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0 Package Contents

0.1 Zip file for 32-bit MATLAB®

The following zip file is delivered for your computer running a 32-bit version of MATLAB®.

"CD_FluidLAB_LibIDGAS.zip"
Combustion Gases calculated from VDI-Guideline 4670
Including the following files:

FluidLAB_LibIDGAS_Setup.exe - Installation program for the FluidLAB Add-On
for use in MATLAB®

LibIDGAS.dII - Dynamic Link Library for ideal gas for use in
MATLAB®

FluidLAB_LibIDGAS_Docu_Eng.pdf - User’s Guide

0.2  Zip file for 64-bit MATLAB®

The following zip file is delivered for your computer running a 64-bit version of MATLAB®.

"CD_FluidLAB_LibIDGAS_x64.zip"
Combustion Gases calculated from VDI-Guideline 4670
Including the following files and folders:

Files:

Setup.exe - Self-extracting and self-installing program
for FluidLAB

FluidLAB_LibIDGAS_64.msi - Installation program for the FluidLAB Add-On
for use in MATLAB®

LibIDGAS.dII - Dynamic Link Library for ideal gas for use in
MATLAB®

FluidLAB_LibIDGAS_Docu_Eng.pdf - User’s Guide

Folders:

vcredist_x64 - Folder containing the "Microsoft Visual C++
2010 x64 Redistributable Pack"

WindowslInstaller3_1 - Folder containing the "Microsoft Windows

Installer"
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1. Property Functions
1.1 Range of Validity and Structure of the Program Library

The thermodynamic properties of combustion gas mixtures in the ideal gas state are
calculated corresponding to the

VDI Guideline 4670 [21].
The transport properties are calculated corresponding to
Brandt [15] and VDI-Warmeatlas [19].
Important property constants were taken from the compendium from Blanke [20].

The mixture can contain the following components:

Number | Component
1 Argon Ar
2 Neon Ne
3 Nitrogen N2
4 Oxygen 02
5 Carbon monoxide CO
6 Carbon dioxide CO2
7 Steam H20
8 Sulfur dioxide SO2
9 Air (dry)
10 Air nitrogen

Range of validity:
Temperature t: from -73.15 °C to 3026.85 °C
Mixture pressure p: from >0 bar to 10 (30), max 50 bar

The pressure range is limited for gases and mixtures in the ideal gas state.

For temperatures higher than 700 °C the influence of dissociation is taken into consideration.
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1.2 Property Functions for Ideal Gas Mixtures

Functional Function Name Call as Fortran Program Property or Function Unit of the Reference | Page
Dependence Result
a="f(p,t,&1...£10 or y1...y10) a_pt_id a_pt_id(p,t,type,zu(1:10)) Thermal diffusivity m2/s [15], [18] 31
cp = f(p,t,&...E10 OF yA...p10) cp_pt id cp_pt_id(p,t,type,zu(1:10)) Specific isobaric heat capacity kJ/(kg - K) [18] 3/2
cv = f(p,t,&1...£10 or Y1...y10) cv_pt_id cv_pt_id(p,t,type,zu(1:10)) Specific isochoric heat capacity kJ/(kg - K) [18] 3/3
n=1f(t&...80 or y1...yp10) Eta_t id Eta_t_id(t,type,zu(1:10)) Dynamic viscosity Pas = [15], [18] |3/4
kg/(m's)
h=1(p,t,51...£10 or y1...y10) h_pt_id h_pt_id(p,t,type,zu(1:10)) Specific enthalpy kJ/kg [18] 3/5
x=f(p,t,&1...810 or w1...p10) Kappa_pt_id Kappa_pt_id(p.t,type,zu(1:10)) | Isentropic exponent [18] 3/6
A =1(t,&1...810 or w1...y10) Lambda_t id Lambda_t _id(t,type,zu(1:10)) | Thermal conductivity W/(m - K) [15] 3/7
M =f(&1...510 or yA...y10) M_id M_id(type,zu(1:10)) Molar mass of the mixture kg/kmol [17] 3/8
v ="f(p,t,&1...£10 or w1...y10) Ny pt_id Ny _pt_id(p,t,type,zu(1:10)) Kinematic Viscosity m?/s [15], [16] 3/9
p =f(t,s,&1...£10 or yA1...p10) p_ts_id p_ts_id(t,s,type,zu(1:10)) Backward Function: Mixture pressure bar [18] 3/10
from
temperature and entropy of the mixture
p =f(tv,&1...810 or y1...y10) p_tv_id p_tv_id(t,v,type,zu(1:10)) Backward Function Mixture pressure bar Ideal gas | 3/11
from equation
temperature and specific volume
Pr=1(p,t,51...510 or y1...y10) Pr_pt_id Pr_pt_id(p,t,type,zu(1:10)) Prandti-number [15], [16] |3/12
wi = f(i,&1...£10) Psi_igas_Xsi_id Psi_igas_Xsi_id(i,Xsi(1:10)) Mole fraction of the mixture gas i from kmol/kmol Mixture 3/13
the mass fractions of all mixture gases calculation
R =f(&1...810 or w1...¢10) R_id R_id(type,zu(1:10)) Specific gas constant kJ/(kg - K) [17] 3/14
p="f(pt&1...800r y1...y10) Rho_pt_id Rho_pt_id(p,t,type,zu(1:10)) Density kg/m3 Idealgas |[3/15
equation
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Functional Function Name Call as Fortran Program Property or Function Unit of the Reference | Page

Dependence Result

s =f(p,t,&1...£10 or w1...p10) s_pt_id s_pt_id(p.t,type,zu(1:10)) Specific entropy of the mixture kJ/(kg - K) [18] 3/16

T="1(p,h,&1...£10 or y1...y10) t _ph_id t_ph_id(p,h,type,zu(1:10)) Backward Function: Temperature from °C [18] 317
pressure and enthalpy of the mixture

t=1(p,s,&1...£10 OF y1...10) t ps_id t_ps_id(p,s,type,zu(1:10)) Backward Function: Temperature from | °C [18] 3/18
pressure and entropy of the mixture

t=f(p,v,&1...£10 or y1...p10) t pv_id t _pv_id(p,v,type,zu(1:10)) Backward Function: Temperature from °C [18] 3/19
pressure and specific volume of the
mixture

u=f(p,t,&1...810 or w1...10) u_pt_id u_pt_id(p,t,type,zu(1:10)) Specific internal energy kJ/kg 3/20

v =f(p,t,1...510 or y1...y10) v_pt_id v_pt_id(p,t,type,zu(1:10)) Specific volume m%kg Ideal gas | 3/21

equation

w = f(p,t,&1...£10 or w1...y10) w_pt id w_pt_id(p,t.type,zu(1:10)) Isentropic speed of sound of the mixture [m/s [18] 3/22

&i =1(i,yn...y10) Xsi_igas_Psi_id Xsi_igas_Psi_id(i,Psi(1:10)) Mass fraction of the mixture gas i from kg/kg Mixture 3/23
the mole fractions of all mixture gases calculation

Units:

Symbol Name Unit

t Temperature °C

p Mixture pressure bar

E1...&10 Mass fractions of the components kg/kg

yi... y10 Mole fractions, volume fractions of the components kmol/kmol

type Input:

type =1 for mass fractions &1, ... £10
type = 0 for mole fractions yA, ... w10
comp(1:10) for type =1 Mass fractions &1, ... £10 kg/kg
comp(1:10) for type =0 Mole fractions y1, ... w10 kmol/kmol
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Mixture Gases:

Gas | Mixture gas

1 Argon Ar

2 Neon Ne

3 Nitrogen N2

4 Oxygen 02

5 Carbon monoxide CO

6 Carbon dioxide CO2

7 Steam H20

8 Sulfur dioxide SO2

9 Air (dry) Composition in mole fractions: 78.1109 % N2 20.9548 % O2 0.9343 % Ar
from VDI4670 [21] | Composition in mass fractions: 75.5577 % N2 23.1535 % O2, 1.2888 % Ar

10 Air nitrogen Composition in mole fractions: 98.8180 % N2 1.1820 % Ar
from Brandt [15] Composition in mass fractions: 98.3229 % N2 1.6771 % Ar

Range of Validity: Reference States: Variable Types for Function Call:

Temperature: [t=-73.15°C ... 3026.85 °C Property Gases (except steam) | Steam All functions: Double

Pressure: p = 0.01 mbar ... 50 bar Pressure 1.01325 bar 0.006112127 bar Variable p,t,v, h,s: Double
Temperature [0.0 °C 0°C Variable to [1..10] : Array of Double
Enthalpy 0 kJ/kg 2500.9342 kJ/kg Variable type,i: Integer
Entropy 0 kJ/kg K 9.15591 kJ/(kg K)

Note:

If the input values are located outside the range of validity or if they do not fit together, the chosen function to be calculated results in -1.
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2 Application of FluidLAB in MATLAB

The FIuidLAB Add-In has been developed to calculate thermodynamic properties in
MATLAB®. Within FluidLAB, it enables the direct call of functions relating to ideal gas from
the LibIDGAS property library.

2.1 Installing FluidLAB

Installing FluidLAB including LibIDGAS for 32-bit MATLAB®

This section describes the installation of FluidLAB LibIDGAS for a 32-bit version of
MATLAB®.

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_FluidLAB_LibIDGAS.zip", you will
see the folder

CD_FluidLAB_LibIDGAS
in your Windows Explorer®, Norton Commander® or another similar program you are using.

Open this folder by double-clicking on it.

In this folder you will see the following files:

FluidLAB_LibIDGAS_Docu_Eng.pdf

FluidLAB LibIDGAS Setup.exe

LibIDGAS.dII.
In order to run the installation of FluidLAB including, the LibIDGAS property library, double-
click on the file

FluidLAB_LibIDGAS_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 "Next >" button.

In the following dialog box, "Destination Location", the default path offered automatically for
the installation of FluidLAB is

C:\Program Files\FIuidLAB\LiIbIDGAS (for English version of Windows)
C:\Programme\FluidLAB\LibIDGAS (for German version of Windows)

By clicking the "Browse..." button, you can change the installation directory before
installation (see Figure 2.1).
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42 FluidLAB LibIDGAS ]

Destination Location A
(%5

Setup will inztall FluidLAB LiBIDGAS in the following folder,
Toingtall into a different folder. click Browse, and select another folder.

'ou can chooge not to install FluidLaB LibiDGAS by clicking Cancel to exit Setup.

C:AProgram Files\FluidLABSLibID GAS Browsze... |

" Drestingtion Falder

Wize Ihstallation Wizard®

¢ Back

Cancel |

L

Figure 2.1: "Destination Location"

If you wish to change directories, click the "Browse..." button and select your desired
directory. The instructions in this documentation 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
installation. The FluidLAB files are now being copied into the created directory on your hard
drive. Click the "Finish >" button in the following window to complete installation.

The installation program has copied the following files for LibIDGAS

advapi32.dll LC.dll
Dformd.dll msvcp60.dll
Dforrt.dll msvcrt.dll
INSTALL.LOG Unwise.exe
LibIDGAS.dII Unwise.ini

into the directory

C:\Program Files\FIuidLAB\LIbIDGAS (for English version of Windows)
C:\Programme\FluidLAB\LibIDGAS (for German version of Windows).

Now, you have to overwrite the file "LibIDGAS.dII" in your FluidLAB directory with the file of
the same name provided in your CD folder with FluidLAB LibIDGAS.
To do this, open the CD folder in "My Computer" and click on the file "LibIDGAS.dII" in order
to highlight it.
Then click on the "Edit" menu in your Explorer and select "Copy".
Now, open your FluidLAB directory (the standard being
C:\Program Files\FluidLAB\LibIDGAS (for English version of Windows)
C:\Programme\FluidLAB\LibIDGAS (for German version of Windows))

and insert the file "LibIDGAS.dII" by clicking the "Edit" menu in your Explorer and then select
"Paste". Answer the question whether you want to replace the file by clicking the "Yes"
button. Now, you have overwritten the file "LibIDGAS.dII" successfully and the property
functions are available in MATLAB.
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Installing FluidLAB including LibIDGAS for 64-bit MATLAB®

This section describes the installation of both FluidLAB LibIDGAS.
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_FluidLAB_LibIDGAS_x64.zip",
you will see the folder

CD_FluidLAB_LibIDGAS
in your Windows Explorer®, Norton Commander® or other similar program you are using.
Open this folder by double-clicking on it.
In this folder you will see the following files:

FluidLAB_LibIDGAS 64.msi
FluidLAB_LibIDGAS_Docu_Eng.pdf
LibIDGAS.dII
Setup.exe

and folders

/vcredist_x64
/WindowslInstaller3_1.

In order to run the installation of FluidLAB including, the LibIDGAS property library, double-
click on the file

Setup.exe.

Installation of FluidLAB LibIDGAS starts with a window noting that the installer will guide you
through the installation process. Click the "Next >" button to continue.

In the following dialog box, "Destination Location", the default path offered automatically for
the installation of FIuidLAB is

C:\Program Files\FIuidLAB\LiIbIDGAS (for English version of Windows)
C:\Programme\FluidLAB\LibIDGAS (for German version of Windows)
By clicking the "Browse..." button, you can change the installation directory before
installation (see Figure 2.2).

41 FluidLAB LibldGas 64

Select Installation Folder

The installer will install FluidLAB LibldG as B4 ta the fallowing folder.

Tainstall in this Falder, click "Mext'. Ta install bo a different falder, enter it below or click '"Browse'".

Folder:

C:\Program FileshFluidLAaBLibldG ash Browsze...

Disk Cost....

Install FluidLAB LibldGas &4 for yourself, or for anyone who uses this computer:

@ Ewenone

) Just me

Figure 2.2: "Select Installation Folder"
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Finally, click on "Next>" to continue installation; click "Next>" again in the "Confirm
Installation" window which follows in order to start the installation of FIuidLAB.

After FluidLAB has been installed, you will see the sentence "FluidLAB LibIDGAS 64 has
been successfully installed." Confirm this by clicking the "Close" button.

The installation program has copied the following files for LibIDGAS

capt_ico_big.ico libifcoremd.dll
LC.dll libiomp5md.dll
LibIDGAS.dII libmmd.dll

into the directory

C:\Program Files\FIuidLAB\LIbIDGAS (for English version of Windows)
C:\Programme\FluidLAB\LibIDGAS (for German version of Windows).

Now, you have to overwrite the file "LibIDGAS.dII" in your FluidLAB directory with the file of
the same name provided on your CD with FluidLAB.

To do this, open the CD in "My Computer" and click on the file "LibIDGAS.dII" in order to
highlight it.

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

Now, open your FluidLAB directory (the standard being

C:\Program Files\FIuidLAB\LiIbIDGAS (for English version of Windows)
C:\Programme\FluidLAB\LibIDGAS (for German version of Windows))

and insert the file "LibIDGAS.dII" by clicking the "Edit" menu in your Explorer and then select
"Paste". Answer the question whether you want to replace the file by clicking the "Yes"
button. Now, you have overwritten the file "LibIDGAS.dII" successfully and the property
functions are available in MATLAB.
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The installation programs for both the 32-bit and the 64-bit Windows version have copied the
following function files for LibIDGAS into the directory

C:\Program Files\FIuidLAB\LiIbIDGAS (for English version of Windows)
C:\Programme\FluidLAB\LibIDGAS (for German version of Windows):

- Dynamic Link Library "LibIDGAS.dII" and other necessary system DLL files.

- MATLAB®-Interface-Programme for calculable functions

a_pt_id Psi_igas Xsi_id
cp_pt_id R_id

cv_pt _id Rho_pt_id
Eta_t id s_pt_id

h_pt _id t ph_id
Kappa_pt_id t ps_id
Lambda_t id t pv_id

M_id u_pt_id

Ny pt_id v_pt_id

p_ts_id w_pt_id

p_tv_id Xsi_igas_Psi_id
Pr_pt_id

Please note that there is a difference in the file extension of the function files.

The 32-bit installation program has copied function files with the file extension
.mexw32

and the 64-bit installation program has copied function files with the file extension
.mexwo64

into your LibIDGAS directory (the standard being

C:\Program Files\FIuidLAB\LiIbIDGAS (for English version of Windows)
C:\Programme\FluidLAB\LibIDGAS (for German version of Windows)).

KCE Kretzschmar Consulting Engineers



2/6

2.2 Licensing the LibIDGAS Property Library

The licensing procedure must be carried out when the prompt message appears. In this
case, you will see the "License Information" window for LibIDGAS (see figure below).

-License Information 5[

LiblDGAS

Pleasze type in your licenze key! ? |

Cancel |

Figure 2.3: "License Information" window

Here you are asked to type in the license key which you have obtained from the
Zittau/Goerlitz University of Applied Sciences. If you do not have this, or have any questions,
you will 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:

i

5] | order to obtain a licenze for thiz product
% E pleaze contact Uz,

Product;  LiblDGAS

Contact:  Sittau/Goerlitz Universty of Applied Sciences
Faculty of Mechanical Engineering
Departrent of Technical Thermodynamics
Prof. Hanz-Joachim Eretzechmar, D, lnes Stoecker
Theodar-Koemer-dllee 16
02763 Zittaw, Germary

Phare: +43-3583-61-1846

Faw: +49-3583-61-1846
Ernail: hij.kretzzchmar@he-zigr.de
A wisw, thermodynamics-zittau, de

Figure 2.4: "Help" window

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

The "License Information" window will appear every time you use FluidLAB LibIDGAS until
you enter a license code to complete registration. If you decide not to use FluidLAB
LibIDGAS, you can uninstall the program following the instructions given in section 2.5 of
this User’s Guide.
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2.3 Example: Calculating the Enthalpy h = f(p,t,& ... &) of the
Mixture of Gas in an M-File

Now we will calculate, step by step, the enthalpy h as a function of mixture pressure p,
temperature t and a composition vector & ... & for ideal gas using FluidLAB.

Please carry out the following instructions:

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

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

- Switch into the program directory of FluidLAB in which you will find the folder
"\LibIDGAS"; in the standard case: "C:\Program Files\FluidLAB"

- Create the folder "\LibIDGAS_Example". Click "File", then click "New" in the pop-up menu
and afterwards select "Folder". Name the new folder "\LibIDGAS_Example ".

- You will see the following window:

R
File Edit ‘iew Favorites Tools Help | ;,'
@Back - gl - ? ‘ P, ! Search il.i:_::-FDIders "

Address I_? C:\Program Files\FluidLAB ﬂ Go
Folders X | Mame = | Type |

W1 LibIDGAS _Example File Folder

@ Deskbop al ®
| [ILibIDGAS File Folder

= uDl Ty Documents
= _‘5 My Computer
5 314 Floppy (4]
[=] e Local Disk (iC:)
= [25) Program Files
= 2 FluidLag
[C7) LibIDGAS
..j LibIDGAS_Ex
IC3) Temp
it CD Drive (D)

Figure 2.5: Folders "LibIDGAS" and "LibIDGAS_Example"

- Switch into the directory "\LibIDGAS" within "\FluidLAB", the
standard being:

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

File Edit View Favorites  Tools

@ LibIDGAS I

=10l x|

Help

@Back - _"J v jr

P | Search qu Folders ‘ ’

Address I.j C:YProgram Files\FluidLaBiLibIDGAS

8

Folders ® | _Mame =+ | Size | Type
@, Desktap a_pt_id.menow3z2 &6KE MEXWS3Z File
'B My Dacuments cp_pt_id. menow32 &6 KE MEXWS3Z File
= j My Compuiter cvgt_id.mexw32 6KB MEXWS3Z File
b 3% Floppy (8) [ Eta_t_id. mexwaz SKE MEXWSIZ File
5l < Local Disk (C) hJJt_id.I‘ﬂEXWSZ 6 KB  MERW3Z File
g .ﬁ Program Files E] IMNSTALL.LOG 4 kB Text Document
B ) FluidLas Kappajt_id.mexw32 6 kKE MEXW3Z Filz
&L LI0CAS Lambda_t_id.mexwm32 SKE MEXW3Z File
£ LibIDGAS_Exam .i&]LibIDG.C\S.dII 192 KB  Application Extensi
& Temp - ,ﬂ libifcoremdd. dil 640 KB  Application Extensi
2, CD Drive (D7) ,_’&_Jlibmmd.dll 2,241 KB Application Extensi
< Locsl Disk (E:) ,}:] librrndd. dll 2,797 KE  Application Extensi
I_id . mesxw3z SKE MEXW3Z Fil
.f_&] msver71d,dll 532 KB Application Extensi
My _pk_id.mexw32 6 kKE MEXW3Z Filz
p_ts_id. mexw3z &6KE MEXWS3Z File
p_bv_id. mesxw32 6KB MEXWS3Z File
Pr_pt_id mexw32 6 KB MEXWS3Z File
Psi_igas_ysi_id.mexw3z2 SKE MERW3Z File
R_id.mexw3z SKE MEXW3Z Fil
Rho_pt_id.mexw32 B KE  MEXW3Z Fil
5_pt_id.mexw32 6 kKE MEXW3Z File
t_ph_id.mexow3z &6KE MEXWS3Z File
t_ps_id.mexw32 6KB MEXWS3Z File
t_pv_id. mesxw32 6KB MEXWS3Z File
u_pt_id. mexw3z 6 KB  MERW3Z File
S unwise ExE 161 KB Application
}UNWISE.INI 1KB  Configuration Setti
v_pk_id mexw 32 GkKE MEXW3Z Filz
w_pt_id.mexw3z &6 KE MEXWS3Z File
#si_igas_Psi_id. mexw3z2 SKE MEXW3Z File
1| | |

Figure 2.6: Contents of the folder "LibIDGAS"

You will now have to copy the necessary files following into the directory
"C:\Program Files\FluidLAB\LibIDGAS_Example" in order to calculate the function

h= f(p,t,§1 §1o).

- The following files are necessary:

"h_pt_id.mexw32"
"LibIDGAS.dII"
"libifcoremdd.dll"
"libmmd.dIl"
"libmmdd.dil"
"msver71d.dll"

2/8

- Click the file "h_pt_id.mexw32", then click "Edit" in the upper menu bar and select "Copy".
- Switch into the directory "C:\Program Files\FluidLAB\LibIDGAS_Example", click "Edit" and

select "Paste".

- Repeat these steps in order to copy the other files listed above.
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- You will see the following window:

ity CD Drive (D2}

@ LibIDGAS Example 101 =]
File Edit “ew Favorites Tools Help | 1','
@ Back ~ (G - I'ﬁ' ‘ P ) search l{h_ Folders | "
fddress |=_) \Program Files\FluidLAEILIBIDGAS_Example | Go
Folders x| MName = | Size I Type
@ Desktap h_pt_id.mexw32 G kB MEXWIZ File
=~ : R :
D My Documents L\] LibIDGas.di 192 KB  Application Extension
- \jeJ libifcoremdd. dll 640 KE  Application Extension
el j My Computer \'}]I'b i - _
; 2% Floppy (A1) ‘iq;bmmd;j . 2.241 KB Applfcat!nn Extens!nn
B = Lacal Disk (C1) }] i .d L 2. 797 KB Applfcat!nn Extens!nn
=) l.:l Program Files | msyvory 1d, 532 KB Application Extension
El I3 FluidLag
[2) LbIDGAS
|2} LibIDGAS_ Example
I=) Temp

Figure 2.7: Contents of the folder "LibIDGAS_Example"

If you have installed the 64-bit version of LibIDGAS you will now have to copy the following
files into the directory "C:\Program Files\FluidLAB\LibIDGAS_Example" in order to calculate
the function h = f(p,t,& ... &o).

- The following six files are needed:
* "h_pt_id.mexw64"
«"LC.dII"
* "LibIDGAS.dII"
* "libifcoremd.dIl"
* "libiomp5.dil"
* "libmmd.dIL."
- Click the file "h_pt_id.mexw64", then click "Edit" in the upper menu bar and select "Copy."

- Switch into the directory "C:\Program Files\FIuidLAB\LibIDGAS_Example", click "Edit" and
then "Paste."

- Repeat these steps in order to copy the other files listed above. You may also select all
the above-named files and then copy them as a group (press the Control button to enable
multiple markings).

- Start MATLAB (if you did not start it before).

- Click the button marked in the following image in order to open the folder
"\LibIDGAS_Example" in the window "Current Directory".

File Edt Debug Desktop Window Help
[ = ‘ * B v o | [~ ﬁ B | ? | Current Direckary: IC:\Program Files\ MATLABLR 20060 work. ( LI Ij )
Shartcuts (2] How ko Add  [2] What's Mew

Current Directory - C:iProgram Files'\MATLABR2006b" work E -4 Command Window
ok & | @ -
IAII Files + IFiIe Type IDes:riptiUn

Figure 2.8: Selection of the working directory
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- Search and click the directory "C:\Program Files\FIuidLAB\LibIDGAS Example" in the
window which appears (see figure below).

Select a new directory

@ Desktop -~
i?:l My Documents
= ’j My Computer
_5. 315 Floppy {8:)
[=] = Local Disk (C:)
El [C3) Program Files

=1 155 FluidLAg
[C5) LibIDGAS
(&} ib1DGAS Example j
Foldar: ILibIDGP.S_ExampIe
IMake Mew Folder | (o] 4 I Cancel |
A

Figure 2.9: Choosing the "LibIDGAS_Example" folder

Confirm your selection by clicking the "OK" button.

First you need to create an M—File in MATLAB. Within MATLAB click "File", then select
"New" and afterwards click "M-File".

In case the "Editor" window appears as a separate window, you can embed it into
MATLAB by clicking the arrow (see figure below) in order to obtain a better view.

‘B Editor - Untitled x
File Edit Text Go Cell Tools Debug Desktop window Help o | A )=

IﬁuﬁZE‘)JEﬁwb%o% the 'rf:'dltﬁ \lv%ow » f ||e. Mﬂ

In the following figure you will see the "Editor - Untitled" window.
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-:__5.'; MATLAB 7.3.0 {R2006b} _||:||1|
File Edit Text Go Cell Tools Debug Deskiop ‘Window Help
0O = | 4 BB o o | | =] ﬁ B | @ |Current Directorz:lC:'l,Program Files\FluidL AB\LIbIDGAS_Exarnple LI _I
Shortcuks [2] How ko Add  [2] What's MNew
Current Directory - ...AB\LibIDGAS_E x E Editor - Untitled A X
BEck | - D E|t @0 |G des f|e ] »[07x
Al Files £ |FiIeType |Du = | *E 2 8 | = |1,g + | = |1,1 x | oo o6 | Q,
i h_pt_id. mexw32 MEfle 5 a
LﬂLileGAS.dll DLL File
'L“'Qlibifcoremdd.dll DLL File
L‘j\alibmmd.dll DLL File
L‘_}'l_]libmmdd.dll DLL File
2] rsver71d.di DLL File
TR 3
Current Directory | Warkspace |
Command History o
""" S 28080 1637 =8
Command Window A X
e
ﬂgtart| script Ln 1 col 1 [o¥R /Al

Figure 2.11: Embedded "Editor" window

- Now type the following lines in the "Editor - Untitled" window:

Text to be written:

Explanation:

% h_pt id.m file name as comment
%% paragraph separation
p=1l; % pressure in bar declaration of the

£t=100; % temperature in °C

art=1; % input values in mass fractions

variables pressure,
temperature, art and

Xi=[0 0 0 0 0 0.13 0.11 0 0 0.76] % composition | composition of mixture
29 paragraph separation
h=h pt id(p,t,art,Xi) function call

o\
o\

paragraph separation
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The program interprets the first line which starts with " % " to be a data description in

"Current Directory"

» Paragraph separations which are mandatory are being realised through " %% ". By
this, declaration of variables and calculation instructions are also being separated.

The words which are printed in green, start with " % " and stand behind the variables
are comments. In fact they are not necessary but they are reasonable for your
overview and comprehensibility.

* You have to leave out the semicolons behind the numerical values if you wish to see
the result for h and the input parameters as well.

The values of the function parameters in their corresponding units stand for:

P

(Range of validity:

(Range of validity:

(Chose between:

First operand: Value for p = 1 bar

p =0.00001 bar ... 50 bar)

Second operand: Value for t = 100 °C

=-73.15°C ... 3026.85 °C)

Third operand: Value for art = 1

art = 1 for input in mass fractions &... &
art = 0 for input in mole fractions, i.e. volume fractions
W1 ... W10)

Fourth operand: Vector for the composition & ... & (see above).

Save the "M-File" by clicking the "File" button and then click "Save As...".

The menu "Save file as:" pops up; therein the folder name "LibIDGAS_Example" must be

displayed next to "Save in:"

Next to "File name" you have to type in "Example_h_pt_id_IDGAS.m" and then click the

"Save" button.

You will see the following window:

) MATLAB 7.3.0 (R2006b)

File Edit Text Go Cell Tools Debug Deskiop ‘Window Help

=10f x|

@l é{; @ K3 | B ﬁ | ? |Current Directorx:lC:'l,Program Files\FluidLABSLIbIDGAS_Example ﬂ _I

Shortcuts [#] How ko Add (2] What's Mew

Current Directory - ..AB\LibIDGAS _Example A X =Y 4 Flui { A i 7
Bck | @B - DWE|$\@@N|§|M&@£||__, »|__|Dv
&l Files £ |FiIeType Descripl | || 457 | LEHE B | - II'D + | = 1.1 % | o off | @_
Bl h_pt_id. rexw32 ME¥-file @
Py e i : 1 5 h pt id.m
[%) LiblIDGAS, dll DLL File 5 ;% —PE
|%] libifcaremdd. dil DLL File = S g
2] librarnd. dil DLL File Pocg o pResSiEE SRl
2] librarmdd. di DLL File i °T190s 5 temperature in “C _
» werrid. dil LL File D= art=1; % input wvalues in mass fractions
q P 3 o Sl 5 Frrec
aExampIe_h_pt_ld_IDGAS.m T h_pt i [ i=[0 0 000 0.13 0.11 0 0 0.76] % composition
N 7 B
i h=h_pt_id(p_,t.,art_,Xi;|
‘I I _’I 9 B
Currenk irectory | Workspace |
Command History n X
------ %-- 28.08.07 16:37 --%

Figure 2.12: "Example_h_pt_id_IDGAS.m" M-file
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Within the window "Current Directory" the file "Example_h_pt_id_IDGAS.m" appears.

Right-click this file and click "Run" in the menu which appears

(see next figure).

ATLAE 7.3.0 {R2006b)

File Edit View Debug Desktop Window Help

=01

| Bﬁ‘| é{: E K O | w ﬁs @ | @ ‘CurrentD\rectUry:IC:\PrUgram Files\FluidLAB\LIbIDGAS _Example ;I_I

Shortcuts [#] How to Add  [#] Wwhat's Mew

A

Editor - C:\Program Files',FluidLABLibIDGAS_Example'Example_h_pt_id_IDGA.. # X

D H|t BB «|S|Aaes f|[e. -] *[O0=7x

File Type Descripl

[ Current Directary Workspacal

Command History

rgm— 28.08.07 16137 4

MEX-Ale
DLL File
DLL File
DLL File
DLL File
DLL File

Z BB B -0 [+ [+ | x |4 @

G- (AT

Cpen

View Help

2pen as Text

= T
|

Open Outside MATLAE

Import Data,..

% h pr_id.m

p=1; % pressure in bhar

t=100; % temperature in °C

art=1; % input wvalues in mass fractions

=h_pt_id(p,t,art, X1}
%

Mew
Rename
Delete

Compare Selected Files

Compare Against. ..
Source Contral

-

»

[i=[0 000D00.13 0.11 00 0.76] % composition
%

]

id Window

Cut

Copy
Paste

Skrg+ie
Strg+C
Skeg+Y

File: Filker
Add ko Path

Refresh

4 start|

Figure 2.13: Running the "Example_h_pt_id_IDGAS.m" M-file
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«):MATLAB 7.3.0 (R2006b}) (=]
File Edit Yiew Debug Deskiop Window Help
0 Dq| ‘X: ﬁ Lo} | =) ﬁ | @ |Current Directorx:lC:'l,Program FilesiFluidLAB\LibIDGAS _Example LI _I
Shortcuts [2] How to Add  [#] What's Mew
(B oA e Gk o e v PRl | | f5] Editor - C:\Program Files',FluidLAB'LibIDGAS _E le'E: le_h_pt_id_IDGA.. 2 X
Bct| D - D E| BB« |S|(des f|e. -] 207 x
AllFiles £ File Type |Descr\pl = | e = | - II.D + | - |1.1 x | 93 ot | Q
i i i
falb_pt_idl. mexw32 MEXfile 5 T — ]
_L’}]leIDGAS.dII DLL File 5 FEE
_@_]Iibifcoremdd.dll DLL File e o i
%] librnrmd. i DLL File P o Beemsting SHUES
I?] librmmdd.dil DLL File 4 £=100; % gemperature in 6
gﬂmsvcrﬂd dll DLL File 5 — art=1; % input values in mass fractions
xample h pt id IDGAS. m JUE(E hepti I £Ls00 0 00 0 0.3 0.0 00 0u%51 & composition
T %
S h=h__pt_id(_p,t,art,Xi]
=, %
4 . |
Current Directory | Workspace |
Command History A X
----- s—— 25.08.07 16:37 —-%
Command Window EI 4
0.1100 o o 0.7600 |
h =
385.3963
> -
4 start | y
2 2|

Figure 2.14: MATLAB® with calculated result

In the "Command Window" you will see the result "h = 385.3963". The corresponding unit is
kJ/kg (cp. table of the property functions in Chapter 1).

To calculate other values, you have to copy the associated mexw32 or mexw64 files as well
because MATLAB can only call functions if they are located in the "Current Directory"

window. The example calculated can be found in the directory

"C:\Program Files\FluidLAB\LibIDGAS_Example" and you may use it as a basis for further
calculations with FluidLAB.
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in the Command Window

Please follow the instructions from page 2/7 to 2/9.

Start MATLAB (if you did not start it before).

2/15

Example: Calculating the Enthalpy h = f(p,t,&1 ... &0) of the Mixture of Gas

Click the button marked in the following image in order to open the folder

"\LibIDGAS_Example" in the window "Current Directory.

File Edt Debug Desktop Window Help

«)MATLAB 7.3.0 (R2006b)

O = ‘ * B v o | b ﬁ B | ? |Currant D\ractorz:lC:\Program Files\ MATLABLR 20060 work.

Shartcuts (2] How ko Add  [2] What's Mew

Current Directory - C:iProgram Files'\MATLABR2006b" work E -4

G ck & | @B -

IAII Files + IFiIe Type IDes:riptiUn

Command Window

Figure 2.15: Selection of the working directory

Search and click the directory "C:\Program Files\FIuidLAB\LibIDGAS_Example" in the

window which appears (see figure below).

Select a new directory

@ Desktop -
ia My Docurnents
= s} My Computer
_5. 314 Floppy (4:)
= =e Local Disk (C:)
[l I3 Program Files

=I5 FluidLag
[0 LibIDGAS
s} ihIDGAS Fxample LI
Folder: ILibIDGAS_ExampIe
Make Mew Folder I oK I Cancel |
i

Figure 2.16: Choosing the "LibIDGAS_Example" folder

Confirm your selection by clicking the "OK" button.
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L MATLAB 7.3.0 (R2006h) =13l =]
File Edit Debug Desktop Window Help
0O = | é(a ﬁ L] | = ﬁ | @ | Current Directory: IC:'tPrUgram Files\FluidLAB\LIbIDGAS_Example ;I _I
Shorteuks [A] How to Add  [2] What's New
Current Directory - ...uidLAB\LIbIDGAS _E le 7 X Command YWindow A x
Ch @ | Ii i B
All Files 2 IFiIe Type Descr
ih_pt_id mexw32 MEX-file
%] LibIDGAS Il DLL File
.}] libifeoremdd. dil DLL File
[} libmmd dil DLL File
%] libmmdd.dil DLL File
%] migwce7 1 d.dll DLL File
I I
Curcent Directory | Workspate |
Command History a X
----- §-- 28.08.07 14:46 —-%
<\ start | V|

Figure 2.17: MATLAB® with necessary files

Corresponding to the table of property functions in Chapter 1 you have to call the function
"h_pt_id" as follows for calculating h = f(p,t,& ... &10):

Enter the composition vector as follows:

Press "Space" between the single values. Decimal places are entered with dot.

- Type"Xi=[000000.130.11 00 0.76]" and press the "ENTER" button.

In the following you can see the single values which the vector for the composition & ... &po

consists of:
& for Argon Ar
& for Neon Ne
& for Nitrogen N2
& for Oxygen 02
& for Carbon monoxide CO
& for Carbon dioxide CO2
& for Steam H20
& for Sulfur dioxide S02
& for Air (dry)
&0 for Air specific nitrogen

= The value 0
= The value 0
= The value 0
= The value 0
= The value 0
= The value 0.13
= The value 0.11
= The value 0
= The value 0
= The value 0.76
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- Type "h=h_pt_id(1,100,1,Xi)" within the "Command Window".

The values of the function parameters in their corresponding units stand for:
First operand: Value for p = 1 bar

(Range of validity: p =0.00001 bar ... 50 bar)
- Second operand: Value for t =100 °C
(Range of validity: t=-73.15°C ... 3026.85 °C)
- Third operand: Value for art = 1
(Chose between: art = 1 for input in mass fractions &... &
art = 0 for input in mole fractions, i.e. volume fractions
W1 ... W10)

Fourth operand: Vector for the composition & ... &0 (see above).

- Confirm your entry by pressing the "ENTER" button.

- You will see the following window:

<)k MATLAB 7.3.0 (R2006b) I [=[B3]

File Edit Debug Deskiop window Help

| @| & B o o | 1~ ﬂ? | @ |Current Directorz:lC:'l,Program Files\FluidLABILibIDGAS_Example LI _I
Shortcuks [#] How to Add  [#] What's Mew

Current Directory - ..uidLABLIbIDGAS Example A X | (KEGUEDG RSO LI A X
Ii‘i*?@|@' > Xi=[0 0 00 O 0.13 0.11 0 O 0.76]
All Files 2 |File Tvpe |Descr
Falh_pt_id mexw32 MEX-file &2
!_’SLibIDGAS.dII DLL File
2] libifeoremdd. di DLL File Columns 1 through &
(%) librmmd.dll DLL File
2] librarndd. i DLL File 0 g o o o 0.1300
%) msver7 1d.dll DLL File
Columns 7 through 10
0.1100 ] a] 0.7600
»»> h=h pt_id({1,100,1,Xi}

K] i -7
Current Directary | Workspace | h =
Command History " X 385.3063
B-%-- 28.08.07 14346 --%

~¥i=[0 0 0 0 0 0.13 0.11 0 0 0.76] .

“oh=h pt_id(1,100,1,¥i)
ﬂgtart| DYR, 2

Figure 2.18: MATLAB® with calculated result

In the "Command Window" you will see the result "h = 385.3963". The corresponding unit is
kJ/kg (cp. table of the property functions in Chapter 1).

To calculate other values, you have to copy the associated mexw32 or mexw64 files into the
working directory as well because MATLAB can only call functions if they are located in the
"Current Directory" window.
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2.4 Using FluidLAB with SIMULINK

To use the functions of FluidLAB with the simulation program SIMULINK you have to start
SIMULINK in MATLAB® by clicking on Simulink in the upper menu bar shown in Figure 2.19.

=4 = B g | HE Lz, New Variabie |5 Analyze Code & (2 (% Community
ﬂ’}h =y |:I‘_I‘I ol [ZJ Find Files J\} (I} " E i@} Preferences LJ% \2)
L1 Open Variable {7 Run and Time = Request Support
New New New  Open l_I:'_‘ Compare  Import Save Layout r& Seat Path Add-Ons. Help —
Script Live Script « - 4 Data Workspace [=7 Clear Workspace ~ [ Clear Commands - - *  [E] Learn MATLAB
FILE VARIABLE CODE SIMULINK ENVIRONMENT RESOURCES
<S> EEE
Current Folder @ | Command Window

Name Jx >

Figure 2.29: Starting Simulink

Then choose a blank model or a simulation in which you would like to use FluidLAB. Now
you need to add a MATLAB function block that you can find in the library browser shown in

Figure 2.20.

View Display Diagra

[ untivea |

® | [Pafuntitied \

& TN [ B = |
o 28 Simulink Library r [ = J
— =] function - v A -
= Simulink/User-Defined Functions
= 4 Simulink
(ES Commonly Used Blocks
Continuous
O Dashboard
Discontinuities Initialize Function
Discrete

Logic and Bit Operations
Lookup Tables u 4 b
Math Operations fen

Model Verification Interpreted MATLAB  Level-2 MATLAB  MATLAB Function
Model-Wide Utilities Function S-Function

Ports & Subsystems

Signal Attributes 4 0
Signal Routing Spakom ayalem P 3 system
Sinks

Sources MATLAB System S-Function S-Function Builder

User-Defined Functions

b Addiional Math & Discrete PP _,Tu_ @ terminate
HDL Coder Examples

Simuiink 3D Animation
> Simulink Coder S-Function Examples  Simulink Function  Terminate Function
> Simulink Bdras

Statefiow

Recently Used

Figure 2.20: Simulink library browser and choosing a MATLAB Function

By dragging and dropping you can drag a Simulink block in your model. The function needs
inputs and output that you can find in the Simulink library browser under sources and sinks.
For this example constants were taken for the inputs and a display block were taken for

outputting.
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28 Simulink Library Browser E=RE .

% uncion B e

©

Bang-Limited cnirp Signal Clock
‘White Noise

Model n
u Model-Wide Utilities
daia_ten Signal Attributes
D User-Defined Functions
> Additional Math & Discrete

HDL Coder
> simuiink 3D Animation
> Simuink Coder

Signal Editor Signal sine Wave

Figure 2.21: Inputs and outputs of the example

Now you have to link inputs and outputs to the MATLAB function block. By pressing and
holding the left mouse button on the arrow of a block, you can draw a line and drag it to the
MATLAB function block. With this method you can link all blocks together.

-]

Figure 2.22: Linking blocks in Simulink

You can define the value of a constant block by double-click on them. If you want to
calculate the example use the values you can find in section 2.3. With a double-click on the
MATLAB function block you can define the function in MATLAB®. The following source code
is for the example calculation and the table below describes the source code closer. You can
adapt these few lines to call all other function of FluidLAB.

function h = fcn(p, t, x)
coder.extrinsic ('addpath') ;
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coder.extrinsic('h pt id");
addpath ('C:\Program Files\FluidLAB\LibID"') ;
h = h pt id(p,t,x);

Matlab source code Explanation

function h = fcn(p, t, x) function header, you can define the function
name and the inputs like p, t and x of the
example

coder.extrinsic ('addpath') ; necessary to add a path

coder.extrinsic('h pt id'"); Choose the function name of the FluidLAB
function

addpath ('C:\Program Add the installation path of FluidLAB

Files\FluidLAB\LibID");

h = h pt id(p,t,x); Linking the FluidLAB function to the
MATLAB function block

You can copy and paste the sourcecode in MATLAB® or write it into the MATLAB® editor.
The simulation will start by clicking the run button in Matlab or Simulink and you can see the
example in the display block of the simulation which is shown in figure 2.23.

View Display Diagram Simulation Analysis Code

-3 CeRe M ME=R

tled \

gols Help

@ T 10.0 Normal

100

pressure

400

=
b

3097
s fen

temperature enthalpie

-1

phase region

Figure 2.23: Starting the simulation and result of the calculation

Your result is may an other than shown in figure 2.23. If you want to calculate the example
please use the values from section 2.3.

2.5 Removing LibIDGAS in FluidLAB

To remove the LibIDGAS property library from your hard disk drive in Windows®, click "Start"
in the Windows® task bar, select "Settings" and click "Control Panel".

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

In the list box of the "Add or Remove Programs" window that appears select
"FluidLAB LibIDGAS" by clicking on it and click the "Change/Remove" button.

In the following dialog box click "Automatic" and thereafter click the "Next>" button.
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Confirm the following menu "Perform Uninstall" by clicking the "Finish" button.

Finally, close the windows "Add or Remove Programs" and "Control Panel" windows.
Now, FluidLAB has been removed.

If there is no other library than LibIDGAS installed then the directory "FluidLAB" will be
removed as well.
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2  Application of FluidLAB in MATLAB®

The FIuidLAB Add-In has been developed to calculate thermodynamic properties in
MATLAB® more conveniently. Within MATLAB® it enables the direct call of functions from the
LibIDGAS calculation library.

2.1 Installing FluidLAB including LibIDGAS

This Section describes the installation of FIuidLAB including the LibIDGAS property library.
After you have downloaded and extracted the zip-file

CD_FIluidLAB_LibIDGAS.zip (32 bit version)
or

CD_FIluidLAB_LibIDGAS_x64.zip (64 bit version)
you will see the folder

CD_FIluidLAB_LibIDGAS\ (32 bit version)
or

CD_FIluidLAB_LibIDGAS_x64\ (64 bit version)

in your Windows Explorer®, Norton Commander® or other program you are using.
Open this folder by double-clicking on it.

In this folder you will see the following files:
FluidLAB _LibIDGAS Setup.msi (for 32-bit installation)
FluidLAB_LibIDGAS 64 Setup.msi (for 64-bit installation)
FluidLAB_LibIDGAS_Docu_Eng.pdf
LibIDGAS.dII.
setup.exe

In order to run the installation of FluidLAB including the LibIDGAS calculation library, double-
click on the file

setup.exe.
If an error message from C++ appears, please double click the file
FluidLAB LibIDGAS_ Setup.msi (for 32-bit installation)
or

FluidLAB_LibIDGAS 64 Setup.msi (for 64-bit installation)
for the installation.
In the following dialog box, "Destination Location", the default path offered automatically for
the installation of FluidLAB is
C:\Program Files (x86)\FIuidLAB\LibIDGAS\  (for 32-bit installation)
or
C:\Program Files\FIuidLAB\LibIDGAS\ (for 64-bit installation).
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But, this offered path could cause problems with user rights and thus prevent the installation.
Therefore, an example path

D:\Example\
is used in the following explanations, which is located on a drive that does not contain the
Windows installation.
By clicking the "Browse..." button, you can change the installation directory before
installation (see Figure 2.1).

Note:
_____ ”in the following Figures stands for the Library you are
installing or have installed. In this case it is the LibIDGAS library.

15 FluidLAB Lib_____ Setup - x
. O
Select Installation Folder — —
"Ni
The installer will install FluidlLAB Lib_____ Setup to the following folder.

Toinztall in thig folder, click "Mext”. To install to a different folder. enter it below or click "Browse'".

Folder:
D:\Exampleh, Browse. ..
Dizk Cost...
Install Fuid LAB Lib_—__ Setup for yourself, or for anyone who uses this computer:
(®) Evemyone
() Just me

Cancel < Back

Figure 2.1: "Destination Location"

After you have chosen your desired installation path leave this window by clicking the
"Next >" button.

The dialog window "Start Installation" pops up.

Click the "Next >" button to continue installation. The FluidLAB files are now being copied
into the created directory on your hard drive.

Click the "Finish >" button in the following window to complete installation.
The installation program has copied the following files into the chosen \LibIDGAS\ directory:
LibIDGAS.dII,

LC.dll,
libifcoremd.dll,
libiomp5md.dll,
Libmmd.dlIl.
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In addition, there are specific files for all functions
*.mexw32 (for 32-bit version)

or
*.mexw64 (for 64-bit version).

The names of these functions are listed in Section 1.

Note:

To use the FluidLAB library LibIDGAS you can simply copy all delivered files into your
MATLAB project folder or link the installation path to your project. How to add a path to your
MATLAB project is described below in Section 2.4.

Now, you have to overwrite the file "LibIDGAS.dII" in your created \LibIDGAS\ directory with
the file of the same name provided in the delivered CD. The directory is either

C:\Program Files (x86)\FIuidLAB\LibIDGAS (for 32-bit installation)
or

C:\Program Files\FluidLAB\LibIDGAS (for 64-bit installation)
or the directory you have specified, e.g.

D:\Example\.

Now, the LibIDGAS property functions are available in MATLAB®.
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2.2 Licensing the LibIDGAS Property Library

The licensing procedure must be carried out when the prompt message appears. In this
case, you will see the "License Information" window for LibIDGAS (see Figure below).

r |
=E License Information ﬁ

Fleaze type in pour license keyl ?

|
Cahcel

Figure 2.2: "License Information" window

Here you are asked to type in the license key. If you do not have this, or have any questions,
you will 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:

B Help 52

[u] It order to obtain a license for thiz product
% E pleaze contact s,

Product:  Lib____

Contact:  KCE-ThermoFluidProperties
Frof. Dr. Hans-Joachim Kretzschmar,
Dr.- Ing. . Eunick
Dr.-Ing. 5. Herrmann
W allotsty. 3
01307 Drezden, Germany

Phaone: +43-351-27597860

Fau: +43-3222-10336810
E mail: infot@thermofluidprop. com
LAY wany. thermofluidprop. com

Figure 2.3: "Help" window

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

The "License Information" window will appear every time you use FluidLAB LibIDGAS until
you enter a license code to complete registration. If you decide not to use FluidLAB
LibIDGAS, you can uninstall the program following the instructions given in section 2.5 of
this User’s Guide.
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2.3 Example Calculation

Now we will calculate, step by step, an example of a function to show how to use use
FluidLAB mit the LibIDGAS library.

In the following we use the recommanded folder D:\Example\.
Note:

Of course, any other folder in which the LibIDGAS files are stored will also work, for example
your current MATLAB® project directory.

Please carry out the following instructions:

- Start MATLAB® and choose your FluidLAB folder with the library LibIDGAS files in the
upper directory bar of MATLAB® (shown in Figure 2.4, marked with 1).

- Now we create a new MATLAB® file to write our example calculation script. Click on the
symbol shown in Figure 2.4, marked with 2.

- We have to save the file and give it a name. In our example we use “example.m” as the
file name. To save click on the symbol shown in Figure 2.4, marked with 3.

- Type the following lines into the "example.m" window:
The code is also shown in Figure 2.4, marked with 4.

Text to be written: Explanation:

% h_pt_id.m file name as comment

%% paragraph separation

p=1; % pressure in bar

t=100; % temperature in °C declaration of the variables
art=1; % input values in mass fractions pressure, temperature, art and
Xi=[0 0 0 0 0 0.13 0.11 0 0 0.76] % composition of mixture
composition

%% paragraph separation

h=h pt_id(p,t,art,Xi) function call

%% paragraph separation

- To calculate the example press F5 on your keyboard or click on the symbol shown in
Figure 2.4, marked with 5.

- In the "Command Window" you will see the result "h = 385.3963", marked with 6 in Figure
2.4. The corresponding unit is kd/kg (see table of the property functions in Chapter 1).
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5)
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G S I search Documentation
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o

1 L] Find Files Insert 51 fx gl = [ =] o= I
S = 3 ; :‘J ~ ; Iu;l LgL |2 Run Section \l‘))
I | - - nt %,
New | Open Save (i Comps fiole Sl /o. B @l Breakpoints Run Runand [SL Advance Run and
- - * = Print { Find = £ wf & > - Advance Time
FILE I‘_IA'»'_\GLTE / EE?\T EREM_(E\?_:‘_.'T_S_ '-'__UN “
e HaA b D: » Example Q0
Current Folder [G B Editor - D:\Example\example.m Workspace O
Name || Name Value
:J a_pt_id.mexwbd ~ bj = :
EE| capt_ico_big.ico h.J h 385.3980
4] cp_pt_id.mexwtd H p 1
_‘j ov_pt_id.mexwdd ti:it 100
<] Eta_t id.mexwsd FH Xi [0,0,0,0,0,0.1300,0.110...

“| example.m
ﬂ h_pt_id.mexwbd
) Kappa_pt_id.mexwb4

LA h=h pt id(p,t,art, Xi)
4] Lambda_t_id.mexwbd s 2% —PE_ P
[ LC.dll 3 =
LibIDGAS.dII
| libifcoremd.dil
4| libiomp3md.dil
libmmd.dll
4] M_id.mexwsd
L&) Mot i poavnid Y
Details v
Command Window ®
MNew to MATLAB? See resources for Getting Started. x
~
Select a file to view details h =
385.3980 /@
Fe > v

UTF-8 script

Ln 10

Col 1

Figure 2.4: Example calculation in MATLAB®

Remarks:

The program interprets the first line which starts with " % " to be a data description in

"Current Directory"

Paragraph separations which are mandatory are being realised through " %%". By

this, declaration of variables and calculation instructions are also being separated.

The words which are printed in green, start with " % " and stand behind the variables
are comments. In fact they are not necessary but they are reasonable for your

overview and comprehensibility.

the result for h and the input parameters as well.
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The values of the function parameters in their corresponding units stand for:

First operand: Value for p = 1 bar

(Range of validity: p =0.00001 bar ... 50 bar)
- Second operand: Value for t =100 °C
(Range of validity: =-73.15°C ... 3026.85 °C)
- Third operand: Value for art = 1
(Chose between: art = 1 for input in mass fractions &... &o
art = 0 for input in mole fractions, i.e. volume fractions
W1 ... W10)

Fourth operand: Vector for the composition & ... & (see above).
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2.4 Using FluidLAB with SIMULINK

To use the functions of FluidLAB with the simulation program SIMULINK you have to start
SIMULINK in MATLAB® by clicking on Simulink in the upper menu bar shown in Figure 2.5.

HOME
= = L ey [ HE Lz, New Variable: |.sf Analyze Code & (%) (% Community
= LE 1- L [ Find Files J‘} L& . : E {0} Preferences [.% 2
14z Open variable {7 Run and Time = Request Support
New New New Open |- Compare Import Save Layout 'Sl set Path Add-Ons  Help —
Script  Live Script =+ - 4 Data Workspace [/ Clear Workspace ¥ [ Clear Commands - - »  [E] Learn MATLAB
FILE VARIABLE CODE SIMULINK ENVIRONMENT RESOURCES

<c>mET &
Current Folder

Narne J 5>

@

Command Window

Figure 2.5: Starting Simulink

Then choose a blank model or a simulation in which you would like to use FluidLAB. Now
you need to add a MATLAB function block that you can find in the library browser shown in
Figure 2.6.

| untitied ]

® |[Pauntitied \
08 Simulink umM

@ function - - - &

‘Simulink/User-Defined Functions

B UES

4 Simulink
Commenly Used Blocks
Continuous
Dashboard
Discontinuities
Discrete
Logic and Bit Operations
Lookup Tables
Math Operations
Model Verification Interpreted MATLAB  Level-2 MATLAB  MATLAB Function
Model-Wide Utilities Function S-Function
Ports & Subsystems
Signal Attributes 4 =
Signal Routing il p 3 system
Sinks
Sources MATLAB System S-Function s-Function Buiider
User-Defined Functions

: HéJLACddllmnal Math & Discrete e V:T‘M © terminate
ey Examples
Simuiink 3D Animation

> Simulink Coder S-Function Examples  Simulink Function ~ Terminate Function

> Simulink Extras
Stateflow
Recently Used

1

O

Initialize Function

. 4 b

fen

Figure 2.6: Simulink library browser and choosing a MATLAB Function

By dragging and dropping you can drag a Simulink block in your model. The function needs
inputs and output that you can find in the Simulink library browser under sources and sinks.
For this example constants were taken for the inputs and a display block were taken for

outputting.
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LB Simulink Library Browser [=[@] =]

< ncion Bl =

Simulink/Sources

4 Simulink

lath Operat
D “ 1 @ o e
asia icn

Signal Attributes

Repeating Repeating Signal Builder
=

Sequence Sequence
Interpolated stair

Figure 2.7: Inputs and outputs of the example

Now you have to link inputs and outputs to the MATLAB function block. By pressing and
holding the left mouse button on the arrow of a block, you can draw a line and drag it to the
MATLAB function block. With this method you can link all blocks together.

] b y I
3
]

Figure 2.8: Linking blocks in Simulink

You can define the value of a constant block by double-click on them. If you want to
calculate the example use the values you can find in Section 2.3. With a double-click on the
MATLAB function block you can define the function in MATLAB®. The following source code
is for the example calculation and the table below describes the source code closer.

You can adapt these few lines to call all other function of FluidLAB:

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



function h = fcn(p, t, x)
coder.extrinsic ('addpath') ;
coder.extrinsic('h pt id");
addpath ('D: \Example') ;

h = coder.nullcopy(zeros(size(1l))):;
h = h_pt_id(p,t,x);

Matlab source code

2/10

Explanation

function h = fcn(p, t, x)

function header, you can define the
function name and the inputs like p, t
and x of the example

coder.extrinsic ('addpath') ;

necessary to add a path

coder.extrinsic('h pt id");

Choose the function name of the
FluidLAB function

addpath ('D:\Example') ;

Add the installation path of FluidLAB

h = coder.nullcopy(zeros(size(1l))); | Declaration of the output value h and
filling it with zeros
h = h pt id(p, t,x); Linking the FluidLAB function to the

MATLAB function block

Your can copy and paste the sourcecode in MATLAB® or write it into the MATLAB® editor.
The simulation will start by clicking the run button in Matlab or Simulink and you can see the
example in the display block of the simulation which is shown in Figure 2.23.

View Display Diagram Simulation Analysis Code gols Help

' %E@vv@ < @' 10.0 Normal
tled \
100
pressure
P
400 ot “ h > 3097
L B fen
temperature enthalpie
-1
phase region

Figure 2.9: Starting the simulation and result of the calculation

Your result is may an other than shown in Figure 2.9. If you want to calculate the example

please use the values from section 2.3.

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



2.5 Removing FluidLAB including LibIDGAS

To remove the LibIDGAS property library from your hard disk drive in Windows®, click
"Start" in the Windows® task bar, select "Settings" and click "Control Panel".

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

In the list box of the "Add or Remove Programs" window that appears select
"FluidLAB LibIDGAS" by clicking on it and click the "Change/Remove" button.

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

Now, FluidLAB has been removed.

KCE-ThermoFluidProperties, Prof. Dr. Hans-Joachim Kretzschmar
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3 Program Documentation

Thermal Diffusivity a = f(p,t,&,...&¢ OF ¥yq...40)

Function Name: a_pt_id
Subprogram with value of the function: REAL*8 FUNCTION A_PT_ID(P,T,ART, ZU)
for the call out of Fortran REAL*8 P, T, COMP(0:10)
INTEGER*4 ART
Subprogram with parameter: INTEGER*4 FUNCTION C_A_PT_ID(A,P,T,ART, ZU)
for the call out of the DLL REAL*8 A, P, T, ZU(0:10)
INTEGER*4 C_APT_ID, ART
Input Values:
p - Mixture pressure p in bar
t - Temperature tin °C
type = 1 for composition in mass fractions &
= 0 for composition in mole fractions y
comp(1:10) - Composition in mass fractions &;...& in kg/kg for type = 1
- Composition in mole fractions w4... 4o in kmol/kmol for type = 0
Result:
a_pt_id, a - Thermal diffusivity a in m?/s

Range of Validity:
Mixture pressure p: from 0.01 mbar to 50 bar

Temperature t: from -73.15 °C to 3026.85 °C
Comments:

Thermal diffusivity a=

p'Cp

Results for wrong input values:

a pt id,a=-1

References:
Unsaturated and saturated humid air:
A corresponding to Brandt [15]
Cp corresponding to VDI 4670 [21]

P for ideal gas mixture
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Specific Isobaric Heat Capacity ¢, = f(p,t,5;...£19 OF wy...49)

Function Name: cp_pt_id
Subprogram with value of the function: REAL*8 FUNCTION CP_PT_ID(P,T,ART, COMP)
for the call out of Fortran REAL*8 P, T, COMP(0:10)

INTEGER*4 ART

Subprogram with parameter: INTEGER*4 FUNCTION C_CP_PT_ID(CP,P,T,ART, COMP)
for the call out of the DLL REAL*8 CP, P, T, COMP(0:10)
INTEGER*4 C_APT_ID, ART

Input Values:
p - Mixture pressure p in bar
t - Temperature tin °C
type =1 for composition in mass fractions &
=0 for composition in mole fractions i/
comp(1:10) - Composition in mass fractions &...&;o in kg/kg for type = 1
- Composition in mole fractions w4... w4 in kmol/kmol for type = 0
Result:

cp_pt_id, cp - Specific isobaric heat capacity in kJ/(kg K)

Range of Validity:
Mixture pressure p: from 0.01 mbar to 50 bar

Temperature t: from -73.15 °C to 3026.85 °C
Comments:

Model of ideal mixture in consideration of dissociation above 500°C and y; 5 > 0.1

Results for wrong input values:

cp_pt id, cp = -1

References:

Cp corresponding to VDI 4670 [21]
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Specific Isochoric Heat Capacity ¢, = f(p,t,&,...&0 OF ¥y...qp)

Function Name: cv_pt_id
Subprogram with value of the function: REAL*8 FUNCTION CV_PT_ID(P,T,ART, COMP)
for the call out of Fortran REAL*8 P, T, COMP(0:10)

INTEGER*4 ART

Subprogram with parameter: INTEGER*4 FUNCTION C_CV_PT_ID(CV,P,T,ART, COMP)
for the call out of the DLL REAL*8 CV, P, T, COMP(0:10)
INTEGER*4 C_APT_ID, ART

Input Values:
p - Mixture pressure p in bar
t - Temperature tin °C
type =1 for composition in mass fractions &
=0 for composition in mole fractions iy
comp(1:10) - Composition in mass fractions ¢&...&o in kg/kg for type = 1
- Composition in mole fractions 4... w4 in kmol/kmol for type = 0
Result:

cv_pt _id, cv - Specific isobaric heat capacity in kJ/(kg K)

Range of Validity:

Mixture pressure p: from 0.01 mbar to 50 bar

Temperature t: from -73.15 °C to 3026.85 °C
Comments:
c,=¢c,—-R

Results for wrong input values:

cv_pt id, cv =-1

References:

Unsaturated and saturated humid air:

c corresponding to VDI 4670 [21]

D
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Dynamic Viscosity n = f(t,&4...&419 OF ¥q...¥49)

Function Name: Eta_t_id
Subprogram with value of the function: REAL*8 FUNCTION ETA_T_ID(P,T,ART, COMP)
for the call out of Fortran REAL*8 T, COMP(0:10)

INTEGER*4 ART

Subprogram with parameter: INTEGER*4 FUNCTION C_ETA_T_ID(ETA,T,ART, COMP)
for the call out of the DLL REAL*8 ETA, T, COMP(0:10)
INTEGER*4 C_APT_ID, ART

Input Values:
t - Temperature tin °C
type =1 for composition in mass fractions &
=0 for composition in mole fractions iy
comp(1:10) - Composition in mass fractions ¢&;...&o in kg/kg for type = 1
- Composition in mole fractions yy... w4 in kmol/kmol for type = 0
Result:

Eta_t id, eta - Dynamic viscosity in Pa s

Range of Validity:
Temperature t : from -73.15 °C to 3026.85 °C
Comments:

Calculation from Brandt - Model of ideal mixture

Results for wrong input values:
Eta_t id, Eta=-1

References:

Unsaturated and saturated humid air:
n corresponding to Brandt [15]
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Specific Enthalpy h = f(p,t,&,...&¢ OF ¥q...wqp)

Function Name: h_pt_id
Subprogram with value of the function: REAL*8 FUNCTION H_PT_ID(P,T,ART, COMP)
for the call out of Fortran REAL*8 P, T, COMP(0:10)

INTEGER*4 ART

Subprogram with parameter: INTEGER*4 FUNCTION C_H_PT_ID(H,P,T,ART, COMP)
for the call out of the DLL REAL*8 H, P, T, COMP(0:10)
INTEGER*4 C_APT _ID, ART

Input Values:
p - Mixture pressure p in bar
t - Temperature tin °C
type =1 for composition in mass fractions &
=0 for composition in mole fractionsy
comp(1:10) - Composition in mass fractions &;...& in kg/kg for type = 1
- Composition in mole fractions w4... w4g in kmol/kmol for type = 0
Result:

h_pt_id, h - Specific enthalpy in kJ/kg

Range of Validity:
Mixture pressure p: from 0.01 mbar to 50 bar

Temperature t: from -73.15 °C to 3026.85 °C
Comments:

Model of ideal mixture in consideration of dissociation above 500 °C and yy 5 >0.1
Results for wrong input values:

h_pt_id, h =-1000

References:
h corresponding to VDI 4670 [21]
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Isentropic Exponent « = f(p,t,&;...&1 OF wq...1/10)

Function Name: Kappa_pt_id
Subprogram with value of the function: REAL*8 FUNCTION KAPPA_PT_ID(P,T,ART, COMP)
for the call out of Fortran REAL*8 P, T, COMP(0:10)
INTEGER*4 ART
Subprogram with parameter: INTEGER*4 FUNCTION
for the call out of the DLL C_KAPPA_PT_ID(KAPPA,P,T,ART,COMP)

REAL*8 KAPPA, P, T, COMP(0:10)
INTEGER*4 C_APT_ID, ART

Input Values:
p - Mixture pressure p in bar
t - Temperature tin °C
type =1 for composition in mass fractions &
=0 for composition in mole fractionsy
comp(1:10) - Composition in mass fractions &...& in kg/kg for type = 1
- Composition in mole fractions 4... y4g in kmol/kmol for type = 0
Result:

Kappa _pt_id, Kappa - Isentropic exponent

Range of Validity:

Mixture pressure p: from 0.01 mbar to 50 bar

Temperature t : from -73.15 °C to 3026.85 °C
Comments:
c
Kappa x=—2
¢, -R

Results for wrong input values:

Kappa_pt _id, Kappa = -1

References:

Unsaturated and saturated humid air:

c corresponding to VDI 4670 [21]

)
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Thermal Conductivity 4 = f(t,&;...&9 Or vq...¥1p)

Function Name: Lambda_t_id
Subprogram with value of the function: REAL*8 FUNCTION LAMBDA_T_ID(T,ART, COMP)
for the call out of Fortran REAL*8 T, COMP(0:10)

INTEGER*4 ART

Subprogram with parameter: INTEGER*4 FUNCTION C_LAMBDA_T_ID(LAMBDA, T,ART,ZU)
for the call out of the DLL REAL*8 LAMBDA, T, COMP(0:10)
INTEGER*4 C_APT_ID, ART

Input Values:
t - Temperature tin °C
type =1 for composition in mass fractions &
=0 for composition in mole fractionsy
comp(1:10) - Composition in mass fractions &...& in kg/kg for type = 1
- Composition in mole fractions 4... 4o in kmol/kmol for type = 0
Result:

Lambda_t_id, Lambda - Thermal conductivity in W/(m K)

Range of Validity:
Temperature t: from -73.15 °C to 3026.85 °C
Comments:

Calculation from Brandt - Model of ideal mixture

Results for wrong input values:
Lambda_t id, Lambda = -1

References:

Unsaturated and saturated humid air:
A corresponding to Brandt [15]
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Molar Mass M = f(&,...&,q OF y;...40)

Function Name: M_id
Subprogram with value of the function: REAL*8 FUNCTION M_ID(ART, COMP)
for the call out of Fortran REAL*8 COMP(0:10)
INTEGER*4 ART
Subprogram with parameter: INTEGER*4 FUNCTION C_M_ID(M,ART, COMP)
for the call out of the DLL REAL*8 M, COMP(0:10)
INTEGER*4 C_APT_ID, ART
Input Values:
type =1 for composition in mass fractions &
=0 for composition in mole fractions iy
comp(1:10) - Composition in mass fractions ¢&;...&o in kg/kg for type = 1
- Composition in mole fractions wy... w4 in kmol/kmol for type = 0
Result:

M_id, M - Molar mass in kg/kmol

Comments:

Calculation from Blanke

Results for wrong input values:
M_id, M = -1

References:

M corresponding to Blanke [20]
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Kinematic Viscosity v = f(p,t,&;...&0 OF Wq...¥q0)

Function Name: Ny _pt_id
Subprogram with value of the function: REAL*8 FUNCTION NY_PT_ID(P,T,ART, COMP)
for the call out of Fortran REAL*8 P, T, COMP(0:10)

INTEGER*4 ART

Subprogram with parameter: INTEGER*4 FUNCTION C_NY_PT_ID(CV,P,T,ART, COMP)
for the call out of the DLL REAL*8 NY, P, T, COMP(0:10)
INTEGER*4 C_APT_ID, ART

Input Values:
p - Mixture pressure p in bar
t - Temperature tin °C
type =1 for composition in mass fractions &
=0 for composition in mole fractions iy
comp(1:10) - Composition in mass fractions ¢&...&o in kg/kg for type = 1
- Composition in mole fractions 4... w4g in kmol/kmol for type = 0
Result:

Ny pt _id, Nue - Kinematic viscosity in m?2/s

Range of Validity:
Mixture pressure p: from 0.01 mbar to 50 bar

Temperature t: from — 73.15 °C to 3026.85 °C

Comments:

Kinematic viscosity
Results for wrong input values:
Ny _pt_id, Ny = -1

References:

Unsaturated and saturated humid air:
n corresponding to Brandt [15]
p for ideal gas mixture
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Backward Function: Pressure p = f(t,s,&;...&9 OF ¥q...4p)

Function Name: p_ts_id
Subprogram with value of the function: REAL*8 FUNCTION P_TS_ID(T,S,ART, COMP)
for the call out of Fortran REAL*8 T, S, COMP(0:10)

INTEGER*4 ART

Subprogram with parameter: INTEGER*4 FUNCTION C_P_TS_ID(P,T,S,ART, COMP)
for the call out of the DLL REAL*8 P, T, S, COMP(0:10)
INTEGER*4 C_APT_ID, ART

Input Values:
t - Temperature tin °C
s - Specific Entropy in kJ/(kg K)
type =1 for composition in mass fractions &
=0 for composition in mole fractions i
comp(1:10) - Composition in mass fractions &;...&o in kg/kg for type = 1
- Composition in mole fractions y... w4 in kmol/kmol for type = 0
Result:

p_ts_id, p - Mixture pressure in bar

Range of Validity:

Temperature t : from — 73.15 °C to 3026.85 °C
Entropy s: from — 2.3771 kJ/(kg K) to 9.7061 kJ/(kg K)
Comments:

- Model of ideal mixture in consideration of dissociation above 500 °C
- