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0 Package Contents

0.1 Zip files for 32-bit LabVIEW™

In order to install FluidVIEW on a computer running a 32-bit version of LabVIEW™ the zip file
CD_FIluidVIEW_LibAmWa.zip is delivered. The directory structure of the archive is corresponding to the
default directory of LabVIEW ™,

The effects of the fifteen files, which are stored in the different directories of the zip archive, are shown in the
Tables 0.1, 0.2,0.3and 0.4.

Table 0.1 Effects of the files located in the archive directory CD_FluidVIEW_LibAmWalvi.lib
\FluidVIEW\LibAmWa

Filename Effects

LibAmWa.llb LabVIEW ™ library file, containing every function of the LibAmWa property
library in the form of subprograms (SubVls)

Table 0.2 Effects of the files located in the archive directory CD_FIluidVIEW_LibAmWa\menus
\Categories\FluidVIEW

Filename Effects

dir.mnu The palette view of LabVIEW ™ is based on the palette files (*.mnu).
They include the palette data (e. g. the display name, the palette icon,
the palette description, the help information, the synchronize information
and the items)

Table 0.3 Effects of the files located in the archive directory CD_FIluidVIEW_LibAmWa\source

Filename Effects

LibAmWa.dll Dynamic-link library containing the algorithms for the calculation of the
property functions of carbon dioxide

advapi32.dll Runtime library
Dformd.dll Runtime library for the Fortran DLL
Dforrt.dll Runtime library for the Fortran DLL
LC.dll Auxiliary library
msvcp60.dll Runtime library
msvcrt.dll Runtime library
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Table 0.4 Effects of the files located in the archive directory CD_FluidVIEW_LibAmWa\help \FluidVIEW-
help

Filename Effects

FluidVIEW_LibAmWa.pdf User’s guide of the property library LibAmWa for the LabVIEW ™
Add-On FluidVIEW

LibAmWa.chm Help file with descriptions for each function

OpenLibAmWa_doc.vi LabVIEW™ instrument to open the user’s guide via the help menu
LibAmWa.txt Text file to change the name of the menu item of the help file
OpenLibAmWa_doc.txt Text file to change the name of the menu item of the file

OpenLibAmWa_doc.vi

0.2 Zip files for 64-bit LabVIEW™

In order to install FluidVIEW on a computer running a 64-bit version of LabVIEW™ the zip file
CD_FIluidVIEW_LibAmWa_x64.zip is delivered. The directory structure of the archive is corresponding to
the default directory of LabVIEW ™,

The effects of the fifteen files, which are stored in the different directories of the zip archive, are shown in the
Tables 0.5, 0.6, 0.7, 0.8 and 0.9.

Table 0.5 Effects of the files located in the archive directory CD_FIluidVIEW_LibAmWa_x64\vi.lib
\FluidVIEW\LibAmWa

Filename Effects

LibAmWa.llb LabVIEW ™ library file, containing every function of the LibAmWa property
library in the form of subprograms (SubVls)

Table 0.6 Effects of the files located in the archive directory CD_FIuidVIEW_LibAmWa_x64\menus
\Categories\FluidVIEW

Filename Effects

dirmnu The palette view of LabVIEW™ is based on the palette files (*.mnu). They
include the palette data (e. g. the display name, the palette icon, the palette
description, the help information, the synchronize information and the items)
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Table 0.7 Effects of the files located in the archive directory CD_FluidVIEW_LibAmWa_x64\source

Filename Effects

LibAmWa.dll Dynamic-link library containing the algorithms for the calculation of the
property functions of carbon dioxide

Capt_ico_big.ico
Libmmd.dll
Libifcoremd.dll
LC.dll

Libiomp5md.dll

Icon file

Runtime library
Runtime library
Auxiliary library

Runtime library

Table 0.8 Effects of the files located in the archive directory CD_FluidVIEW_LibAmWa_x64\help
\FluidVIEW-help

Filename Effects

FluidVIEW_LibAmWa.pdf User’s guide of the LibAmWa property library for the LabVIEW ™
Add-On FluidVIEW

LibAmWa.chm Help file with descriptions for each function

OpenLibAmWa_doc.vi LabVIEW ™ instrument to open the user’s guide via the help menu

LibAmWa.txt Text file to change the name of the menu item of the help file

OpenLibAmWa_doc.txt Text file to change the name of the menu item of the file

OpenLibAmWa_doc.vi

Table 0.9 Effects of the files located in the archive directory CD_FluidVIEW_LibAmWa_x64 \vcredist_x64

Filename Effects

Executable file to install the Microsoft Visual C++ 2008 Redistributable
Package (x64). Within runtime components of Visual C++ Libraries
required to run 64-bit applications developed with Visual C++ on a
computer that does not have Visual C++ 2010 installed.

vcredist_x64.exe
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1 Property Functions
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Functional . Callin Property or .
Function Name Unit
Dependence Fortran Function
a="f(p,t¢) a_ptxi_ AmWa APTXIAMWA(P,T,XI) Thermal diffusivity m2/s
a = f(p,t.£) al_ptxil_AmWa ALPTXILAMWA(P, T XIL) :Qt‘zrrg"ti' ddl'if;‘a?c'j"'ty of | mas
& = fp,t.e") al_ptxiv. AmWa ALPTXIVAMWA(P,T,XIV) :Qt‘zrrg"ti' ddl'if;‘a?c'j"'ty of | mas
&'~ f(pt.&) av_ptxil_AmWa AVPTXILAMWA(P,T XIL) :Qt‘zrrg"ti' dd\'f;‘g‘r"ty of | mas
&' = f(p.t,E") av_ptxiv. AmWa AVPTXIVAMWA(P,T XIV) :Qt‘zrrg"ti' dd\'f;‘g‘r"ty of | mas
¢, = f(p,t,€) cp_ptxi_ AmWa CPPTXIAMWA(P, T XI) Specific isobaric heat ||\, ky
capacity
' , Specific isobaric heat
¢, =f(p.t.<) cpl_ptxil AmWa CPLPTXILAMWA(P,T,XIL) capacity of saturated | kJ/(kg K)
liquid
Specific isobaric heat
¢, =f(p,t,&") cpl_ptxiv_AmWa CPLPTXIVAMWA(P,T,XIV) capacity of saturated | kJ/(kg K)
liquid
., , Specific isobaric heat
¢, =f(p.t.<) cpv_ptxil_AmWa CPVPTXILAMWA(P,T,XIL) capacity of saturated | kJ/(kg K)
vapor
B . Specific isobaric heat
cp =f(p.t.c") cpv_ptxiv._AmWa CPVPTXIVAMWA(P,T,XIV) capacity of saturated | kJ/(kg K)
vapor
_ . Specific isochoric
c, =f(p,t,&) cv_ptxi AmWa CVPTXIAMWA(P,T,XI) heat capacity kJ/(kg K)
Specific isochoric
c, =f(p,1,&") cvl_ptxil AmWa CVLPTXILAMWA(P,T,XIL) heat capacity of kJ/(kg K)
saturated liquid
) . Specific isochoric
c, =f(p.t,&") cvl_ptxiv_.AmWa CVLPTXIVAMWA(P,T,XIV) heat capacity of kJ/(kg K)
saturated liquid
. . Specific isochoric
¢, =f(p,t.5") cwv_ptxil_AmWa CVVPTXILAMWA(P,T,XIL) heat capacity of kJ/(kg K)
saturated vapor
. . Specific isochoric
c, =f(p.t,&") cwv_ptxiv._AmWa CVVPTXIVAMWA(P, T XIV) heat capacity of kJ/(kg K)
saturated vapor
Dy =f(p.t.&,) Dg_ptxiv_AmWa DGPTXIVAMWA(P,T XIV) Diffusion ~ coefficient | 5/
vapor mixture
D =f(t,8) DI_txil_AmWa DLTXILAMWA(P,XIL) R}'Eﬁ'{g?}(ﬁ:ﬁt'c'e”t N mess
h=f(p,t,£) h_ptxi AmWa HPTXIAMWA(P,T,XI) Specific enthalpy kd/kg
h =f(p,t,") hl_ptxil AmWa HLPTXILAMWA(P, T XIL) Specific enthalpy of |, .

saturated liquid
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Functional . Call in Property or .
Function Name Unit
Dependence Fortran Function
h =f(p,t,&") hi_ptxiv. AmWa HLPTXIVAMWA(P, T XIV) ?gti‘r:g't‘;g’l‘i;hj‘('jpy of  lkkg
h' =f(p.t,&") hv_ptxil_AmWa HVPTXILAMWA(P,T XIL) ?:ti‘rfgfegr\‘/g‘;c'ﬁy of  |kukg
h"=f(p,tE") | hv_ptxiv_AmWa HVPTXIVAMWA(P,T XIV) Srrmtod vaner) & |k
Backward function:
P f
p =f(hs,¢) p_hsxi_ AmWa PHSXIAMWA(H,S,XI) e;‘fﬁ:ll;rf ;r?trrnopy and | Kok
NH4 mass fraction
Pressure from
{ ture, NH
p=f(t.£,x5) p_txixd_AmWa PTXIXDAMWA(T X1, XD) f‘:;ﬁj;a :;Z Vapgrmass bar
fraction’
ps =f(t,&") ps_txil_ AmWa PSTXILAMWA(T,XIL) Vapor pressure bar
ps = f(t,&") ps_txiv._AmWa PSTXIVAMWA(T, XIV) Vapor pressure bar
Pr =1(p,t,&) Pr_ptxi AmWa PRPTXIAMWA(P,T,XI) Prandtl-Number -
Pr' =f(p,t,£") Prl_ptxil_AmWa PRLPTXILAMWA(P,T,XIL) Earf't?r‘:t";’;‘?if;figr of ]
Pri=f(o,t,¢") | Prl_ptxiv.AmWa PRLPTXIVAMWA(P,T,XIV) 5;?:‘::;’;‘?{;3? of ;
Pro=f(pt,&) | Prv_ptxil AmWa PRVPTXILAMWA(P,T,XIL) Earf'g‘r‘:t'e';‘%r;‘ss: of ;
Pr'=f(p,t,£")  |Prv_ptiv_AmWa | PRVPTXIAMWA(P,T,XIV) tratod e |-
Phase region from
region = f(p,h,£) | region_phxi AmWa | REGPHXIAMWA(P,H,XI) pressure, enthalpy, and | -
NH43 mass fraction
Phase region from
region = f(p,s,&) | region_psxi_ AmWa REGPSXIAMWA(P,S,XI) pressure, entropy, and | -
NH3; mass fraction
Phase region from
region = f(p,t,£) | region_ptxi_ AmWa REGPTXIAMWA(P,T,XI) pressure, temperature, |-
and NH3; mass fraction
Phase region from
region = f(h,s,£) |region_hsxi_ AmWa REGHSXIAMWA(H,S,XI) enthalpy, entropy, and |-
NH3; mass fraction
s=fp.t.) s_ptxi_AmWa SPTXIAMWA(P,T,XI) Specific entropy kJ/(kg K)
s = f(p.t.&') sl_ptxil_AmWa SLPTXILAMWA(P,T XIL) fgg‘;g‘t‘;g’l‘ig&? of  |kikg K)
s’ =f(p.t.&") sl_ptxiv_AmWa SLPTXIVAMWA(P,T XIV) fgg‘;g‘t‘;g’l‘ig&? of  |kitkg K)
s"=f(p.t,£") sv_ptxil_AmWa SVPTXILAMWA(P,T XIL) fgg‘;g‘t‘;g’\‘ggg?’ of  |kitkg K)
s"=f(p.t.£")  |sy ptxiv. AmWa SVPTXIVAMWA(P,T XIV) fgg‘;g‘t‘;g’\‘ggg?’ of  |kikg K)
o =f(t.") sigmal_txil AmWa | SIGMALTXILAMWA(T,XIL) Surface tension of mN/m

saturated liquid
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Functional . Call in Property or .
Function Name Unit
Dependence Fortran Function
Backward function:
t =f(p,h, . Temperature from o
(p,h.¢) t phxi_AmWa TPHXIAMWA(P,H,XI) oressure, enthalpy, and | “C
NH5 mass fraction
Backward function:
t=f(p,s, . Temperature from o
(p.s.5) t psxi AmWa TPSXIAMWA(P,S,XI) oressure, entropy, and | “C
NH5 mass fraction
Temperature from
, NH
t = f(p,&,Xs) t_pxixd AmWa TPXIXDAMWA(P,XI,XD) pressure, s mass — 1.¢
fraction, and vapor
fraction
ts =f(p.g") ts_pxil_AmWa TSPXILAMWA(P,XIL) Saturation temperature | °C
ts =f(p,&") ts_pxiv_AmWa TSPXIVAMWA(P,XIV) Saturation temperature | °C
v="fp.t.5) v_ptxi_AmWa VPTXIAMWA(P, T XI) Specific volume m3/kg
v'=f(p,t,&") ; Specific volume of 3
vl_ptxil_AmWa VLPTXILAMWA(P,T,XIL) saturated liquid m3/kg
v'=f(p,t,&") ; Specific volume of 3
vl_ptxiv. AmWa VLPTXIVAMWA(P,T XIV) saturated liquid m3/kg
v =f(p,t, & : Specific volume of 3
vv_ptxil AmWa VVPTXILAMWA(P,T,XIL) saturated vapor m°/kg
" " . Specific volume of 3
v =f(p,t,&") vv_ptxiv._AmWa VVPTXIVAMWA(P, T, XIV) saturated vapor m2/kg
w =f(p,t,&) w_ptxi AmWa WPTXIAMWA(P,T,XI) Speed of sound m/s
" ' . Speed of sound of
w' =f(p,t,&’) wl_ptxil AmWa WLPTXILAMWA(P,T,XIL) saturated liquid m/s
w=f(p.t,E") | wi_ptxiv_AmWa WLPTXIVAMWA(P,TXIV) Speed of sound of )
w — ' saturated liquid
w'=fp.t<)  |wy ptxil AmWa WVPTXILAMWA(P, T XIL) Speed of sound of mis
saturated vapor
w'=fp.t.e")  |wy ptxiv. AmWa WVPTXIVAMWA(P. T XIV) Speed of sound of mis
saturated vapor
n="f(p.t¢&) eta_ptxi_AmWa ETAPTXIAMWA(P,T,XI) Dynamic viscosity Pas
P , . Dynamic viscosity of
n' =f(p,t,&") etal_ptxil AmWa ETALPTXILAMWA(P,T,XIL) saturated liquid Pas
' " . Dynamic viscosity of
n' =f(p,t,5") etal_ptxiv._.AmWa ETALPTXIVAMWA(P,T,XIV) saturated liquid Pas
n"=fp.t.") etav_ptxil_ AmWa ETAVPTXILAMWA(P,T,XIL) Dynamic viscosity of | b,
saturated vapor
n"=fp.t.c") etav_ptxiv.AmWa | ETAVPTXIVAMWA(P,T,XIV) Dynamic viscosity of | p,
saturated vapor
A=1(p,t,&) lambda_ptxi AmWa | LAMBDAPTXIAMWA(P,T,XI) Therm. conductivity W/(m K)
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Functional Call in Property or
Function Name Unit
Dependence Fortran Function
A =f(p.t,&) lambdal_ptxil_AmWa | LAMBDALPTXILAMWA(P,T XIL) :Qt‘zrrr:t'e%ol’i‘sl;’ig“v'ty of lwimk)
A'=f(p,t.&")  |lambdal_ptxiv_AmWa | LAMBDALPTXIVAMWA(P,T XIV) :Qt‘zrrr:t'e%ol’i‘sl;’ig“v'ty of | wi(m K)
A" =fpt.") lambdav_ptxil AmWa | LAMBDAVPTXILAMWA(P,T,XIL) | I nerm. conductivity of 1, i)
saturated vapor
A" =f(p,t,&") lambdav_ptxiv. AmWa LAMBDAVPTXIVAMWA(P,T,XIV | Therm. conductivity of Wi/(m K)
) saturated vapor
v =1(p.t,5) nue_ptxi_AmWa NUEPTXIAMWA(P,T,XI) Kinematic viscosity m?/s
v =fp.t,g") nuel_ptxil_AmWa NUELPTXILAMWA(P,T,XIL) Kinematic viscosity of = | 1.5/
saturated liquid
v =f(p.t,&") nuel_ptiv. AmWa | NUELPTXIVAMWA(P,TXIy) | Kinematic viscosity of 5/
saturated liquid
v =fp.t,) nuev_ptxil AmWa | NUEVPTXILAMWA(P,TXIL) | Kinematic viscosity of |5/
saturated vapor
v =fp.t,g") nuev_ptxiv AmWa | NUEVPTXIVAMWA(P,T XIv) | Kinematic viscosity of 5/
saturated vapor
Vapor fraction from
x5 =f(p.t,&) xd_ptxi_AmWa XDPTXIAMWA(P, T, XI) pressure, temperature | kg/kg
and NHsmass fraction
Backward function:
x5 = f(h,s, . Vapor fraction from
s =f(hs.) xd_hsxi AmWa XDHSXIAMWA(H,S,XI) onthalpy, entropy, and | K9k
NH45 mass fraction
T z NH fraction of
& =f(p,t,g") xil_ptxiv_AmWa XILPTXIVAMWA(P,T XIV) 3 Mass fracion ot 1 okg
saturated liquid
rn r . . NH f t' f
& =f(p,t.&") xiv_ptxil_AmWa XIVPTXILAMWA(P, T XIL) 3 Mass raction ot kgikg

saturated vapor
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Units: t in°C
p inbar
& in (kg NH3)/(kg mixture)

Details on the calculation of wet steam

The wet steam region is calculated automatically by the subprograms which are valid in the entire range
of validity.

For the functions of saturated liquid (...) and saturated vapor (...") it is adequate to enter two
parameters:

- eitherpand ¢,
-ortand &' resp.tand &"
-orpand & resp.pand &".

Enter -1000 for the value which is not given. If p, t, and &' or p, t, and &" are entered the program

considers the parameters to match, i.e., to represent the p-t saturation curve. If this is not true the
function value to be calculated results in -1000.

Range of validity
Temperature ranges  from t, (&) upto 2 -t (&),
With: ty, \y, = -77.655 °C, ty. 11,0 = 0.01 °C

Pressure ranges from 0.1 bar up to 400 bar
Composition ranges from 0.0 up to 1.0 (kg NH3)/(kg mixture)

Reference state
Water: triple point for saturated liquid
hpoo = 0.000611783 kJ/kg and

at p;,, = 0.00611657 bar and  £,=0.01°C

Ammonia: triple point for saturated liquid
hypz = 2.333 kd/kg  and

at p;, = 0.060912 bar and  f,=-77.655°C

Note:

If the calculated function results in -1000, the values entered represent a state point beyond the
range of validity of LibAmWa. For further information on each function and its range of validity see
Chapter 3. The same information may also be accessed via the online help pages.

KCE-ThermoFluidProperties, Prof. Dr. Hans-Joachim Kretzschmar



2/1

2 Application of FIuidVIEW in LabVIEW™

The FIuidVIEW Add-on has been developed to calculate thermodynamic properties in
LabVIEW™ (version 10.0 or higher) more conveniently. Within LabVIEW ™ it enables the
direct call of functions relating to ammonia-water mixtures from the LibAmWa property
library.

2.1 Installing FluidVIEW

If a FluidVIEW property library has not yet been installed, please complete the initial
installation procedure described below.

If a FluidVIEW property library has already been installed, you only need to copy several files
which belong to the LibAmWa library. In this case, follow the subsection "Adding the
LibAmWa Library" on page 2/3.

In both cases folders and files from the zip archive
CD_FIluidVIEW_LibAmWa.zip (for 32-bit version of Windows®)

CD_FIuidVIEW_LibAmWa_x64.zip (for 64-bit version of Windows®)

have to be copied into the default directory of the LabVIEW ™ development environment. In
the following text these zipped directories for the 32-bit or 64-bit operating system will be
symbolised with the term <CD>.

You can see the current default directory of LabVIEW™ in the paths page (options dialog
box). To display this page please select Tools and click on Options to open the options
dialog box and then select Paths from the category list.

By choosing Default Directory from the drop-down list the absolute pathname to the default
directory, where LabVIEW™ automatically stores information, is displayed. In the following
sections the pathname of the default directory will be symbolised by the term <LV>.

Additional Requirement When Using the 64-bit Operating System

If you want to use FIuidVIEW on a 64-bit computer that does not have Visual C++ installed,
please make sure the Microsoft Visual C++ 2010 x64 Redistributable Package is installed.

If it is not the case, please install it by double clicking the file
vcredist_x64.exe

which  you find in the folder \vcredist_ x64 in the 64-bit CD folder
"CD_FIuidVIEW_LibAmWa_x64."

In the following window you are required to accept the Microsoft® license terms to install the
Microsoft Visual C++ 2010 runtime libraries by ticking the box next to "I have read and
accept the license terms" (see Figure 2.1).
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" Microsoft Visual C++ 2010 x64 Redistributable Setup

Welcome to Microsoft Visual C++ 2010 x64 Redistributable Setup
Please, accept the license terms to continue.

MICROSOFT SOFTWARE LICENSE TERMS

MICROSOFT VISUAL C++ 2010 RUNTIME LIBRARIES

[¥]1 have read and accept the license terms. ‘i.l lﬁj

[] Yes, send information about my setup experiences to Microsoft Corporation.

For more information, read the Data Collection Policy.

Figure 2.1 Accepting the license terms to install the Microsoft Visual C++ 2010 x64 Redistributable
Package

Now click on "Install" to continue installation.

After the "Microsoft Visual C++ 2010 x64 Redistributable Pack" has been installed, you will
see the sentence "Microsoft Visual C++ 2010 x64 Redistributable has been installed.”
Confirm this by clicking "Finish."

Now you can use the FluidVIEW Add-On on your 64-bit operating system. Please follow the
instructions below to install FluidVIEW.

Initial Installation of FIuidVIEW

The initial installation of FluidVIEW is carried out by copying three directories with its
contents from the zip archive to the standard directory of LabVIEW ™.

The directories that have to be copied, their paths in the zip archive and their target paths
are listed in Table 2.1.

The installation is complete after copying the files and restarting LabVIEW ™,

Due to the fact, that the functions of the DLL are called with a variable pathname, the source
files you will find in the directory <CD>\source can be stored in a random directory on the
harddisc. The pathname of LibHuAir.dll, which is located in this directory, has to be indicated
in order to calculate the property functions (see example calculation in section 2.4 on page
2/9).

All source files have to be stored in the same directory to make the property functions of the
LibAmWa library work. These files are for the
= 32-bit system: LibAmWa.dll, advapi32.dil, Dformd.dll, Dforrt.dll, LC.dIl, msvcp60.dll, and

msvcrt.dll

and for the

= 64-bit system: LibAmWa.dll, capt_ico_big.ico, LC.dIl, libifcoremd.dll, libiomp5md.dll, and
libmmd.dll.
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Table 2.1 Directories which have to be copied from the zip archive in the default directory of
LabVIEW™ (<LV>) for the initial installation of FluidVIEW

Target path in the default

Name of the directory Parent directory in the zip archive directory of LabVIEW (<LV>)
FluidVIEW <CD>\vi.lib <LV>\vi.lib

FluidVIEW <CD>\menus\Categories <LV>\menus\Categories
FluidVIEW-Help <CD>\help <LV>\help

Adding the LibAmWa Library

In order to add the LibAmWa property library to an existing FluidVIEW installation, one folder
with its contents and five files have to be copied from the zip archive to the standard
directory of LabVIEW™. This directory, the files plus their pathnames in the zip archive and
their target paths are listed in Table 2.2.

The installation is complete after copying the files and restarting LabVIEW ™.

Due to the fact, that the functions of the DLL are called with a variable pathname, the source
files you will find in the directory <CD>\source can stored in a random directory on the
harddisc. The pathname of LibHuAir.dll, which is located in this directory, has to be indicated
in order to calculate the property functions (see example calculation in section 2.4 on page
2/9).

All source files have to be stored in the same directory to make the property functions of the
LibAmWa library work. These files are for the

= 32-bit system: LibAmWa.dll, advapi32.dil, Dformd.dll, Dforrt.dll, LC.dIl, msvcp60.dll, and
msvcrt.dll

and for the

=  64-bit system: LibAmWa.dll, capt_ico_big.ico, LC.dII, libifcoremd.dll, libiomp5md.dIl, and
libmmd.dll

Table 2.2 Data which have to be copied from the zip archive in the default directory of LabVIEW ™
(<LV>) for adding the LibAmWa property library to an existing installation of FluidVIEW

File name with file extension Target path in the default
or name of the directory Parent directory in the zip archive  directory of LabVIEW (<LV>)
LibAmWa.llb <CD>\vi.lib\FluidVIEW <LV>\vi.lib\FluidVIEW
LibAmWa <CD>\menus\Categories <LV>\menus\Categories
\FluidVIEW \FluidVIEW
LibAmWa.hlp <CD>\\help\FluidVIEW-Help <LV>\help\FluidVIEW-Help
LibAmWa.txt <CD>\\help\FluidVIEW-Help <LV>\help\FluidVIEW-Help
FluidVIEW_LibAmWa.pdf <CD>\\help\FluidVIEW-Help <LV>\help\FluidVIEW-Help
Open_LibAmWa_doc.vi <CD>\\nelp\FluidVIEW-Help <LV>\help\FluidVIEW-Help
Open_LibAmWa_doc.txt <CD>\\nelp\FluidVIEW-Help <LV>\help\FluidVIEW-Help
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After you have restarted LabVIEW™ you will find the functions of the LibAmWa property
library in the functions palette under the sub palette FluidVIEW. An example calculation of
the specific enthalpy h and the specific entropy s is shown in section 2.4.

2.2 The FluidVIEW Help System
FluidVIEW provides detailed online help functions.

General Information

The FluidVIEW Help System consists of the Microsoft WinHelp file LibAmWa.chm and this
user's guide as PDF document FluidVIEW_LibAmWa_Docu_Eng.pdf. Both files can be
opened via the help menu. To do this please click Help in the menu bar. In the submenu
FluidVIEW-Help you will find the commands LibAmWa Help File and LibAmWa User’s Guide
to open an appropriate file.

Context-Sensitive Help

If you have activated the context help function in LabVIEW™ (Ctrl-H) and move the cursor
over a FluidVIEW object basic information is displayed in the context help window. The in-
and output parameters plus a short information text are displayed for a property function. By
clicking the Detailed help button in the Context help window the online help will be opened.
The context help window of the function h_ptxi_ AmWa.vi is shown in Figure 2.2.

Kontexthilfe @

s

Specific enthalpy
[C:\Program Files\National Instruments\LabVIEW 201 3\wvi.lib\Fluid VIEANLibAmWa.llb\h_ptxi_AmWa.wi]

Fath LibAmWa.dll Wz Specific enthalpy hin k)/kg
Pressure p in bar B oo Fehler (Ausgang

Temperature t in °C -

Ammeonia mass fraction in (k...

enle

This 5ubVI calculates the specific enthalpy h of ammonia/water mixture in kl/kg as a function of the
pressure pin bar, the temperature t in *C and the ammonia mass fraction in (kg NH3)/ (kg mixture) by
calling the function HPTXIAMWA from the LibAmWa property library,

For further information please follow the link below or consult the user's guide of the property library via
the help menu.

Anschlussdatentyp
EED Ammoenia mass fraction in (kg NH3)/ (kg mixture) (Double [64-Bit Reell (~15 Stellen Genauighkeit]]
Ausfiihrliche Hilfe -
éﬁ =1 e d I I

Figure 2.2 Context help window of the function h_ptxi AmWa.vi
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2.3 Licensing the LibAmWa Property Library

The licensing procedure has to be carried out when calculating a LibAmWa function and a
FluidVIEW prompt message appears. In this case, you will see the "License Information"
window (see figure below).

-
== License Information ﬁ

Pleaze type in pour licenze keyl ?

|
Cancel

Figure 2.3 "License Information" window

Here you will have to type in the license key. You can find contact information on the
"Content" page of this User's Guide or by clicking the yellow question mark in the "License
Information" window. Then the following window will appear:

5 Help 53

In arder to obtain a license for this product

o
% E pleaze contact us.

Product:  Lib_____

Contact:  KCE-ThermoFluidProperties
Frof. Dr. Hang-Joachim Kretzechmar,
Dir.- [hg. M. Kunick,
Dir.- Ing. 5. Herrmann
Wallotstr, 3
01207 Dresden, Germary

Phare: +43-351-27537860

Fau: +49-3222-10995810
E rmail: info@thermofluidprop. com
LAY, gy, thermofiuidprop. com

Figure 2.4 "Help" window

If you do not enter a valid license it is still possible to run your VI by clicking "Cancel". In this
case, the LibAmWa property library will display the result "-1.11111E+7" for every
calculation.

The "License Information" window will appear every time you reopen your Virtual Instrument
(V1) or reload the path of the LibAmWa.dll. Should you not wish to license the LibAmWa
property library, you have to uninstall FluidVIEW according to the description in section 2.5
of this User’s Guide.

Note:
in the Figures above stands for the Library you are installing.
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Example: Calculation of h = f(p,t, £ and s = f(p,t, &)

After the delivered files have been copied in the appropriate folders of the default directory
LabVIEW™ (described in section 2.1), the LibAmWa property library is ready to use. The
function nodes of the LibAmWa property library can be used by dragging them from the
functions palette into the block diagram and connecting them with the wires representing the
required input parameters.

Now we will calculate, step by step, the specific enthalpy h as a function of pressure p,
temperature t, and mass fraction &, using FluidVIEW.

Start LabVIEW™ and wait for the Getting Started window to be displayed. Then select
Blank VI. The Blank VI will be displayed in two windows, the front panel and the block
diagram.

Open the functions palette in the block diagram via view / Functions Palette (or by
clicking the right mouse button anywhere in the free area of the block diagram) if not yet
displayed.

In addition to the default LabVIEW™ palettes the functions palette contains the sub
palette FluidVIEW (see Figure 2.5) with the sub palette LibAmWa (see Figure 2.6).

Funktionen (=] Funkticnen [=]
| &, Suchen I €l Anpassen™ I !} l | 2, Suchen I €%, Anpassen™ I = l
P Express - ¥ FluidVIEW e

» Favoriten L LibAmWa
» Eigene Biblictheken :

e Wiz e
. a a a'
VI auswéhlen...

v FluidVIEW Therma-ll‘lfllff... Thermil‘jlﬂ:... Therma.ll‘fllf'f... |
ALib‘,_’ Lib a” a Co
e e cez Thermal diff.. Thermal diff... Specific isob..
LibAmWa LibC2H50H LibCO2 iz Vi iz
= o L Cp Cp Cp
) Huir HAF o - L
Xiw IF Specific isch... Specificisob.. Specific isob...
LibHuAir  LibHuAir Xiw LibHuAirPro. | |E e
- - Co Cy Cy
Lo Lio Lib
HQIP Ct‘al-s IDGAS| Specific isob... Specificisoc.. Specificisoc..
LibHuAirPro... LibHuGas LibIDGAS cy co o
o] Lic IS Specific i Specific i Specifici
-‘Lﬁlc;: \FsT I».’E?I'A pecr IC-I IzDC... PeECI If IIfOC... PeCr IC.I IzDC...
LibldGasMix LibIFe7 LibIFe7_META Dy D, n
NLILbz 3;:&!’ FL.;%I DiffusiT=co... DiHUSinDm D)rnam.ij:ris...
LibNH3 LibPrapan LibRealAir 7' 7' n"
Lb | Dynamic vis... Dynamic vis... Dynamic vis...
Szaliiz Wl Wi Wa
LibSeaWs n h h
- Dynamic vis... Specific enth... Specific enth... | =
Figure 2.5 Figure 2.6
Functions palette with the sub palettes Functions palette with the property
FluidVIEW and LibAmWa functions of the LibAmWa library

In order to calculate the specific enthalpy h, drag the function (SubVI) whose symbol
shows the h from the functions palette into the block diagram.

While the short names of the SubVIs behind the symbols will be shown in the control tip,
the full names and brief descriptions of the property functions are displayed in the
Context Help window (see Figure 2.2). To use the context help press <CtrI>+<H> on
your keyboard.
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After placing the node of the SubVI h_ptxi_AmWa.vi on your block diagram the required
input parameters have to be defined.

The input parameters which are set as required appear in bold type in the Context Help
window. In this case these input parameters are Path LibAmWa.dll (LabVIEW™ data
type: Path), Pressure p in bar (LabVIEW™ data type: Double precision, floating-point),
Temperature t in °C (LabVIEW™ data type: Double precision, floating-point) and Mass
fraction £in kg/kg (LabVIEW ™ data type: Double precision, floating-point).

To define these variables wire their input terminals with input elements on the front
panel. You can accomplish this in one step by choosing Create / Control in the context
menu of all required input terminals. In order to wire the output terminal of the function
node with an output element on the front panel, choose Create / Indicator in the context
menu of the output terminal Specific enthalpy h in kJ/kg (LabVIEW™ data type:
Double precision, floating-point). After cleaning up the block diagram by pressing
<CtrI>+<U> it has the appearance illustrated in Figure 2.7. The same input and output
elements are available on the appropriate front panel (see Figure 2.8).

Datei Bearbeiten Ansicht Projekt Ausfihren Werkzeuge Fenste m Unbenannt 1 Frl:rntparbel
> [@] O[n][D][e5][sa[e s [15pt Anwendungsschift |1 Datei Bearbeiten Ansicht Projekt Ausfihren Werkze
= 1
Path LibAmWa.dl o |{§} OIEI | 15pt Anwendungsschriftart | = ||:
|’_F,_L Path LibAm\Wa.dll Specific enthalpy h in kl/kg
= . Specific enthalpy h in k/kg q = l 0
Pressure p in bar —CT TP Y[y
B h Pressure p in bar
e |
of 0
Temperature tin °C = .
______ Temperature t in °C
B ’\'l
77
Ammania mass fraction in (kg NH3)/(kg mixture) Amrmonia mass fraction in (kg MH32)/(kg mixture)
l. ¥ ;\II
fzsg '-:)‘ 0
Figure 2.7 Figure 2.8

Block diagram of the example calculation Front panel of the example calculation
Enter a value in the input element pressure p in bar on the front panel
(Range of validity: from p =0.1 bar ... 400 bar)

= e. g.: Enter the value 10.

Enter a value in the input element temperature t in °C on the front panel
(Range of validity: t=t,(&) ... 2-t.(¢))

= e. g.: Enter the value 130.

Enter a value in the input element mass fraction &in kg ammonia / kg mixture on the
front panel.
(Range of validity: £=0.0 kg NH3/kg ... 1.0 kg NH3/kg)

= e. g.: Enter the value 0.5.

Enter the path of the LibAmWa.dll in the input element Path LibAmWa.dll on the front
panel (as explained in section 2.1 the LibAmWa.dll and the other library files from the
directory <CD>\source have to be stored in the same directory which is arbitrary). To do
this you can use the File Open Dialog which appears by clicking the yellow folder symbol
on the right of the input element.
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= To run the calculation of the specific enthalpy click on the Run button or press
<Ctrl>+<R>. The result for h in kd/kg appears in the output element (see Figure 2.9).

= The result for h in our sample calculation is h = 1373.097681 kJ/kg.

,

Datei Bearbeiten Ansicht Projekt Awusfihren  Werkzg

o [ OIEI | 15pt Anwendungsschriftart | = |E

Path LibAm\Wa.dll Specific enthalpy h in klfkg
e = 1373,007681

Pressure p in bar
J'\II
W
Temperature t in °C
’5:130
Ammauonia mass fraction in (kg NH2)/ (kg mixture)

Figure 2.9
Result of the example calculation of h

The calculation of h = f(p,t,£) has thus been completed.

Correspondingly, the specific enthalpy of saturated liquid A’ = f(p,t, £) can be calculated now.
The following changes need to be implemented.

= Open the context menu of the function node specific enthalpy on the block diagram.
Under Replace / Palette LibAmWa you will find the function Specific enthalpy of
saturated liquid symbolized with hl. The node on the block diagram changes to
Specific enthalpy by clicking on this symbol.

= Since the input parameter p is the same as before, its label need not be changed.
= The label of the input parameter t must be changed

It is adequate to determine only two parameters for the calculation of the specific enthalpy
for the saturated liquid A, i.e., either tand &, or p and &, or p and t. Enter the value -1000
for the missing parameter. If p, t, and & are entered, the program considers all
parameters to be appropriate, i.e., to meet the vapor-pressure curve. If this is not true the
property calculated with the selected function results in -1000.

The following input varieties are possible:
h'=f(-1000, t, &)
h' = f(p, =1000, &)
h' = f(p, t, =1000)
h'=fp, t, &)

= In our example here the input variety h' = f(p, =1000, &) has been chosen. The value
-1000 has to be entered as the new value for .

= The label of the input parameter xi must be changed to xil and a new value must be
entered.
Enter the value 0.5 for &.
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= The output parameter can be changed from specific enthalpy h in kJ/kg to specific
enthalpy for saturated liquid hl in kJ/kg by double clicking on it and typing the new name.

= On the front panel you can see that the new label for the output element specific
enthalpy for saturated liquid hl in kJ/kg was taken automatically. Since the values in the
input elements have been changed before the calculation can be started now by pressing
<Ctrl>+<R> or clicking the Run button. The result for h/ in kd/kg-K appears in the output
element.

= The result for hl in our sample calculation is 208.9192108 kJ/kg.

The calculation of h'=f(p,t, ¢ ) has been carried out. You can now arbitrarily change the
values for p, t, or 5'-1 in the appropriate input elements.

Note:

If the calculation results in —1000, this indicates that the values entered are located outside
the range of validity. More detailed information on each function and its range of validity is
available in chapter 3. For further property functions calculable with FluidVIEW, see the
function table in chapter 1.
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2.5 Removing FluidVIEW

Should you wish to remove the LibAmWa library or the complete FluidVIEW Add-on you
have to delete the files that have been copied in the default directory of the LabVIEW™
development environment <LV>.

Removing the FluidVIEW Add-on

To remove the FluidVIEW Add-on please delete the folders listed in Table 2.3 from the
default directory of LabVIEW ™,

Table 2.3 Directories that have to be deleted from the default directory of
LabVIEW™ to remove the FluidVIEW Add-on

Parent directory in the default directory of

Name of the directory LabVIEW™ (<LV>)
FluidVIEW <LV>\vi.lib

FluidVIEW <LV>\menus\Categories
FluidVIEW-Help <LV>\help

Removing only the LibAmWa library

To remove only the LibAmWa library please delete the folders or files listed in Table 2.4 from
the default directory of LabVIEW ™,

Table 2.4 Data that have to be deleted from the default directory of LabVIEW™
(<LV>) to remove only the LibAmWa library.

File name with file extension Parent directory in the default directory of
or name of the directory LabVIEW (<LV>)

LibAmWa.llb <LV>\vi.lib\FluidVIEW

LibAmWa <LV>\menus\Categories\FluidVIEW
LibAmWa.hlp <LV>\help\FluidVIEW-Help

LibAmWa.txt <LV>\help\FluidVIEW-Help
FluidVIEW_LibAmWa.pdf <LV>\help\FluidVIEW-Help
Open_LibAmWa_doc.vi <LV>\help\FluidVIEW-Help
Open_LibAmWa_doc.txt <LV>\help\FluidVIEW-Help

The changes will take effect after restarting LabVIEW ™.
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3. Program Documentation

Thermal Diffusivity a = f(p,t,&)

Function Name: a_ptxi_AmWa

Subprogram with function value: REAL*8 FUNCTION APTXIAMWA(P,T,XI)
for the call out of Fortran REAL*8 P,T,XI

Input values

P - Pressure p in bar
T - Temperature tin °C
Xl - Ammonia mass fraction & in (kg NH3)/(kg mixture)

Output value

APTXIAMWA or a_ptxi_AmWa - Thermal diffusivity a in m? /s

Range of validity

Temperature range: from t = t,. (é:) a2t (é:)
NH; : ttr,NH3 =-77.655°C H,O: ttr,H20 =0.01°C
toNHg = 132.25°C te,H0 = 373.946°C
Pressure range: from 0.1 bar to 400 bar
Composition range: from 0.0 to 1.0 (kg NH3)/(kg mixture)

Details on wet steam

Only saturated liquid and saturated vapor are calculated in the wet steam region. For the wet steam
region in-between the calculation results in -1000.

Results for wrong input values
The result APTXIAMWA = -1000 or a_ptxi_AmWa = -1000 is valid for the following input values:
p>400 bar or p<0.1baror

t>2-t,(&)ort<t,(&)or
£>1.0kg/kg or £<0.0 kg/kg

References: [1], [2], [3], [4], [5], [6], [7], [8], [9], [10]
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Thermal Diffusivity a’ = f(p,t,&’)

Function Name: al_ptxil_AmWa

Subprogram with function value: REAL*8 FUNCTION ALPTXILAMWA(P,T,XIL)
for the call out of Fortran REAL*8 P,T,XIL

Input values

P - Pressure p in bar
T - Temperature tin °C
XIL - Ammonia mass fraction of saturated liquid &' in (kg NH3)/(kg mixture)

Output value

ALPTXILAMWA or al_ptxil_AmWa - Thermal diffusivity of saturated liquid &' in m? /s

Range of validity

Temperature range: from t = t,, (5,) ot (5,)
NH; : ttr,NH3 =-77.655°C H,O: ttr,H20 =0.01°C
toNHg = 132.25°C te,H0 = 373.946°C
Pressure range: from 0.1 bar to 400 bar
Composition range: from 0.0 to 1.0 (kg NH3)/(kg mixture)

Details on wet steam

Only saturated liquid and saturated vapor are calculated in the wet steam region. For the wet steam
region in-between the calculation results in -1000.

Results for wrong input values
The result ALPTXILAMWA = -1000 or al_ptxil_AmWa = -1000 is valid for the following input values:
p >400 bar or p<0.1baror

t>t,(&)ort<t,(&)or
&>1.0kg/kg or &<0.0kg/kg

References: [1], [2], [3], [4], [5], [6], [7], [8], [9], [10]
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Thermal Diffusivity a’ = f(p,t,&"’)

Function Name: al_ptxiv_AmWa

Subprogram with function value: REAL*8 FUNCTION ALPTXIVAMWA(P,T,XIV)
for the call out of Fortran REAL*8 P, T, XIV

Input values

P - Pressure p in bar
T - Temperature tin °C
XIV - Ammonia mass fraction of saturated vapor " in (kg NH; )/(kg mixture)

Output value

ALPTXIVAMWA or al_ptxiv_AmWa - Thermal diffusivity of saturated liquid a' in m? /s

Range of validity

Temperature range: from t = t,, (5,,) ot (5”)
NH; : ttr,NH3 =-77.655°C H,O: ttr,H20 =0.01°C
teNHg =132.25°C te,H0 = 373.946°C
Pressure range: from 0.1 bar to 400 bar
Composition range: from 0.0 to 1.0 (kg NH3)/(kg mixture)

Details on wet steam

Only saturated liquid and saturated vapor are calculated in the wet steam region. For the wet steam
region in-between the calculation results in -1000.

Results for wrong input values
The result ALPTXIVAMWA = -1000 or al_ptxiv_AmWa =-1000 is valid for the following input values:
p >400 bar or p<0.1baror

t>t, (&) ort<t, (&) or
&>1.0kglkg or &< 0.0 kg/kg

References: [1], [2], [3], [4], [5], [6], [7], [8], [9], [10]
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Thermal Diffusivity a’ = f(p,t,&’)

Function Name: av_ptxil_AmWa

Subprogram with function value: REAL*8 FUNCTION AVPTXILAMWA(P,T,XIL)
for the call out of Fortran REAL*8 P,T,XIL

Input values

P - Pressure p in bar
T - Temperature tin °C
XIL - Ammonia mass fraction of saturated liquid &' in (kg NH3)/(kg mixture)

Output value

AVPTXILAMWA or av_ptxil_AmWa - Thermal diffusivity of saturated vapor a” in m? /s

Range of validity

Temperature range: from t = t,, (5,) ot (5,)
NH; : ttr,NH3 =-77.655°C H,O: ttr,H20 =0.01°C
toNHg = 132.25°C te,H0 = 373.946°C
Pressure range: from 0.1 bar to 400 bar
Composition range: from 0.0 to 1.0 (kg NH3)/(kg mixture)

Details on wet steam

Only saturated liquid and saturated vapor are calculated in the wet steam region. For the wet steam
region in-between the calculation results in -1000.

Results for wrong input values
The result AVPTXILAMWA = -1000 or av_ptxil_AmWa = -1000 is valid for the following input values:
p >400 bar or p<0.1baror

t>t,(&)ort<t,(&)or
&>1.0kg/kg or &<0.0kg/kg

References: [1], [2], [3], [4], [5], [6], [7], [8], [9], [10]
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Thermal Diffusivity a”’ = f(p,t,£")

Function Name: av_ptxiv_AmWa

Subprogram with function value: REAL*8 FUNCTION AVPTXIVAMWA(P,T,XIV)
for the call out of Fortran REAL*8 P, T, XIV

Input values

P - Pressure p in bar
T - Temperature tin °C
XIV - Ammonia mass fraction of saturated vapor " in (kg NH; )/(kg mixture)

Output value

AVPTXIVAMWA or av_ptxiv_AmWa - Thermal diffusivity of saturated vapor a" in m? /s

Range of validity

Temperature range: from t = t,, (5,,) ot (5”)
NH; : ttr,NH3 =-77.655°C H,O: ttr,H20 =0.01°C
teNHg =132.25°C te,H0 = 373.946°C
Pressure range: from 0.1 bar to 400 bar
Composition range: from 0.0 to 1.0 (kg NH3)/(kg mixture)

Details on wet steam

Only saturated liquid and saturated vapor are calculated in the wet steam region. For the wet steam
region in-between the calculation results in -1000.

Results for wrong input values
The result AVPTXIVAMWA = -1000 or av_ptxiv_AmWa = -1000 is valid for the following input values:
p >400 bar or p<0.1baror

t>t, (&) ort<t, (&) or
£>1.0kglkg or &< 0.0 kg/kg

References: [1], [2], [3], [4], [5], [6], [7], [8], [9], [10]
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Specific Isobaric Heat Capacity ¢, = f(p,t,$)

Function Name: cp_ptxi_AmWa

Subprogram with function value: REAL*8 FUNCTION CPPTXIAMWA(P,T,XI)
for the call out of Fortran REAL*8 P, T,XI

Input values

P - Pressure pin bar
T - Temperature tin °C
XI- Ammonia mass fraction & in (kg NH3)/(kg mixture)

Output value
CPPTXIAMWA or cp_ptxi_AmWa - Specific isobaric heat capacity Cp in kd/(kg K)

Range of validity

Temperature range: t=t, ((’:) a2t ((’:)
NH; : tirNHy = —77.655°C HyO:  tyh,0 =0.01°C
toNHg = 132.25°C te H,0 = 373.946°C
Pressure range: from 0.1 bar to 400 bar
Composition range: from 0.0 to 1.0 (kg NH3)/(kg mixture)

Details on wet steam

Only saturated liquid and saturated vapor are calculated in the wet steam region. For the wet steam
region in-between the calculation results in -1000.

Results for wrong input values

The result CPPTXIAMWA = -1000 or cp_ptxi_AmWa =-1000 is valid for the following input values:
p > 400 bar or p<0.1baror

t>2-t,(&)ort<t,(&)or

£>1.0kglkg or £<0.0 kg/kg

State points in the wet steam region are located between saturated liquid and saturated vapor.

References: [1], [2], [3], [4]
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Specific Isobaric Heat Capacity of Saturated Liquid ¢, = f(p,t,&’)

Function Name: cpl_ptxil_AmWa

Subprogram with function value: REAL*8 FUNCTION CPLPTXILAMWA(P,T,XIL)
for the call out of Fortran REAL*8 P, T,XIL

Input values

P - Pressure pin bar
T - Temperature tin °C
XIL - Ammonia mass fraction of saturatedliquid & in (kg NH3)/ (kg mixture)

Output value
CPLPTXILAMWA or cpl_ptxil_AmWa - Specific isobaric heat capacity of saturated liquid c;, in kd/(kg K)

Range of validity

Temperature range: from t = t,, (5') ot (Sz')
NHj : ttr,NH3 =-77.655°C H,O: ttr,H20 =0.01°C
toNHg = 132.25°C te,H0 = 373.946°C
Pressure range: from 0.1 bar to 400 bar
Composition range: from 0.0 to 1.0 (kg NH3)/(kg mixture)

Details on input types

For the calculation of the specific isobaric heat capacity of saturated liquid it is adequate to enter two
parameters (either tand &', or pand &', or p and ¢). Enter -1000 for the missing value. If p, t, and &' are
entered, the program considers all parameters to match, i.e., to represent the vapor-pressure curve. If
this is not true, the property to be calculated of the selected function results in -1000.

Input types possible: cp =f(=1000,t,&")

¢, =f(p,~1000,¢)
¢, =f(p,t,~1000)
cp =f(p,t,¢")

Results for wrong input values
The result CPLPTXILAMWA = -1000 or cpl_ptxil_AmWa =-1000 is valid for values which range from:

p >400 bar or p<0.1baror

t <ty (&) ort>t,(¢)
£ > 1.0 kg/kg or &' < 0.0 kg/kg

References: [1], [2], [3], [4]
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Specific Isobaric Heat Capacity of Saturated Liquid ¢, = f(p,t,£")

Function Name: cpl_ptxiv_AmWa

Subprogram with function value: REAL*8 FUNCTION CPLPTXIVAMWA(P,T,XIV)
for the call out of Fortran REAL*8 P, T,XIV

Input values

P - Pressure pin bar
T - Temperature tin °C
XIV - Ammonia mass fraction of saturated vapor & in (kg NH3)/(kg mixture)

Output value
CPLPTXIVAMWA or cpl_ptxiv_AmWa - Specific isobaric heat capacity of saturated liquid c,’J in kJ/(kg K)

Range of validity

Temperature range: from t = t, (5") ot (5")
NHj : ttr,NH3 =-77.655°C H,O: ttr,H20 =0.01°C
teNHg =132.25°C te,H0 = 373.946°C
Pressure range: from 0.1 bar to 400 bar
Composition range: from 0.0 to 1.0 (kg NH3)/(kg mixture)

Details on input types

For the calculation of the specific isobaric heat capacity of saturated liquid it is adequate to enter two
parameters (either tand &", or pand &£, or p and f). Enter -1000 for the missing value. If p, t, and &"

are entered, the program considers all parameters to match, i.e., to represent the vapor-pressure curve. If
this is not true, the property to be calculated of the selected function results in -1000.

Input types possible: c, =f(-1000,t,&™)
p,—1000,&")
,t,—1000)

= f(
= f(
=f(p,t,&")

p
p
Results for wrong input values

The result CPLPTXIVAMWA = -1000 or cpl_ptxiv_AmWa = -1000 is valid for values which range from:

p >400 bar or p<0.1baror

t<t,(&")ort>t,(&")
E">1.0 kg/kg or £" < 0.0 kg/kg

References: [1], [2], [3], [4]
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Specific Isobaric Heat Capacity of Saturated Vapor c, =f(p,t,S’)

Function Name: cpv_ptxil_AmWa

Subprogram with function value: REAL*8 FUNCTION CPVPTXILAMWA(P,T,XIL)
for the call out of Fortran REAL*8 P, T,XIL

Input values

P - Pressure pin bar
T - Temperature tin °C
XIL - Ammonia mass fraction of saturatedliquid & in (kg NH3)/ (kg mixture)

Output value
CPVPTXILAMWA or cpv_ptxil_AmWa - Specific isobaric heat capacity of saturated vapor c,'J' in kJ/(kg K)

Range of validity

Temperature range: from t = t,, (5') ot (Sz')
NHj : ttr,NH3 =-77.655°C H,O: ttr,H20 =0.01°C
toNHg = 132.25°C te,H0 = 373.946°C
Pressure range: from 0.1 bar to 400 bar
Composition range: from 0.0 to 1.0 (kg NH3)/(kg mixture)

Details on input types

For the calculation of the specific isobaric heat capacity of saturated vapor it is adequate to enter two
parameters (either tand &', or pand &', or p and f). Enter -1000 for the missing value. If p, t, and &' are

entered, the program considers all parameters to match, i.e., to represent the vapor-pressure curve. If
this is not true, the property to be calculated of the selected function results in -1000.

Input types possible: ¢y =f(-1000,t,&")

o =f(p,—1000,¢")
f(p,t,—1000)

f(p,t,&")

p

o
CH p
co =f(p
Results for wrong input values

The result CPVPTXILAMWA = -1000 or cpv_ptxil_AmWa = -1000 is valid for values which range from:

p >400 bar or p<0.1baror
t <ty (¢)ort >t (&)
£ >1.0 kg/kg or &' < 0.0 kg/kg

References: [1], [2], [3], [4]

KCE-ThermoFluidProperties, Prof. Dr. Hans-Joachim Kretzschmar



3/10

Specific Isobaric Heat Capacity of Saturated Vapor ¢, =f(p,t,£")

Function Name: cpv_ptxiv_AmWa

Subprogram with function value: REAL*8 FUNCTION CPVPTXIVAMWA(P,T,XIV)
for the call out of Fortran REAL*8 P, T,XIV

Input values

P - Pressure pin bar
T - Temperature tin °C
XIV - Ammonia mass fraction of saturatedliquid & in (kg NH3)/ (kg mixture)

Output value
CPVPTXIVAMWA or cpv_ptxiv_AmWa - Specific isobaric heat capacity of saturated vapor c,’J’ in kJ/(kg K)

Range of validity

Temperature range: from t = t, (5") ot (5")
NHj : ttr,NH3 =-77.655°C H,O: ttr,H20 =0.01°C
teNHg =132.25°C te,H0 = 373.946°C
Pressure range: from 0.1 bar to 400 bar
Composition range: from 0.0 to 1.0 (kg NH3)/(kg mixture)

Details on input types

For the calculation of the specific isobaric heat capacity of saturated vapor it is adequate to enter two
parameters (either tand &", or pand ¢”, or p and f). Enter -1000 for the missing value. If p, t, and ¢ are

entered, the program considers all parameters to match, i.e., to represent the vapor-pressure curve. If
this is not true, the property to be calculated of the selected function results in -1000.

Input types possible: ¢y =f(-1000,¢,&")

o =1f(p,—1000,£")
f(p,t,—1000)

f(p,t,&")

p

o
CH p
co =f(p
Results for wrong input values

The result CPVPTXIVAMWA = -1000 or cpv_ptxiv_AmWa = -1000 is valid for values which range
from:

p >400 bar or p<0.1baror
t <ty (&")ort>t (&)
£" > 1.0 kg/kg or £" < 0.0 kg/kg

References: [1], [2], [3], [4]
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Specific Isobaric Heat Capacity ¢, = f(p,t,<)

Function Name: cv_ptxi_AmWa

Subprogram with function value: REAL*8 FUNCTION CVPTXIAMWA(P,T,XI)
for the call out of Fortran REAL*8 P,T,XI

Input values

P - Pressure p in bar
T - Temperature tin °C
Xl - Ammonia mass fraction & in (kg NH3)/(kg mixture)

Output value
CVPTXIAMWA or cv_ptxi_AmWa - Specific isochoric heat capacity ¢, in kd/(kg K)

Range of validity

Temperature range: from t = t,, (5) 20t (5)
NH; : tirNH; = —77.655°C HyO:  tyn,0 =0.01°C
teNHy = 132.25°C tc,H,0 =373.946°C
Pressure range: from 0.1 bar to 400 bar
Composition range: from 0.0 to 1.0 (kg NH3)/(kg mixture)

Details on wet steam

Only saturated liquid and saturated vapor are calculated in the wet steam region. For the wet steam
region in-between the calculation results in -1000.
Results for wrong input values

The result CVPTXIAMWA = -1000 or cv_ptxi_AmWa = -1000 for the following input values:
p >400 bar or p<0.1baror

t>2-t,(&)ort<t,(&)or

£ >1.0kglkg or & <0.0 kg/kg

State points in the wet steam region are located between saturated liquid and saturated vapor.

References: [1], [2], [3], [4]
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Specific Isochoric Heat Capacity of Saturated Liquid c, = f(p,t,&’)

Function Name: cvl_ptxil_AmWa

Subprogram with function value: REAL*8 FUNCTION CVLPTXILAMWA(P,T,XIL)
for the call out of Fortran REAL*8 P, T,XIL

Input values

P - Pressure pin bar
T - Temperature tin °C
XIL - Ammonia mass fraction of saturatedliquid &' in (kg NH3)/ (kg mixture)

Output value
CVLPTXILAMWA or cvl_ptxil_AmWa - Specific isochoric heat capacity of saturated liquid ¢, in kd/ (kg K)

Range of validity

Temperature range: from t = t,. (5') .t (5')
NHj : tir NHy = —77.655°C HyO:  tyn,0=0.01°C
teNHg = 132.25°C te H0 = 373.946°C
Pressure range: from 0.1 bar to 400 bar
Composition range: from 0.0 to 1.0 (kg NH3)/(kg mixture)

Details on input types

For the calculation of the specific isochoric heat capacity of saturated liquid it is adequate to enter two
parameters (either tand &', or pand &', or p and ¢). Enter -1000 for the missing value. If p, t, and &' are
entered, the program considers all parameters to match, i.e., to represent the vapor-pressure curve. If
this is not true, the property to be calculated of the selected function results in -1000.

Input types possible: c, =f(-1000,t,&")

\2

¢, = f(p,~1000,&")
c,, = f(p,t,~1000)
c, =f(p,t,¢")

Results for wrong input values
The result CVLPTXILAMWA = -1000 or cvi_ptxil_AmWa = -1000 is valid for values which range from:

p >400 bar or p<0.1baror
t <ty (&)ort>t,(¢)
£ >1.0 kg/kg or &' < 0.0 kg/kg

References: [1], [2], [3], [4]

KCE-ThermoFluidProperties, Prof. Dr. Hans-Joachim Kretzschmar



3/13

Specific Isochoric Heat Capacity of Saturated Liquid c,, = f(p,t,&")

Function Name: cvl_ptxiv_AmWa

Subprogram with function value: REAL*8 FUNCTION CVLPTXIVAMWA(P,T,XIV)
for the call out of Fortran REAL*8 P,T,XIV

Input values

P - Pressure pin bar
T - Temperature tin °C
XIV - Ammonia mass fraction of saturated vapor & in (kg NH3)/(kg mixture)

Output value
CVLPTXIVAMWA or cvl_ptxiv_AmWa - Specific isochoric heat capacity of saturated liquid ¢, in kdJ/ (kg K)

Range of validity

Temperature range: from t = t, (5") ot (5")
NHj : ttr,NH3 =-77.655°C H,O: ttr,H20 =0.01°C
teNHg =132.25°C te,H0 = 373.946°C
Pressure range: from 0.1 bar to 400 bar
Composition range: from 0.0 to 1.0 (kg NH3)/(kg mixture)

Details on input types

For the calculation of the specific isochoric heat capacity of saturated liquid it is adequate to enter two
parameters (either tand &", or pand &£, or p and f). Enter -1000 for the missing value. If p, t, and &"

are entered, the program considers all parameters to match, i.e., to represent the vapor-pressure curve. If
this is not true, the property to be calculated of the selected function results in -1000.

Input types possible: ¢, =f(-1000,t,&")
¢, =f(p,—1000,&")
c;, =f(p,t,-1000)
c, =f(p.t,&")

Results for wrong input values
The result CVLPTXIVAMWA = -1000 or cvl_ptxiv_AmWa = -1000 is valid for values which range from:

p >400 bar or p<0.1baror

t <ty (&")ort>t,(&")
&">1.0 kg/kg or £" < 0.0 kg/kg

References: [1], [2], [3], [4]

KCE-ThermoFluidProperties, Prof. Dr. Hans-Joachim Kretzschmar



3/14

Specific Isochoric Heat Capacity of Saturated Vapor ¢, =f(p,t,&’)

Function Name: cvv_ptxil_AmWa

Subprogram with function value: REAL*8 FUNCTION CVVPTXILAMWA(P,T,XIL)
for the call out of Fortran REAL*8 P,T,XIL

Input values

P - Pressure pin bar
T - Temperature tin °C
XIL - Ammonia mass fraction of saturatedliquid &' in (kg NH3)/ (kg mixture)

Output value
CVVPTXILAMWA or cvv_ptxil_AmWa - Specific isochoric heat capacity of saturated vapor ¢, in kd/(kg K)

Range of validity

Temperature range: from t = t,, (5') ot (Sz')
NHj : ttr,NH3 =-77.655°C H,O: ttr,H20 =0.01°C
toNHg = 132.25°C te,H0 = 373.946°C
Pressure range: from 0.1 bar to 400 bar
Composition range: from 0.0 to 1.0 (kg NH3)/(kg mixture)

Details on input types

For the calculation of the specific isochoric heat capacity of saturated vapor it is adequate to enter two
parameters (either tand &', or pand &', or p and f). Enter -1000 for the missing value. If p, t, and &' are

entered, the program considers all parameters to match, i.e., to represent the vapor-pressure curve. If
this is not true, the property to be calculated of the selected function results in -1000.

Input types possible: ¢, =f(-1000,t,¢")
¢, =f(p,—1000,&")
¢ =f(p,t,-1000)
cy =f(p.t,&)

Results for wrong input values
The result CVVPTXILAMWA = -1000 or cvv_ptxil_AmWa = -1000 is valid for values which range from:

p >400 bar or p<0.1baror
t <ty (¢)ort >t (&)
£ >1.0 kg/kg or &' < 0.0 kg/kg

References: [1], [2], [3], [4]
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Specific Isochoric Heat Capacity of Saturated Vapor c, = f(p,t,£")

Function Name: cvv_ptxiv_AmWa

Subprogram with function value: REAL*8 FUNCTION CVVPTXIVAMWA(P,T,XIV)
for the call out of Fortran REAL*8 P,T,XIV

Input values

P - Pressure pin bar
T - Temperature tin °C
XIV - Ammonia mass fraction of saturated vapor " in (kg NH; )/(kg mixture)

Output value
CVVPTXIVAMWA or cvv_ptxiv_AmWa - Specific isochoric heat capacity of saturated vapor ¢, in kdJ/(kg K)

Range of validity

Temperature range: from t = t, (5") ot (5")
NHj : ttr,NH3 =-77.655°C H,O: ttr,H20 =0.01°C
teNHg =132.25°C te,H0 = 373.946°C
Pressure range: from 0.1 bar to 400 bar
Composition range: from 0.0 to 1.0 (kg NH3)/(kg mixture)

Details on input types

For the calculation of the specific isochoric heat capacity of saturated vapor it is adequate to enter two
parameters (either tand &, or pand &£, or p and f). Enter -1000 for the missing value. If p, t, and &"

are entered, the program considers all parameters to match, i.e., to represent the vapor-pressure curve. If
this is not true, the property to be calculated of the selected function results in -1000.

Input types possible: ¢, =f(-1000,t,&")
¢, =f(p,—1000,&")
¢ =f(p,t,-1000)
oy =f(pt.g")

Results for wrong input values

The result CVWPTXIVAMWA = -1000 or cvv_ptxiv_AmWa = -1000 is valid for values which range
from:

p >400 bar or p<0.1baror
t <ty (&")ort>t (&)
£" > 1.0 kg/kg or &£" < 0.0 kg/kg

References: [1], [2], [3], [4]
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Diffusion Coefficient in Liquid Mixture D, = f(t,&)

Function Name: DI_txil_AmWa

Subprogram with function value: REAL*8 FUNCTION DLTXILAMWA(T,XIL)
for the call out of Fortran REAL*8 T,XIL

Input values

T - Temperature tin °C
XIL - Ammonia mass fraction of saturated steam ¢ in (kg NH3)/(kg mixture)

Output value
DLTXILAMWA or DI_txil_AmWa - Diffusion coefficient in liquid mixture D in m? /s

Range of validity

Temperature range: from t = t,, (fl) ot (5/)
NHj : ttr,NH3 =-77.655°C H,O: ttr,H20 =0.01°C
toNHg = 132.25°C te,H0 = 373.946°C
Pressure range: from 0.1 bar to 400 bar
Composition range: from 0.0 to 1.0 (kg NH3)/(kg mixture)

Results for wrong input values
The result DLTXILAMWA= -1000 or DI_txil_AmWa = -1000 is valid for values which range from:

t<ty(g)ort>t.(g)
& > 1.0 kg/kg or & < 0.0 kg/kg

References: [1], [2], [3], [4], [11]
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Diffusion Coefficient in Gaseous Mixture Dy = f(p,t,<,)

Function Name: Dg_ptxiv_AmWa

Subprogram with function value: REAL*8 FUNCTION DGPTXIVAMWA(P,T,XIV)
for the call out of Fortran REAL*8 P, T, XIV

Input values

P - Pressure pin bar
T - Temperature tin °C
XIV - Ammonia mass fraction of saturated steam ¢, in (kg NH3)/(kg mixture)

Output value

DGPTXIVAMWA or Dg_ptxiv_AmWa - Diffusion coefficient in gaseous mixture Dg inm? /s

Range of validity

Temperature range: from t = t,, (5\/ ) ot (/;:V)
NHj : ttr,NH3 =-77.655°C H,O: ttr,H20 =0.01°C
toNHg = 132.25°C te,H0 = 373.946°C
Pressure range: from 0.1 bar to 400 bar
Composition range: from 0.0 to 1.0 (kg NH3)/(kg mixture)

Results for wrong input values
The result DGPTXIVAMWA = -1000 or Dg_ptxiv_AmWa = -1000 is valid for values which range from:
p>400 bar or p<0.1baror

t<ty(&)ort>t (&)
&y > 1.0 kg/kg or &, < 0.0 kg/kg

References: [1], [2], [3], [4], [12]
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Dynamic Viscosity 7 = f(p,t,£)

Function Name: eta_ptxi_AmWa

Subprogram with function value: REAL*8 FUNCTION ETAPTXIAMWA(P,T,XI)
for the call out of Fortran REAL*8 P,T,XI

Input values

P - Pressure p in bar
T - Temperature tin °C
XI- Ammonia mass fraction & in (kg NH3)/(kg mixture)

Output value
ETAPTXIAMWA or eta_ptxi_AmWa - Dynamic viscosity 77 in Pa s

Range of validity

Temperature range: from t = t,. (5) L2t (5)
NH; : tirNHy = —77.655°C HyO:  tyn,0=0.01°C
teNHg = 132.25°C tc,H,0 =373.946°C
Pressure range: from 0.1 bar to 400 bar
Composition range: from 0.0 to 1.0 (kg NH3)/(kg mixture)

Details on wet steam

Only saturated liquid and saturated vapor are calculated in the wet steam region. For the wet steam
region in-between the calculation results in -1000.

Results for wrong input values
The result ETAPTXIAMWA = -1000 or eta_ptxi_AmWa = -1000 is valid for the following input values:
p >400 bar or p <0.1baror

t>2-t (&) ort<t,(&)or
& >1.0kg/kg or &£ <0.0kg/kg

References: [1], [2], [3], [4], [5], [6], [7], [8], [9]
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Dynamic Viscosity ' = f(p,t,&’)

Function Name: etal_ptxil_AmWa

Subprogram with function value: REAL*8 FUNCTION ETALPTXILAMWA(P,T,XIL)
for the call out of Fortran REAL*8 P,T,XIL

Input values

P - Pressure p in bar
T - Temperature tin °C
XIL - Ammonia mass fraction of saturated liquid &’ in (kg NH3)/ (kg mixture)

Output value
ETALPTXILAMWA or etal_ptxil_AmWa - Dynamic viscosity of saturated liquid 7' in Pa s

Range of validity

Temperature range: from t = ty (g') e b (g')
NH; : tirNHy = —77.655°C HyO:  tyn,0=0.01°C
teNHg = 132.25°C te H0 = 373.946°C
Pressure range: from 0.1 bar to 400 bar
Composition range: from 0.0 to 1.0 (kg NH3)/(kg mixture)

Details on wet steam

Only saturated liquid and saturated vapor are calculated in the wet steam region. For the wet steam
region in-between the calculation results in -1000.

Results for wrong input values

The result ETALPTXILAMWA = -1000 or etal_ptxil_AmWa = -1000 is valid for the following input
values:

p >400 bar or p<0.1baror

t>t,(&)ort<t,(&)or
&>1.0kg/kg or &<0.0kglkg

References: [1], [2], [3], [4], [5], [6], [7], [8], [9]
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Dynamic Viscosity ' = f(p,t,£")

Function Name: etal_ptxiv_AmWa

Subprogram with function value: REAL*8 FUNCTION ETALPTXIVAMWA(P,T,XIV)
for the call out of Fortran REAL*8 P,T,XIV

Input values

P - Pressure p in bar
T - Temperature tin °C
XIV - Ammonia mass fraction of saturated vapor & in (kg NH3)/(kg mixture)

Output value
ETALPTXIVAMWA or etal_ptxiv_AmWa - Dynamic viscosity of saturated liquid 7' in Pa s

Range of validity

Temperature range: from t = t, (fu) - (gu)
NH; : tir NHy = —77.655°C HyO:  tyn,0=0.01°C
teNHg =132.25°C tc,H,0 =373.946°C
Pressure range: from 0.1 bar to 400 bar
Composition range: from 0.0 to 1.0 (kg NH3)/(kg mixture)

Details on wet steam

Only saturated liquid and saturated vapor are calculated in the wet steam region. For the wet steam
region in-between the calculation results in -1000.

Results for wrong input values

The result ETALPTXIVAMWA = -1000 or etal_ptxiv_AmWa = -1000 is valid for the following input
values:

p >400 bar or p<0.1baror

t>t, (&) ort<t, (&) or
&>1.0kglkg or &<0.0 kg/kg

References: [1], [2], [3], [4], [5], [6], [7], [8], [9]
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Dynamic Viscosity 7'’ = f(p,t,&’)

Function Name:

Subprogram with function value:
for the call out of Fortran

Input values

P - Pressure p in bar
T - Temperature tin °C

etav_ptxil_AmWa

REAL*8 FUNCTION ETAVPTXILAMWA(P,T,XIL)
REAL*8 P,T,XIL

XIL - Ammonia mass fraction of saturated liquid &’ in (kg NH3 )/(kg mixture)

Output value

ETAVPTXILAMWA or etav_ptxil_AmWa - Dynamic viscosity of saturated vapor "' in Pa s

Range of validity

Temperature range:

Pressure range:
Composition range:

Details on wet steam

from t =t (&) ...t (&)
NHz :  ty N, =—77.655°C HyO: 0 =0.01°C
toNH, = 132.25°C to hy0 = 373.946°C

from 0.1 bar to 400 bar
from 0.0 to 1.0 (kg NH3)/(kg mixture)

Only saturated liquid and saturated vapor are calculated in the wet steam region. For the wet steam
region in-between the calculation results in -1000.

Results for wrong input values
The result ETAVPTXILAMWA = -1000 or etav_ptxil_AmWa = -1000 is valid for the following input

values:

p >400 bar or p<0.1baror
t>t (&) ort<t,(&)or

&7 >1.0 kg/kg or &7 < 0.0 kg/kg

References: [1], [2], [3], [4], [5], [6], [7], [8], [9]

KCE-ThermoFluidProperties, Prof. Dr. Hans-Joachim Kretzschmar



3/22

Dynamic Viscosity " = f(p,t,£")

Function Name: etav_ptxiv_AmWa

Subprogram with function value: REAL*8 FUNCTION ETAVPTXIVAMWA(P,T,XIV)
for the call out of Fortran REAL*8 P,T,XIV

Input values

P - Pressure p in bar
T - Temperature tin °C
XIV - Ammonia mass fraction of saturated vapor £ in (kg NH3 )/(kg mixture)

Output value
ETAVPTXIVAMWA or etav_ptxiv_AmWa - Dynamic viscosity of saturated vapor 7" in Pa s

Range of validity

Temperature range: from t = t, (fu) - (gu)
NH; : tirNHy = —77.655°C HyO:  tyn,0 =0.01°C
teNHg =132.25°C te H,0 = 373.946°C
Pressure range: from 0.1 bar to 400 bar
Composition range: from 0.0 to 1.0 (kg NH3)/(kg mixture)

Details on wet steam

Only saturated liquid and saturated vapor are calculated in the wet steam region. For the wet steam
region in-between the calculation results in -1000.

Results for wrong input values

The result ETAVPTXIVAMWA = -1000 or etav_ptxiv_AmWa = -1000 is valid for the following input
values:

p >400 bar or p<0.1baror

t>t, (&) ort<t, (&) or
&” > 1.0 kg/kg or &7 < 0.0 kg/kg

References: [1], [2], [3], [4], [5], [6], [7], [8], [9]
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Specific Enthalpy h = f(p,t,&)

Function Name: h_ptxi_AmWa

Subprogram with function value: REAL*8 FUNCTION HPTXIAMWA(P,T,XI)
for the call out of Fortran REAL*8 P, T, XI

Input values

P - Pressure p in bar
T - Temperature tin °C
XI - Ammonia mass fraction & in (kg NH5 )/(kg mixture)

Output value
HPTXIAMWA or h_ptxi_AmWa - Specific enthalpy h in kd/kg

Range of validity

Temperature range: from t = t,. (5) L2t (5)
NH; : tirNHy = —77.655°C HyO:  tyn,0 =0.01°C
toNHg = 132.25°C te,H,0 = 373.946°C
Pressure range: from 0.1 bar to 400 bar
Composition range: from 0.0 to 1.0 (kg NH3)/(kg mixture)

Details on wet steam

The wet steam region is calculated automatically by the sub-programs.

Results for wrong input values
The result HPTXIAMWA = -1000 or h_ptxi_AmWa = -1000 is valid for the following input values:
p >400 bar or p<0.1baror

t>2~tc(§)ort<ttr(§)or
£>1.0kg/kg or & <0.0 kg/kg

References: [1], [2], [3], [4]
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Specific Enthalpy of Saturated Liquid h' = f(p, t,£')

Function Name: hl_ptxil_AmWa

Subprogram with function value: REAL*8 FUNCTION HLPTXILAMWA(P,T,XIL)
for the call out of Fortran REAL*8 P,T,XIL

Input values

P - Pressure pin bar
T - Temperature tin °C
XIL - Ammonia mass fraction of saturated liquid &' in (kg NH3)/(kg mixture)

Output value
HLPTXILAMWA or hi_ptxil_AmWa - Specific enthalpy of saturated liquid h* in kJ/kg

Range of validity

Temperature range: from t = t,. (5') .t (5')
NH; : tirNHy = —77.655°C HyO:  tyn,0 =0.01°C
toNH, = 132.25°C te H,0 = 373.946°C
Pressure range: from 0.1 bar to 400 bar
Composition range: from 0.0 to 1.0 (kg NH3)/(kg mixture)

Details on input types

For the calculation of the specific enthalpy of saturated liquid it is adequate to enter two parameters
(either tand &', orpand &', or p and t). Enter -1000 for the missing value. If p, t, and &' are entered, the

program considers all parameters to match, i.e., to represent the vapor-pressure curve. If this is not true,
the property to be calculated of the selected function results in -1000.

Possible input types: h' =f(-1000,t,£")
h' =f(p,—1000,&)
h' = f(p,t,—1000)
h'=f(p.t.&")

Results for wrong input values

The result HLPTXILAMWA = -1000 or hl_ptxil_AmWa =-1000 is valid for values which range from:
p > 400 bar or p<0.1baror

t <ty (¢)ort>t(¢)
£ >1.0 kg/kg or &' < 0.0 kg/kg

References: [1], [2], [3], [4]
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Specific Enthalpy of Saturated Liquid h' = f(p, t, &)

Function Name: hl_ptxiv_AmWa

Subprogram with function value: REAL*8 FUNCTION HLPTXIVAMWA(P,T,XIV)
for the call out of Fortran REAL*8 P, T, XIV

Input values

P - Pressure pin bar
T - Temperature tin °C
XIV - Ammonia mass fraction of saturated vapor " in (kg NH; )/(kg mixture)

Output value
HLPTXIVAMWA or hi_ptxiv_AmWa - Specific enthalpy of saturated liquid h‘ in kd/kg
Range of validity

Temperature range: from t = t,, (5") ot (5")
NHj : tr NHy = —77.655°C HyO:  tyn,0 =0.01°C
teNHg =132.25°C te H,0 = 373.946°C
Pressure range: from 0.1 bar to 400 bar
Composition range: from 0.0 to 1.0 (kg NH3)/(kg mixture)

Details on input types

For the calculation of the specific enthalpy of saturated liquid it is adequate to enter two parameters
(either tand &", orpand &£, or p and t). Enter -1000 for the missing value. If p, t, and &" are entered,

the program considers all parameters to match, i.e., to represent the vapor-pressure curve. If this is not
true, the property to be calculated of the selected function results in -1000.

Possible input types: h'=(-1000,t,£")
h' =1(p,-1000,&")
h' =f(p,t,—1000)
h"=1(p,t,&")
Results for wrong input values
The result HLPTXIVAMWA = -1000 or hl_ptxiv_AmWa = -1000 is valid for values which range from:
p >400 bar or p<0.1baror
t<te(¢")ort >t (&)
£" > 1.0 kg/kg or £" < 0.0 kg/kg

References: [1], [2], [3], [4]
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Specific Enthalpy of Saturated Vapor h" = f(p,t,&’)

Function Name: hv_ptxil_AmWa

Subprogram with function value: REAL*8 FUNCTION HVPTXILAMWA(P,T,XIL)
for the call out of Fortran REAL*8 P,T,XIL

Input values

P - Pressure pin bar
T - Temperature tin °C
XIL - Ammonia mass fraction of saturated liquid &' in (kg NH3)/(kg mixture)

Output value
HVPTXILAMWA or hv_ptxil_AmWa - Specific enthalpy of saturated vapor h* in kd/kg
Range of validity

Temperature range: from t = t,. (5') .t (5')
NHj : tir NHy = —77.655°C HyO:  tyn,0 =0.01°C
toNH, = 132.25°C te H,0 = 373.946°C
Pressure range: from 0.1 bar to 400 bar
Composition range: from 0.0 to 1.0 (kg NH3)/(kg mixture)

Details on input types

For the calculation of the specific enthalpy of saturated vapor it is adequate to enter two parameters
(either tand &', orpand &', or p and t). Enter -1000 for the missing value. If p, t, and &' are entered, the

program considers all parameters to match, i.e., to represent the vapor-pressure curve. If this is not true,
the property to be calculated of the selected function results in -1000.

Possible input types: h" =f(-1000,¢,&")
h" =f(p,—1000,&")
h" =f(p,t,—1000)
h" =f(p,t,&")

Results for wrong input values

The result HVPTXILAMWA = -1000 or hv_ptxil_AmWa = -1000 is valid for values which range from:
p > 400 bar or p<0.1baror

t <ty (¢)ort>t(¢)
£ >1.0 kg/kg or &' < 0.0 kg/kg

References: [1], [2], [3], [4]
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Specific Enthalpy of Saturated Vapor h" = f(p,t £")

Function Name: hv_ptxiv_AmWa

Subprogram with function value: REAL*8 FUNCTION HVPTXIVAMWA(P,T,XIV)
for the call out of Fortran REAL*8 P, T, XIV

Input values

P - Pressure pin bar
T - Temperature tin °C
XIV - Ammonia mass fraction of saturated vapor " in (kg NH; )/(kg mixture)

Output value
HVPTXIVAMWA or hv_ptxiv_AmWa - Specific enthalpy of saturated vapor h* in kd/kg

Range of validity

Temperature range: from t = t,, (5") ot (5")
NH; : tir NHy = —77.655°C HyO:  tyn,0 =0.01°C
teNHg =132.25°C te H,0 = 373.946°C
Pressure range: from 0.1 bar to 400 bar
Composition range: from 0.0 to 1.0 (kg NH3)/(kg mixture)

Details on input types

For the calculation of the specific enthalpy of saturated vapor it is adequate to enter two parameters
(either tand &", orpand &£, or p and t). Enter -1000 for the missing value. If p, t, and &" are entered,

the program considers all parameters to match, i.e., to represent the vapor-pressure curve. If this is not
true, the property to be calculated of the selected function results in -1000.

Possible input types: h" =f(-1000,t,&")
h" =f(p,—1000,&")
h" = f(p,t,—1000)
h" =f(p,t,&")

Results for wrong input values

The result HVPTXIVAMWA = -1000 or hv_ptxiv_AmWa = -1000 is valid for values which range from:
p > 400 bar or p<0.1baror

t <ty (&")ort>t,(&")
E">1.0 kg/kg or £" < 0.0 kg/kg

References: [1], [2], [3], [4]
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Thermal Conductivity 1 = f(p,t,%)

Function Name: lambda_ptxi_AmWa

Subprogram with function value: REAL*8 FUNCTION LAMBDAPTXIAMWA(P,T,XI)
for the call out of Fortran REAL*8 P,T,XI

Input values

P - Pressure p in bar
T - Temperature tin °C
Xl - Ammonia mass fraction ¢& in (kg NH3 )/(kg mixture)

Output value
LAMBDAPTXIAMWA or lambda_ptxi_AmWa - Thermal conductivity A4 in W/(m K)

Range of validity

Temperature range: from t = t,. (5) L2t (5)
NH3 . ttI’,NH3 =-77.655°C Hzo . ttl’,HzO =0.01°C
toNHg = 132.25°C te H0 = 373.946°C
Pressure range: from 0.1 bar to 400 bar
Composition range: from 0.0 to 1.0 (kg NH3)/(kg mixture)

Details on wet steam

Only saturated liquid and saturated vapor are calculated in the wet steam region. For the wet steam
region in-between the calculation results in -1000.

Results for wrong input values

The result LAMBDAPTXIAMWA = -1000 or lambda_ptxi_AmWa = -1000 is valid for the following input
values:

p >400 bar or p<0.1baror
t>2-t,(&)ort<t,(&)or
£>1.0kg/kg or & <0.0 kg/kg

References: [1], [2], [3], [4], [5], [6], [7], [8], [9]
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Thermal Conductivity 1’ =

f(p,t,&')

Function Name:

Subprogram with function value:
for the call out of Fortran

Input values

P - Pressure p in bar
T - Temperature tin °C

lambdal_ptxil_AmWa

REAL*8 FUNCTION LAMBDALPTXILAMWA(P,T,XIL)
REAL*8 P,T,XIL

XIL - Ammonia mass fraction of saturated liquid &’ in (kg NH3 )/(kg mixture)

Output value

LAMBDALPTXILAMWA or lambdal_ptxil_AmWa - Thermal conductivity of saturated liquid A’ in W/(m K)

Range of validity

Temperature range: from t = t,, (5,) ot (5,)
NH; : ttr,NH3 =-77.655°C Hzo : ttr,H20 =0.01°C
toNH, = 132.25°C te,H0 = 373.946°C
Pressure range: from 0.1 bar to 400 bar
Composition range: from 0.0 to 1.0 (kg NH3)/(kg mixture)

Details on wet steam

Only saturated liquid and saturated vapor are calculated in the wet steam region. For the wet steam
region in-between the calculation results in -1000.

Results for wrong input values

The result LAMBDALPTXILAMWA = -1000 or lambdal_ptxil_AmWa = -1000 is valid for the following

input values:
p > 400 bar or p<0.1baror

t>t. (&) ort<t,(&)or
&’ > 1.0 kg/kg or & < 0.0 kg/kg

References: [1], [2], [3], [4], [5], [6], [7], [8], [9]
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Thermal Conductivity 1’ =

f(p,t,&")

Function Name:

Subprogram with function value:
for the call out of Fortran

Input values

P - Pressure p in bar
T - Temperature tin °C

lambdal_ptxiv_AmWa

REAL*8 FUNCTION LAMBDALPTXIVAMWA(P,T,XIV)
REAL*8 P, T, XIV

XIV - Ammonia mass fraction of saturated vapor £ in (kg NH3 )/(kg mixture)

Output value

LAMBDALPTXIVAMWA or lambdal_ptxiv_AmWa - Thermal conductivity of saturated liquid A’ in W/(m K)

Range of validity

Temperature range: from t = t,, (5,,) ot (5”)
NH; : ttr,NH3 =-77.655°C Hzo : ttr,H20 =0.01°C
teNHg =132.25°C te,H0 = 373.946°C
Pressure range: from 0.1 bar to 400 bar
Composition range: from 0.0 to 1.0 (kg NH3)/(kg mixture)

Details on wet steam

Only saturated liquid and saturated vapor are calculated in the wet steam region. For the wet steam
region in-between the calculation results in -1000.

Results for wrong input values

The result LAMBDALPTXIVAMWA = -1000 or lambdal_ptxiv_AmWa = -1000 is valid for the following

input values:
p > 400 bar or p<0.1baror

t>t, (&) ort<t,(&)or
&” >1.0 kg/kg or £”7 < 0.0 kg/kg

References: [1], [2], [3], [4], [5], [6], [7], [8], [9]
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Thermal Conductivity 1" = f(p,t,&’)

Function Name: lambdav_ptxil_AmWa

Subprogram with function value: REAL*8 FUNCTION LAMBDAVPTXILAMWA(P,T,XIL)
for the call out of Fortran REAL*8 P,T,XIL

Input values

P - Pressure p in bar
T - Temperature tin °C
XIL - Ammonia mass fraction of saturated liquid &’ in (kg NH3 )/(kg mixture)

Output value
LAMBDAVPTXILAMWA or lambdav_ptxil_AmWa - Thermal conductivity of saturated vapor 1" in W/(m K)

Range of validity

Temperature range: from t = t,, (5,) ot (5,)
NH; : ttr,NH3 =-77.655°C Hzo : ttr,H20 =0.01°C
toNH, = 132.25°C te,H0 = 373.946°C
Pressure range: from 0.1 bar to 400 bar
Composition range: from 0.0 to 1.0 (kg NH3)/(kg mixture)

Details on wet steam

Only saturated liquid and saturated vapor are calculated in the wet steam region. For the wet steam
region in-between the calculation results in -1000.

Results for wrong input values

The result LAMBDAVPTXILAMWA = -1000 or lambdav_ptxil_AmWa = -1000 is valid for the following
input values:

p >400 bar or p<0.1baror

t>t. (&) ort<t,(&)or
&’ >1.0 kg/kg or &’ < 0.0 kg/kg

References: [1], [2], [3], [4], [5], [6], [7], [8], [9]
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Thermal Conductivity 1" = f(p,t,£"')

Function Name: lambdav_ptxiv_AmWa

Subprogram with function value: REAL*8 FUNCTION LAMBDAVPTXIVAMWA(P,T,XIV)
for the call out of Fortran REAL*8 P,T,XIV

Input values

P - Pressure p in bar
T - Temperature tin °C
XIV - Ammonia mass fraction of saturated vapor £ in (kg NH3 )/(kg mixture)

Output value
LAMBDAVPTXIVAMWA or lambdav_ptxiv_AmWa - Thermal conductivity of saturated vapor A" in W/(m K)

Range of validity

Temperature range: from t = t,, (5,,) ot (5”)
NH; : ttr,NH3 =-77.655°C Hzo : ttr,H20 =0.01°C
teNHg =132.25°C te,H0 = 373.946°C
Pressure range: from 0.1 bar to 400 bar
Composition range: from 0.0 to 1.0 (kg NH3)/(kg mixture)

Details on wet steam

Only saturated liquid and saturated vapor are calculated in the wet steam region. For the wet steam
region in-between the calculation results in -1000.

Results for wrong input values

The result LAMBDAVPTXIVAMWA = -1000 or lambdav_ptxiv_AmWa = -1000 is valid for the following
input values:

p >400 bar or p<0.1baror

t>t, (&) ort<t,(&)or
&” >1.0 kg/kg or £”7 < 0.0 kg/kg

References: [1], [2], [3], [4], [5], [6], [7], [8], [9]
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Kinematic Viscosity v = f(p,t,£)

Function Name: nue_ptxi_AmWa

Subprogram with function value: REAL*8 FUNCTION NUEPTXIAMWA(P,T,XI)
for the call out of Fortran REAL*8 P,T,XI

Input values

P - Pressure p in bar
T - Temperature tin °C
Xl - Ammonia mass fraction ¢& in (kg NH3 )/(kg mixture)

Output value

NUEPTXIAMWA or nue_ptxi_AmWa - Kinematic viscosity v in m2/s

Range of validity

Temperature range: from t = t,. (5) a2t (5)
NH; : ttr,NH3 =-77.655°C Hzo : ttr,H20 =0.01°C
toNH, = 132.25°C te,H0 = 373.946°C
Pressure range: from 0.1 bar to 400 bar
Composition range: from 0.0 to 1.0 (kg NH3)/(kg mixture)

Details on wet steam

Only saturated liquid and saturated vapor are calculated in the wet steam region. For the wet steam
region in-between the calculation results in -1000.

Results for wrong input values

The result NUEPTXIAMWA = -1000 or nue_ptxi_AmWa = -1000 is valid for the following input values:
p >400 bar or p<0.1baror

t>2-t,(&)ort<t,(&)or

£>1.0kg/kg or & <0.0 kg/kg

References: [1], [2], [3], [4], [5], [6], [7], [8], [9], [10]
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Kinematic Viscosity v' = f(p,t,&’)

Function Name: nuel_ptxil_AmWa

Subprogram with function value: REAL*8 FUNCTION NUELPTXILAMWA(P,T,XIL)
for the call out of Fortran REAL*8 P,T,XIL

Input values

P - Pressure p in bar
T - Temperature tin °C
XIL - Ammonia mass fraction of saturated liquid &’ in (kg NH3 )/(kg mixture)

Output value

NUELPTXILAMWA or nuel_ptxil_AmWa - Kinematic viscosity of saturated liquid v’ in m? /s

Range of validity

Temperature range: from t = t,, (5,) ot (5,)
NH; : ttr,NH3 =-77.655°C Hzo : ttr,H20 =0.01°C
toNH, = 132.25°C te,H0 = 373.946°C
Pressure range: from 0.1 bar to 400 bar
Composition range: from 0.0 to 1.0 (kg NH3)/(kg mixture)

Details on wet steam

Only saturated liquid and saturated vapor are calculated in the wet steam region. For the wet steam
region in-between the calculation results in -1000.

Results for wrong input values

The result NUELPTXILAMWA = -1000 or nuel_ptxil_AmWa = -1000 is valid for the following input
values:

p >400 bar or p<0.1baror

t>t. (&) ort<t,(&)or
&7 >1.0 kg/kg or &7 < 0.0 kg/kg

References: [1], [2], [3], [4], [5], [6], [7], [8], [9], [10]
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Kinematic Viscosity v' = f(p,t,&")

Function Name: nuel_ptxiv_AmWa

Subprogram with function value: REAL*8 FUNCTION NUELPTXIVAMWA(P,T,XIV)
for the call out of Fortran REAL*8 P,T,XIV

Input values

P - Pressure p in bar
T - Temperature tin °C
XIV - Ammonia mass fraction of saturated steam &” in (kg NH3 )/(kg mixture)

Output value

NUELPTXIVAMWA or nuel_ptxiv_AmWa - Kinematic viscosity of saturated liquid v’ in m?/s

Range of validity

Temperature range: from t = t,, (5,,) ot (5”)
NH; : ttr,NH3 =-77.655°C Hzo : ttr,H20 =0.01°C
teNHg =132.25°C te,H0 = 373.946°C
Pressure range: from 0.1 bar to 400 bar
Composition range: from 0.0 to 1.0 (kg NH3)/(kg mixture)

Details on wet steam

Only saturated liquid and saturated vapor are calculated in the wet steam region. For the wet steam
region in-between the calculation results in -1000.

Results for wrong input values

The result NUELPTXIVAMWA = -1000 or nuel_ptxiv_AmWa = -1000 is valid for the following input
values:

p >400 bar or p<0.1baror

t>t, (&) ort<t, (&) or
&7 >1.0 kg/kg or £7 < 0.0 kg/kg

References: [1], [2], [3], [4], [5], [6], [7], [8], [9], [10]
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Kinematic Viscosity "’

= f(p,t,¢’)

Function Name:

Subprogram with function value:
for the call out of Fortran

Input values

P - Pressure p in bar
T - Temperature tin °C

nuev_ptxil_AmWa

REAL*8 FUNCTION NUEVPTXILAMWA(P,T,XIL)
REAL*8 P,T,XIL

XIL - Ammonia mass fraction of saturated liquid &’ in (kg NH3 )/(kg mixture)

Output value

Range of validity

Temperature range:

NUEVPTXILAMWA or nuev_ptxil_AmWa - Kinematic viscosity of saturated vapor v in m?/s
fromt =t, (&) ... t, (&)
NH; : ttr,NH3 =-77.655°C Hzo : ttr,H20 =0.01°C
teNHg =132.25°C te,H0 = 373.946°C

Pressure range:
Composition range:

Details on wet steam

Only saturated liquid and saturated vapor are calculated in the wet steam region. For the wet steam

from 0.1 bar to 400 bar
from 0.0 to 1.0 (kg NH3)/(kg mixture)

region in-between the calculation results in -1000.

Results for wrong input values

The result NUEVPTXILAMWA = -1000 or nuev_ptxil_AmWa = -1000 is valid for the following input

values:
p >400 bar or p<0.1baror

t>t. (&) ort<t,(&)or
&7 >1.0 kg/kg or &7 < 0.0 kg/kg

References: [1], [2], [3], [4], [5], [6], [7], [8], [9], [10]
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Kinematic Viscosity v'' = f(p,t,£”)

Function Name:

Subprogram with function value:
for the call out of Fortran

Input values

P - Pressure p in bar
T - Temperature tin °C

nuev_ptxiv_AmWa

REAL*8 FUNCTION NUEVPTXIVAMWA(P,T,XIV)
REAL*8 P, T, XIV

XIV - Ammonia mass fraction of saturated steam &” in (kg NH3 )/(kg mixture)

Output value

NUELPTXIVAMWA or nuel_ptxiv_AmWa - Kinematic viscosity of saturated vapor v’ in m?/s
Range of validity
Temperature range: from t = t,, (5”) oty (5”)
NH; : ttr,NH3 =-77.655°C Hzo : ttr,H20 =0.01°C
toNH, = 132.25°C te,H0 = 373.946°C
Pressure range: from 0.1 bar to 400 bar
Composition range: from 0.0 to 1.0 (kg NH3)/(kg mixture)

Details on wet steam

Only saturated liquid and saturated vapor are calculated in the wet steam region. For the wet steam

region in-between the calculation results in -1000.

Results for wrong input values

The result NUEVPTXIVAMWA = -1000 or nuev_ptxiv_AmWa = -1000 is valid for the following input

values:
p >400 bar or p<0.1baror

t>t, (&) ort<t, (&) or
&7 >1.0 kg/kg or £7 < 0.0 kg/kg

References: [1], [2], [3], [4], [5], [6], [7], [8], [9], [10]
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Vapor Pressure p, = f(t,£')

Function Name: ps_txil_AmWa

Subprogram with function value: REAL*8 FUNCTION PS_TXIL_AMWA(T,XIL)
for the call out of Fortran REAL*8 T,XIL

Input values

T - Temperature tin °C
XIL - Ammonia mass fraction of saturated liquid &' in (kg NH;)/(kg mixture)

Output value
PS_TXIL_AMWA or ps_txil_AmWa - Vapor pressure pg in bar

Range of validity

Temperature range: from t = t,, (5') ot (5')
NH; : tir NHy = —77.655°C H,O:  typ,0=0.01°C
toNH, = 132.25°C tc H,0 = 373.946°C
Composition range: from 0.0 to 1.0 (kg NH3)/(kg mixture)

Results for wrong input values
The result PS_TXIL_AMWA = -1000 or ps_txil_AmWa = -1000 is valid for values which range from:

t>t (&ort<t (&)or
£ >1.0 kg/kg or &' < 0.0 kg/kg

References: [1], [2], [3], [4]
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Vapor Pressure pg =f(t,£")

Function Name: ps_txiv_AmWa

Subprogram with function value: REAL*8 FUNCTION PS_TXIV_AMWA(T,XIV)
for the call out of Fortran REAL*8 T ,XIV

Input values

T - Temperature tin °C
XIV - Ammonia mass fraction of saturated steam &' in (kg NH; )/(kg mixture)

Output value

PS_TXIV_AMWA or ps_txiv_AmWa - Vapor pressure p, in bar

Range of validity

Temperature range: from t = ¢, (gg") ot (gg")
NH3 . ttI’,NH3 = —7765500 Hzo . ttr,HZO = OO1OC
toNH, = 132.25°C tc H,0 = 373.946°C
Composition range: from 0.0 to 1.0 (kg NH3)/(kg mixture)

Results for wrong input values
The result PS_TXIV_AMWA = -1000 or ps_txiv_AmWa = -1000 is valid for values which range from:

t>t (&Mort<t (&")or
" >1.0 kg/kg or & < 0.0 kg/kg

References: [1], [2], [3], [4]
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Backward Function: Pressure p = f(h,s,&)

Function Name: p_hsxi_AmWa

Subprogram with function value: REAL*8 FUNCTION PHSXIAMWA(H,S,XI)
for the call out of Fortran REAL*8 H,S,XI

Input values

H - Enthalpy hin kd/kg

S - Entropy s in kJ/(kg K)

XI - Ammonia mass fraction & in (kg NH5 )/(kg mixture)
Output value

PHSXIAMWA or p_hsxi_AmWa - Pressure p in bar

Range of validity

For the range of enthalpy and entropy, see ranges of validity for temperature, pressure, and composition:

Temperature range: from t = t,. (5) L2t (5)
NH3 . ttI’,NH3 =-77.655°C Hzo . ttl’,HzO =0.01°C
toNHg = 132.25°C te,H,0 = 373.946°C
Pressure range: from 0.1 bar to 400 bar
Composition range: from 0.0 to 1.0 (kg NH3)/(kg mixture)

Details on wet steam

The wet steam region is calculated automatically by the sub-programs.

Results for wrong input values

The result PHSXIAMWA = -1000 or p_hsxi_AmWa =-1000 is valid for the following input values:
The value of the enthalpy, entropy or composition entered is located outside the range of validity:

p > 400 bar or p<0.1baror

t>2-t,(&)ort<t,(&)or

& >1.0kg/kg or & <0.0 kg/kg

References: [1], [2], [3], [4]
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Backward Function: Pressure p = f(t,£,x5)

Function Name: p_txixd_AmWa

Subprogram with function value: REAL*8 FUNCTION PTXIXDAMWA(T,XI,XD)
for the call out of Fortran REAL*8 T,XI,XD

Input values

T - Temperature tin °C
XI - Ammonia mass fraction & in (kg NH5 )/(kg mixture)

XD- Vapor fraction x5 in kg/kg

Output value
PTXIXDAMWA or p_txixd_AmWa - Pressure p in bar

Range of validity

Pressure range: Pyr(&)< p <ps(&)
Temperature range: t=t, (5) <t <t (5)
NH; : tirNHy = —77.655°C HyO:  typ,0=0.01°C
toNHg = 132.25°C te H0 = 373.946°C
Composition range: from 0.0 to 1.0 (kg NH3)/(kg mixture)
Vapor fraction range: 0.0 <x5<1.0 kg/kg

Details on wet steam

In the single-phase region the calculation results in -1.

Results for wrong input values

The result PTXIXDAMWA = -1000 or p_txixd_AmWa = -1000 is valid for the following input values:

P> py(&) or p<py(é)or

t>t(p& =&)ort<t(pé =¢)or
£ >1.0kg/kg or & <0.0 kg/kg

References: [1], [2], [3], [4]
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PRANDTL-Number Pr = f(p,t,&)

Function Name: Pr_ptxi_AmWa

Subprogram with function value: REAL*8 FUNCTION PRPTXIAMWA(P,T,XI)
for the call out of Fortran REAL*8 P,T,XI

Input values

P - Pressure p in bar
T - Temperature tin °C
Xl - Ammonia mass fraction ¢& in (kg NH3 )/(kg mixture)

Output value
PRPTXIAMWA or Pr_ptxi_AmWa - Prandtl-Number Pr

Range of validity

Temperature range: from t = t,. (5) L2t (5)
NH; : tirNHy = —77.655°C HyO:  tyn,0=0.01°C
toNHg = 132.25°C te,H,0 = 373.946°C
Pressure range: from 0.1 bar to 400 bar
Composition range: from 0.0 to 1.0 (kg NH3)/(kg mixture)

Details on wet steam

Only saturated liquid and saturated vapor are calculated in the wet steam region. For the wet steam
region in-between the calculation results in -1000.

Results for wrong input values

The result PRPTXIAMWA = -1000 or Pr_ptxi_AmWa = -1000 is valid for the following input values:

p >400 bar or p<0.1baror

t>2-t (&) ort<t,(&)or
& >1.0kg/kg or &£ <0.0kg/kg

References: [1], [2], [3], [4], [5], [6], [7], [8], [9], [10]
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PRANDTL-Number Pr’

= f(p,t,£')

Function Name:

Subprogram with function value:
for the call out of Fortran

Input values

P - Pressure p in bar
T - Temperature tin °C

Prl_ptxil_AmWa

REAL*8 FUNCTION PRLPTXILAMWA(P,T,XIL)
REAL*8 P,T,XIL

XIL - Ammonia mass fraction of saturated liquid &’ in (kg NH3 )/(kg mixture)

Output value

PRLPTXILAMWA or Prl _ptxil _AmWa - Prandtl — Number Pr” of saturated liquid

Range of validity

Temperature range:

Pressure range:
Composition range:

Details on wet steam

from t =t (&) ...t (&)
NHz :  ty N, =—77.655°C HyO: 0 =0.01°C
toNH, = 132.25°C to hy0 = 373.946°C

from 0.1 bar to 400 bar
from 0.0 to 1.0 (kg NH3)/(kg mixture)

Only saturated liquid and saturated vapor are calculated in the wet steam region. For the wet steam
region in-between the calculation results in -1000.

Results for wrong input values
The result PRLPTXILAMWA = -1000 or Prl_ptxil_AmWa = -1000 is valid for the following input values:

p >400 bar or p<0.1baror

t>t, ((f’) ort <t (5') or
&7 >1.0 kg/kg or &7 < 0.0 kg/kg

References: [1], [2], [3], [4], [5], [6], [7], [8], [9], [10]
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PRANDTL-Number Pr’

= f(p,t,£"")

Function Name:

Subprogram with function value:
for the call out of Fortran

Input values

P - Pressure p in bar
T - Temperature tin °C

Prl_ptxiv_AmWa

REAL*8 FUNCTION PRLPTXIVAMWA(P,T,XIV)
REAL*8 P, T, XIV

XIV - Ammonia mass fraction of saturated vapor £ in (kg NH3 )/(kg mixture)

Output value

PRLPTXIVAMWA or Prl _ptxiv_ AmWa - Prandtl — Number Pr’ of saturated liquid

Range of validity

Temperature range:

Pressure range:
Composition range:

Details on wet steam

from t =t ((f”) et (5”)
NH3 @ty nH, = —77.655°C H,O:  tyn,0=0.01°C
teNHy =132.25°C te H0 = 373.946°C

from 0.1 bar to 400 bar
from 0.0 to 1.0 (kg NH3)/(kg mixture)

Only saturated liquid and saturated vapor are calculated in the wet steam region. For the wet steam
region in-between the calculation results in -1000.

Results for wrong input values
The result PRLPTXIVAMWA = -1000 or Prl_ptxiv_AmWa = -1000 is valid for the following input

values:
p >400 bar or p<0.1baror
t>t (&) ort<t, (&) or

&7 >1.0 kg/kg or &7 < 0.0 kg/kg

References: [1], [2], [3], [4], [5], [6], [7], [8], [9], [10]
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PRANDTL-Number Pr"

= f(p,t,£')

Function Name:

Subprogram with function value:
for the call out of Fortran

Input values

P - Pressure p in bar
T - Temperature tin °C

Prv_ptxil_AmWa

REAL*8 FUNCTION PRVPTXILAMWA(P,T,XIL)
REAL*8 P,T,XIL

XIL - Ammonia mass fraction of saturated liquid &’ in (kg NH3 )/(kg mixture)

Output value

PRVPTXILAMWA or Prv_ ptxil _AmWa - Prandtl - Number Pr” of saturated vapor

Range of validity

Temperature range:

Pressure range:
Composition range:

Details on wet steam

from t =t (&) ...t (&)
NHz :  ty N, =—77.655°C HyO: 0 =0.01°C
toNH, = 132.25°C to hy0 = 373.946°C

from 0.1 bar to 400 bar
from 0.0 to 1.0 (kg NH3)/(kg mixture)

Only saturated liquid and saturated vapor are calculated in the wet steam region. For the wet steam
region in-between the calculation results in -1000.

Results for wrong input values
The result PRVPTXILAMWA = -1000 or Prv_ptxil_AmWa = -1000 is valid for the following input

values:

p >400 bar or p<0.1baror
t>t, ((f’) ort<t, (5') or

&7 >1.0 kg/kg or &7 < 0.0 kg/kg

References: [1], [2], [3], [4], [5], [6], [7], [8], [9], [10]
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PRANDTL-Number Pr"

= f(p,t,£")

Function Name:

Subprogram with function value:
for the call out of Fortran

Input values

P - Pressure p in bar
T - Temperature tin °C

Prv_ptxiv_AmWa

REAL*8 FUNCTION PRVPTXIVAMWA(P,T,XIV)
REAL*8 P, T, XIV

XIV - Ammonia mass fraction of saturated vapor £ in (kg NH3 )/(kg mixture)

Output value

PRVPTXIVAMWA or Prv_ptxiv_AmWa - Prandtl - Number Pr” of saturated vapor

Range of validity

Temperature range:

Pressure range:
Composition range:

Details on wet steam

from t =t ((f”) et (5”)
NH3 @ty nH, = —77.655°C H,O:  tyn,0=0.01°C
teNHy =132.25°C te H0 = 373.946°C

from 0.1 bar to 400 bar
from 0.0 to 1.0 (kg NH3)/(kg mixture)

Only saturated liquid and saturated vapor are calculated in the wet steam region. For the wet steam
region in-between the calculation results in -1000.

Results for wrong input values
The result PRVPTXIVAMWA = -1000 or Prv_ptxiv_AmWa = -1000 is valid for the following input

values:
p >400 bar or p<0.1baror

t>t, (&) ort<t, (&) or
&” > 1.0 kg/kg or &7 < 0.0 kg/kg

References: [1], [2], [3], [4], [5], [6], [7], [8], [9], [10]
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Phase Region Region = f(p,t,&)

Function Name: region_ptxi_AmWa

Subprogram with function value: REAL*8 FUNCTION REGPTXIAMWA(P,T,XI)
for the call out of Fortran REAL*8 P,T,XI

Input values

P - Pressure p in bar
T - Temperature tin °C
XI - Ammonia mass fraction & in (kg NH5 )/(kg mixture)

Output value
REGPTXIAMWA or region_ptxi_AmWa - Phase region

Range of validity

Temperature range: from t = t,. (5) L2t (5)
NH3 . ttI’,NH3 =-77.655°C Hzo . ttl’,HzO =0.01°C
toNHg = 132.25°C te H,0 = 373.946°C
Pressure range: from 0.1 bar to 400 bar
Composition range: from 0.0 to 1.0 (kg NH3)/(kg mixture)

Details on the function

This function determines the phase region at hand. The output values are defined as follows:

1 - supercooled liquid
2 - two-phase region
3 - gas phase
If the value for the state point is located outside the range of validity the output value is -1000.

Results for wrong input values

The result REGPTXIAMWA = -1000 or region_ptxi_AmWa = -1000 is valid fort he following input
values:

p >400 bar or p<0.1baror

t>2-t,(&)ort<t,(&)or
& >1.0kg/kg or & <0.0 kg/kg

References: [1], [2], [3], [4]
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Phase Region Region = f(p,h,&)

Function Name: region_phxi_AmWa

Subprogram with function value: REAL*8 FUNCTION REGPHXIAMWA(P,H,XI)
for the call out of Fortran REAL*8 P,H,XI

Input values

P - Pressure p in bar

H - Enthalpy hin kd/kg

XI - Ammonia mass fraction & in (kg NH5 )/(kg mixture)
Output value

REGPHXIAMWA or region_phxi_AmWa - Phase region

Range of validity

For the range of the enthalpy, see ranges of validity for temperature, pressure, and composition:

Temperature range: from t = t,, ((’:) o2t ((’:)
NH; : tirNHy = —77.655°C HyO:  tyn,0=0.01°C
toNH, = 132.25°C te,H,0 = 373.946°C
Pressure range: from 0.1 bar to 400 bar
Composition range: from 0.0 to 1.0 (kg NH3)/(kg mixture)

Details on the function

This function determines the phase region at hand. The output values are defined as follows:

1 - supercooled liquid
2 - two-phase region
3 - gas phase
If the value for the state point is located outside the range of validity the output value is -1000.

Results for wrong input values

The result REGPHXIAMWA = -1000 or region_phxi_AmWa = -1000 is valid for the following input
values:

The enthalpy is located outside the range of validity if:
p>400 bar or p<0.1baror

t>2-1, (5) ort<ttr(§) or

£ >1.0kg/kg or & <0.0 kg/kg

References: [1], [2], [3], [4]
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Phase Region Region = f(p,s, &)

Function Name: region_psxi_AmWa

Subprogram with function value: REAL*8 FUNCTION REGPSXIAMWA(P,S,XI)
for the call out of Fortran REAL*8 P,S,XI

Input values

P - Pressure p in bar

S - Entropy s in kJ/(kg K)

XI - Ammonia mass fraction & in (kg NH5 )/(kg mixture)
Output value

REGPSXIAMWA or region_psxi_AmWa - Phase region

Range of validity

For the range of the entropy, see ranges of validity for temperature, pressure, and composition:

Temperature range: from t = t,, ((’:) o2t ((’:)
NH; : tirNHy = —77.655°C HyO:  tyn,0=0.01°C
toNH, = 132.25°C te,H,0 = 373.946°C
Pressure range: from 0.1 bar to 400 bar
Composition range: from 0.0 to 1.0 (kg NH3)/(kg mixture)

Details on the function

This function determines the phase region at hand. The output values are defined as follows:

1 - supercooled liquid
2 - two-phase region
3 - gas phase
If the value for the state point is located outside the range of validity the output value is -1000.

Results for wrong input values

The result REGPSXIAMWA = -1000 or region_psxi_AmWa = -1000 is valid for the following input
values:

The entropy is located outside the range of validity if:
p >400 bar or p<0.1baror

t>2-1, (5) ort<ttr(§) or

£ >1.0kg/kg or & <0.0 kg/kg

References: [1], [2], [3], [4]

KCE-ThermoFluidProperties, Prof. Dr. Hans-Joachim Kretzschmar
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Phase Region Region = f(h,s, &)

Function Name: region_hsxi_AmWa

Subprogram with function value: REAL*8 FUNCTION REGHSXIAMWA(H,S,XI)
for the call out of Fortran REAL*8 H,S,XI

Input values

H - Enthalpy hin kd/kg

S - Entropy s in kJ/(kg K)

XI - Ammonia mass fraction & in (kg NH5 )/(kg mixture)
Output value

REGHSXIAMWA or region_hsxi_AmWa - Phase region

Range of validity

For the range of enthalpy and entropy, see the ranges of validity of temperature, pressure, and
composition:

Temperature range: from t = t,, ((’:) o2t ((’:)
NH; : tirNHy = —77.655°C HyO:  tyn,0 =0.01°C
toNH, = 132.25°C te,H,0 = 373.946°C
Pressure range: from 0.1 bar to 400 bar
Composition range: from 0.0 to 1.0 (kg NH3)/(kg mixture)

Details on the function

This function determines the phase region at hand. The output values are defined as follows:

1 - supercooled liquid
2 - two-phase region
3 - gas phase
If the value for the state point is located outside the range of validity the output value is -1000.

Results for wrong input values

The result REGHSXIAMWA = -1000 or region_hsxi_AmWa = -1000 is valid for the following input

values:

Enthalpy, entropy, or composition are located outside the range of validity if:
p >400 bar or p<0.1baror

t>2-1, (5) ort<ttr(§) or

£ >1.0kg/kg or & <0.0 kg/kg

References: [1], [2], [3], [4]

KCE-ThermoFluidProperties, Prof. Dr. Hans-Joachim Kretzschmar
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Specific Entropy s = f(p,t,&)

Function Name: s_ptxi_AmWa

Subprogram with function value: REAL*8 FUNCTION SPTXIAMWA(P,T,XI)
for the call out of Fortran REAL*8 P, T, XI

Input values

P - Pressure p in bar
T - Temperature tin °C
XI - Ammonia mass fraction & in (kg NH5 )/(kg mixture)

Output value
SPTXIAMWA or s_ptxi_AmWa - Specific entropy s in kJ/(kg K)

Range of validity

Temperature range: from t = t,. (5) L2t (5)
NH3 . ttI’,NH3 =-77.655°C Hzo . ttl’,HzO =0.01°C
toNHg = 132.25°C te H,0 = 373.946°C
Pressure range: from 0.1 bar to 400 bar
Composition range: from 0.0 to 1.0 (kg NH3)/(kg mixture)

Details on wet steam

The wet steam region is calculated automatically by the sub-programs.

Results for wrong input values
The result SPTXIAMWA = -1000 or s_ptxi_AmWa =-1000 is valid for the following input values:
p >400 bar or p<0.1baror

t>2~tc(§)ort<ttr(§)or
£ >1.0kg/kg or & <0.0 kg/kg

References: [1], [2], [3], [4]

KCE-ThermoFluidProperties, Prof. Dr. Hans-Joachim Kretzschmar
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Specific Entropy of Saturated Liquid s’ = f(p,t,&’)

Function Name: sl_ptxil_AmWa

Subprogram with function value: REAL*8 FUNCTION SLPTXILAMWA(P,T,XIL)
for the call out of Fortran REAL*8 P,T,XIL

Input values

P - Pressure pin bar
T - Temperature tin °C
XIL - Ammonia mass fraction of saturated liquid &' in (kg NHs3 )/(kg mixture)
Output value
SLPTXILAMWA or sl_ptxil_AmWa - Specific entropy of saturated liquid s‘ in kd/(kg K)

Range of validity

Temperature range: from t = t,. (5') .t (5')
NH; : tir NHy = —77.655°C HyO:  tyn,0 =0.01°C
toNH, = 132.25°C te,H,0 = 373.946°C
Pressure range: from 0.1 bar to 400 bar
Composition range: from 0.0 to 1.0 (kg NH3)/(kg mixture)

Details on input types

For the calculation of the specific entropy of saturated liquid it is adequate to enter two parameters (either
tand &', orpand &', or pand f). Enter -1000 for the missing value. If p, t, and &' are entered, the

program considers all parameters to match, i.e., to represent the vapor-pressure curve. If this is not true,
the property to be calculated of the selected function results in -1000.

Input types possible: s'=1(-1000,t,&")
s'=f(p,—1000,&")
s’ =f(p,t,—1000)
s'=f(p.t,&")

Results for wrong input values

The result SLPTXILAMWA = -1000 or sl_ptxil_AmWa = -1000 is valid for values which range from:
p >400 bar or p<0.1baror

t <ty (¢)ort >t (&)
£ >1.0 kg/kg or &' < 0.0 kg/kg

References: [1], [2], [3], [4]
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Specific Entropy of Saturated Liquid s’ =f(p,t,&£")

Function Name: sl_ptxiv_AmWa

Subprogram with function value: REAL*8 FUNCTION SLPTXIVAMWA(P,T,XIV)
for the call out of Fortran REAL*8 P, T, XIV

Input values

P - Pressure pin bar
T - Temperature tin °C
XIV - Ammonia mass fraction of saturated vapor " in (kg NH; )/(kg mixture)

Output value
SLPTXIVAMWA or sl_ptxiv_AmWa - Specific entropy of saturated liquid s‘in kJ/(kg K)
Range of validity

Temperature range: von t =t (gg") ot (gg")
NHj : tr NHy = —77.655°C HyO:  tyn,0 =0.01°C
toNH, = 132.25°C te,H,0 = 373.946°C
Pressure range: from 0.1 bar to 400 bar
Composition range: from 0.0 to 1.0 (kg NH3)/(kg mixture)

Details on input types

For the calculation of the specific entropy of saturated liquid it is adequate to enter two parameters (either
tand &, orpand &, or p and f). Enter -1000 for the missing value. If p, t, and &" are entered, the

program considers all parameters to match, i.e., to represent the vapor-pressure curve. If this is not true,
the property to be calculated of the selected function results in -1000.

Input types possible: s'=1(-1000,t,&£")
s’ =1f(p,—1000,&")
s’ =f(p,t,—1000)
s'=1(p,t,¢")

Results for wrong input values
The result SLPTXIVAMWA = -1000 or sl_ptxiv_AmWa = -1000 is valid for values which range from:
p >400 bar or p<0.1baror

t <ty (&")ort>t,(&")
£" > 1.0 kg/kg or £ < 0.0 kg/kg

References: [1], [2], [3], [4]
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Specific Entropy of Saturated Vapor s" = f(p,t,&’)

Function Name: sv_ptxil_AmWa

Subprogram with function value: REAL*8 FUNCTION SVPTXILAMWA(P,T,XIL)
for the call out of Fortran REAL*8 P,T,XIL

Input values

P - Pressure pin bar
T - Temperature tin °C
XIL - Ammonia mass fraction of boiling liquid &’ in (kg NH3 )/(kg mixture)

Output value
SVPTXILAMWA or sv_ptxil_AmWa - Specific entropy of saturated vapor s in kJ/(kg K)
Range of validity

Temperature range: from t = t,. (5') .t (5')
NHj : tir NHy = —77.655°C HyO:  tyn,0 =0.01°C
toNH, = 132.25°C te H,0 = 373.946°C
Pressure range: from 0.1 bar to 400 bar
Composition range: from 0.0 to 1.0 (kg NH3)/(kg mixture)

Details on input types

For the calculation of the specific entropy of saturated vapor it is adequate to enter two parameters (either
tand &', orpand &', or pand f). Enter -1000 for the missing value. If p, t, and &' are entered, the

program considers all parameters to match, i.e., to represent the vapor-pressure curve. If this is not true,
the property to be calculated of the selected function results in -1000.

Input types possible: s" =f(-1000,t,&")
s" =f(p,—1000,¢&")
s" =f(p,t,—1000)
s"=f(p,t,<’)

Results for wrong input values
The result SVPTXILAMWA = -1000 or sv_ptxil_AmWa = -1000 is valid for values which range from:
p >400 bar or p<0.1baror

t <ty (¢)ort >t (&)
£ >1.0 kg/kg or &' < 0.0 kg/kg

References: [1], [2], [3], [4]
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Specific Entropy of Saturated Vapor s" = f(p,t,£")

Function Name: sv_ptxiv_AmWa

Subprogram with function value: REAL*8 FUNCTION SVPTXIVAMWA(P,T,XIV)
for the call out of Fortran REAL*8 P, T, XIV

Input values

P - Pressure pin bar
T - Temperature tin °C
XIV - Ammonia mass fraction of saturated vapor " in (kg NH; )/(kg mixture)

Output value
SVPTXIVAMWA or sv_ptxiv_AmWa - Specific entropy of saturated vapor s* in kJ/(kg K)
Range of validity

Temperature range: from t = t,, (5") ot (5")
NHj : tr NHy = —77.655°C HyO:  tyn,0 =0.01°C
teNHg =132.25°C te H,0 = 373.946°C
Pressure range: from 0.1 bar to 400 bar
Composition range: from 0.0 to 1.0 (kg NH3)/(kg mixture)

Details on input types

For the calculation of the specific entropy of saturated vapor it is adequate to enter two parameters (either
tand &, orpand &, or p and f). Enter -1000 for the missing value. If p, t, and &" are entered, the

program considers all parameters to match, i.e., to represent the vapor-pressure curve. If this is not true,
the property to be calculated of the selected function results in -1000.

Input types possible: s" =f(-1000,t,&")
s" =f(p,—1000,&")
s" =f(p,t,—1000)
s"=f(p,t,.&")

Results for wrong input values
The result SVPTXIVAMWA = -1000 or sv_ptxiv_AmWa =-1000 is valid for values which range from:
p >400 bar or p<0.1baror

t<ty(&)ort>t, (&)
£" > 1.0 kg/kg or £ < 0.0 kg/kg

References: [1], [2], [3], [4]
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Surface Tension of Saturated Liquid o; = f(t,<’)

Function Name: sigmal_txil_AmWa

Subprogram with function value: REAL*8 FUNCTION SIGMALTXILAMWA(T,XIL)
for the call out of Fortran REAL*8 T,XIL

Input values

T - Temperature tin °C
XIL - Ammonia mass fraction of saturated liquid &' in (kg NH;)/(kg mixture)

Output value
SIGMALTXILAMWA or sigmal_ptxil_AmWa - Surface tension of sat. liquid oy in mN/m

Range of validity

Temperature range: from t = t,. (5') .t (5')
NH; : tir NHy = —77.655°C HyO:  tyn,0=0.01°C
toNH, = 132.25°C te,H,0 = 373.946°C
Pressure range: from 0.1 bar to 400 bar
Composition range: from 0.0 to 1.0 (kg NH3)/(kg mixture)

Results for wrong input values

The result SIGMALTXILAMWA= -1000 or sigmal_txil_AmWa = -1000 is valid for values which range
from:

t<te (&) ort >t (&)
£ >1.0 kg/kg or &' < 0.0 kg/kg

References: [1], [2], [3], [4], [5]
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Saturation Temperature t; = f(p,<’)

Function Name: ts_pxil_AmWa

Subprogram with function value: REAL*8 FUNCTION TS_PXIL_AMWA(P,XIL)
for the call out of Fortran REAL*8 P,XIL

Input values

P - Pressure pin bar
XIL - Ammonia mass fraction of saturated liquid &' in (kg NH;)/(kg mixture)

Output value
TS_PXIL_AMWA or ts_pxil_AmWa - Saturation temperature {5 in °C

Range of validity

Pressure range: from 0.1 bar to pc (¢')

NH3 1 pgNHy =113.33bar HyO:  pcH,0 =220.64 bar

Composition range: from 0.0 to 1.0 (kg NH3)/(kg mixture)

Results for wrong input values

The result TS_PXIL_AMWA = -1000 or ts_pxil_AmWa = -1000 is valid for values which range from:

p>p, (&) or p<0.1baror
£ >1.0 kg/kg or &' < 0.0 kg/kg

References: [1], [2], [3], [4]

KCE-ThermoFluidProperties, Prof. Dr. Hans-Joachim Kretzschmar
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Saturation Temperature tg = f(p, £")

Function Name: ts_pxiv_AmWa

Subprogram with function value: REAL*8 FUNCTION TS_PXIV_AMWA(P,XIV)
for the call out of Fortran REAL*8 P, XIV

Input values

P - Pressure pin bar
XIV - Ammonia mass fraction of saturated vapor " in (kg NH; )/(kg mixture)

Output value
TS_PXIV_AMWA or ts_pxiv_AmWa - Saturation temperature t5 in °C

Range of validity

Pressure range: from 0.1 bar to p, (&)

NH3 :  pgNHy =113.33bar HyO:  pcH,0 =220.64 bar

Composition range: from 0.0 to 1.0 (kg NH3)/(kg mixture)

Results for wrong input values

The result TS_PXIV_AMWA = -1000 or ts_pxiv_AmWa = -1000 is valid for values which range from:

p>p,(&") or p<0.1baror
£" >1.0 kg/kg or &£" < 0.0 kg/kg

References: [1], [2], [3], [4]

KCE-ThermoFluidProperties, Prof. Dr. Hans-Joachim Kretzschmar
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Backward Function: Temperature t = f(p,h,&)

Function Name: t_phxi_AmWa

Subprogram with function value: REAL*8 FUNCTION TPHXIAMWA(P,H,XI)
for the call out of Fortran REAL*8 P,H,XI

Input values

P - Pressure p in bar

H - Enthalpy hin kd/kg

Xl - Ammonia mass fraction ¢& in (kg NH3 )/(kg mixture)
Output value

TPHXIAMWA or t_phxi_AmWa - Temperature tin °C

Range of validity

For the range of the enthalpy, see ranges of validity for temperature, pressure, and composition:

Temperature range: from t = t,. (5) L2t (5)
NH3 . ttI’,NH3 =-77.655°C Hzo . ttl’,HzO =0.01°C
toNHg = 132.25°C te,H,0 = 373.946°C
Pressure range: from 0.1 bar to 400 bar
Composition range: from 0.0 to 1.0 (kg NH3)/(kg mixture)

Details on wet steam

The wet steam region is calculated automatically by the sub-programs.

Results for wrong input values

The result TPHXIAMWA = -1000 or t_phxi_AmWa = -1000 is valid for the following input values:
The enthalpy is located outside the range of validity if:

p >400 bar or p<0.1baror

t>2-t,(&)ort<t,(&)or

& >1.0kg/kg or £<0.0kg/kg

References: [1], [2], [3], [4]
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Backward Function: Temperature t = f(p,s, &)

Function Name: t_psxi_AmWa

Subprogram with function value: REAL*8 FUNCTION TPSXIAMWA(P,S,XI)
for the call out of Fortran REAL*8 P,S,XI

Input values

P - Pressure p in bar

S - Entropy s in kJ/(kg K)

Xl - Ammonia mass fraction ¢& in (kg NH3 )/(kg mixture)
Output value

TPSXIAMWA or t_psxi_AmWa - Temperature tin °C

Range of validity

For the range of the entropy, see ranges of validity for temperature, pressure, and composition:

Temperature range: from t = t,. (5) L2t (5)
NH3 . ttI’,NH3 =-77.655°C Hzo . ttl’,HzO =0.01°C
toNHg = 132.25°C te,H,0 = 373.946°C
Pressure range: from 0.1 bar to 400 bar
Composition range: from 0.0 to 1.0 (kg NH3)/(kg mixture)

Details on wet steam

The wet steam region is calculated automatically by the sub-programs.

Results for wrong input values

The result TPSXIAMWA = -1000 or t_psxi_AmWa =-1000 is valid for the following input values:
The entropy is located outside the range of validity if:

p >400 bar or p <0.1baror

t>2-t,(&)ort<t,(&)or

& >1.0kg/kg or & <0.0 kg/kg

References: [1], [2], [3], [4]
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Backward Function: Temperature t = f(p,£,x5)

Function Name: t_pxixd_AmWa

Subprogram with function value: REAL*8 FUNCTION TPXIXDAMWA(P,XI,XD)
for the call out of Fortran REAL*8 P,XI,XD

Input values

P - Pressure p in bar
Xl - Ammonia mass fraction ¢& in (kg NH3 )/(kg mixture)

XD - Vapor fraction x5 in kg/kg

Output value
TPXIXDAMWA or t_pxixd_AmWa - Temperature tin °C

Range of validity

Temperature range: t=t, (5) <t <t (5)
NH3 @ty NH, = —77.655°C HyO:  tyn,0=0.01°C
teNHy =132.25°C te H,0 = 373.946°C
Pressure range: P (&)< p <p(&)
Composition range: from 0.0 to 1.0 (kg NH3)/(kg mixture)
Vapor fraction range: 0.0 <x5<1.0 kg/kg

Details on wet steam

In the single-phase region the calculation results in -1.

Results for wrong input values
The result TPXIXDAMWA = -1000 or t_pxixd_AmWa = -1000 is valid for the following input values:
p>py(S) or p<pg(S)or

t>t(p& =&)ort<t(pé =¢)or
£ >1.0kg/kg or & <0.0 kg/kg

References: [1], [2], [3], [4]
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Specific Volume v =f(p,t,&)

Function Name: v_ptxi_AmWa

Subprogram with function value: REAL*8 FUNCTION VPTXIAMWA(P,T,XI)
for the call out of Fortran REAL*8 P, T, XI

Input values

P - Pressure p in bar
T - Temperature tin °C
Xl - Ammonia mass fraction & in (kg NH3 )/(kg mixture)

Output value

VPTXIAMWA or v_ptxi_AmWa - Specific volume v in m3/kg

Range of validity

Temperature range: from t = t,. (5) a2t (5)
NH; : ttr,NH3 =-77.655°C Hzo : ttr,H20 =0.01°C
toNH, = 132.25°C te,H0 =373.946°C
Pressure range: from 0.1 bar to 400 bar
Composition range: from 0.0 to 1.0 (kg NH3)/(kg mixture)

Details on wet steam

The wet steam region is calculated automatically by the sub-programs.

Results for wrong input values
The result VPTXIAMWA = -1000 or v_ptxi_AmWa = -1000 is valid for the following input values:
p >400 bar or p<0.1baror

t>2-t,(&)ort<t,(&)or
& >1.0kg/kg or & <0.0 kg/kg

References: [1], [2], [3], [4]
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Specific Volume of Saturated Liquid v’ = f(p,t,¢&’)

Function Name: vl_ptxil_AmWa

Subprogram with function value: REAL*8 FUNCTION VLPTXILAMWA(P,T,XIL)
for the call out of Fortran REAL*8 P,T,XIL

Input values

P - Pressure pin bar

T - Temperature tin °C

XIL - Ammonia mass fraction of saturated liquid &' in (kg NH3 )/(kg mixture)
Output value

VLPTXILAMWA or vl_ptxil_AmWa - Specific volume of saturated liquid v’ in m3/kg

Range of validity

Temperature range: from t = t,, (5') ot (Sz')
NH; : ttr,NH3 =-77.655°C Hzo: ttr,H20 =0.01°C
toNHg = 132.25°C te,H0 = 373.946°C
Pressure range: from 0.1 bar to 400 bar
Composition range: from 0.0 to 1.0 (kg NH3)/(kg mixture)

Details on input types
For the calculation of the specific volume of saturated liquid it is adequate to enter two parameters (either
tand &', orpand &', or p and t). Enter -1000 for the missing value. If p, t, and &' are entered, the

program considers all parameters to match, i.e., to represent the vapor-pressure curve. If this is not true,
the property to be calculated of the selected function results in -1000.

Input types possible: v' =f(-1000,t,&)
v' =f(p,-1000,&")
v' =f(p,t,—1000)
vi=f(p,t.5")

Results for wrong input values
The result VLPTXILAMWA = -1000 or vl_ptxil_AmWa = -1000 is valid for values which range from:
p >400 bar or p<0.1baror

t <ty (&) ort>t,(¢)
£ > 1.0 kg/kg or &' < 0.0 kg/kg

References: [1], [2], [3], [4]
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Specific Volume of Saturated Liquid v’ = f(p,t,£")

Function Name: vl_ptxiv_AmWa

Subprogram with function value: REAL*8 FUNCTION VLPTXIVAMWA(P,T,XIV)
for the call out of Fortran REAL*8 P, T, XIV

Input values

P - Pressure pin bar

T - Temperature tin °C

XIV - Ammonia mass fraction of saturated vapor " in (kg NH; )/(kg mixture)
Output value

VLPTXIVAMWA or vil_ptxiv_AmWa - Specific volume of saturated liquid v’ in m°> /kg

Range of validity

Temperature range: from t =t (5") e o (5")
NH; : ttr,NH3 =-77.655°C Hzo: ttr,H20 =0.01°C
teNHg =132.25°C te,H0 = 373.946°C
Pressure range: from 0.1 bar to 400 bar
Composition range: from 0.0 to 1.0 (kg NH3)/(kg mixture)

Details on input types

For the calculation of the specific volume of saturated liquid it is adequate to enter two parameters (either
tand £, orpand &”, or p and t). Enter -1000 for the missing value. If p, t, and &" are entered, the
program considers all parameters to match, i.e., to represent the vapor-pressure curve. If this is not true,
the property to be calculated of the selected function results in -1000.

-1000,t,&£")

p,—1000,&")

p,t,—1000)

Input types possible:

Results for wrong input values
The result VLPTXIVAMWA = -1000 or vl_ptxiv_AmWa = -1000 is valid for values which range from:
p >400 bar or p<0.1baror

t <ty (&")ort>t (&)
& >1.0 kg/kg or £" < 0.0 kg/kg

References: [1], [2], [3], [4]
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Specific Volume of Saturated Vapor v" = f(p,t,&’)

Function Name: vv_ptxil_AmWa

Subprogram with function value: REAL*8 FUNCTION VVPTXILAMWA(P,T,XIL)
for the call out of Fortran REAL*8 P,T,XIL

Input values

P - Pressure pin bar

T - Temperature tin °C

XIL - Ammonia mass fraction of saturated liquid &’ in (kg NH3 )/(kg mixture)
Output value

VVPTXILAMWA or vv_ptxil_AmWa - Specific volume of saturated vapor v" in m3/kg
Range of validity

Temperature range: from t = t,. (5') .t (5')
NH; : tir NHy = —77.655°C HyO:  tyn,0=0.01°C
toNH, = 132.25°C te,H,0 = 373.946°C
Pressure range: from 0.1 bar to 400 bar
Composition range: from 0.0 to 1.0 (kg NH3)/(kg mixture)

Details on input types
For the calculation of the specific volume of saturated vapor it is adequate to enter two parameters (either
tand &', orpand &', or pand f). Enter -1000 for the missing value. If p, t, and &' are entered, the

program considers all parameters to match, i.e., to represent the vapor-pressure curve. If this is not true,
the property to be calculated of the selected function results in -1000.

" = £(~1000,t,&")
f(p,~1000,&")
f(p,t,~1000)
f(p.t,$")

Input types possible:

"
"
"

< < < <

Results for wrong input values

The result VWVPTXILAMWA = -1000 or vv_ptxil_AmWa = -1000 is valid for values which range from:
p > 400 bar or p<0.1baror

t <t (&)ort>t(s)

£ >1.0 kg/kg or &' < 0.0 kg/kg

References: [1], [2], [3], [4]
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Specific Volume of Saturated Vapor v" = f(p,t,£")

Function Name: vv_ptxiv_AmWa

Subprogram with function value: REAL*8 FUNCTION VVPTXIVAMWA(P,T,XIV)
for the call out of Fortran REAL*8 P, T, XIV

Input values

P - Pressure pin bar

T - Temperature tin °C

XIV - Ammonia mass fraction of saturated vapor " in (kg NH; )/(kg mixture)
Output value

VVPTXIVAMWA or vv_ptxiv_AmWa - Specific volume of saturated vapor v" in m3/kg

Range of validity

Temperature range: from t =t (5") e g (5")
NH; : ttr,NH3 =-77.655°C Hzo: ttr,H20 =0.01°C
teNHg =132.25°C te,H0 = 373.946°C
Pressure range: from 0.1 bar to 400 bar
Composition range: from 0.0 to 1.0 (kg NH3)/(kg mixture)

Details on input types
For the calculation of the specific volume of saturated vapor it is adequate to enter two parameters (either
tand £, orpand &”, or p and t). Enter -1000 for the missing value. If p, t, and &" are entered, the
program considers all parameters to match, i.e., to represent the vapor-pressure curve. If this is not true,
the property to be calculated of the selected function results in -1000.
" =f(-1000,¢,&")
" =f(p,—1000,&")
" =f(p,t,—1000)

f(p,t,&")

Input types possible:

Results for wrong input values
The result VVPTXIVAMWA = -1000 or vv_ptxiv_AmWa = -1000 is valid for values which range from:

p >400 bar or p<0.1baror

t<t,(&")ort>t, (&)
" >1.0 kg/kg or & < 0.0 kg/kg

References: [1], [2], [3], [4]
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Speed of Sound w = f(p,t,&)

Function Name: w_ptxi_AmWa

Subprogram with function value: REAL*8 FUNCTION WPTXIAMWA(P,T,XI)
for the call out of Fortran REAL*8 P,T,XI

Input values

P - Pressure p in bar
T - Temperature tin °C
Xl - Ammonia mass fraction ¢& in (kg NH3 )/(kg mixture)

Output value
WPTXIAMWA or w_ptxi_AmWa - Speed of sound w in m/s

Range of validity

Temperature range: from t = t, (5) 20t (5)
NH3 . ttI’,NH3 = —7765500 Hzo . ttl’,HzO = OO1OC
teNHg =132.25°C te H,0 = 373.946°C
Pressure range: from 0.1 bar to 400 bar
Composition range: from 0.0 to 1.0 (kg NH3)/(kg mixture)

Details on wet steam

Only saturated liquid and saturated vapor are calculated in the wet steam region. For the wet steam
region in-between the calculation results in -1000

Results for wrong input values
The result WPTXIAMWA = -1000 or w_ptxi_AmWa = -1000 is valid for the following input values:
p >400 bar or p<0.1baror

t>2-t,(&)ort<t,(&)or
£ >1.0kg/kg or £<0.0kg/kg

References: [1], [2], [3], [4]
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Speed of Sound of Saturated Liquid w' = f(p,t,&)

Function Name: wl_ptxil_AmWa

Subprogram with function value: REAL*8 FUNCTION WLPTXILAMWA(P,T,XIL)
for the call out of Fortran REAL*8 P,T,XIL

Input values

P - Pressure pin bar
T - Temperature tin °C
XIL - Ammonia mass fraction in saturated liquid &’ in (kg NH3 )/(kg mixture)

Output value
WLPTXILAMWA or wi_ptxil_AmWa - Speed of sound of saturated liquid w’in m/s
Range of validity

Temperature range: from t = t,. (5') .t (5')
NHj : tir NHy = —77.655°C HyO:  tyh,0 =0.01°C
toNH, = 132.25°C te H0 = 373.946°C
Pressure range: from 0.1 bar to 400 bar
Composition range: from 0.0 to 1.0 (kg NH3)/(kg mixture)

Details on input types

For the calculation of the speed of sound of saturated liquid it is adequate to enter two parameters (either
tand &', orpand &', or pand f). Enter -1000 for the missing value. If p, t, and &' are entered, the

program considers all parameters to match, i.e., to represent the vapor-pressure curve. If this is not true,
the property to be calculated of the selected function results in -1000.

Input types possible: w' =1f(-1000,t,&")
w' =1f(p,—1000,&")
w' = f(p,t,—1000)
w'=f(p,t,<")

Results for wrong input values
The result WLPTXILAMWA = -1000 or wi_ptxil_AmWa = -1000 is valid for values which range from:
p >400 bar or p<0.1baror

t <ty (¢)ort>t (&)
£ >1.0 kg/kg or &' < 0.0 kg/kg

References: [1], [2], [3], [4]
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Speed of Sound of Saturated Liquid w' = f(p,t,£")

Function Name: wl_ptxiv_AmWa

Subprogram with function value: REAL*8 FUNCTION WLPTXIVAMWA(P,T,XIV)
for the call out of Fortran REAL*8 P,T,XIV

Input values

P - Pressure pin bar
T - Temperature tin °C
XIV - Ammonia mass fraction of saturated vapor " in (kg NH; )/(kg mixture)

Output value
WLPTXIVAMWA or wi_ptxiv_AmWa - Speed of sound of saturated liquid w' in m/s

Range of validity

Temperature range: from t = t,, (5") oty (5")
NHj : tr NHy = —77.655°C HyO:  tyh,0 =0.01°C
teNHg =132.25°C te H0 = 373.946°C
Pressure range: from 0.1 bar to 400 bar
Composition range: from 0.0 to 1.0 (kg NH3)/(kg mixture)

Details on input types

For the calculation of the speed of sound of saturated liquid it is adequate to enter two parameters (either
tand &, orpand &, or pand f). Enter -1000 for the missing value. If p, t, and &" are entered, the
program considers all parameters to match, i.e., to represent the vapor-pressure curve. If this is not true,
the property to be calculated of the selected function results in -1000.

Input types possible: w' =1f(-1000,t,&")
=f(p,—1000,&")
=f(p,t,—1000)

(

W(
W!
w'=f(p.t,5")

Results for wrong input values
The result WLPTXIVAMWA = -1000 or wl_ptxiv_AmWa =-1000 is valid for values which range from:
p >400 bar or p<0.1baror

t <ty (&) ort>t (&)
£ >1.0 kg/kg or &£" < 0.0 kg/kg

References: [1], [2], [3], [4]
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Speed of Sound of Saturated Vapor w" =f(p,t,&’)

Function Name: wv_ptxil_AmWa

Subprogram with function value: REAL*8 FUNCTION WVPTXILAMWA(P,T,XIL)
for the call out of Fortran REAL*8 P,T,XIL

Input values

P - Pressure pin bar
T - Temperature tin °C
XIL - Ammonia mass fraction of saturated liquid &' in (kg NH3)/(kg mixture)

Output value
WVPTXILAMWA or wv_ptxil_AmWa - Speed of sound of saturated vapor w" in m/s

Range of validity

Temperature range: from t = t,. (5') .t (5')
NHj : tir NHy = —77.655°C HyO:  tyh,0 =0.01°C
toNH, = 132.25°C te H0 = 373.946°C
Pressure range: from 0.1 bar to 400 bar
Composition range: from 0.0 to 1.0 (kg NH3)/(kg mixture)

Details on input types

For the calculation of the speed of sound of saturated vapor it is adequate to enter two parameters (either
tand &', orpand &', or pand f). Enter -1000 for the missing value. If p, t, and &' are entered, the

program considers all parameters to match, i.e., to represent the vapor-pressure curve. If this is not true,
the property to be calculated of the selected function results in -1000.

Input types possible: w' =1f(-1000,t,£")

w'" =f(p,—1000,&")

w' =f(p,t,—1000)
(p.t.<)

W(l=f

Results for wrong input values
The result WVPTXILAMWA = -1000 or wv_ptxil_AmWa =-1000 is valid for values which range from:
p >400 bar or p<0.1baror

t<ty (&) ort>t ()
&' >1.0 kg/kg or &' < 0.0 kg/kg

References: [1], [2], [3], [4]
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Speed of Sound of Saturated Vapor w" =f(p,t,&")

Function Name: wv_ptxiv_AmWa

Subprogram with function value: REAL*8 FUNCTION WVPTXIVAMWA(P,T,XIV)
for the call out of Fortran REAL*8 P,T,XIV

Input values

P - Pressure pin bar
T - Temperature tin °C
XIV - Ammonia mass fraction of saturated vapor " in (kg NH; )/(kg mixture)

Output value
WVPTXIVAMWA or wv_ptxiv_AmWa - Speed of sound of saturated vapor w* in m/s

Range of validity

Temperature range: from t = t,, (5") oty (5")
NHj : tr NHy = —77.655°C HyO:  tyh,0 =0.01°C
teNHg =132.25°C te H0 = 373.946°C
Pressure range: from 0.1 bar to 400 bar
Composition range: from 0.0 to 1.0 (kg NH3)/(kg mixture)

Details on input types
For the calculation of the speed of sound of saturated vapor it is adequate to enter two parameters (either
tand &, orpand &, or pand f). Enter -1000 for the missing value. If p, t, and &" are entered, the
program considers all parameters to match, i.e., to represent the vapor-pressure curve. If this is not true,
the property to be calculated of the selected function results in -1000.
Input types possible: w' =1f(-1000,t,&£")
w'" =f(p,—1000,&")

=f(p,t,—1000)

f(p.t,&")

Results for wrong input values
The result WVPTXIVAMWA = -1000 or wv_ptxiv_AmWa = -1000 is valid for values which range from:
p >400 bar or p<0.1baror

t<t,(&")ort>t,(&")
£" > 1.0 kg/kg or £ < 0.0 kg/kg

References: [1], [2], [3], [4]
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Vapor Fraction xg = f(p,t,£)

Function Name: xd_ptxi_AmWa

Subprogram with function value: REAL*8 FUNCTION XDPTXIAMWA(P,T,XI)
for the call out of Fortran REAL*8 P,T,XI

Input values

P - Pressure p in bar
T - Temperature tin °C
Xl - Ammonia mass fraction ¢& in (kg NH3 )/(kg mixture)

Output value
XDPTXIAMWA or xd_ptxi_AmWa - Vapor fraction xz in kg/kg

Range of validity

Temperature range: from t = t, (5) 20t (5)
NH3 . ttI’,NH3 = —7765500 Hzo . ttl’,HzO = OO1OC
toNHg = 132.25°C te H0 = 373.946°C
Pressure range: from 0.1 bar to 400 bar
Composition range: from 0.0 to 1.0 (kg NH3)/(kg mixture)

Details on the single-phase region

In the single-phase region the calculation results in -1.

Results for wrong input values
The result XDPTXIAMWA = -1000 or xd_ptxi_AmWa =-1000 is valid for the following input values:
p >400 bar or p<0.1baror

t>2-t,(&)ort<t,(&)or
& >1.0kg/kg or £0< 0.0 kg/kg

References: [1], [2], [3], [4]
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