® | Hochschule
I Zittau/Gorlitz

Faculty of
MECHANICAL ENGINEERING

Department of
TECHNICAL THERMODYNAMICS

Property Library for
Standard Dry Air

FluidDYM

with LIbReal Air
for DYMOLA®

Prof. Hans-Joachim Kretzschmar
Dr. Ines Stoecker

Matthias Kunick

Georg Doleisch von Dolsperg



Property Software for
Standard Dry Air
LibRealAir

FluidDYM
for DYMOLA®

Contents

0. Package Contents

1. Property Functions

2. Application of FluidDYM in Dymola®

2.1 Installing FluidDYM

2.2 Licensing the LibRealAir Property Library
2.3 Example: Calculation of h = f(p,t,x)

2.4 Removing FluidDYM

3. Program Documentation
4. Property Libraries for Calculating Heat Cycles, Boilers, Turbines, and Refrigerators
5. References

6. Satisfied Customers

© Zittau/Goerlitz University of Applied Sciences, Germany
Faculty of Mechanical Engineering
Department of Technical Thermodynamics
Professor Hans-Joachim Kretzschmar
Dr. Ines Stoecker
Phone: +49-3583-61-1846 or -1881
Fax: +49-3583-61-1846
E-mail: hj.kretzschmar@hs-zigr.de
Internet: www.thermodynamics-zittau.de

Zittau/Goerlitz University of Applied Sciences, Department of Technical Thermodynamics, Professor H.-J. Kretzschmar, Dr. |. Stoecker



0/1

0. Package Contents

Zip-file "CD_FluidDYM_LibRealAir_Eng.zip" for DYMOLA®

Including the following files:

FluidDYM_LibRealAir_Setup.exe Installation Program for the FluidDYM
Add-In for use in DYMOLA®

LibRealAir.dll Dynamic Link Library for standard dry air
for use in Dymola®

FluidDYM_LibRealAir_Docu_Eng.pdf User’s Guide

Folder "Users_Guide" Includes the complete User's Guide
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1 Property Functions

1.1 Range of Validity

The LibRealAir property library uses the thermodynamic property formulation for standard dry
air released by LEMMON et al. [1], [2]. Whereas the atmospheric air is a mixture of fluids
including nitrogen, oxygen, argon, carbon dioxide, steam, and other trace elements. The
standard air this formulation is based on is dry and contains no carbon dioxide or trace
elements. Due to the fact that the caused change is less than the experimental error in the
measurements, this assumption has been made [1]. The composition is given in Table 1.1.

Table 1.1: Composition of air with N2, O2 and Ar as constituents

Component name

Chemical symbol

Mole fraction

Nitrogen N, 0.7812
Oxygen 0O, 0.2096
Argon Ar 0.0092

The LibRealAir property library is valid for liquid, steam and supercritical air. This includes
temperatures from 59.75 K (-213.4 °C) at the solidification point on the saturated liquid line to
2000 K (1726.85 °C) and pressures from 0.00001 bar to 20000 bar. The range of validity of
the LibRealAir property library is shown in Figure 1.1 and Figure 1.3. Values for the points
marked on these Figures are listed in Table 1.2 and Table 1.3.

Enlarged view
see Figure 1.2
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Figure 1.1: Entire range of validity in an Ig p, Ig t — diagram
(see Figure 1.2 for an enlarged view of the critical region phase boundaries)
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Figure 1.2: Enlarged view of the critical region phase boundaries in an p,t-diagram
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Owing to the different boiling point temperatures of the mixture components in the
p,T-diagram the saturation lines (liquid and vapor) of air do not overlap. In addition to the
critical point a state point of maximum temperature (maxcondentherm) and a state point of

maximum pressure (maxcondenbar) were determined on the saturation

line. The

maxcondentherm, maxcondenbar and critical point properties of air are shown in Table 1.3.

Table 1.2: Range of validity

max

Pressure Abbreviations Values in bar
Minimum pressure Prmin 1.10°°
Minimum pressure on the dew-point curve Pmin, | 0.024316
Minimum pressure on the bubble-point curve Prmin.v 0.052646
Maximum pressure Prax 20000
Temperature Abbreviations Values in °C
Minimum temperature eq. triple point temperature tin =t -213.4
Maximum temperature tax 1726.85
Specific Volume Abbreviations Values in m%kg
Minimum specific volume Viin 0.00071991
Minimum specific volume on the bubble point curve Viin,| 0.00104112
Maximum specific volume on the dew-point curve Vmax,v 7.037519
Maximum specific volume \Y 574234.252
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Table 1.3: Maxcondentherm, maxcondenbar and critical point of air
(calculated with the formulation by LEMMON et al.)

1/3

Condition Pressure in bar Temperature in °C Spec. volume in m3/kg
Maxcondentherm (mct) 37.8502 -140.5188 0.003323
Maxcondenbar (mcb) 37.9195 -140.5539 0.003018
Critical point (c) 37.8869 -140.6194 0.002853

Figure 1.3 shows the entire range of validity for the equation in an p,v-diagram. An enlarged
view of the critical region phase boundaries in an p,v-diagram is shown in Figure 1.4.
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Figure 1.3: Entire range of validity in an Ig p, Ig v - diagram

All sub-programs and functions can be applied in the entire range of validity of the
LibRealAir. The call of the equation of state for each calculation region will be carried out
within the program. The sub-programs of the LibRealAir DLL and the functions of the Add-In
are listed in the following section.
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1.2 Functions
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Functional Function Name | Call from DLL LibRealAir, | Property or Function Unit of the
dependence Result as Parameter Result
a=f(p,t,x) a_ptx_air = APTXAIR(P,T,X) Thermal diffusivity m?/s
oy = f(p,t,x) | alphap_ptx_air = ALPHAPPTXAIR(P,T,X) Relative pressure coefficient | 1/K
a, =f(p,t,x) alphav_ptx_air = ALPHAVPTXAIR(P,T,X) Isobaric cubic expansion 1/K
coefficient
ﬂp =f(p,t,x) | betap_ptx_air = BETAPPTXAIR(P,T,X) Isothermal stress coefficient kg/m3
cp =f(p,t,x) cp_ptx_air = CPPTXAIR(P,T,X) Specific isobaric heat capacity | kJ/(kg-K)
c, =f(p,t,x) | Cv_ptx_air = CVPTXAIR(P,T.X) Specific isochoric heat kJ/(kg-K)
capacity
n="Ff(p,t,x) eta_ptx_air = ETAPTXAIR(P,T,X) Dynamic viscosity Pa‘s
h=f(p,t,x) h_ptx_air = HPTXAIR(P,T,X) Specific enthalpy kJ/kg
x=f(p,t,x) kappa_ptx_air = KAPPAPTXAIR(P,T,X) Isentropic exponent -
wr =f(p,t,x) kappat_ptx_air = KAPPATPTXAIR(P,T,X) Isothermal compressibility 1/kPa
A=f(p,t,x) lambda_ptx_air | = LAMBDAPTXAIR(P,T,X) | Thermal conductivity W/(m-K)
v="Ff(p,t,Xx) nu_ptx_air = NUPTXAIR(P,T,X) Kinematic viscosity m?/s
Prmel =F (1) pmel_t_air = PMELTAIR(T) Pressure on the melting curve | bar
Pr=f(p,t,x) | prandtl_ptx_air = PRANDTLPTXAIR(P,T,X) | Prandtl number -
Py =T (1) psl_t_air = PSLTAIR(T) Pressure on the saturated bar
liquid line
Pey =f (1) psv_t_air = PSVTAIR(T) Pressure on the saturated bar
vapor line
p=f(p,t,x) rho_ptx_air = RHOPTXAIR(P,T,X) Density kg/m®
s=f(p,t,x) S_ptx_air = SPTXAIR(P,T,X) Specific entropy kJ/(kg-K)
tmel =T (P) tmel_p_air = TMELPAIR(P) Temperature on the melting °C
curve
t=f(p,h) t_ph_air = TPHAIR(P,H) Backward function: °C
Temperature from pressure
and enthalpy
t=f(p,s) t_ps_air = TPSAIR(P,S) Backward function: °C
Temperature from pressure
and entropy
ty =f(p) tsl_p_air = TSLPAIR(P) Temperature on the saturated | °C
liquid line
ty, =f(p) tsv_p_air = TSVPAIR(P) Temperature on the saturated | °C
vapor line
u="f(p,t,x) u_ptx_air = UPTXAIR(P,T,X) Specific internal energy kJ/kg
v=f(p,t,x) | Vv_ptx_ air = VPTXAIR(P,T,X) Specific volume mkg
w=f(p,t,x) w_ptx_air = WPTXAIR(P,T,X) Speed of sound m/s
x=f(p,h) X_ph_air = XPHAIR(P,H) Backward function: Vapor kg/kg
fraction from pressure and
enthalpy
x=f(p,s) X_ps_air = XPSAIR(P,S) Backward function: Vapor kg/kg

fraction from pressure and
entropy
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Units:

Temperature tin°C

Pressure p in bar

Vapor fraction X in kg saturated steam/kg wet steam

Range of validity of LibRealAir:

Temperature: from -213.4 C (59.75 K) to 1726.85 °C (2000 K)
Pressure: from 0.00001 bar to 20000 bar

Details on the vapor fraction x and on the calculation of wet steam:

The wet steam region is calculated automatically by the subprograms. For this purpose the
following fixed details on the vapor fraction x are to be considered:

Single phase region
If the state point to be calculated is located in the single-phase region (liquid or superheated
steam) x = —1 must be entered as a pro-forma value.

Wet steam region

When calculating wet steam, a value between 0 and 1 (x = 0 for saturated liquid, x =1 for
saturated steam) must be entered. It is adequate to enter either the given value for t and
p =-1000, or the given value for p and t =-1000, plus the value for x between 0 and 1.
When p and t and x are entered as given values, the program will consider whether p and t fit
together. If it is not the case the calculation for the property of the chosen function to be
calculated results in —1000. In this case, the backward functions result in the appropriate
value between 0 and 1 for x.

Boundaries for wet steam region
The boundaries for the wet steam region are

t;=-213.4 °C; pjn = 0.052646 bar; pm;p, =0.024316 bar
tmct =-140.5188 °C; pycp = 37.9195 bar.

They are illustrated in Figure 1.1 and Figure 1.2 and listed in Table 1.2 and Table 1.3.

Note:

If the calculation results in —1000, the values entered represent a state point beyond the
range of validity. 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.
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1.3 Thermodynamic Diagrams

The next pages provide the following thermodynamic diagrams showing the properties of
standard dry air.

= |g p,h-diagram from
p =0.01 bar to p=5000 bar,
t=-2134°C to t=0°C and
Ah =450 kJ/kg

= T,s-diagram from
t=-213.4°C to t=60 °C,
p =0.01 bar to p=1000 bar and
As = 4.8 kJ/(kg-K)

= T,s-diagram from
t=-50°C to t=1000 °C,
p =0.01 bar to p =1000 bar and
As = 3.6 kJ/(kg-K)

= h,s-diagram from
t=-40°C to t= 1000 °C,
p =0.01 bar to p=1000 bar and
As = 3.6 kJ/(kg-K)
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2. Application of FluidDYM in Dymola®

The FluidDYM Add-In has been developed to calculate thermodynamic properties in
Dymola® more conveniently. Within Dymola® it enables the direct call of functions relating to
standard dry air from the LibRealAir property library.

2.1 Installing FluidDYM

FluidDYM will be installed by means of a self-extracting setup file. Before you begin, it is best
to close any Windows® applications, since Windows® may need to be rebooted during the
installation process.

After you have downloaded and extracted the zip-file "CD_FluidDYM_LibRealAir.zip", you will
see the folder

CD_FluidDYM_LibRealAir
in your Windows Explorer®, Norton Commander® etc.

Now, open this folder by double-clicking on it.

Within this folder you will see the following files:
FluidDYM_LibRealAir_Docu_Eng.pdf
FluidDYM_LibRealAir_Setup.exe
LibRealAir.dll
Folder "Users_Guide."

In order to run the installation of FluidDYM including the LibRealAir property library double-
click the file
FluidDYM_LibRealAir_Setup.exe.

Installation may start with a window noting that all Windows® programs should be closed.
When this is the case, the installation can be continued. Click the "Continue" button.

In the following dialog box (see Figure 2.1), "Choose Destination Location", the default path
offered automatically for the installation of FluidDYM is

C:\Program Files\FluidDYM\LibRealAir (for English version of Windows)
C:\Programme\FluidDYM\LibRealAir (for German version of Windows)).

Zittau/Goerlitz University of Applied Sciences, Department of Technical Thermodynamics, Professor H.-J. Kretzschmar, Dr. |. Stoecker



2/2

42 FluidDYM LibRealAir

Destination Location A
(45

Setup will inztall FluidDvk LibR ealdir in the following folder.

Toinztall into a different folder, click Browse, and select another folder.

'ou zan choose not to install FluidDvh LibR ealdir by clicking Cancel o exit Setup.

Degtination Folder

C:\Program Files\FluidDMA\LbR ealti

ize Installation Wizard®

cBack [T Cancel |

Figure 2.1: Dialog window "Destination Location"

By clicking the "Browse..." button, you can change the installation directory before
installation. If you wish to change directory, click the "Browse..." button and select your
desired directory. The instructions in this user’s guide refer to the stated default directory.
Leave this window by clicking the "Next>" button.

The dialog window "Start Installation” pops up. Click the "Next>" button to continue the
installation. The FluidDYM files are now being copied onto your hard disk drive into the
created directory. Click the "Finish>" button in the following window to finish installation.

The installation program has copied the following files into the directory

C:\Program Files\FluidDYM\LibRealAir (for English version of Windows)
C:\Programme\FluidDYM\LibRealAir (for German version of Windows)):

- Dynamic link library "LibRealAir.dll"

- Folder "Users_Guide"

- Link up Dynamic link library "LibRealAir_Dymola.dll" and other necessary system DLL files
- Library File "LibRealAir_Dymola.lib"

- Header File "LibRealAir_Dymola.h" and other necessary system DLL files

- Modelica File "FluidDYM_ LibRealAir.mo", includes the following property functions:

a_ptx_air psl_t air
alphap_ptx_air psv_t_air
alphav_ptx_air rho_ptx_air
betap_ptx_air S_ptx_air
cp_ptx_air tmel_p_air
cV_ptx_air t_ph_air
eta_ptx_air t ps_air
h_ptx_air tsl_p_air
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kappa_ptx_air tsv_p_air
kappat_ptx_air u_ptx_air
lambda_ptx_air V_ptx_air
nu_ptx_air w_ptx_air
pmel_t_air X_ph_air
prandtl_ptx_air X_ps_air

Now, you have to overwrite the file "LibRealAir.dll" and the folder "Users_Guide" in your
LibRealAir directory with the files of the same names provided in your CD folder with
FluidDYM.

To do this, open the CD folder "CD_FluidDYM_LibRealAir" in "My Computer" and click on the
file "LibRealAir.dll" in order to highlight it. Hold Ctrl and click on the folder "Users_Guide" to
mark it as well.

Then click on the "Edit" menu in your Explorer and select "Copy".

Now, open your LibRealAir directory (the standard being

C:\Program Files\FluidDYM\LibRealAir (for English version of Windows)
C:\Programme\FluidDYM\LibRealAir (for German version of Windows))

and insert the "LibRealAir.dll" and the "Users_Guide" folder by clicking the "Edit" menu in
your Explorer and then select "Paste".

Answer the question whether you want to replace the files by clicking the "Yes" button. Now,
you have overwritten the file "LibRealAir.dllI" and the folder "Users_Guide" successfully.
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2.2 Licensing the LibRealAir Property Library

The licensing procedure has to be carried out when Dymola® is running and a model
simulation starts. In this case, you will see the "License Information” window (see Figure 2.2).

=i License Informatio X|

LibR ealfr

Fleaze twpe in pour licenze keyl ? |

!
Cancel |

Figure 2.2: "License Information" window

Here you will have to type in the license key which you have obtained from the Zittau/Goerlitz
University of Applied Sciences. 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:

3= Help x|

=] It order to obtain a license for this product
% E pleaze contact s,

Froduct:  LibRealair

Contact:  Zittau/Goerlitz University of Applied Sciences
Faculty of Mechanical Engineering
Department of Technical Thermodynamics
Prof. Hans-doachim Kretzzchmar, Dr. [nes Stoecker
Theodor-k.oermer-Allee 16
02763 Zittau, Germarny

Phote: +43-3583-61-184E

Fau: +43-3683-61-1846
Email: hj.kretzzchmar@ihs-zigr.de
1A ey thermodynamics-zitkau, de

Figure 2.3: "Help" window

If you do not enter a valid license it is still possible to use Dymola® by clicking "Cancel". In
this case, the LibRealAir property library will display the result "-11111111" for every
calculation.

The "License Information” window will appear every time you start Dymola.

Should you not wish to license the LibRealAir property library, you have to uninstall the
FluidDYM LibRealAir property library following the description in section 2.4 of this User’s
Guide.
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2.3 Example: Calculation of h = f(p,t,x)

Now we will calculate, step by step, the specific enthalpy h of standard dry air as a function
of pressure p, temperature t and vapor fraction X, using Dymola®.

Please carry out the following instructions:

- Start Windows Explorer®, Total Commander®, My Computer or another file manager
program.
The description here refers to Windows Explorer.

- Your Windows Explorer should be set to Details for a better view. Click the "View"
(Ansicht) button and select "Details".

- Switch into the program directory of FluidDYM in which you will find the folder
"\LibRealAir"; the standard location is:

C:\Program Files\FluidDYM\LibRealAir (for English version of Windows)
C:\Programme\FluidDYM\LibRealAir (for German version of Windows))

- Create the folder "\LibRealAir_Example" by clicking on "File" in the Explorer menu, then
"New" in the menu which appears, and then selecting "Folder". Name the new folder
"\LibRealAir_Example".

- You will see the following window:

-
&% FluidDYM
File Edt “iew Favortes Tools Help ,','
@ Back - > | ? /.. ) Search i Folders EI'
address [ C:\Program Flles\FluidDy i v Go
Folders x t ame Size Tupe
hj dell . QLineab’-\ir File Fald
I3 Dokumente und Einstellungen S LibFealdir_Example File Foolg
) drivers
{h EES32

) escwsa
{33 HP Universal Print Diriver
{386
{2 install
2 Intel
3 MDT
L2 MS0Cache
=3 Program Files
) EES32
=0 FluidDvid
{3 LibR ealtir
{3 LibRealtir Example
{3 FluidEXL_Graphics w| € »

Figure 2.4: "LibRealAir_Example" and "LibRealAir" directory in FluidDYM

- Switch into the directory "\LibRealAir" within "\FluidDYM", the standard being:

C:\Program Files\FluidDYM\LibRealAir (for English version of Windows)
C:\Programme\FluidDYM\LibRealAir (for German version of Windows)).
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- You will see the following window:

% LibRealtir
File Edit “iew Favorites Tools  Help l';'
Q Back - &) ? P ) Search i Folders El'
Address |[5) C:\Program Files\FluidDyM4\LibRealti 4 ' Gio
Folders x Mame Size | Type [rate Maodi
2 dedl A ) Users_Guide File: Folder T2 %
{3 Dokumente und Einstellungen %] advapizz.di EE3IKE  Application Extension  2/9/20091
) drivers C;] Dformd. dll 443 KB  Application Extengion  B/20/2000
I EES32 .j:] Difarrt.dll 440 KB Application Extenzion  BS20/2000
) escwsa @ FluidDy'k_LibR ealdir. mo 28KE MO File TM/2M2
{233 HP Universal Print Driver @] INSTALLLOG BKBE Text Document T/2012 9
i C*] LC.dl 132 KB Application Extengion  3/30/2010
I3 instal |:;] LibR ealair dll 124 KB Application Extenzion  4/26/2012
3 Irtkel ‘j:] LibRealtir_Dymola. dl B2 KB Application Extenzion 7420125
3 MDT [Z] LibReali_Dymola.h 4KB HFile TM/2M2
3 MS0Cache LibR ealdir_Lymola b 9KE LIE File 7M4/202
=2 Program Files %] mevepB0.d 404 KB Application Extension  4/14/2008
) EES32 .j:] vt dll 33/BKE  Application Extenzion  4/14/2008
=) FluidDyM Eﬁ‘UNWISE.EXE 161 KB Application 9/28/20M
1) Liblee _'}UNWISE.INI 1kBE  Configuration Settings 7/3/2012 5
] | bR eald
I3 LibRealdir_Example
{2 FluidE¥L_Graphics
{2 FluidLAB wl| € 3

Figure 2.5: "LibRealAir" directory including installed files
In order to calculate the function h = f(p,t,x), the following files are necessary. Copy them into

the directory

C:\Program Files\FluidDYM\LibRealAir (for English version of Windows)
C:\Programme\FluidDYM\LibRealAir (for German version of Windows)):

"advapi32.dll"

"Dformd.dlII"

"Dforrt.dll"
"FluidDYM_LibRealAir.mo"
"LC.dlI"

“LibRealAir.dll"
"LibRealAir_Dymola.dll"
"LibRealAir_Dymola.h"
"LibRealAir_Dymola.lib"

"msvcp60.dil"

"Msvcrt.dll"

the folder "Users_Guide"

- Mark up these files, then click "Edit" in the upper menu bar and select "Copy".
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- Switch into the directory

C:\Program Files\FluidDYM\LibRealAir_Example (for English version of Windows)
C:\Programme\FluidDYM\LibRealAir_Example (for German version of Windows)),

click "Edit" and then "Paste".

- You will see the following window:

C LibR ealkir. Example [Z”E”zr
File  Edit “iew Favortez Tools  Help l’;'
@ Back - () l'm /.\J Search H__i‘ Folders '

Address |lﬁ C:AProgram FilesiFluidDheidsLibR ealti_E xample vl Go
Folders bs I ame Size Type

53 dell ~ [ Uszers_Guide File Fald
1) Dokumente und Einstellungen 1 é‘] advapiz2.di EE3KE  Applical
) diivers %] Dfarmd.di 443KE  Applical
[ EES32 %] Dt H0KE  Applical
1) escwsa @ FluidDt_LibRealdir. mo I5KE MO File
IC2) HP Uriversal Print Driver [ELcd 132KE  Applica
[ i3me (%] LibRealirdi 124KB  Applical
13 install d}] LibRealair_Dymola. dil 52KB  Applical
) Intel [Z] LibRealtir_Dymola.h SKE HFile

=) MDT LibRealdi_Dymola b SKE LIE File
) MSOCache — (B msveps0.di 404 KB Applica]
=C2) Program Files & mevertdi 3IKE Applica

=) EES32

=) FluidDri

{3 LibRealsir
]} | bR ealdir Example
{3 FiidEXL_Graphics
9 FluidlaB v € | .

Figure 2.6: "LibRealAir_Example" directory including the newly-copied files

- Start Dymola®.
- Now click on "File" in the Dymola® menu bar and select "Open" (see Figure 2.7).
V Dymola - Dynamic Modeling Laboratory - [Diagram]

Edit Simulation Plob Animation Commands  Window  Help (=&

’ ‘onx BZ-2-[f" Z- % ¢ » 2EHHE S0 v

| u Save Chrl+s
E Save As.
Save Al
Save Total,.,
Version »
Clear All
Q Search, ..
= Change Direckory. ..
C 3
& Print... Crl+P
IE Export... »
Cc Save Log...
E Sawe Script...
Clear Log
Recent Files 3
Exit
Open a Modelica file, | Modeling | 2 Simulation
—

Figure 2.7: Selecting the menu entry "Open"
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- Search and click on the directory

"C:\Program Files\FluidDYM\LibRealAir_Example" (for English version of Windows)
"C:\Programme\FluidDYM\LibRealAir_Example" (for German version of Windows)

in the appearing menu.
- Select the "FluidDYM_LibRealAir.mo" file and click on the "Open" button (see Figure 2.8).

Look in: |Lf} LibRealtir_Example j L] Ef( '

A () Users_Guide
‘_\5" |E1 FluidD'M_LibR ealdir. mo

My Recent
Documents

4w Metwark, File name: |FIuidDYM_LineaI.-’-\il.m0 7 Open |
Places
Files of twpe: |.-'3.II Modelica files [*.mo * moe) - Cancel

Figure 2.8: Selecting the "FluidDYM_LibRealAir.mo" file

- The library will be loaded by Dymola which may take a few seconds.

- After Dymola has finished loading the LibRealAir library, you will see the window shown in
Figure 2.9.

. Dymola - Dynamic Modeling Laboratory - [Diagram] ==l
File Edit Simulation Flot Animation  Commands Window  Help
wHQE Wi/ mey AR L - -(0N, Z-%-¢»=mTAEE

Sre—

Packages

H €W Modelica Reference

[JHodelica
Innarned

=

[C]linterfaces
+FluidDyh_LibF ealdir_nput
[ Testiodele

(B E [ «]

Component Browszer

[ & ]

Components
[Unnamed

I Modeing |y Simulstion

Figure 2.9: Dymola window after loading the "LibRealAir" library
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- Now, click on "File" in the Dymola menu bar and select "Change Directory..." in order
to open the folder "\LibRealAir_Example" (see Figure 2.10).

o
Dymola - Dynamic Modeling Laboratory - [Diagram]

‘G Mew, .,

2=
Pz

3
o

Qpen...
Libraries
Demos
Save
Save As.,
Save Al

Wersion
Clear all

Q Search...

| =0 Export...
Cc Save Log.

Clear Log
Recent Fi

Exit

Save Total...

|I Save Scripk..,

Edit  Simulation Flob Animation  Commands  Window  Help

jevAmZ- 3

Chrl+0
4
4
Chrl+S

N
» E3

les 3

Charige WoPKing diFectary.

Figure 2.10: Selecting the menu entry "Change Directory..."

- Search and click on the directory
- "C:\Program Files\FluidDYM\LibRealAir_Example" (for English version of Windows)

"C:\Programme\FluidDYM\LibRealAir_Example"

(for German version of Windows)

in the menu that appears (see Figure 2.11).

=

Browse For Folder

Change current directory

) 386

{0 install

I Intel
=) MDT

) M50Cache

21 Program Files
i) EES32
=20 FluidDr't

{0 LibRealdir

'} | bR ealti_Example

— e e

BX

[ Make MNew Folder ] [

QK ] [ Cancel

]

Figure 2.11: Selecting the "LibRealAir_Example" directory

- Confirm your selection by clicking the "OK" button.

As indicated in the table of property functions in Chapter 1, you have to call up the function

"h_ptx_air" as follows for calculating h = f(p,t,x).

- Click on the Dymola-Block "Testmodelle,” which can be found in the FluidDYM_LibRealAir
package in the "Package Browser" on the left hand side of the Dymola window. Here
choose Examplel by double-clicking on it.
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- Now click on the button in the Dymola menu bar in order to switch to the Diagram
Mode. You will see the following window:

Examplel - FluidDYM_LibRealAir. TestModelle.Examplel - [Diagram]
File Edit Simulation Flob &nimation Commands  Window  Help

FEHQAE R NOOCARZL- &-Hhy Z- 8- ¢ W @BHE E0: v
T x

Packages

[Ptodelica
Unnamed Parameter_x1

= ﬁ FluidCrvr4_LibR ealsir
[[Jirterfaces

E +FluidDy'b_LibR ealdir_lnput
= [ Testtodelle

k=1

Examplz1 L
Example2 e Parameter_x2

EILE] €] » (%] -

PO il M _LibRelair ... [=

Companent Bre

Components

E||FIuidDYM_Lin ealtir TestModelle Exa...
Parameter_x1
Parameter_z2
Parameter_x3
fluidD_LibRiealbi_nput

k=100

Parameter _x3

Figure 2.12: Dymola in Diagram Mode

- Now double-click on the "fluidDYM_LibRealAir_Input" block on the right hand side of the
Dymola window.

- Search and click the "h_ptx_air" function next to "Function Number" in the menu that
appears (see Figure 2.13).

FPackage Browser

Packages b
[P todelica
Unnarned
= ﬁ FlidDv'h_LibFRealdir
[ Interfaces General | Add modifers
HE oFluidDM_LibRealtin_Indl | Component lzan
B[] TestMadell Name  [uidD'vM_LibFealAi_Input |
E wample Comment | | >
Exampls2 > * LibReal...
(RICE €] A" g

Path FluidD'v't_LibR ealéir. FluidDk_LibR ealdir_lnput

Component Browser
Commenk

Components

SFluidDM_LibRealdir TestModdl | Parameters
Parameter_x1
Parameter_s2
Parameter_z3
fluidD i _LibR eal&ir_Input

scanfange | 0.am |> Scan range

table data interpretation

FunctionMurber | LibRealtir Interfaces. FunctionS election. a_pky_air % ¥

a_phy_air 5
alphap_pts_air 3
alphav_pts_air Cancel
betap_phs_air 4
Cp_phe_air

ov_phy 3
pela_pteair \>
kT i
kappat_pts_air w
=

Figure 2.13: Choosing the function "h_ptx_air"
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- You can set the scan range (how many times the property will be calculated per second)
next to "scanRange". The preset value 0.001 means that the property will be calculated
1000 times per second. E.g. if you enter the value 1, the property will be calculated once
per second. Do not change the preset value of 0.001 for our example calculation.

r — _'1
AudDYM_LibRealAir_Input in FluidDYM_LibRealtr. TestModelle. .. EIEl

General | Add maodifiers

Component lcon
Name  |fuidD'rM_LibRealdir_nput |

Comment | |

¥YYY

todel
Fath FluidD v _LibR ealdir. FluidDwh_LibR ealdir_Input
Comment

Parameter
e

table data interpretation

S tetua g1 Iy Va -1 | iF ealéir Interfaces. FunctionSelection h_pts_aifiealtd

[ ok [ me ][ cones

Figure 2.14: Setting the scan range

- Now we will configure the input parameters x1 to x3, where x1 represents the pressure p,
x2 represents the temperature t, and x3 represents the vapor fraction x.
When calculating a function with only one or two input parameters, the other input
parameter(s) will not be defined.

- First, double click on the "Parameter_x1" block which represents the first input parameter,
here the pressure p in bar.

=
Examplel - FluidD¥M_LibRealAir. TestModelle.Examplel - [Diagram]
File Edit Sirmulation Flob Animation Commands  wWindow  Help

BEHAES Wi /OO AREL - Hh % B¢ 9 =FHE E 0w

Package Browser

Packages

[JModelica
Urnamed
= ﬁ FluidDrrbd_LibRealdir

[T]nterfaces
E «FluidDvM_LibR ealdir_lnput

Parameter_x1

= [ Testtodells Parameter_x2
Eramplel ] ]
ExampleZ ——— p———=| flLiclDY W _LibReal .. [=
-

k=100

(B & €] % [ & ]

Component B

Components
E||FIuidDYM_LibF|eaI.-’-\il.T esthodelle. Esamplel
Parameter_x1
Parameter_x2
Parameter_«3 =
fluidD M _LibR ealdir_|nput

Parameter_x3

Figure 2.15: "Parameter_x1" block in Dymola

- Enter the value 10 on the line next to "k" in the dialog window which appears
(Range of validity corresponding to LEMMON: p = 0.00001 ... 20000 bar)
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.
Parameter, x1 in FluidDYM_LibRealAir. TestModelle.Exa... [Z][%]

General | Add modifiers

Component |con
tame Parameter_x1 Constant
Carnrert L
Model
Path Modelica Blocks. S ources. Constant k=

Comment Generate constant signal of type Real

Parameter

k 100 Conztant output walue

[ ok ] ’ Info l [ Cancel ]

Figure 2.16: Entering the value for the pressure p
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- Now, double click on the "Parameter x2" block which represents the second input

parameter, here the temperature tin °C.

- Enter the value 20 on the line next to "k" in the dialog window which appears
(Range of validity corresponding to LEMMON: t=-213.4 ... 1726.85°C)

- Then click the "OK" button (see Figure 2.17).

General | Add modifiers

Component |zoh
tame Parameter_u2 Constant
Carnrnert L
todel
Path Modelica.Blocks. S ources. Constant k=

Comment Generate constant zsignal of type Real

Parameter

k 200 Conztant output value

| ok || o || Cancel |

Figure 2.17: Entering the value for the temperature t

- Now, double click on the "Parameter_x3" block which represents the third input parameter,

here the vapor fraction x in kg/kg.

Since the wet steam region is calculated automatically by the subprograms, the following
fixed details on the vapor fraction x are to be considered when the value for x is entered:

Single-phase region

If the state point to be calculated is located in the single-phase region (liquid or
superheated steam) x = —1 must be entered as a pro-forma value.

Zittau/Goerlitz University of Applied Sciences, Department of Technical Thermodynamics, Professor H.-J. Kretzschmar, Dr. |. Stoecker



2/13

Wet-steam region

If the state point to be calculated is located in the wet steam region, a value for x
between 0 and 1 (x = O for saturated liquid, x = 1 for saturated steam) must be entered.

When calculating wet steam either the given value for t and p = -1 or the given value for
p and t = -1 and in both cases the value for x between 0 and 1 must be entered.

If p and t and x are entered as given values, the program considers p and t to be
appropriate to represent the vapor pressure curve. If it is not the case the calculation for
the property of the chosen function to be calculated results in —1000.

- Enter the value -1 on the line next to "k" in the dialog window which appears

- Then click the "OK" button (see Figure 2.18)

Component Icon
Mame Parammeter_x3 Conatant
Comment N
tdodel
; k=
Path Modelica Blocks. Sources. Constant

Comment Generate constant signal of type Real

Parameter

( ) Corstant output value

| ok [ wo || Cancel |

Figure 2.18: Entering the value for the vapor fraction x

All parameters have now been defined.

- Click on the [ ¥ muation

into the "Simulation Mode".

button in the lower right area of Dymola in order to switch

In Figure 2.19 you can see how the Dymola "Simulation Mode" looks like.
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=
Examplel - FluidDYM_LibBealfir. TestModelle.Examplel

File Edit Simulation Flot Animation Commands  Window  Help
wHQE Nie@[0x RSO @EEN HE &
o N — soeec] 1 19
Y *
¥ Plot

Yarisblez | Walues Urit | Description

1.0

0.8 4

06 <

0.4 4

0.2+

0o T T T T T T T T T

o0 0s 10
Advanced

b8 BunScript{"c: fprogrammefdymola 7.2finsertfdymola mos", true); ‘\
I = true =
]
:‘E = true
E BunScript {"D: fDocuments and SettingsfStoeckerfRpplication DatafDynasinfsettings mos", true); b

B Modeling | W Simulation

Figure 2.19: "Simulation Mode" window

- Click on the "Simulate" Button in the Dymola menu bar to start the calculation.
Now the model will be compiled and the simulation started.

- Afterwards you will see the following entries within the "Variable Browser" window in
Dymola (see Figure 2.20):

Examplel - FluidDYM_LibBealfir. Test

File Edit Simulation Plat Anirmation  Cornmg
wHQLS K€ B[
Pl HdD» Time:IE

Walles

[+/Parameter_x1
[+/Parameter_x2
[+/Parameter_x3
[+ adD M _LibR ealdir_|nput

Figure 2.20: "Variable Browser" with new entries

- Click on "fluidDYM_LibRealAir_Input" within the "Variable Browser"; then you will see the
input and output parameters "scanRange", "FunctionNumber”, "z", "x1", "x2" and "x3"
(see Figure 2.21).

- By clicking on the "New Plot Window" button , a new diagram window will be opened.
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o |

Yariable Browser

W aniables
[=E wamplel 1

[+ Parameter_x1
[+ Parameter_ux:

(= fluidDry b _LibR ealdir_|nput
|_TscanFange

[ FunctionMumber

[z

I

[x2

[1x3

Examplel - FluidDM_LibB ealkir. Tesl

File Edit Simulation Plot Animation  Comm,
‘S HQAS N ¢ B[00
4 44 41 > W Time0 |

0.001

Figure 2.21: Parameters of "fluidDYM_LibRealAir_Input"

- After clicking on

the output

parameter

represented graphically in the "PlotWindow".

- Move the mouse over

the curve to see the

result of the

specific point in time (see Figure 2.22.

Exzamplel - FluidDYM_LibBealAir. TestModelle. Examplel

ir

File Edit Simulation Plob Animation Command: “window Help

SHQAS W@ |

R —
x

Hevon o 82K OOH &-
Speed:

z", the calculated property will

[3[=[3]
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be

simulation at a

= Plot [1*
Varnables Values 1)
= E=ample 1 fluidD i _LibRealsir_Input .z
Parameter_«1 20
Parameter_x2
Parameter_»3 b
(= fuidD M _LibR ealdir_lnput 1a
[JscanRange 0.0 ]
[ FunctionMurnber i
15 =
[Ix2
WX ] * fluidDyM_LibRealdir_Input.z = 18.0047
17
i slope =0
* time =0
| > 16 T T T T T T T T T
0.0 0.3 10
Advanced
= true .Y
M| cdi "C: fProgram FilesfFluidl¥YM/LibRealfir Example"); |
gimulatelodel ( "FluidD¥M LibRealfiir.TestModelle Examplel', method="dassl", resultFile="Examplel"): 3
= Lrue -

fluidD M _LibRealdir_lnput.z in Examplel.mat

= Madeling | “W® Simulation

Figure 2.22: "DiagramWindow" showing the result

The result for h appears in the "DiagramWindow"

= The result in our sample calculation here is: "h = 18.0047".

The corresponding unit is kJ/kg (see table of the property functions in Chapter 1).
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- Now click on the Modeling button L& _{in the lower right area of Dymola in order to
switch into the "Modeling Mode". Here you can arbitrarily change the values for p, t, and x
in the appropriate blocks.

Help Systems in Dymola®
Dymola® provides detailed help functions. You can choose to read the program
documentation or the help page of a specific property function, as desired.

Within the "Modeling-Mode" @i Modeing | e help may be accessed via two different steps.

First we will show you how to access the program documentation of the property library.

- Make sure Dymola is set to the "Modeling-Mode".

- Now click the button in the Dymola menu bar to choose the "Documentation Mode".

- Double-click on the "FluidDYM_LibRealAir" Block at the left and then click on
"Users_Guide" (see Figure 2.23).

FluidDYM_LibBeal&ir - FluidDYM_LibReal4ir - [Documentation] EJ@”EI
File Edit Simulation Flat Animation  Commands  Window Help (=[] ]
FHQS W/ mey ARL-&-HN, - ¢ m@HBE S0
I Package Browser 8 | Property Library LibRealAir

Packages

[JModelica

Unnamed

Information

FacKkage Content

FhuidD'vM_LibRealtir_Input Name Description
= [ Testhodele Interfaces
Examplel FluidD't LibF e aldic [nput
Ewample2 A
TestModells
(R E | €] » [ & ]
Component Browse » Mame: FluidD'yh_LibF e aldir
S T ET N Path: FluidDvM_LibR e alsi
Components Filenarne: C: /Pragrarn Files/FluidD M LiERealdir_E xarmple/FluidD¥M_LibRealdir ma
[FluidCt_LibFiealsi Wersion: 1

UszesModelica [version="3.0.1"]

Modeling | "2 Simulation

Figure 2.23: Selecting the "Users_Guide"

- The program documentation will be displayed within your default web browser.

Now, we will show you how to access the help page of a specific property function.

- Make sure Dymola is set to the "Modeling-Mode".

- Now click the button in the Dymola menu bar to choose the "Documentation Mode".
- Double-click on the "FluidDYM_LibRealAir_Input" block on the left (see Figure 2.24).
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FluidDYM_LibB ealfir - FluidDYM_LibBealhir - [Documentation] 1 L
BN File Edit Simulation Flob Arimation Commands  Window Help 2 X

EHQAE Wi/ meyANL & -Hh Z-iB-¢)m@AE L0
x

Property Library LibR ealAir

Packages
= €WModelica Reference
[JModelica Users Guide

— | | Information

Unnamed Package Content
E‘|ﬁ FluidDvh_LibR ealdic
LEEEES Name Description
Interfaces

FluidDh LibRealdi [nput

@ alphap_pt«_air

Testtodels
@ alphay_ptw_air
R Marne: FluidDhd_LibR ealdir
(1) betap_pti_sir Patf FluidD'vM_LibRealdi
@Cp phs_air Filenarne: C:/Program Files/FluidDMLibR ealdir_Example/FluidDyM_LiERealdir mo
- Wergion: 1
@ cv_pts_air UsesModelica [version=""3.0.1"]
@ eta_phe_air
@h_ptx_air 3
(R E (€] »

Component B T

Components
[FiuidD*M_LibRealdi

| todeling | }zsimulation

Figure 2.24: Selected "FluidDYM_LibRealAir_Input” Block

- Below "FluidDYM_LibRealAir_Input" you will see all functions of the LibRealAir property
function (see Figure 2.24).

- Now select a function, e.g. "h_ptx_air", and then click on "Users_Guide" (see Figure
2.25).
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h_ptz_air - FluidDYM_LibRealAir. FluidDYM_LibEeal&ir_Input.h_ptz_air - [Documentation]

oE®

File Edit Simulation Flob Animation Commands  Window  Help =& ]
: EIQ@ Wi/ mey ANL 9-Hh Z-i- ¢ T AE E[0z |
Specific enthalpy in kJfkg = f[p.t.x]
Packages | ion
= ] FluidDrM_LibFealai
) - Users Guide
[[interfaces
=t WFlidDyM_LibRealtir_Input Inputs
b i
@ aptar Type Mame Default Description
@ alphap_pts_air -
Feal p Pressure pin bar
@ alphav_pts_air W -
. Real t Temperature tin *C
@ betap_pt=_air
. Feal W Wapor fraction ® in kafkg
@cp_ptx_alr
@cv_ptx_air
R P—— Outputs
)
Type Hame Description
h_ptw_air - Specific enthalpy in kg = f[p,t,:-c]i Specific enthalpy in k) kg
@kappat pi_a
1| Name: h_ptx_air
(= ][ ;32 ][ ¢ | & Path: FluidD'M_LibRealAir. FluidD'YM_LibRealdir_Inputh_pts_air
Filename: C:/Program Files/FluidD®'t /LibR ealdir_E xample/FluidD vt _LibR ealdir. mo
Component Wersion: 1
Camponents UsesModelica [version="3.0.1"]
[FluidD*M_LibFiealdir FluidDYM_LibRealdir_..
FluidDv't_LibFealdir. FluidDyh_LibF ealdir_|nput.h_pts_air | Modeling | W# Simulation

Figure 2.25: Marking the "h_ptx_air" function and selecting the "Users_Guide"

- You will now see the help page of the selected function, here "h_ptx_air",

web browser (see Figure 2.26).

Program FilesAFluidDYMALibBealdn_ExampleiUsers GuideiFluidDYM_LibRealAir_h_ptx.pdf - Windows Internet Explorer

(S ASs 7'_-. C:A\Pragram Files\FluidDY'MYLibRealdir_E xamplet\Users_Guide\FluidDY'M_LibRealdi_h_ptx pdf V| +3|| % |l"

5 Favaites | 55 &] v @] Free Hotmal & -

‘@E\Pruglam Fl\es\F\uldDYM\leHea\AlLExample\Users..‘ ﬁ b G = @ v Page~ Safety- Tools - @" =
Save aCopy [ Print (}JEma\I ﬁ f",,c f 1_—'__ Reviewy & Comment - éS\gn -E Dy D = |l D |E| = 121% - @
‘”' ]:T Select Text + @1

g = 0

£ ‘ Specific Enthalpy h = f(p,t,x) ‘ ~

E

i Function Name: h_ptx_air

7: Subroutine with function value: REAL*8 FUNCTION HPTXAIR(P,T,X)

é Variable Types: REAL"'8 P, T.X 1

L Input values

H P - Pressure p in bar

3 T - Temperature tin °C

7:' X - Vapor fraction x in (kg saturated steam)/(kg wet steam)

= Result

h_ptx_air or HPTXAIR — Specific enthalpy h in kJ/kg

E Range of validity

S Temperature range: from -213.4 °C (59.75 K) to 1726.85 °C (2000 K)

= Pressure range: from 0.00001 bar to 20000 bar

Details on the vapor fraction x and on the calculation of wet steam
The wet ateam reninn ia ralrulated antnmatirallv hv tha cithnrnnrams Far this niirnnee the |15
A 8627 x 11.6%in
1af2 PPl (O = H
4 My Computer #5 v w100 -

Figure 2.26: Help page of the function "h_ptx_air" in the web browser
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in your default
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2.4 Removing LibRealAir in Dymola

In order to remove the property library LibRealAir from your hard drive in Windows®, click
"Start" in the lower task bar, then "Settings" and "Control Panel".

Afterwards double-click on "Add or Remove Programs".

In the list box of the "Add or Remove Programs” menu which appears, select
"FluidDYM LibRealAir" by clicking on it and then clicking the "Change/Remove" button.

In the following dialogue box click "Automatic" and then "Next>".
Confirm the "Perform Uninstall" menu which appears by clicking the "Finish" button.
Finally, close the "Add or Remove Programs" and "Control Panel" windows.

"FluidDYM LibRealAir" has now been removed.

If LibRealAir is the only library installed, the directory "FluidDYM" will be removed as well.
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3. Program Documentation

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

Function Name: a_ptx_air

Subroutine with function value: REAL*8 FUNCTION APTXAIR(P,T,X)
Variable Types: REAL*8 P, T,X

Input values

P - Pressure p in bar
T - Temperature tin °C
X - Vapor fraction x in (kg saturated steam)/(kg wet steam)

Result
a_ptx_air or APTXAIR - Thermal diffusivity a = = AV
PCp  Cp
Range of validity
Temperature range: from -213.4 °C (59.75 K) to 1726.85 °C (2000 K)
Pressure range: from 0.00001 bar to 20000 bar

Details on the vapor fraction x

The wet steam region is calculated automatically by the subprograms. For this purpose the
following fixed details on the vapor fraction x are to be considered:

Single phase region
If the state point to be calculated is located in the single phase region (liquid or superheated
steam) x = —1 must be entered as a pro-forma value.

Saturation lines

If the state point to be calculated is located on the saturated liquid line, the value 0 has to be
entered for x. When calculating saturated steam (saturated vapor line) x = 1 has to be
entered. The calculation for x values between 0 and 1 is not possible. It is adequate to enter
either the given value for t and p = -1000, or the given value for p and t =-1000, plus the
value for x (0 or 1). When p and t and x are entered as given values, the program will
consider whether p and t fit together. If it is not the case the calculation of the function a will
result in —1000.

Boundaries for wet steam region
The boundaries for the wet steam region are illustrated in Figure 1.1 and Figure 1.2.

Results for wrong input values
The result is a_ptx_air =-1000 or APTXAIR =-1000 for the following input values:

Single phase region:  p > Pyax = 20000 or p < pyin = 0.00001 bar or
(x=-1) t>tha=1726.85°Cor t<ty,,=-213.4°Cort <t o (P)

Saturated liquid line: at p=-1and t >t =-140.5188 °C or t <t,,=-213.4 °C or
(x=0) at t=-1and p> pyep=37.9195 bar or p < py, = 0.052646 bar or
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at p < Pmep = 37.9195 bar and p > ppyin | = 0.052646 bar and
t—tg (p) >0.1K

Saturated vapor line: at p=-1and t >t =-140.5188 °C or t <t,,,=-213.4 °C or
(x=1) at t=-1and p> pycp=37.9195 bar or p < py, = 0.024316 bar or
at p < Pmep = 37.9195 bar and p > pyi, = 0.024316 bar and
|t —ty (p)| >0.1K

References

[1], [2]
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Relative Pressure Coefficient a, = f(p,t,x)

Function Name: alphap_ptx_air

Subroutine with function value: REAL*8 FUNCTION ALPHAPPTXAIR(P,T,X)
Variable Types: REAL*8 P,T,X

Input values

P - Pressure p in bar
T - Temperature tin °C
X - Vapor fraction x in (kg saturated steam)/(kg wet steam)

Result
. . - 0 :
alphap_ptx_air or ALPHAPPTXAIR — Relative pressure coefficient ap = _1(8_'?) in 1/K
p v
Range of validity
Temperature range: from -213.4 °C (59.75 K) to 1726.85 °C (2000 K)

Pressure range: from 0.00001 bar to 20000 bar

Details on the vapor fraction x

The wet steam region is calculated automatically by the subprograms. For this purpose the
following fixed details on the vapor fraction x are to be considered:

Single phase region
If the state point to be calculated is located in the single phase region (liquid or superheated
steam) x = —1 must be entered as a pro-forma value.

Saturation lines

If the state point to be calculated is located on the saturated liquid line, the value 0 has to be
entered for x. When calculating saturated steam (saturated vapor line) x = 1 has to be
entered. The calculation for x values between 0 and 1 is not possible. It is adequate to enter
either the given value for t and p =-1000, or the given value for p and t =-1000, plus the
value for x (0 or 1). When p and t and x are entered as given values, the program will
consider whether p and t fit together. If it is not the case the calculation of the function «, will

result in —1000.

p

Boundaries for wet steam region
The boundaries for the wet steam region are illustrated in Figure 1.1 and Figure 1.2.

