 531.84 1.5725|849.90 469.40 1.8463|764.34  482.48 2.1063|667.29  583.01 2.4577(546.58 762.13 2.9089358.77 1061.77 3.5389
150 1922.32 638.11 1.8314(824.20 585.74 2.1297|733.19 608.32 2.4128(625.62 719.83 2.7908 74.732 1688.47 5.0983
175 |898.06 745.89 2.0788|795.44  705.60 2.4049|697.33  740.20 2.7155 61.911 1809.63 5.3769
200 |870.93 855.80 2.3174(762.84 830.17 2.6753]|654.28  881.43 3.0221 54.388 1907.99 5.5906
225 (840.43 968.68 2.5499(724.98  961.48 2.9457 56.033 2067.10 5.8361|49.132 1996.35 5.7727
250 1805.70 1085.80 2.7793|679.09 1103.36 3.2235 56.570 2233.28 5.9366(49.743 2167.65 6.0332(45.134 2079.47 5.9355
275 (765.12 1209.27 3.0097 55.494 2414.16 5.9745(49.557 2344.84 6.1451]45.280 2257.56 6.2012]41.932 2159.64 6.0852
300 |715.28 1343.34 3.2488]53.162 2608.94 5.9453|48.442 2531.46 6.1839(44.854 2439.97 6.3148|41.844 2341.71 6.3513]39.278 2238.19 6.2254
325 |50.307 2810.35 5.7596|46.655 2726.04 6.1455]|43.826 2628.53 6.3498[41.336 2526.62 6.4629]39.067 2422.51 6.4893|37.023 2315.93 6.3581
350 |44.563 2924.04 5.9460(42.373 2821.72 6.3023]40.408 2715.38 6.4921(38.538 2608.37 6.5968|36.746 2501.32 6.618435.072 2393.41 6.4850
p =12.0 MPa

-50 908.95 —293.19 —0.4346|860.10 —248.87 —0.2796|784.90 —90.70 0.1086|707.02 129.20 0.5384
—25 945.08 —179.71 —0.1980|897.70 —198.18 —0.0314|837.84 —139.25 0.1858|758.85 21.34 0.5844(677.72 238.69 1.0033
0 11005.81 12.07 0.0004939.46 —75.70 0.2013]|881.43 —-94.10 0.3680(814.11 —25.21 0.6236]|731.42 135.88 1.0241]646.33 350.90 1.4341
25 11002.35 115.89 0.3641]927.90 29.65 0.5703(862.32 15.48 0.7517]789.30 91.21 1.0314|702.33 252.79 1.4336|612.56 465.88 1.8368
50 |993.16 219.66 0.69831912.59  136.90 0.9157|841.21 128.41 1.1154(763.12  209.67 1.4129|671.02 372.35 1.8186|575.41 584.66 2.2192
75 1980.06 323.68 1.0083|894.46  246.08 1.2411(818.23  243.97 1.4598(735.00 330.54 1.7731]636.63 495.37 2.1852|532.70 709.91 2.5924
100 1963.84 428.13 1.2081(873.88  357.25 1.5495(|793.17  362.17 1.7876|704.16  454.62 2.1172|597.68 623.51 2.5405|479.19 848.13 2.9755
125 [944.91 533.24 1.5707850.90 470.68 1.8437|765.59  483.51 2.1023|669.42 583.33 2.4510|551.41 760.20 2.8949(393.58 1025.54 3.4346
150 1923.41 639.37 1.8292(825.36  586.82 2.1265|734.76  608.97 2.4079(628.74 719.12 2.7816]491.00 914.40 3.2702]107.34 1590.89 4.8145
175 1899.31 746.99 2.0763]|796.84 706.40 2.4010]|699.43  740.24 2.7092|578.13  866.88 3.1207 81.27 1751.42 5.1840
200 (872.37 856.67 2.3144{764.59  830.55 2.6706|657.35  880.32 3.0132 69.20 1864.78 5.4304
225 (842.16 969.25 2.5463{727.30 961.16 2.9395]|603.71 1035.60 3.3329 73.92 1999.84 5.6386|61.49 1961.70 5.6301
250 {807.86 1085.91 2.77471682.46 1101.72 3.2147 63.52 2118.06 5.870455.90 2050.53 5.8042
275 1768.00 1208.61 3.0038[624.21 1260.26 3.5106 64.34  2281.70 5.9652]56.84 2217.90 6.0569(51.57 2134.87 5.9617
300 |719.55 1341.18 3.2402 63.41 2459.57 5.9954(56.87 2391.33 6.1609(51.97 2308.62 6.2188[48.07 2216.63 6.1075
325 {69.86 2688.32 5.498861.06  2650.58 5.9565|55.83  2574.28 6.1915|51.70  2486.88 6.3241[48.17 2394.17 6.3649|45.13  2296.93 6.2447
350 |58.07 2848.12 5.7609 [ 53.98 2765.16  6.1444(50.70 2671.55 6.3509(47.77 2574.77 6.468145.07 2476.61 6.5000]42.63 2376.50 6.3750
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TABLE 5. Properties ofwater-ammonia in the one-nhase reaion—Continued

water £ =0.2 £E=04 £=0.6 £=10.8 ammonia

t 0 h 8 0 h 8 e} h - s 0 h 8 0 h 8 o) h 8

ol e W Wk W W |k W oWk W KW |k K Wk KW
m? kg kg-K| m? kg kg ' K | m? kg kg - K | m? kg kg- K | m? kg kg-K| m? kg kg -K

p =15.0 MPa
-50 909.76 —290.14 —0.43571860.95 —246.14 —0.2830]786.00 —87.98 0.1036|708.22 131.94 0.5316
—-25 946.18 —176.59 —0.1982(898.58 —195.36 —0.0335]1838.81 —136.65 0.1819]760.15 23.92 0.5788]679.22 241.16 0.9954
0 |1007.29  15.07 0.0005|940.52 -—72.85 0.2001|882.39 —-91.45 0.3652|815.22 -22.72 0.6192|732.98 138.27 1.0178]648.23 353.02 1.4248
25 |1003.66 118.64 0.3633]928.97 32.31 0.5684(863.36 17.99 0.7485]790.58 93.56 1.0265]704.23 254.90 1.4263|615.02 467.46 1.8256
50 |994.43  222.23 0.6969|913.70 139.41 0.9133(842.37 130.77 1.1117|764.62 211.81 1.4073|673.40 374.04 1.8100|578.77 585.34 2.2052
75 |981.35 326.10 1.0065|895.65 248.42 1.2382(819.54 246.14 1.4555(736.82 332.37 1.7666]639.74 496.39 2.1746|537.69 708.86 2.5733
100 [965.20 430.39 1.2958|875.19 359.41 1.5461|794.69 364.09 1.7826]706.45 455.97 2.10941602.00 623.39 2.5268|487.92 842.95 2.9450
125 |1946.38 535.34 1.5680(852.38 472.62 1.8397|767.42 485.08 2.0964{672.46 583.89 2.4412|557.97 757.86 2.8755(418.30 1001.96 3.3569
150 [925.03 641.27 1.8260(827.07 588.46 2.1218|737.05 610.00 2.4007]633.12 718.29 2.7684|502.81 906.44 3.2371]231.55 1329.49 4.1492
175 |1901.14  748.64 2.0725|798.88 707.62 2.3954(702.46 740.39 2.7000(585.25 863.16 3.1009]419.76 1093.73 3.6664120.08 1648.20 4.8855
200 |874.50 858.00 2.3100}767.13 831.16 2.6636|661.71 878.89 3.0006(521.76 1028.04 3.4586 95.35 1794.39 5.2035
225 |1844.71 970.13 2.5409}730.64 960.78 2.9305|610.90 1030.78 3.3133 111.66 1873.25 5.3176(82.16 1907.15 5.4359
250 |811.02 1086.13 2.7681{687.25 1099.54 3.2022]539.98 1210.00 3.6640 88.50 2034.40 5.6338}73.39 2005.80 5.6292
275 |772.16 1207.76 2.9951(632.25 1253.97 3.4904 93.63 = 2166.73 5.6845|76.51 2153.91 5.8572]166.92 2097.00 5.7995
300 [725.55 1338.31 3.2279 94.93 2320.98 5.6855|78.24 2309.68 5.9398|68.61 2256.49 6.0402{61.87 2183.90 5.9546
325 |664.87 1485.60 3.4793192.04 2500.62 5.6382|77.72 2480.77 5.9588|69.19 2422.64 6.1329]62.80 2350.17 6.2002}57.75 2268.23 6.0986
350 187.10 2693.14 5.4438[75.32 2666.14 5.909768.35 2599.50 6.1534|62.89 2521.61 6.2950]58.25 2438.62 6.3452}154.30 2351.07 6.2343
p =20.0 MPa

—50 911.09 —285.06 —0.4376|862.34 —241.59 —0.2886|787.79 —83.43 0.0956(710.19 136.54 0.5206
—-25 947.98 —171.40 —0.1986(900.03 —190.67 —0.03701840.41 —132.31 0.1754|762.28 28.23 0.5698]681.68 245.32 0.9826
0 [{1009.74  20.03 0.0005]942.25 —68.10 0.1980(883.95 —87.04 0.3607|817.03 —18.56 0.6120]735.50 142.27 1.0075]651.30 356.61 1.4098
25 [1005.84 123.20 0.3619]930.72 36.75 0.5653)865.06 22.18 0.7431|792.66 97.49 1.0185|707.27 258.47 1.4145]618.96 470.23 1.8078
50 {996.53  226.51 0.6946|915.52 143.58 0.9093(844.25 134.72 1.1055]|767.05 215.41 1.3983|677.18 376.96 1.7961]584.04 586.79 2.1831
75 [983.48 330.13 1.0035|897.60 252.33 1.2334(821.67 249.79 1.4485]739.74 335.48 1.7561]|644.60 498.31 2.1577]545.23 707.91 2.5440
100 {967.44  434.17 1.2921(877.34 363.03 1.5405(797.17 367.34 1.7745|710.11 458.34 2.0968|608.58 623.65 2.5054]500.05 836.89 2.9016
125 |948.79  538.84 1.5635|854.80 475.87 1.8331(770.38 487.76 2.0868(677.25 585.09 2.4255[567.52 755.11 2.8462|443.22 980.98 3.2751
150 [927.69  644.45 1.8208829.87 591.24 2.1141[740.73 611.84 2.3890(639.81 717.45 2.7479|518.43 897.05 3.1918|359.41 1162.46 3.7164
175 [904.14  751.42 2.06641802.20 709.74 2.38621707.26 740.89 2.6853]|595.51 858.45 3.0715]453.71 1061.35 3.5687(225.39 1438.54 4.3494
200 |877.97 860.27 2.3027|771.23 832.32 2.6523}668.42 877.09 2.9809(540.03 1014.19 3.4095|345.60 1297.39 4.0800(152.83 1662.85 4.8376
225 |848.82  971.70 2.53221735.95 960.43 2.9161{621.37 1024.38 3.2842(462.37 1202.55 3.7970|214.13 1620.01 4.7446(123.20 1810.47 5.1420
250 [816.09 1086.68 2.75741694.65 1096.56 3.1827|560.05 1191.48 3.6112]319.34 1512.01 4.4014|146.31 1870.31 5.2357|106.31 1928.64 5.3736
275 |778.71 1206.71 2.9814{643.94 1245.52 3.46071465.27 1408.74 4.0163|180.76 1900.27 5.1270|117.02 2035.93 5.5454[94.93 2032.71 5.5680
300 (734.71 1334.38 3.2091}575.31 1419.49 3.7708 127.41 2145.63 5.5656|100.79 2163.74 5.7735|86.52 2128.90 5.7397
325 1679.84 1475.19 3.4495 133.80 2275.56 5.5325|105.15 2302.39 5.8336(90.04 2273.56 5.9612{79.94 2220.34 5.8958
350 [600.64 1646.01 3.7290134.03 2432.35 5.4529|106.36 2458.74 5.8330|92.16 2425.81 6.0359[82.17 2373.41 6.1248{74.59 2308.84 6.0408
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TABLE 5. Properties ofwater-ammonia in the one-phase region—Continued

€=O.6'

water §=0.2 £E=04 £ =0.8 ammonia

t o h 8 o h s 0 h s 1) h 8 o h 8 o h s

oc| ke Ko K ke Ko K ke K kK ke kI k) kg kI K ) kg kI K
m? kg kg ' K | m? kg kg - K | m? kg kg-K | m? kg kg - K | m? kg kg-K| m? kg kg -K

p =30.0 MPa
—50 913.68 —274.89 —0.4411{865.06 —232.47 —0.2996|791.26 —74.28 0.0798|714.02 145.81 0.4993
—-25 951.45 —161.05 —0.1993{902.85 —181.28 —0.0439|843.51 —123.60 0.1626|766.34 36.93 0.5521|686.40 253.80 0.9578
0 11014.54 29.86 0.0003]945.62 —58.63 0.1939]886.99 -78.20 0.3517(820.53 —10.20 0.5979|740.28 150.40 0.9877]657.14 364.08 1.3812
25 11010.12 132.28 0.3591(934.13 45.62  0.5591|868.37 30.58 0.7326]796.65 105.42 1.0029|712.98 265.80 1.3919626.32 476.28 1.7742
50 11000.67 235.05 0.6901]919.09 151.94 0.9015|847.91 142.66 1.0935(771.69 222.74 1.3807|684.16 383.16 1.7698[593.59 590.66 2.1425
75 1987.67 338.19 0.9975]|901.42 260.19 1.2241|825.80 257.16 1.4348|745.27 341.92 1.7359(653.37 502.81 2.1264|558.22 708.15 2.4927
100 |971.82  441.75 1.2847(881.52 370.31 1.5295|801.93 373.96 1.7587]716.89 463.48 2.0730}620.01 625.51 2.4667|519.02 830.47 2.8319
125 1953.50  545.89 1.5548(859.49 482.46 1.8204|776.02 493.34 2.0684|685.91 588.21 2.3966(583.18 752.54 2.7962|474.12 960.48 3.1690
150 1932.86  650.80 1.8106(835.24 596.94 2.0992|747.61 61593 2.3669|651.41 717.35 2.7111{541.46 886.19 3.1216|420.74 1102.88 3.5157
175 1909.94  757.12 2.0545|808.54 714.25 2.3685|716.03 742.70 2.6579]612.12 852.73 3.0218(492.20 1031.03 3.4540|355.49 1265.18 3.8880
200 [884.62 865.02 2.2888|778.93 835.12 2.6309]680.23 875.17 2.9455(|566.01 997.45 3.3359429.71 1197.93 3.8161(282.43 1448.66 4.2863
225 [856.64 975.18 2.5156[745.72 960.65 2.8894]638.55 1015.77 3.2350[509.45 1157.86 3.6661|346.59 1406.66 4.2456(222.63 1626.47 4.6527
250 |825.56 1088.36 2.7373|707.74 1092.55 3.1477|588.20 1168.76 3.5345(434.22 1351.01 4.0441(267.80 1627.91 4.6791|183.63 1778.08 4.9499
275 [790.64 1205.69 2.9563|663.09 1233.69 3.41121523.69 1343.33 3.8603(333.71 1603.94 4.5160]213.80 1819.24 5.0366}158.35 1907.25 5.1912
300 |1750.66 1328.90 3.1761|608.12 1389.57 3.6891|431.91 1565.67 4.2565(252.14 1850.77 4.9566|177.63 1982.09 5.3273(140.78 2021.99 5.3960
325 |703.37 1461.09 3.4018|534.39 1573.48 4.0030]310.83 1862.98 4.7640(199.53 2055.83 5.3070|153.24 2121.39 5.5653[127.75 2127.62 5.5764
350 1643.95 1608.84 3.6436|416.21 1830.95 4.42400225.09 2132.93 5.2064[165.67 2225.34 5.5848|136.10 2243.89 5.7660{117.60 2227.36 5.7398
p =40.0 MPa

-50 916.17 —264.73 —0.4445|867.69 —223.31 —0.3103|794.56 —65.08 0.0645|717.72 155.20 0.4787
—25 954.77 —150.77 —0.2001 {905.57 —171.89 —0.0506|846.49 —114.86 0.1501|770.19 45.71 0.5350(690.90 262.45 0.9342
0 11019.23  39.55 —0.0002948.87 —49.19 0.1898(889.92 —-69.34 0.3429(823.89 —1.80 0.5841|744.76 158.66 0.9686[662.64 371.84 1.3542
25 11014.32 141.30 0.3562]937.44 54.47 0.5529|871.56 39.00 0.7223]800.45 113.43 0.9877|718.27 273.36 1.3704(633.10 482.86 1.7430
50 |1004.72 243.56 0.6855]922.54 160.31 0.8937{851.42 150.65 1.0819(776.07 230.20 1.3638(690.51 389.75 1.7452]602.12 595.52 2.1058
75 1991.76  346.24 0.9916(905.11 268.07 1.2149]829.74 264.63 1.4215(750.42 348.61 1.7167(661.16 508.01 2.0976]569.29 710.37 2.4481
100 (976.10 449.34 1.2775|885.55 377.66 1.5189[806.44 380.74 1.7436|723.11 469.04 2.0507[629.83 628.65 2.4322|533.95 828.41 2.7755
125 [958.07 552.98 1.5464(863.98 489.17 1.8081|781.31 499.20 2.0508{693.63 592.13 2.3700|595.94 752.51 2.7535|495.25 951.11 3.0937
150 1937.86 657.42 1.8008(840.36 602.84 2.0849|753.98 620.48 2.3462[661.36 718.75 2.6784[558.71 880.96 3.0663|452.28 1080.33 3.4084
175 [915.51  762.96 2.0431|814.51 719.07 2.3518|723.95 74534 2.6329(625.49 850.16 2.9800(516.94 1016.31 3.3770|404.43 1218.12 3.7246
200 (890.94 870.01 2.2755|786.08 838.45 2.6110(690.48 874.90 2.9141|584.91 988.16 3.2796]468.54 1162.92 3.6952(352.51 1365.39 4.0443
225 1863.97 979.04 2.5000|754.56 961.83 2.86500652.52 1010.76 3.1939{538.01 1135.83 3.5836(410.49 1328.35 4.0357(301.04 1518.05 4.3587
250 1834.29 1090.69 2.7187|719.16 1090.44 3.1169|608.56 1155.35 3.4770(481.92 1299.46 3.9040|345.18 1514.25 4.3997|256.74 1666.46 4.6495
275 1801.35 1205.81 2.9336|678.67 1226.14 3.3702|556.24 1312.87 3.7710[412.42 1491.16 4.2617|288.52 1695.79 4.7388|222.35 1803.90 4.9062
300 |764.36 1325.65 3.1474(631.20 1371.94 3.6302;491.60 1491.71 4.0899(337.27 1706.74 4.6462|246.29 1857.99 5.0283]196.53 1929.54 5.1304
325 |1721.98 1452.16 3.3634|573.50 1533.28 3.9057410.27 1705.87 4.4553(278.85 1904.57 4.9842|214.69 2003.56 5.2770(176.95 2045.46 5.3284
350 |1671.86 1588.82 3.58711499.82 1721.09 4.2131|327.69 1939.22 4.8376(237.03 2076.42 5.2658|190.62 2135.90 5.4938{161.69 2154.17 5.5065
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