Results for wrong input values

Result alphap_ptx_air = -1000 or ALPHAPPTXAIR =-1000 for the following input values:
Single phase region:  p > pyax = 20000 or p < pyin = 0.00001 bar or

(x=-1) t>thax=1726.85°Cor t<t,,=-213.4°Cort <t o (P)

Saturated liquid line: at p=-1and t >t,=-140.5188 °C or t <t,, = -213.4 °C or
(x=0) at t=-1and p> ppep=37.9195 bar or p < py,;p = 0.052646 bar or
at p < Pmep = 37.9195 bar and p > ppyin | = 0.052646 bar and
|t —lg (p)| >0.1K

Zittau/Goerlitz University of Applied Sciences, Department of Technical Thermodynamics, Professor H.-J. Kretzschmar, Dr. |. Stoecker




3/4

Saturated vapor line: at p=-1and t >t,y=-140.5188 °C or t <t,,=-213.4 °C or
x=1) at t=-1and p> pycp=37.9195 bar or p < py, = 0.024316 bar or
at p < Ppep = 37.9195 bar and p > pyi, = 0.024316 bar and
|t —lsy (p)| >0.1K

Reference

[1]
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Isobaric Cubic Expansion Coefficient e, = f(p,t,x)

Function Name: alphav_ptx_air

Subroutine with function value: REAL*8 FUNCTION ALPHAVPTXAIR(P,T,X)
Variable Types: REAL*8 P,T,X

Input values

P - Pressure p in bar
T - Temperature tin °C
X - Vapor fraction x in (kg saturated steam)/(kg wet steam)

Result
alphav_ptx_air or ALPHAVPTXAIR

Isobaric cubic expansion coefficient ¢, :l[a—pj (@j in /K
p\op jr \oT ),

Range of validity

Temperature range: from -213.4 °C (59.75 K) to 1726.85 °C (2000 K)
Pressure range: from 0.00001 bar to 20000 bar

Details on the vapor fraction x

The wet steam region is calculated automatically by the subprograms. For this purpose the
following fixed details on the vapor fraction x are to be considered:

Single phase region
If the state point to be calculated is located in the single phase region (liquid or superheated
steam) x = —1 must be entered as a pro-forma value.

Saturation lines

If the state point to be calculated is located on the saturated liquid line, the value 0 has to be
entered for x. When calculating saturated steam (saturated vapor line) x = 1 has to be
entered. The calculation for x values between 0 and 1 is not possible. It is adequate to enter
either the given value for t and p =-1000, or the given value for p and t=-1000, plus the
value for x (0 or 1). When p and t and x are entered as given values, the program will
consider whether p and t fit together. If it is not the case the calculation of the function «,, will

result in —1000.

Boundaries for wet steam region
The boundaries for the wet steam region are illustrated in Figure 1.1 and Figure 1.2.

Results for wrong input values
Result alphav_ptx_air = -1000 or ALPHAVPTXAIR = -1000 for the following input values:

Single phase region:  p > Pyax = 20000 or p < pyin = 0.00001 bar or
(x=-1) t>ta=1726.85°Cor t <ty,,=-213.4°Cort <t o (P)

Saturated liquid line: at p=-1and t >t =-140.5188 °C or t <t,,=-213.4 °C or
(x=0) at t=-1and p> pyep=37.9195 bar or p < pyy = 0.052646 bar or
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at p < Pmep = 37.9195 bar and p > ppyin | = 0.052646 bar and
t—tg (p) >0.1K

Saturated vapor line: at p=-1and t >t =-140.5188 °C or t <t,,,=-213.4 °C or
(x=1) at t=-1and p> pycp=37.9195 bar or p < py, = 0.024316 bar or
at p < Pmep = 37.9195 bar and p > pyi, = 0.024316 bar and
|t —ty (p)| >0.1K

Reference

[1]
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Isothermal Stress Coefficient £, =f(p,t,x)

Function Name: betap_ptx_air

Subroutine with function value: REAL*8 FUNCTION BETAPPTXAIR(P,T,X)
Variable Types: REAL*8 P,T,X

Input values

P - Pressure p in bar
T - Temperature tin °C
X - Vapor fraction x in (kg saturated steam)/(kg wet steam)

Result

2

. - 0 .
betap_ptx_air or BETAPPTXAIR — Isothermal stress coefficient By = p_(a_pj in kg/ m3
p\op/r

Range of validity

Temperature range: from -213.4 °C (59.75 K) to 1726.85 °C (2000 K)
Pressure range: from 0.00001 bar to 20000 bar

Details on the vapor fraction x

The wet steam region is calculated automatically by the subprograms. For this purpose the
following fixed details on the vapor fraction x are to be considered:

Single phase region
If the state point to be calculated is located in the single phase region (liquid or superheated
steam) x = —1 must be entered as a pro-forma value.

Saturation lines

If the state point to be calculated is located on the saturated liquid line, the value 0 has to be
entered for x. When calculating saturated steam (saturated vapor line) x = 1 has to be
entered. The calculation for x values between 0 and 1 is not possible. It is adequate to enter
either the given value for t and p = -1000, or the given value for p and t =-1000, plus the
value for x (0 or 1). When p and t and x are entered as given values, the program will
consider whether p and t fit together. If it is not the case the calculation of the function Bp will

result in —1000.

Boundaries for wet steam region
The boundaries for the wet steam region are illustrated in Figure 1.1 and Figure 1.2.

Results for wrong input values

Result betap_ptx_air = -1000 or BETAPPTXAIR = -1000 for the following input values:
Single phase region:  p > pyax = 20000 or p < pyin = 0.00001 bar or

(x=-1) t >ty = 1726.85°Cor t <t,j,=-213.4°Cort <ty (P)

Saturated liquid line: at p=-1and t >t =-140.5188 °C or t <t,,=-213.4 °C or
(x=0) at t=-1and p> pyep=37.9195 bar or p < py, = 0.052646 bar or
at p < Pmep = 37.9195 bar and p > py,p | = 0.052646 bar and
|t —1g (p)| >0.1K
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Saturated vapor line: at p=-1and t >t,y=-140.5188 °C or t <t,,=-213.4 °C or
x=1) at t=-1and p> pycp=37.9195 bar or p < py, = 0.024316 bar or
at p < Ppep = 37.9195 bar and p > pyi, = 0.024316 bar and
|t —lsy (p)| >0.1K

Reference

[1]

Zittau/Goerlitz University of Applied Sciences, Department of Technical Thermodynamics, Professor H.-J. Kretzschmar, Dr. |. Stoecker
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Specific Isobaric Heat Capacity ¢, =f(p,t,x)

Function Name: cp_ptx_air

Subroutine with function value: REAL*8 FUNCTION CPPTXAIR(P,T,X)
Variable Types: REAL*8 P, T,X

Input values

P - Pressure p in bar
T - Temperature tin °C
X - Vapor fraction x in (kg saturated steam)/(kg wet steam)

Result
cp_ptx_air or CPPTXAIR — Specific isobaric heat capacity ¢, in kJ/(kg-K)

Range of validity

Temperature range: from -213.4 °C (59.75 K) to 1726.85 °C (2000 K)
Pressure range: from 0.00001 bar to 20000 bar

Details on the vapor fraction x

The wet steam region is calculated automatically by the subprograms. For this purpose the
following fixed details on the vapor fraction x are to be considered:

Single phase region
If the state point to be calculated is located in the single phase region (liquid or superheated
steam) x = —1 must be entered as a pro-forma value.

Saturation lines

If the state point to be calculated is located on the saturated liquid line, the value 0 has to be
entered for x. When calculating saturated steam (saturated vapor line) x = 1 has to be
entered. The calculation for x values between 0 and 1 is not possible. It is adequate to enter
either the given value for t and p =-1000, or the given value for p and t =-1000, plus the
value for x (0O or 1). When p and t and x are entered as given values, the program will
consider whether p and t fit together. If it is not the case the calculation of the function Cp will

result in —1000.

Boundaries for wet steam region
The boundaries for the wet steam region are illustrated in Figure 1.1 and Figure 1.2.

Results for wrong input values

Result cp_ptx_air =-1000 or CPPTXAIR = -1000 for the following input values:
Single phase region:  p > pyax = 20000 or p < pyin = 0.00001 bar or

(x=-1) t >t =1726.85°Cor t <tpj,=-213.4°Cort <tye (P)

Saturated liquid line: at p=-1and t >tq=-140.5188 °C or t <t,,=-213.4 °C or
(x=0) at t=-1and p> ppep=37.9195 bar or p < py,;p = 0.052646 bar or
at p < Ppep = 37.9195 bar and p > py,, | = 0.052646 bar and
t-tg (p)|>0.1K
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Saturated vapor line: at p=-1and t >t,y=-140.5188 °C or t <t,,=-213.4 °C or
x=1) at t=-1and p> pycp=37.9195 bar or p < py, = 0.024316 bar or
at p < Ppep = 37.9195 bar and p > pyi, = 0.024316 bar and
|t —lsy (p)| >0.1K

Reference

[1]

Zittau/Goerlitz University of Applied Sciences, Department of Technical Thermodynamics, Professor H.-J. Kretzschmar, Dr. |. Stoecker
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Specific Isochoric Heat Capacity c,, = f(p,t,x)

Function Name: cv_ptx_air

Subroutine with function value: REAL*8 FUNCTION CVPTXAIR(P,T,X)
Variable Types: REAL*8 P,T,X

Input values

P - Pressure p in bar
T - Temperature tin °C
X - Vapor fraction x in (kg saturated steam)/(kg wet steam)

Result
cv_ptx_air or CVPTXAIR — Specific isochoric heat capacity c, in kJ/(kg-K)

Range of validity

Temperature range: from -213.4 °C (59.75 K) to 1726.85 °C (2000 K)
Pressure range: from 0.00001 bar to 20000 bar

Details on the vapor fraction x

The wet steam region is calculated automatically by the subprograms. For this purpose the
following fixed details on the vapor fraction x are to be considered:

Single phase region
If the state point to be calculated is located in the single phase region (liquid or superheated
steam) x = —1 must be entered as a pro-forma value.

Saturation lines

If the state point to be calculated is located on the saturated liquid line, the value 0 has to be
entered for x. When calculating saturated steam (saturated vapor line) x = 1 has to be
entered. The calculation for x values between 0 and 1 is not possible. It is adequate to enter
either the given value for t and p =-1000, or the given value for p and t =-1000, plus the
value for x (0 or 1). When p and t and x are entered as given values, the program will
consider whether p and t fit together. If it is not the case the calculation of the function c,, will

result in —1000.

Boundaries for wet steam region
The boundaries for the wet steam region are illustrated in Figure 1.1 and Figure 1.2.

Results for wrong input values

Result cv_ptx_air = -1000 or CVPTXAIR = -1000 for the following input values:
Single phase region:  p > pyax = 20000 or p < pyin = 0.00001 bar or

(x=-1) t>tha=1726.85°Cor t<t,,=-213.4°Cort <t o (P)

Saturated liquid line: at p=-1and t >t,=-140.5188 °C or t <t,,=-213.4 °C or
(x=0) at t=-1and p> ppep=37.9195 bar or p < py,;p = 0.052646 bar or
at p < Ppep = 37.9195 bar and p > py,p | = 0.052646 bar and
t-tg (p)|>0.1K
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Saturated vapor line: at p=-1and t >t,y=-140.5188 °C or t <t,,=-213.4 °C or
x=1) at t=-1and p> pycp=37.9195 bar or p < py, = 0.024316 bar or
at p < Ppep = 37.9195 bar and p > pyi, = 0.024316 bar and
|t —tsy (p)| >0.1K

Reference

[1]
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Dynamic Viscosity n =f(p,t,x)

Function Name: eta_ptx_air

Subroutine with function value: REAL*8 FUNCTION ETAPTXAIR(P,T,X)
Variable Types: REAL*8 P,T,X

Input values

P - Pressure p in bar
T - Temperature tin °C
X - Vapor fraction x in (kg saturated steam)/(kg wet steam)

Result
eta_ptx_air or ETAPTXAIR — Dynamic viscosity 7 in Pa-s

Range of validity

Temperature range: from -213.4 °C (59.75 K) to 1726.85 °C (2000 K)
Pressure range: from 0.00001 bar to 20000 bar

Details on the vapor fraction x

The wet steam region is calculated automatically by the subprograms. For this purpose the
following fixed details on the vapor fraction x are to be considered:

Single phase region
If the state point to be calculated is located in the single phase region (liquid or superheated
steam) x = —1 must be entered as a pro-forma value.

Saturation lines

If the state point to be calculated is located on the saturated liquid line, the value 0 has to be
entered for x. When calculating saturated steam (saturated vapor line) x = 1 has to be
entered. The calculation for x values between 0 and 1 is not possible. It is adequate to enter
either the given value for t and p =-1000, or the given value for p and t =-1000, plus the
value for x (0O or 1). When p and t and x are entered as given values, the program will
consider whether p and t fit together. If it is not the case the calculation of the function » will
result in —1000.

Boundaries for wet steam region
The boundaries for the wet steam region are illustrated in Figure 1.1 and Figure 1.2.

Results for wrong input values

Result eta_ptx_air =-1000 or ETAPTXAIR =-1000 for the following input values:
Single phase region:  p > Pyax = 20000 or p < pyin = 0.00001 bar or

(x=-1) t >ty = 1726.85°Cor t <t,,j;=-213.4°Cor t <tye (P)

Saturated liquid line: at p=-1and t >t =-140.5188 °C or t <t,,=-213.4 °C or
(x=0) at t=-1and p> pyep=37.9195 bar or p < py, = 0.052646 bar or
at p < Pmep = 37.9195 bar and p > py,, = 0.052646 bar and
|t —1g (p)| >0.1K
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Saturated vapor line: at p=-1and t >t,=-140.5188 °C or t < tyj,=-213.4 °C or
x=1) at t=-1and p> ppep=37.9195 bar or p < pyin = 0.024316 bar or
at p < Ppep = 37.9195 bar and p > pyi, = 0.024316 bar and
|t —lsy (p)| >0.1K

References

[1], [2]
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Specific Enthalpy h =f(p,t,x)

Function Name: h_ptx_air

Subroutine with function value: REAL*8 FUNCTION HPTXAIR(P,T,X)
Variable Types: REAL*8 P,T,X

Input values

P - Pressure p in bar
T - Temperature tin °C
X - Vapor fraction x in (kg saturated steam)/(kg wet steam)

Result
h_ptx_air or HPTXAIR — Specific enthalpy h in kJ/kg

Range of validity

Temperature range: from -213.4 °C (59.75 K) to 1726.85 °C (2000 K)
Pressure range: from 0.00001 bar to 20000 bar

Details on the vapor fraction x and on the calculation of wet steam

The wet steam region is calculated automatically by the subprograms. For this purpose the
following fixed details on the vapor fraction x are to be considered:

Single phase region
If the state point to be calculated is located in the single phase region (liquid or superheated
steam) x = —1 must be entered as a pro-forma value.

Wet steam region

When calculating wet steam, a value between 0 and 1 (x = 0 for saturated liquid, x =1 for
saturated steam) must be entered. It is adequate to enter either the given value for t and
p =-1000, or the given value for p and t =-1000, plus the value for x between 0 and 1.
When p and t and x are entered as given values, the program will consider whether p and t fit
together. If it is not the case the calculation of the function h will result in —1000.

Boundaries for wet steam region
The boundaries for the wet steam region are illustrated in Figure 1.1 and Figure 1.2.

Results for wrong input values

Result h_ptx_air =-=1000 or HPTXAIR = -=1000 for the following input values:
Single phase region:  p > Pyax = 20000 or p < pyin = 0.00001 bar or

x=-1) t>ta=1726.85°Cor t <ty,,=-213.4°Cort <t,o (P)

Saturated liquid line: at p=-1and t >t =-140.5188 °C or t <t,,=-213.4 °C or
x=0) at t=-1and p> pyep=37.9195 bar or p < py, = 0.052646 bar or
at p < Pmep = 37.9195 bar and p > ppyin | = 0.052646 bar and
[t—tg (p) >0.1K

Saturated vapor line: at p=-1and t>t,y=-140.5188 °C or t <t,,=-213.4 °C or
x=1) at t=-1and p> pyep=37.9195 bar or p < pyy = 0.024316 bar or

Zittau/Goerlitz University of Applied Sciences, Department of Technical Thermodynamics, Professor H.-J. Kretzschmar, Dr. |. Stoecker




3/16

at p < Pmep = 37.9195 bar and p > ppyjp = 0.024316 bar and
t —tsy (p)|>0.1K

Reference

[1]
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Isentropic Exponent x = f(p,t,x)

Function Name: kappa_ ptx_air

Subroutine with function value: REAL*8 FUNCTION KAPPTXAIR(P,T,X)
Variable Types: REAL*8 P,T,X

Input values

P - Pressure p in bar
T - Temperature tin °C
X - Vapor fraction x in (kg saturated steam)/(kg wet steam)

Result

. . v (op w?
kappa_ptx_air or KAPPAPTXAIR — Isentropic exponent x =——| — | =——
plov)s p-v
Range of validity

Temperature range: from -213.4 °C (59.75 K) to 1726.85 °C (2000 K)
Pressure range: from 0.00001 bar to 20000 bar

Details on the vapor fraction x

The wet steam region is calculated automatically by the subprograms. For this purpose the
following fixed details on the vapor fraction x are to be considered:

Single phase region
If the state point to be calculated is located in the single phase region (liquid or superheated
steam) x = —1 must be entered as a pro-forma value.

Saturation lines

If the state point to be calculated is located on the saturated liquid line, the value 0 has to be
entered for x. When calculating saturated steam (saturated vapor line) x = 1 has to be
entered. The calculation for x values between 0 and 1 is not possible. It is adequate to enter
either the given value for t and p =-1000, or the given value for p and t =-1000, plus the
value for x (0 or 1). When p and t and x are entered as given values, the program will
consider whether p and t fit together. If it is not the case the calculation of the function x will
result in —1000.

Boundaries for wet steam region
The boundaries for the wet steam region are illustrated in Figure 1.1 and Figure 1.2.

Results for wrong input values

Result kappa_ptx_air =-1000 or KAPPAPTXAIR = -1000 for the following input values:
Single phase region: P > Pmax = 20000 or p < pyin = 0.00001 bar or

(x=-1) t>thax=1726.85°Cor t <t,,=-213.4°Cort <t o (p)

Saturated liquid line:  at p=-1and t >t =-140.5188 °C or t <t,;,=-213.4 °C or
x=0) at t=-1and p> pygp=37.9195 bar or p < py, = 0.052646 bar or
at p < Pmep = 37.9195 bar and p > p,p | = 0.052646 bar and
|t —1y (p)| >0.1K

Zittau/Goerlitz University of Applied Sciences, Department of Technical Thermodynamics, Professor H.-J. Kretzschmar, Dr. |. Stoecker




3/18

Saturated vapor line: at p=-1and t >t =-140.5188 °C or t <t,;,=-213.4 °C or
x=1) at t=-1and p> pye, = 37.9195 bar or p < ppyy, = 0.024316 bar or
at p < pmcp= 37.9195 bar and p > py, , = 0.024316 bar and
|t —lgy (p)| >0.1K

Reference

[1]
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Isothermal Compressibility &, =f(p,t,x)

Function Name: kappat_ptx_air

Subroutine with function value: REAL*8 FUNCTION KAPPATPTXAIR(P,T,X)
Variable Types: REAL*8 P,T,X

Input values

P - Pressure p in bar
T - Temperature tin °C
X - Vapor fraction x in (kg saturated steam)/(kg wet steam)

Result

-1
. I 0
kappat_ptx_air or KAPPATPXAIR - Isothermal compressibility =—£(ﬂj =v(—p]
v\op t op )t

Range of validity

Temperature range: from -213.4 °C (59.75 K) to 1726.85 °C (2000 K)
Pressure range: from 0.00001 bar to 20000 bar

Details on the vapor fraction x

The wet steam region is calculated automatically by the subprograms. For this purpose the
following fixed details on the vapor fraction x are to be considered:

Single phase region
If the state point to be calculated is located in the single phase region (liquid or superheated
steam) x = —1 must be entered as a pro-forma value.

Saturation lines

If the state point to be calculated is located on the saturated liquid line, the value 0 has to be
entered for x. When calculating saturated steam (saturated vapor line) x = 1 has to be
entered. The calculation for x values between 0 and 1 is not possible. It is adequate to enter
either the given value for t and p =-1000, or the given value for p and t =-1000, plus the
value for x (0 or 1). When p and t and x are entered as given values, the program will
consider whether p and t fit together. If it is not the case the calculation of the function x; will

result in —1000.

Boundaries for wet steam region
The boundaries for the wet steam region are illustrated in Figure 1.1 and Figure 1.2.

Results for wrong input values
Result kappat_ptx_air = -1000 or KAPPATPTXAIR =-1000 for the following input values:

Single phase region: P > Prmax = 20000 or p < ppin = 0.00001 bar or
(x=-1) t>thax=1726.85°Cor t <ty,=-213.4°Cort <tyq (P)
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(x=0)

Saturated vapor line:

x=1)

Reference
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at p=-1and t>t,=-140.5188 °C or t <t,;,=-213.4 °C or

at t=-1and p> pyep = 37.9195 bar or p < ppyin = 0.052646 bar or
at p < Ppep = 37.9195 bar and p > py,p | = 0.052646 bar and

|t —1y (p)| >0.1K

at p=-1and t>t,=-140.5188 °C or t <t,;,=-213.4 °C or

at t=-1and p > ppep=37.9195 bar or p < pyn = 0.024316 bar or
at p < Pmep = 37.9195 bar and p > ppyin y = 0.024316 bar and

t—ts, (p) >0.1K
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Thermal Conductivity 4 =f(p,t,x)

Function Name: lambda_ptx_air

Subroutine with function value: REAL*8 FUNCTION LAMBDAPTXAIR(P,T,X)
Variable Types: REAL*8 P,T,X

Input values

P - Pressure p in bar
T - Temperature tin °C
X - Vapor fraction x in (kg saturated steam)/(kg wet steam)

Result
lambda_ptx_air or LAMBDAPTXAIR — Thermal conductivity 4 in W/(m-K)

Range of validity

Temperature range: from -213.4 °C (59.75 K) to 1726.85 °C (2000 K)
Pressure range: from 0.00001 bar to 20000 bar

Details on the vapor fraction x

The wet steam region is calculated automatically by the subprograms. For this purpose the
following fixed details on the vapor fraction x are to be considered:

Single phase region
If the state point to be calculated is located in the single phase region (liquid or superheated
steam) x = —1 must be entered as a pro-forma value.

Saturation lines

If the state point to be calculated is located on the saturated liquid line, the value 0 has to be
entered for x. When calculating saturated steam (saturated vapor line) x = 1 has to be
entered. The calculation for x values between 0 and 1 is not possible. It is adequate to enter
either the given value for t and p =-1000, or the given value for p and t =-1000, plus the
value for x (0O or 1). When p and t and x are entered as given values, the program will
consider whether p and t fit together. If it is not the case the calculation of the function A will
result in —1000.

Boundaries for wet steam region
The boundaries for the wet steam region are illustrated in Figure 1.1 and Figure 1.2.

Results for wrong input values

Result lambda_ptx_air =-1000 or LAMBDAPTXAIR = -1000 for the following input values:
Single phase region: P > Pmax = 20000 or p < pyyin = 0.00001 bar or

(x=-1) t>tax=1726.85°Cor t <ty,=-213.4°Cort <ty (P)

Saturated liquid line:  at p=-1and t >t =-140.5188 °C or t <t,j,=-213.4 °C or

(x=0) at t=-1and p> pygp=37.9195 bar or p < py, = 0.052646 bar or
at p < Pmep = 37.9195 bar and p > py,p | = 0.052646 bar and
t-tg ()| >0.1K
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Saturated vapor line: at p=-1and t >t =-140.5188 °C or t <tyj,=-213.4 °C or
x=1) at t=-1and p> pye, = 37.9195 bar or p < ppyy, = 0.024316 bar or
at p < Ppep = 37.9195 bar and p > pyi, , = 0.024316 bar and
|t —lgy (p)| >0.1K

References

[1], [2]
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Kinematic Viscosity v =f(p,t,x)

Function Name: nu_ptx_air

Subroutine with function value: REAL*8 FUNCTION NUPTXAIR(P,T,X)
Variable Types: REAL*8 P,T,X

Input values

P - Pressure p in bar
T - Temperature tin °C
X - Vapor fraction x in (kg saturated steam)/(kg wet steam)

Result

nu_ptx_air or NUPTXAIR — Kinematic viscosity v = n_ n-v inm?s
Y2

Range of validity

Temperature range: from -213.4 °C (59.75 K) to 1726.85 °C (2000 K)
Pressure range: from 0.00001 bar to 20000 bar

Details on the vapor fraction x

The wet steam region is calculated automatically by the subprograms. For this purpose the
following fixed details on the vapor fraction x are to be considered:

Single phase region
If the state point to be calculated is located in the single phase region (liquid or superheated
steam) x = —1 must be entered as a pro-forma value.

Saturation lines

If the state point to be calculated is located on the saturated liquid line, the value 0 has to be
entered for x. When calculating saturated steam (saturated vapor line) x = 1 has to be
entered. The calculation for x values between 0 and 1 is not possible. It is adequate to enter
either the given value for t and p = -1000, or the given value for p and t =-1000, plus the
value for x (0 or 1). When p and t and x are entered as given values, the program will
consider whether p and t fit together. If it is not the case the calculation of the function v will
result in —1000.

Boundaries for wet steam region
The boundaries for the wet steam region are illustrated in Figure 1.1 and Figure 1.2.

Results for wrong input values

Result nu_ptx_air = -1000 or NUPTXAIR = -1000 for the following input values:
Single phase region: P > Prmax = 20000 or p < ppin = 0.00001 bar or

(x=-1) t>tha=1726.85°Cor t<t,,=-213.4°Cort <t,o (p)

Saturated liquid line:  at p=-1and t >t =-140.5188 °C or t <t,j,= -213.4 °C or
(x=0) at t=-1and p> ppep=37.9195 bar or p < pyjn = 0.052646 bar or
at p < pmep=37.9195 bar and p > p,;p | = 0.052646 bar and
t—tg (p)|>0.1K

Zittau/Goerlitz University of Applied Sciences, Department of Technical Thermodynamics, Professor H.-J. Kretzschmar, Dr. |. Stoecker




3/24

Saturated vapor line: at p=-1and t >t =-140.5188 °C or t <t,;,=-213.4 °C or
x=1) at t=-1and p> pye, = 37.9195 bar or p < ppyy, = 0.024316 bar or
at p < Ppep = 37.9195 bar and p > pyi, , = 0.024316 bar and
|t —tsy (p)| >0.1K

References

[1], [2]
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Pressure on the Melting Curve p,,q = f(t)

Function Name: pmel_t_air

Subroutine with function value: REAL*8 FUNCTION PMELTAIR(T)
Variable Types: REAL*8 T

Input values

T - Temperature tin °C

Result

pmel_t_air or PMELTAIR — Pressure on the melting curve ppe in bar

Range of validity
Temperature range: from t; =t = -213.4 °C to t,, (20000 bar) = -36.9508 °C

Results for wrong input values
Result pmel_t_air =-1000 or PMELTAIR =-1000 for the following input values:

t > te; (20000 bar) = -36.9508 °C or t < ti, = -213.4 °C or

Reference

[1]
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Prandtl-Number Pr = f(p,t,x)

Function Name: prandtl_ptx_air

Subroutine with function value: REAL*8 FUNCTION PRANDTLPTXAIR(P,T,X)
Variable Types: REAL*8 P,T,X

Input values

P - Pressure p in bar
T - Temperature tin °C
X - Vapor fraction x in (kg saturated steam)/(kg wet steam)

Result
; v T Cp
prandtl_ptx_air or PRANDTLPTXAIR — Prandtl-number Pr=—= 7
a
Range of validity
Temperature range: from -213.4 °C (59.75 K) to 1726.85 °C (2000 K)

Pressure range: from 0.00001 bar to 20000 bar

Details on the vapor fraction x

The wet steam region is calculated automatically by the subprograms. For this purpose the
following fixed details on the vapor fraction x are to be considered:

Single phase region
If the state point to be calculated is located in the single phase region (liquid or superheated
steam) x = —1 must be entered as a pro-forma value.

Saturation lines

If the state point to be calculated is located on the saturated liquid line, the value 0 has to be
entered for x. When calculating saturated steam (saturated vapor line) x = 1 has to be
entered. The calculation for x values between 0 and 1 is not possible. It is adequate to enter
either the given value for t and p =-1000, or the given value for p and t =-1000, plus the
value for x (0 or 1). When p and t and x are entered as given values, the program will
consider whether p and t fit together. If it is not the case the calculation of the function Pr will
result in —1000.

Boundaries for wet steam region
The boundaries for the wet steam region are illustrated in Figure 1.1 and Figure 1.2.

Results for wrong input values

Result prandtl_ptx_air =-1000 or PRANDTLPTXAIR =-1000 for the following input
values:

Single phase region: P > Pmax = 20000 or p < pyyin = 0.00001 bar or
(x=-1) t>tha=1726.85°Cor t <ty,=-213.4°Cort <tye (P)

Saturated liquid line:  at p=-1and t >t =-140.5188 °C or t <t,,=-213.4 °C or

(x=0) at t=-1and p> pmep = 37.9195 bar or p < pyy = 0.052646 bar or
at p < Pmep = 37.9195 bar and p > py,p | = 0.052646 bar and
t-tg ()| >0.1K
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Saturated vapor line: at p=-1and t >t =-140.5188 °C or t <t,;,=-213.4 °C or
x=1) at t=-1and p> pye, = 37.9195 bar or p < ppyy, = 0.024316 bar or
at p < Ppep = 37.9195 bar and p > pyi, , = 0.024316 bar and
|t —lgy (p)| >0.1K

References

[1], [2]
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Pressure on the Saturated Liquid Line pg, = f(t)

Function Name: psl_t_air

Subroutine with function value: REAL*8 FUNCTION PSLTAIR(T)
Variable Types: REAL*8 T

Input values

T - Temperature tin °C

Result

psl_t_air or PSLTAIR — Pressure on the saturated liquid line pg in bar

Range of validity
Temperature range: from tyi,=-213.4 °C to t,¢ = -140.5188 °C

Details on the saturation lines

The boundaries for the wet steam region are illustrated in Figure 1.1 and Figure 1.2. In order
that the function pg, = f(t) will not be double-valued in the critical region, the saturated vapor
line (x = 1) is partially represented by the function py = f(t) calculating pressures on the
saturated liquid line (x = 0). This concerns the segment between the critical point and the
maxcondentherm point.

Results for wrong input values
Result psl_t_air = -1000 or PSLTAIR = -1000 for the following input values:

t >t = -140.5188 °C or t <t.,,= -213.4 °C

Reference

[1]
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Pressure on the Saturated Vapor Line pg, = f(t)

Function Name: psv_t_air

Subroutine with function value: REAL*8 FUNCTION PSVTAIR(T)
Variable Types: REAL*8 T

Input values

T - Temperature tin °C

Result

psv_t_air or PSVTAIR — Pressure on the saturated vapor line pg, in bar

Range of validity
Temperature range: from tyi,=-213.4 °C to t,¢ = -140.5188 °C

Details on the saturation lines

The boundaries for the wet steam region are illustrated in Figure 1.1 and Figure 1.2. In order
that the function pg, = f(t) will not be double-valued in the critical region, the saturated vapor
line (x = 1) is partially represented by the function py = f(t) calculating pressures on the
saturated liquid line (x = 0). This concerns the segment between the critical point and the
maxcondentherm point.

Results for wrong input values
Result psv_t_air = -1000 or PSVTAIR = -1000 for the following input values:

t >t = -140.5188 °C or t <t.,,= -213.4 °C

Reference

[1]
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Density p =f(p,t,x)

Function Name: rho_ptx_air

Subroutine with function value: REAL*8 FUNCTION RHOPTXAIR(P,T,X)
Variable Types: REAL*8 P,T,X

Input values

P - Pressure p in bar
T - Temperature tin °C
X - Vapor fraction x in (kg saturated steam)/(kg wet steam)

Result
rho_ptx_air or RHOPTXAIR — Density p = L in kg/m®
%
Range of validity
Temperature range: from -213.4 °C (59.75 K) to 1726.85 °C (2000 K)
Pressure range: from 0.00001 bar to 20000 bar

Details on the vapor fraction x and on the calculation of wet steam

The wet steam region is calculated automatically by the subprograms. For this purpose the
following fixed details on the vapor fraction x are to be considered:

Single phase region
If the state point to be calculated is located in the single phase region (liquid or superheated
steam) x = —1 must be entered as a pro-forma value.

Wet steam region

When calculating wet steam, a value between 0 and 1 (x = 0 for saturated liquid, x =1 for
saturated steam) must be entered. It is adequate to enter either the given value for t and
p =-1000, or the given value for p and t =-1000, plus the value for x between 0 and 1.
When p and t and x are entered as given values, the program will consider whether p and t fit
together. If it is not the case the calculation of the function p will result in —1000.

Boundaries for wet steam region
The boundaries for the wet steam region are illustrated in Figure 1.1 and Figure 1.2.

Results for wrong input values

Result rho_ptx_air =-=1000 or RHOPTXAIR = -=1000 for the following input values:
Single phase region: P > Pmax = 20000 or p < pyyin = 0.00001 bar or

(x=-1) t >t =1726.85°Cor t <ty,=-213.4°Cort <ty (P)

Saturated liquid line:  at p=-1and t >ty = -140.5188 °C or t <t;,=-213.4 °C or
(x=0) at t=-1and p > pygp=37.9195 bar or p < py, = 0.052646 bar or
at p < Pmep = 37.9195 bar and p > py,p = 0.052646 bar and
|t —ty (p)| >0.1K

Saturated vapor line: at p=-1and t >t,=-140.5188 °C or t <t,;,=-213.4 °C or
x=1) at t=-1and p> Pygp=37.9195 bar or p < Py, = 0.024316 bar or
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at p < Pmep = 37.9195 bar and p > p,;p, = 0.024316 bar and
t —tsy (P)|>0.1K

Reference

[1]
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Specific Entropy s =f(p,t, x)

Function Name: S_ptx_air

Subroutine with function value: REAL*8 FUNCTION SPTXAIR(P,T,X)
Variable Types: REAL*8 P,T,X

Input values

P - Pressure p in bar
T - Temperature tin °C
X - Vapor fraction x in (kg saturated steam)/(kg wet steam)

Result
s_ptx_air or SPTXAIR — Specific entropy s in kJ/kg

Range of validity

Temperature range: from -213.4 °C (59.75 K) to 1726.85 °C (2000 K)
Pressure range: from 0.00001 bar to 20000 bar

Details on the vapor fraction x and on the calculation of wet steam

The wet steam region is calculated automatically by the subprograms. For this purpose the
following fixed details on the vapor fraction x are to be considered:

Single phase region
If the state point to be calculated is located in the single phase region (liquid or superheated
steam) x = —1 must be entered as a pro-forma value.

Wet steam region

When calculating wet steam, a value between 0 and 1 (x = 0 for saturated liquid, x =1 for
saturated steam) must be entered. It is adequate to enter either the given value for t and
p =-1000, or the given value for p and t =-1000, plus the value for x between 0 and 1.
When p and t and x are entered as given values, the program will consider whether p and t fit
together. If it is not the case the calculation of the function s will result in —1000.

Boundaries for wet steam region
The boundaries for the wet steam region are illustrated in Figure 1.1 and Figure 1.2.

Results for wrong input values

Result s_ptx_air = -1000 or SPTXAIR =-1000 for the following input values:
Single phase region: P > Pmax = 20000 or p < pyyin = 0.00001 bar or

(x=-1) t>tax=1726.85°Cor t <ty,=-213.4°Cort <ty (P)

Saturated liquid line:  at p=-1and t >t =-140.5188 °C or t <t,,=-213.4 °C or
x=0) at t=-1and p> pygp=37.9195 bar or p < py, = 0.052646 bar or
at p < Pmep = 37.9195 bar and p > pyiy | = 0.052646 bar and
|t —1y (p)| >0.1K

Saturated vapor line: at p=-1and t >t,=-140.5188 °C or t <t,;,=-213.4 °C or
x=1) at t=-1and p> pygp=37.9195 bar or p < py, = 0.024316 bar or
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at p < Pmep =37.9195 bar and p > p,;p, = 0.024316 bar and
t —tsy (P)|>0.1K

Reference

[1]
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Temperature on the Melting Curve t,o = f(p)

Function Name: tmel_p_air

Subroutine with function value: REAL*8 FUNCTION TMELPAIR(P)
Variable Types: REAL*8 P

Input values

P — Pressure p in bar

Result

tmel_p_air or TMELPAIR — Temperature on the melting curve tpe in °C

Range of validity
Pressure range: from p; = ppin, = 0.052646 bar to p,,, = 20000 bar

Results for wrong input values
Result tmel_t_air =-1000 or TMELPAIR =-1000 for the following input values:

P > Pmax = 20000 bar or p < py, = 0.052646 bar

Reference

[1]
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Backward Function: Temperature t =f(p,h)

Function Name: t ph_air

Subroutine with function value: REAL*8 FUNCTION TPHAIR(P,H)
Variable Types: REAL*8 P,H

Input values

P - Pressure p in bar
H - Specific enthalpy h in kJ/kg

Result
t_ph_air or TPHAIR — Temperature tin °C

Range of validity

Temperature range: from -213.4 °C (59.75 K) to 1726.85 °C (2000 K)
Pressure range: from 0.00001 bar to 20000 bar

Details on the calculation of wet steam

The wet steam region is calculated automatically by the subprograms. Using the given
values for p and h the program determines whether the state point to be calculated is located
within the single phase region (liquid or superheated steam) or the wet steam region. After
that, the calculation is carried out for the specific region.

The boundaries for the wet steam region are illustrated in Figure 1.1 and Figure 1.2.

Results for wrong input values

Resultt_ph_air =-1000 or TPHAIR =-1000 for the following input values:

Single phase region: P > Pmax = 20000 or p < pyin = 0.00001 bar or
t>tha=1726.85°Cor t<t,,=-213.4°Cort <t o (p)

Saturated liquid line:  at p > Py = 37.9195 bar or p < py, 1= 0.052646 bar or
at result t > t,op = -140.5539 °C or t <t,i,=-213.4 °C

Saturated vapor line:  at p > pygp = 37.9195 bar or p < py = 0.024316 bar or
at result t >t,,., = -140.5539 °C or t <t,;;,=-213.4 °C or

Reference
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Backward Function: Temperaturet =f(p,s)

Function Name: t_ps_air

Subroutine with function value: REAL*8 FUNCTION TPSAIR(P,S)
Variable Types: REAL*8 P,S

Input values

P - Pressure p in bar

S - Specific entropy s in kJ/(kg-K)

Result

t_ps_air or TPSAIR — Temperature t in °C

Range of validity

Temperature range: from -213.4 °C (59.75 K) to 1726.85 °C (2000 K)
Pressure range: from 0.00001 bar to 20000 bar

Details on the calculation of wet steam

The wet steam region is calculated automatically by the subprograms. Using the given
values for p and s the program determines whether the state point to be calculated is located
within the single phase region (liquid or superheated steam) or the wet steam region. After
that, the calculation is carried out for the specific region.

The boundaries for the wet steam region are illustrated in Figure 1.1 and Figure 1.2.

Results for wrong input values
Resultt_ps_air =-1000 or TPSAIR =-1000 for the following input values:

Single phase region: P > Prmax = 20000 or p < ppin = 0.00001 bar or
t>thax=1726.85°Cor t <ty,=-213.4°Cort <tyq (P)

Saturated liquid line:  at p> py,cp = 37.9195 bar or = 0.052646 bar or
at result t > t,o, = -140.5539 °C or t <t,i,=-213.4 °C

Saturated vapor line:  at p > pygp = 37.9195 bar or p < py = 0.024316 bar or
at result t >t,,, = -140.5539 °C or t <t,;;,=-213.4 °C or

Reference
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Temperature on the Saturated Liquid Line tg; =f(p)

Function Name: tsl_p_air

Subroutine with function value: REAL*8 FUNCTION TSLPAIR(P)
Variable Types: REAL*8 P

Input values

P - Pressure p in bar

Result

tsl_p_air or TSLPAIR — Temperature on the saturated liquid line tg in °C

Range of validity
Pressure range: from ppin, = 0.052646 bar to ppcp, = 37.9195 bar

Details on the saturation lines

The boundaries for the wet steam region are illustrated in Figure 1.1 and Figure 1.2. In order
that the function ts, = f(p) will not be double-valued in the critical region, the saturated vapor
line (x = 1) is partially represented by the function tg = f(p) calculating temperatures on the
saturated liquid line (x = 0). This concerns the segment between the critical point and the
maxcondenbar point.

Results for wrong input values
Result tsl_p_air = -1000 or TSLPAIR = -1000 for the following input values:

P > Pmep = 37.9195 bar or p < ppip = 0.052646 bar

Reference

[1]
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Temperature on the Saturated Vapor Line tg, =f(p)

Function Name: tsv_p_air

Subroutine with function value: REAL*8 FUNCTION TSVPAIR(P)
Variable Types: REAL*8 P

Input values

P - Pressure p in bar

Result

tsv_p_air or TSVPAIR — Temperature on the saturated vapor line tg, in °C

Range of validity
Pressure range: from ppiny = 0.024316 bar to py,cp = 37.9195 bar

Details on the saturation lines

The boundaries for the wet steam region are illustrated in Figure 1.1 and Figure 1.2. In order
that the function ts, = f(p) will not be double-valued in the critical region, the saturated vapor
line (x = 1) is partially represented by the function tgy = f(p) calculating temperatures on the
saturated liquid line (x = 0). This concerns the segment between the critical point and the
maxcondenbar point.

Results for wrong input values
Result tsv_p_air = -1000 or TSVPAIR = -1000 for the following input values:

P > Pmcp = 37.9195 bar or p < pyjp = 0.024316 bar

Reference

[1]
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Specific Internal Energy u = f(p,t,x)

Function Name: u_ptx_air

Subroutine with function value: REAL*8 FUNCTION UPTXAIR(P,T,X)
Variable Types: REAL*8 P,T,X

Input values

P - Pressure p in bar
T - Temperature tin °C
X - Vapor fraction x in (kg saturated steam)/(kg wet steam)

Result
u_ptx_air or UPTXAIR - Specific internal energy u in kJ/kg

Range of validity

Temperature range: from -213.4 °C (59.75 K) to 1726.85 °C (2000 K)
Pressure range: from 0.00001 bar to 20000 bar

Details on the vapor fraction x and on the calculation of wet steam

The wet steam region is calculated automatically by the subprograms. For this purpose the
following fixed details on the vapor fraction x are to be considered:

Single phase region
If the state point to be calculated is located in the single phase region (liquid or superheated
steam) x = —1 must be entered as a pro-forma value.

Wet steam region

When calculating wet steam, a value between 0 and 1 (x = 0 for saturated liquid, x =1 for
saturated steam) must be entered. It is adequate to enter either the given value for t and
p =-1000, or the given value for p and t =-1000, plus the value for x between 0 and 1.
When p and t and x are entered as given values, the program will consider whether p and t fit
together. If it is not the case the calculation of the function u will result in —1000.

Boundaries for wet steam region
The boundaries for the wet steam region are illustrated in Figure 1.1 and Figure 1.2.

Results for wrong input values

Result u_ptx_air = -1000 or UPTXAIR = -1000 for the following input values:
Single phase region: P > Pmax = 20000 or p < pyyin = 0.00001 bar or

(x=-1) t>thax=1726.85°Cor t <ty,=-213.4°Cort <tyq (P)

Saturated liquid line:  at p=-1and t >t =-140.5188 °C or t <t,,=-213.4 °C or
(x=0) at t=-1and p> ppep=37.9195 bar or p < pyjn = 0.052646 bar or
at p < Pmep = 37.9195 bar and p > py,p = 0.052646 bar and
t—tg (p) >0.1K

Saturated vapor line: at p=-1and t >t =-140.5188 °C or t <t,;,=-213.4 °C or
x=1) at t=-1and p> pygp=37.9195 bar or p < py, = 0.024316 bar or
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at p < Pmep =37.9195 bar and p > p,;p, = 0.024316 bar and
t —tsy (P)|>0.1K

Reference

[1]
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Specific Volume v =f(p,t,x)

Function Name: V_ptx_air

Subroutine with function value: REAL*8 FUNCTION VPTXAIR(P,T,X)
Variable Types: REAL*8 P,T,X

Input values

P - Pressure p in bar
T - Temperature tin °C
X - Vapor fraction x in (kg saturated steam)/(kg wet steam)

Result
v_ptx_air or VPTXAIR — Specific volume v in m%kg

Range of validity

Temperature range: from -213.4 °C (59.75 K) to 1726.85 °C (2000 K)
Pressure range: from 0.00001 bar to 20000 bar

Details on the vapor fraction x and on the calculation of wet steam

The wet steam region is calculated automatically by the subprograms. For this purpose the
following fixed details on the vapor fraction x are to be considered:

Single phase region
If the state point to be calculated is located in the single phase region (liquid or superheated
steam) x = —1 must be entered as a pro-forma value.

Wet steam region

When calculating wet steam, a value between 0 and 1 (x = 0 for saturated liquid, x =1 for
saturated steam) must be entered. It is adequate to enter either the given value for t and
p =-1000, or the given value for p and t =-1000, plus the value for x between 0 and 1.
When p and t and x are entered as given values, the program will consider whether p and t fit
together. If it is not the case the calculation of the function v will result in —1000.

Boundaries for wet steam region
The boundaries for the wet steam region are illustrated in Figure 1.1 and Figure 1.2.

Results for wrong input values

Result v_ptx_air = -1000 or VPTXAIR = -1000 for the following input values:
Single phase region: P > Pmax = 20000 or p < pyyin = 0.00001 bar or

(x=-1) t>thax=1726.85°Cor t <ty,=-213.4°Cort <tyq (P)

Saturated liquid line:  at p=-1and t >t =-140.5188 °C or t <t,j,=-213.4 °C or
(x=0) at t=-1and p> ppep=37.9195 bar or p < pyjp = 0.052646 bar or
at p < Pmep = 37.9195 bar and p > py,p = 0.052646 bar and
|t —ty (p)| >0.1K

Saturated vapor line: at p=-1and t>t,=-140.5188 °C or t <t,;,=-213.4 °C or
(x=1) at t=-1and p> pyep = 37.9195 bar or p < ppy, = 0.024316 bar or
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at p < Pmep =37.9195 bar and p > p,;p, = 0.024316 bar and
t —tsy (P)|>0.1K

Reference

[1]
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Isentropic Speed of Sound w = f(p,t,x)

Function Name: w_ptx_air

Subroutine with function value: REAL*8 FUNCTION WPTXAIR(P,T,X)
Variable Types: REAL*8 P,T,X

Input values

P - Pressure p in bar
T - Temperature tin °C
X - Vapor fraction x in (kg saturated steam)/(kg wet steam)

Result

w_ptx_air or WPTXAIR — Isentropic speed of sound w in m/s

Range of validity

Temperature range: from -213.4 °C (59.75 K) to 1726.85 °C (2000 K)
Pressure range: from 0.00001 bar to 20000 bar

Details on the vapor fraction x

The wet steam region is calculated automatically by the subprograms. For this purpose the
following fixed details on the vapor fraction x are to be considered:

Single phase region
If the state point to be calculated is located in the single phase region (liquid or superheated
steam) x = —1 must be entered as a pro-forma value.

Saturation lines

If the state point to be calculated is located on the saturated liquid line, the value O has to be
entered for x. When calculating saturated steam (saturated vapor line) x = 1 has to be
entered. The calculation for x values between 0 and 1 is not possible. It is adequate to enter
either the given value for t and p =-1000, or the given value for p and t =-1000, plus the
value for x (0O or 1). When p and t and x are entered as given values, the program will
consider whether p and t fit together. If it is not the case the calculation of the function w will
result in —1000.

Boundaries for wet steam region
The boundaries for the wet steam region are illustrated in Figure 1.1 and Figure 1.2.

Results for wrong input values

Result w_ptx_air =-1000 or WPTXAIR = -1000 for the following input values:
Single phase region: P > Pmax = 20000 or p < pyyin = 0.00001 bar or

(x=-1) t >t =1726.85°Cor t <ty,=-213.4°Cort <ty (P)

Saturated liquid line:  at p=-1and t >t =-140.5188 °C or t <t,,,=-213.4 °C or

(x=0) at t=-1and p> pygp=37.9195 bar or p < py, = 0.052646 bar or
at p < Pmep = 37.9195 bar and p > py,p = 0.052646 bar and
t-tg ()| >0.1K
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Saturated vapor line: at p=-1and t >t =-140.5188 °C or t <t,;,=-213.4 °C or
(x=1) at t=-1and p > ppygp = 37.9195 bar or p < py,p = 0.024316 bar or
at p < Ppep = 37.9195 bar and p > pyi, , = 0.024316 bar and
|t —lgy (p)| >0.1K

References

[1], [2]
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Backward Function: Vapor Fraction x = f(p,h)

Function Name: X_ph_air

Subroutine with function value: REAL*8 FUNCTION XPHAIR(P,H)
Variable Types: REAL*8 P,H

Input values

P - Pressure p in bar
H - Specific enthalpy h in kJ/kg

Result

x_ph_air or XPHAIR — Vapor fraction x in (kg saturated steam)/(kg wet steam)

Range of validity

Temperature range: from -213.4 °C (59.75 K) to 1726.85 °C (2000 K)
Pressure range: from 0.00001 bar to 20000 bar

Details on the calculation of wet steam

The wet steam region is calculated automatically by the subprograms. Using the given
values of p and h, the program determines whether the state point to be calculated is located
within the single phase region (liquid or superheated steam) or the wet steam region. When
the given state point is located in the wet steam region, x will be calculated, otherwise the
resultis setto x = -1

Results for wrong input values
Result x_ph_air = =1 or XPHAIR = -1 for the following input values:

P > Pep = 37.9195 bar or p < pyyjp,, = 0.024316 bar

Reference:

[1]
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Backward Function: Vapor Fraction x =f(p,s)

Function Name: X_ps_air

Subroutine with function value: REAL*8 FUNCTION XPSAIR(P,S)
Variable Types: REAL*8 P,S

Input values

P - Pressure p in bar
S - Specific entropy s in kJ/(kg-K)

Result

X_ps_air or XPSAIR — Vapor fraction x in (kg saturated steam)/(kg wet steam)

Range of validity

Temperature range: from -213.4 °C (59.75 K) to 1726.85 °C (2000 K)
Pressure range: from 0.00001 bar to 20000 bar

Details on the calculation of wet steam

The wet steam region is calculated automatically by the subprograms. Using the given
values of p and s, the program determines whether the state point to be calculated is located
within the single phase region (liquid or superheated steam) or the wet steam region. When
the given state point is located in the wet steam region, x will be calculated, otherwise the
resultis setto x = -1

Results for wrong input values

Result x_ps_air = -1 or XPSAIR = -1 for the following input values:

P > Pep = 37.9195 bar or p < pyyjp,, = 0.024316 bar

Reference:

[1]
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4. Property Libraries for Calculating Heat Cycles, Boilers,

Turbines, and Refrigerators

Water and Steam Hu

mid Combustion Gas Mixtures

Humid Air

Library LibIF97

- Industrial Formulation
IAPWS-IF97
(Revision 2007)

- Supplementary Standards

- IAPWS-IF97-S01
- IAPWS-IF97-S03rev
- IAPWS-IF97-S04
- IAPWS-IF97-S05

- IAPWS Revised Advisory
Note No. 3 on
Thermodynamic
Derivatives (2008)

N

CO, - Span and Wagner
H,O - IAPWS-95
- Span et al.

SO,, CO, Ne (scientific equations of Blicker et al.)

Dissociation from VDI 4670 and Poynting effect

Ideal gas mixture calculated from the VDI-

Library LibHuGas

Ideal mixture of the real fluids:

O, - Schmidt and Wagner
Ar - Tegeler et al.

and of the ideal gases:

Consideration of

Library LIbIDGAS

Guideline 4670

Library LibHuAir

Ideal mixture of the real fluids:

- Dry air from Lemmon et al.
- Steam and water from IAPWS-IF97

Consideration of

- Dissociation from VDI-Guideline 4670
- Poynting effect

Library LibIdAir

Ideal gas mixture calculated from

VDI-Guideline 4670

Carbon Dioxide

Ideal Gas Mixtures

Seawater

Library LibCO2

Formulation of Span and Wagner
(1994)

Hydrogen
Library LibH2

Formulation of
Leachman et al. (2007)

Helium
Library LibHe

Formulation of McCarty
and Arp (1990)

Methanol
Library LibCH3OH

Formulation of
de Reuck and Craven (1993)

Library LibldGasMix
Ideal mixture of the ideal gases:

Library LibSeaWa

IAPWS Formulation (2008)

and IAPWS-IF97

Refrigerant R134a

Ar SO, Methane
Ne H, Ethane

N> H.S Ethylene
(0]} OH Propylene
CcO He Propane
CO; F Iso-Butane
Air NHs n-Butane
NO Benzene
H,O Methanol

Library LibR134a
Formulation of

Tillner-Roth and Baehr (1994)

Refrigerant NH3

Consideration of
- Dissociation from VDI-Guideline 4670

Library LibNH3

Formulation of Tillner-Roth

(1995)

ORC Working Fluids

Mixtures for Absorption Processes

Refrigerants

Library LibMM
Siloxane CGHlsoSIZ (MM)

Formulation of Colonna et al. (2006)
Library LibD4
Siloxane CgH,40,4Siy, (D4)
Formulation of Colonna et al. (2006)

Library LibD5
Siloxane C4gH3g05Si5 (D5)

Formulation of Colonna et al. (2006)

Library LibMD4M
Siloxane C14H42058|6 (MD4M)

Formulation of Colonna et al. (2006)

Library LibAmWa
Ammonia/Water Mixtures

IAPWS Guideline 2005 of Tillner-Roth
and Friend (1998)

Helmholtz energy formulation for the
mixing term

Library LibWalLi
Water/Lithium Bromide Mixtures

Formulation of Kim and Infante Ferreira
(2004)

Gibbs energy equation for the
mixing term

Library LibPropan

Refrigerant Propane
Formulation of Lemmon
et al. (2008)
Library LibButan_lIso

Refrigerant Iso-Butane
Formulation of Buicker
et al. (2003)
Library LibButan_n

Refrigerant n-Butane

Formulation of Blicker
et al. (2003)
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42 Add-In FluidEXL for Excel®

Add-In FIUIdEES for EES®
Using the Add-In FluidEXL a direct call of the property functions

The Add-In FIuidEES allows to call the functions of the property
in Excel®is possible.

libraries within the Engineering Equation Solver EES®.

FluidEXL Graphics Eng

nsert Function Calculate Diagrams =

B Mumber Format 7 -  Math functions " EES library routines
Search for a function: " Fluid properties (+ External routines
Type a brief description of what you want to do and then Go | " Solid/liquid properties " |Boiling and Condensation +
click Go
? Function Info
Cr select a category: |Water IAPWS-IFQ7 - Adobe PDF
Carbon Dioxide LbCO2 N @ % rial -1 ggEnEEggglﬁlﬁﬂN,DLL [ 5 .
Select a Function: Gurrid & LibHuir — . ] Y Thh Yl i EES Commercial: C:'\Example_SeaWa.EES
‘” | B gli:gﬁﬂilglﬁlhw_m,nu File Edit Search Options Calculate Tables Plots windows Help E
o — AILIBA.DLL
fimmonia LIbNHZ [y T £ ‘ B T = I BGEAWA DL ; . =
MH3-HZO LibAmwa ] EICURVEFITID
g?:oxanes_gﬂ‘[‘)qm n E‘ﬂg‘f EEquations Window
iloxanes
Siloxanies_D5 = B0 "Calculating the Specific Enthalpy of Sea \Water"
_ ASHRAE-LibHUAIrProp-51 h v
h_ptz_97( pin bar(scp 4F-LibHusirProp-T0 - - " —
Specific enthalpy bin 15t ater r k‘”kg m3.l'kg = li Fl-1 Pressure pin bar
Function in FIuidEX 3248.23  0.1512 e e
3054.14 | 0.2585 =100 "Temperature fin °C
Help an this function s I e 2886.54 | 04404 #i=012 "Water mass fraction of sea saltin ko/kg"
. —— | 258027 | 1.6298
8 05 8132 | 0.9286 | 7.1290 | 2480.74 | 3.0090 CALL h_pii_Seawater(p.xih]
10 0.1 45.81 0.8640 | 7.1290 | 2258.57 | 12.6755

Function in FIUIdEES

Add-In FluidMAT for Mathcad® Add-In FluidLAB for MATLAB®

Using the Add-on FluidMAT, the functions of the The property functions can be called in MATLAB®.

property libraries can be used in Mathcad®. -loix|
Fie Edt Debug Deskiop Window Help
@K‘Atel |Bearbe|ten Angicht  Einfligen Format Extras Symbolk Fenster Hife o ﬁ‘ 4 ® o o “ o 8 ‘ ? ‘IC:\pmgrammE\FlmdLAB\UhHUM'ExamD‘E LI—I &

- F— Shorteuts (2] Howto Add (2] What's News
Dv@EISGRY| R0 | /=80 0]|[wes -] @

Current Directory - C:\Programme ' FluidLAB\LibHuAir_Example 2 % || f&)Editor - C:\Programme'\FluidLAB\LibHuAir_Example'Example_hl.. 2 x

[norma = ][anal ﬂ|1oﬂ\81g\%§%|i£%£\x‘xz‘ EEGIEY DS H| b mBo o |& ] »0ex
# [ [x= [% <2 3 ap 3i| HlE\gene site =] f’G”| Al Flles £ [File Type [ pesarition G HE B -0 +[+f1 | x[2E]|0
] hl_ptew_Hudir mexw32 MEX-Ale T Y ————
Calculation of Specific Enthalpy of Steam from IAPWS-IF97 (8] LibHu#ir. DLL File 2w
) libifcoremdd.dil DLL File A
n ] ibmmd. gl DLL File R 7l ¢ presowes in bar

. . ‘ﬂhhmmdd dil DLL File 4 — t=20; % temperature in °C

p:=10 in bar given pressure %) movc 1 dl DLL Fils 5 - xus10: % absolute humidity in gikg air
Example_hl_pbiwr_Husir m h-fils hi_ptow_HuAir.m @ ad

. . 7 — hl=hl Hud: LT,
t:=300in °C given temperature oy e it

. kg . ) }
Xi=-1 ih = vapor fraction (-1 for single phase region)

kg . sjl  Function in FluidLAB
| Werkspace | Current Directory
bm:= h_ptx_97(p,t,x) call of the function from FluidMAT Command History 2 x
%=-- 20.06.07 10:50 —-%
X kJ . Command Window 2 X
h=305170 in — result for specific enthalpy
kg hl =
. . . 45,5094
Function in FluidMAT

The following thermodynamic and transport properties can be calculated?:
Thermodynamic Properties

« Saturation pressure ps
« Saturation temperature T

Transport Properties

« Dynamic viscosity 7,
« Kinematic viscosity v

« Isobaric heat capacity c,
« Isochoric heat capacity c,

« Density p « Isentropic exponent « Thermal conductivity A

« Specific volume v « Speed of sound w « Prandtl-number Pr

« Enthalpy h « Surface tension o .

« Entropy s Thermodynamic Derivatives «T,v,s (p,h) ep, T (v,h)

«Exergy e « Partial derivatives can be calculated «T,v,h(ps)  «p,T(vu)
ep, T,v (h,s)

For information please contact:

Zittau/Goerlitz University of Applied Sciences
Department of Technical Thermodynamics
Prof. Hans-Joachim Kretzschmar

Dr. Ines Stoecker

Theodor-Koerner-Allee 16
02763 Zittau, Germany

E-mail: hj.kretzschmar@hs-zigr.de

Internet: www.thermodynamics-zittau.de
Phone: +49-3583-61-1846
Fax.: +49-3583-61-1846

1 Not all of these property functions are available in all property libraries listed before.
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6. Satisfied Customers
Date: 10/2011

The following companies and institutions use the property libraries

- FluidEXLS™"s for Excel®

- FluidLAB for MATLAB®

- FluidMAT for Mathcad®

- FIUIdEES for Engineering Equation Solver® EES
- FluidDYM for Dymola® (Modelica)

- FluidVIEW for LabVIEW®:

2011

Lopez, Munguia, Spain 10/2011
University of KwaZulu-Natal, Westville, South Africa 10/2011
Voith, Heidenheim 09/2011
SpgBe Montreal, Canada 09/2011
SPG TECH, Montreuil Cedex, France 09/2011
Voith, Heidenheim-Mergelstetten 09/2011
MTU Aero Engines, Munich 08/2011
MIBRAG, Zeitz 08/2011
RWE, Essen 07/2011
Fels, Elingerode 07/2011
Weihenstephan University of Applied Sciences 07/2011, 09/2011,

10/2011
Forschungszentrum Juelich 07/2011
RWTH Aachen University 07/2011, 08/2011
INNEO Solutions, Ellwangen 06/2011
Caliqua, Basel, Switzerland 06/2011
Technical University of Freiberg 06/2011
Fichtner IT Consulting, Stuttgart 05/2011, 06/2011,

08/2011
Salzgitter Flachstahl, Salzgitter 05/2011
Helbling Beratung & Bauplanung, Zurich, Switzerland 05/2011
INEOS, Cologne 04/2011
Enseleit Consulting Engineers, Siebigerode 04/2011
Witt Consulting Engineers, Stade 03/2011
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Helbling, Zurich, Switzerland 03/2011
MAN Diesel, Copenhagen, Denmark 03/2011
AGO, Kulmbach 03/2011
University of Duisburg 03/2011, 06/2011
CCP, Marburg 03/2011
BASF, Ludwigshafen 02/2011
ALSTOM Power, Baden, Switzerland 02/2011
Universitat der Bundeswehr, Munich 02/2011
Calorifer, Elgg, Switzerland 01/2011
STRABAG, Vienna, Austria 01/2011
TUEV Sued, Munich 01/2011
ILK Dresden 01/2011
Technical University of Dresden 01/2011, 05/2011,

06/2011, 08/2011

2010

Umweltinstitut Neumarkt 12/2010
YIT Austria, Vienna, Austria 12/2010
MCI Innsbruck, Austria 12/2010
University of Stuttgart 12/2010
HS Cooler, Wittenburg 12/2010
Visteon, Novi Jicin, Czech Republic 12/2010
CompuWave, Brunntal 12/2010
Stadtwerke Leipzig 12/2010
MCI Innsbruck, Austria 12/2010
EVONIK Energy Services, Zwingenberg 12/2010
Caliqua, Basel, Switzerland 11/2010
Shanghai New Energy Resources Science & Technology, China 11/2010
Energieversorgung Halle 11/2010
Hochschule fir Technik Stuttgart, University of Applied Sciences 11/2010
Steinmueller, Berlin 11/2010
Amberg-Weiden University of Applied Sciences 11/2010
AREVA NP, Erlangen 10/2010
MAN Diesel, Augsburg 10/2010
KRONES, Neutraubling 10/2010
Vaillant, Remscheid 10/2010
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PC Ware, Leipzig 10/2010
Schubert Consulting Engineers, Weilienberg 10/2010
Fraunhofer Institut UMSICHT, Oberhausen 10/2010
Behringer Consulting Engineers, Tagmersheim 09/2010
Saacke, Bremen 09/2010
WEBASTO, Neubrandenburg 09/2010
Concordia University, Montreal, Canada 09/2010
Compainia Eléctrica de Sochagota, Bogota, Colombia 08/2010
Hannover University of Applied Sciences 08/2010
ERGION, Mannheim 07/2010
Fichtner IT Consulting, Stuttgart 07/2010
TF Design, Matieland, South Africa 07/2010
MCE, Berlin 07/2010, 12/2010
IPM, Zittau/Goerlitz University of Applied Sciences 06/2010
TUEV Sued, Dresden 06/2010
RWE IT, Essen 06/2010
Glen Dimplex, Kulmbach 05/2010, 07/2010

10/2010
Hot Rock, Karlsruhe 05/2010
Darmstadt University of Applied Sciences 05/2010
Voith, Heidenheim 04/2010
CombTec, Zittau 04/2010
University of Glasgow, Great Britain 04/2010
Universitaet der Bundeswehr, Munich 04/2010
Technical University of Hamburg-Harburg 04/2010
Vattenfall Europe, Berlin 04/2010
HUBER Consulting Engineers, Berching 04/2010
VER, Dresden 04/2010
CCP, Marburg 03/2010
Offenburg University of Applied Sciences 03/2010
Technical University of Berlin 03/2010
NIST Boulder CO, USA 03/2010
Technical University of Dresden 02/2010
Siemens Energy, Nuremberg 02/2010
Augsburg University of Applied Sciences 02/2010
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ALSTOM Power, Baden, Switzerland 02/2010, 05/2010
MIT Massachusetts Institute of Technology Cambridge MA, USA 02/2010
Wieland Werke, Ulm 01/2010
Siemens Energy, Goerlitz 01/2010, 12/2010
Technical University of Freiberg 01/2010
ILK, Dresden 01/2010, 12/2010
Fischer-Uhrig Consulting Engineers, Berlin 01/2010
2009

ALSTOM Power, Baden, Schweiz 01/2009, 03/20009,

05/2009
Nordostschweizerische Kraftwerke AG, Doettingen, Switzerland 02/2009
RWE, Neurath 02/2009
Brandenburg University of Technology, Cottbus 02/2009
Hamburg University of Applied Sciences 02/2009
Kehrein, Moers 03/2009
EPP Software, Marburg 03/2009
Bernd Munstermann, Telgte 03/2009
Suedzucker, Zeitz 03/2009
CPP, Marburg 03/2009
Gelsenkirchen University of Applied Sciences 04/2009
Regensburg University of Applied Sciences 05/2009
Gatley & Associates, Atlanta, USA 05/2009
BOSCH, Stuttgart 06/2009, 07/2009
Dr. Nickolay, Consulting Engineers, Gommersheim 06/2009
Ferrostal Power, Saarlouis 06/2009
BHR Bilfinger, Essen 06/2009
Intraserv, Wiesbaden 06/2009
Lausitz University of Applied Sciences, Senftenberg 06/2009
Nuernberg University of Applied Sciences 06/2009
Technical University of Berlin 06/2009
Fraunhofer Institut UMSICHT, Oberhausen 07/2009
Bischoff, Aurich 07/2009
Fichtner IT Consulting, Stuttgart 07/2009
Techsoft, Linz, Austria 08/2009
DLR, Stuttgart 08/2009
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Wienstrom, Vienna, Austria
RWTH Aachen University
Vattenfall, Hamburg

AIC, Chemnitz

Midiplan, Bietigheim-Bissingen
Institute of Air Handling and Refrigeration ILK, Dresden
FZD, Rossendorf

Techgroup, Ratingen

Robert Sack, Heidelberg

EC, Heidelberg

MCI, Innsbruck, Austria
Saacke, Bremen

ENERKO, Aldenhoven

2008
Pink, Langenwang
Fischer-Uhrig, Berlin
University of Karlsruhe
MAAG, Kuesnacht, Switzerland
M&M Turbine Technology, Bielefeld
Lentjes, Ratingen

Siemens Power Generation, Goerlitz

Evonik, Zwingenberg (general EBSILON program license)

WEBASTO, Neubrandenburg
CFC Solutions, Munich

RWE IT, Essen

Rerum Cognitio, Zwickau
ARUP, Berlin

Research Center, Karlsruhe
AWECO, Neukirch

Technical University of Dresden,
Professorship of Building Services

Technical University of Cottbus,
Chair in Power Plant Engineering

Ingersoll-Rand, Unicov, Czech Republic
Technip Benelux BV, Zoetermeer, Netherlands

Fennovoima Oy, Helsinki, Finland

04/2008,

07/2008,

08/2009
09/2009
10/2009
10/2009
11/2009
11/2009
11/2009
11/2009
11/2009
11/2009
12/2009
12/2009
12/2009

01/2008
01/2008
01/2008
02/2008
02/2008
03/2008
04/2008
04/2008
04/2008
04/2008
04/2008
05/2008
05/2008
07/2008
07/2008
07/2008

10/2008

08/2008
08/2008
08/2008
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Fichtner Consulting & IT, Stuttgart 09/2008
PEU, Espenhain 09/2008
Poyry, Dresden 09/2008
WINGAS, Kassel 09/2008
TUEV Sued, Dresden 10/2008
Technical University of Dresden, 10/2008, 11/2008
Professorship of Thermic Energy Machines and Plants

AWTEC, Zurich, Switzerland 11/2008
Siemens Power Generation, Erlangen 12/2008

2007

Audi, Ingolstadt 02/2007
ANO Abfallbehandlung Nord, Bremen 02/2007
TUEV NORD SysTec, Hamburg 02/2007
VER, Dresden 02/2007
Technical University of Dresden, Chair in Jet Propulsion Systems 02/2007
Redacom, Nidau, Switzerland 02/2007
Universitat der Bundeswehr, Munich 02/2007
Maxxtec, Sinsheim 03/2007
University of Rostock, Chair in Technical Thermodynamics 03/2007
AGO, Kulmbach 03/2007
University of Stuttgart, Chair in Aviation Propulsions 03/2007
Siemens Power Generation, Duisburg 03/2007
ENTHAL Haustechnik, Rees 05/2007
AWECO, Neukirch 05/2007
ALSTOM, Rugby, Great Britain 06/2007
SAAS, Possendorf 06/2007
Grenzebach BSH, Bad Hersfeld 06/2007
Reichel Engineering, Haan 06/2007
Technical University of Cottbus, 06/2007
Chair in Power Plant Engineering

Voith Paper Air Systems, Bayreuth 06/2007
Egger Holzwerkstoffe, Wismar 06/2007
Tissue Europe Technologie, Mannheim 06/2007
Dometic, Siegen 07/2007
RWTH Aachen University, Institute for Electrophysics 09/2007
National Energy Technology Laboratory, Pittsburg, USA 10/2007
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Energieversorgung Halle 10/2007
AL-KO, Jettingen 10/2007
Grenzebach BSH, Bad Hersfeld 10/2007
Wiesbaden University of Applied Sciences, 10/2007
Department of Engineering Sciences
Endress+Hauser Messtechnik, Hannover 11/2007
Munich University of Applied Sciences, 11/2007
Department of Mechanical Engineering
Rerum Cognitio, Zwickau 12/2007
Siemens Power Generation, Erlangen 11/2007
University of Rostock, Chair in Technical Thermodynamics 11/2007, 12/2007
2006
STORA ENSO Sachsen, Eilenburg 01/2006
Technical University of Munich, Chair in Energy Systems 01/2006
NUTEC Engineering, Bisikon, Switzerland 01/2006, 04/2006
Conwel eco, Bochov, Czech Republic 01/2006
Offenburg University of Applied Sciences 01/2006
KOCH Transporttechnik, Wadgassen 01/2006
BEG Bremerhavener Entsorgungsgesellschaft 02/2006
Deggendorf University of Applied Sciences, 02/2006
Department of Mechanical Engineering and Mechatronics
University of Stuttgart, 02/2006
Department of Thermal Fluid Flow Engines
Technical University of Munich, 02/2006
Chair in Apparatus and Plant Engineering
Energietechnik Leipzig (company license), 02/2006
Siemens Power Generation, Erlangen 02/2006, 03/2006
RWE Power, Essen 03/2006
WAETAS, Pobershau 04/2006
Siemens Power Generation, Goerlitz 04/2006
Technical University of Braunschweig, 04/2006
Department of Thermodynamics
EnviCon & Plant Engineering, Nuremberg 04/2006
Brassel Engineering, Dresden 05/2006
University of Halle-Merseburg, 05/2006
Department of USET Merseburg incorporated society
Technical University of Dresden, 05/2006

Professorship of Thermic Energy Machines and Plants
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Fichtner Consulting & IT Stuttgart 05/2006
(company licenses and distribution)
Suedzucker, Ochsenfurt 06/2006
M&M Turbine Technology, Bielefeld 06/2006
Feistel Engineering, Volkach 07/2006
ThyssenKrupp Marine Systems, Kiel 07/2006
Caliqua, Basel, Switzerland (company license) 09/2006
Atlas-Stord, Rodovre, Denmark 09/2006
Konstanz University of Applied Sciences, 10/2006
Course of Studies Construction and Development
Siemens Power Generation, Duisburg 10/2006
Hannover University of Applied Sciences, 10/2006
Department of Mechanical Engineering
Siemens Power Generation, Berlin 11/2006
Zikesch Armaturentechnik, Essen 11/2006
Wismar University of Applied Sciences, Seafaring Department 11/2006
BASF, Schwarzheide 12/2006
Enertech Energie und Technik, Radebeul 12/2006
2005
TUEV Nord, Hannover 01/2005
J.H.K Plant Engineering and Service, Bremerhaven 01/2005
Electrowatt-EKONO, Zurich, Switzerland 01/2005
FCIT, Stuttgart 01/2005
Energietechnik Leipzig (company license) 02/2005, 04/2005,
07/2005
eta Energieberatung, Pfaffenhofen 02/2005
FZR Forschungszentrum, Rossendorf/Dresden 04/2005
University of Saarbruecken 04/2005
Technical University of Dresden 04/2005
Professorship of Thermic Energy Machines and Plants
Grenzebach BSH, Bad Hersfeld 04/2005
TUEV Nord, Hamburg 04/2005
Technical University of Dresden, Waste Management 05/2005
Siemens Power Generation, Goerlitz 05/2005
Duesseldorf University of Applied Sciences, 05/2005

Department of Mechanical Engineering and Process Engineering
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Redacom, Nidau, Switzerland 06/2005
Dumas Verfahrenstechnik, Hofheim 06/2005
Alensys Engineering, Erkner 07/2005
Stadtwerke Leipzig 07/2005
SaarEnergie, Saarbruecken 07/2005
ALSTOM ITC, Rugby, Great Britain 08/2005
Technical University of Cottbus, Chair in Power Plant Engineering 08/2005
Vattenfall Europe, Berlin (group license) 08/2005
Technical University of Berlin 10/2005
Basel University of Applied Sciences, 10/2005
Department of Mechanical Engineering, Switzerland

Midiplan, Bietigheim-Bissingen 11/2005
Technical University of Freiberg, Chair in Hydrogeology 11/2005
STORA ENSO Sachsen, Eilenburg 12/2005
Energieversorgung Halle (company license) 12/2005
KEMA IEV, Dresden 12/2005

2004

Vattenfall Europe (group license) 01/2004
TUEV Nord, Hamburg 01/2004
University of Stuttgart, Institute of Thermodynamics and Heat Engineering 02/2004
MAN B&W Diesel A/S, Copenhagen, Denmark 02/2004
Siemens AG Power Generation, Erlangen 02/2004
Ulm University of Applied Sciences 03/2004
Visteon, Kerpen 03/2004, 10/2004
Technical University of Dresden,

Professorship of Thermic Energy Machines and Plants 04/2004
Rerum Cognitio, Zwickau 04/2004
University of Saarbruecken 04/2004
Grenzebach BSH, Bad Hersfeld 04/2004
SOFBID zZwingenberg (general EBSILON program license) 04/2004
EnBW Energy Solutions, Stuttgart 05/2004
HEW-Kraftwerk, Tiefstack 06/2004
h s energieanlagen, Freising 07/2004
FCIT, Stuttgart 08/2004
Physikalisch Technische Bundesanstalt (PTB), Braunschweig 08/2004
Mainova Frankfurt 08/2004
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Rietschle Energieplaner, Winterthur, Switzerland 08/2004
MAN Turbo Machines, Oberhausen 09/2004
TUEV Sued, Dresden 10/2004
STEAG Kraftwerk, Herne 10/2004, 12/2004
University of Weimar 10/2004
energeticals (e-concept), Munich 11/2004
SorTech, Halle 11/2004
Enertech EUT, Radebeul (company license) 11/2004
Munich University of Applied Sciences 12/2004
STORA ENSO Sachsen, Eilenburg 12/2004
Technical University of Cottbus, Chair in Power Plant Engineering 12/2004
Freudenberg Service, Weinheim 12/2004
2003
Paper Factory, Utzenstorf, Switzerland 01/2003
MAB Plant Engineering, Vienna, Austria 01/2003
Wulff Energy Systems, Husum 01/2003
Technip Benelux BV, Zoetermeer, Netherlands 01/2003
ALSTOM Power, Baden, Switzerland 01/2003, 07/2003
VER, Dresden 02/2003
Rietschle Energieplaner, Winterthur, Switzerland 02/2003
DLR, Leupholdhausen 04/2003
Emden University of Applied Sciences, Department of Technology 05/2003
Petterssson+Ahrends, Ober-Moerlen 05/2003
SOFBID ,Zwingenberg (general EBSILON program license) 05/2003
Ingenieurbuero Ostendorf, Gummersbach 05/2003
TUEV Nord, Hamburg 06/2003
Muenstermann GmbH, Telgte-Westbevern 06/2003
University of Cali, Colombia 07/2003
Atlas-Stord, Rodovre, Denmark 08/2003
ENERKO, Aldenhoven 08/2003
STEAG RKB, Leuna 08/2003
eta Energieberatung, Pfaffenhofen 08/2003
exergie, Dresden 09/2003
AWTEC, Zurich, Switzerland 09/2003
Energie, Timelkam, Austria 09/2003
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Electrowatt-EKONO, Zurich, Switzerland 09/2003
LG, Annaberg-Buchholz 10/2003
FZR Forschungszentrum, Rossendorf/Dresden 10/2003
EnviCon & Plant Engineering, Nuremberg 11/2003
Visteon, Kerpen 11/2003
VEO Vulkan Energiewirtschaft Oderbruecke, Eisenhuettenstadt 11/2003
Stadtwerke Hannover 11/2003
SaarEnergie, Saarbruecken 11/2003
Fraunhofer-Gesellschaft, Munich 12/2003
Erfurt University of Applied Sciences, 12/2003
Department of Supply Engineering
SorTech, Freiburg 12/2003
Mainova, Frankfurt 12/2003
Energieversorgung Halle 12/2003
2002
Hamilton Medical AG, Rhaezuens, Switzerland 01/2002
Bochum University of Applied Sciences,
Department of Thermo- and Fluid Dynamics 01/2002
SAAS, Possendorf/Dresden 02/2002
Siemens, Karlsruhe 02/2002
(general license for the WinlS information system)
FZR Forschungszentrum, Rossendorf/Dresden 03/2002
CompAir, Simmern 03/2002
GKS Gemeinschaftskraftwerk, Schweinfurt 04/2002
ALSTOM Power Baden, Switzerland (group licenses) 05/2002
InfraServ, Gendorf 05/2002
SoftSolutions, Muehlhausen (company license) 05/2002
DREWAG, Dresden (company license) 05/2002
SOFBID, Zwingenberg
(general EBSILON program license) 06/2002
Kleemann Engineering, Dresden 06/2002
Caliqua, Basel, Switzerland (company license) 07/2002
PCK Raffinerie, Schwedt (group license) 07/2002
Fischer-Uhrig Engineering, Berlin 08/2002
Fichtner Consulting & IT, Stuttgart 08/2002
(company licenses and distribution)
Stadtwerke Duisburg 08/2002
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Stadtwerke Hannover 09/2002
Siemens Power Generation, Goerlitz 10/2002
Energieversorgung Halle (company license) 10/2002
Bayer, Leverkusen 11/2002
Dillinger Huette, Dillingen 11/2002
G.U.N.T. Geraetebau, Barsbuettel 12/2002
(general license and training test benches)
VEAG, Berlin (group license) 12/2002
2001
ALSTOM Power, Baden, Switzerland 01/2001, 06/2001, 12/2001
KW2 B. V., Amersfoot, Netherlands 01/2001, 11/2001
Eco Design, Saitamaken, Japan 01/2001
M&M Turbine Technology, Bielefeld 01/2001, 09/2001
MVV Energie, Mannheim 02/2001
Technical University of Dresden, Department of 02/2001
Power Machinery and Plants
PREUSSAG NOELL, Wuerzburg 03/2001
Fichtner Consulting & IT Stuttgart 04/2001
(company licenses and distribution)
Muenstermann GmbH, Telgte-Westbevern 05/2001
SaarEnergie, Saarbruecken 05/2001
Siemens, Karlsruhe 08/2001
(general license for the WinIS information system)
Neusiedler AG, Ulmerfeld, Austria 09/2001
h s energieanlagen, Freising 09/2001
Electrowatt-EKONO, Zurich, Switzerland 09/2001
IPM Zittau/Goerlitz University of Applied Sciences (general license) 10/2001
eta Energieberatung, Pfaffenhofen 11/2001
ALSTOM Power Baden, Switzerland 12/2001
VEAG, Berlin (group license) 12/2001
2000
SOFBID, Zwingenberg 01/2000
(general EBSILON program license)
AG KKK - PGW Turbo, Leipzig 01/2000
PREUSSAG NOELL, Wuerzburg 01/2000
M&M Turbine Technology, Bielefeld 01/2000
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IBR Engineering Reis, Nittendorf-Undorf

GK, Hannover

KRUPP-UHDE, Dortmund (company license)
UMAG W. UDE, Husum

VEAG, Berlin (group license)

Thinius Engineering, Erkrath

SaarEnergie, Saarbruecken 05/2000,
DVO Data Processing Service, Oberhausen
RWTH Aachen University

VAUP Process Automation, Landau
Knuerr-Lommatec, Lommatzsch

AVACON, Helmstedt

Compania Electrica, Bogota, Colombia

G.U.N.T. Geraetebau, Barsbuettel
(general license for training test benches)

Steinhaus Informationssysteme, Datteln

(general license for process data software)
1999

Bayernwerk, Munich

DREWAG, Dresden (company license)

KEMA IEV, Dresden

Regensburg University of Applied Sciences

Fichtner Consulting & IT, Stuttgart
(company licenses and distribution)

Technical University of Cottbus, Chair in Power Plant Engineering
Technical University of Graz, Department of Thermal Engineering, Austria

Ostendorf Engineering, Gummersbach

1998
Technical University of Cottbus, Chair in Power Plant Engineering

Fichtner Consulting & IT (CADIS information systems) Stuttgart
(general KPRO program license)

M&M Turbine Technology Bielefeld

B+H Software Engineering Stuttgart

Alfa Engineering, Switzerland

VEAG Berlin (group license)

NUTEC Engineering, Bisikon, Switzerland

02/2000
03/2000
03/2000
03/2000
03/2000
04/2000
08/2000
05/2000
06/2000
08/2000
09/2000
10/2000
10/2000
11/2000

12/2000

01/1999
02/1999
03/1999
04/1999
07/1999

07/1999
11/1999
12/1999

05/1998
05/1998

06/1998
08/1998
09/1998
09/1998
10/1998
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SCA Hygiene Products, Munich

RWE Energie, Neurath

Wilhelmshaven University of Applied Sciences
BASF, Ludwigshafen (group license)

Energieversorgung, Offenbach

1997
Gerb, Dresden

Siemens Power Generation, Goerlitz

10/1998
10/1998
10/1998
11/1998
11/1998

06/1997
07/1997
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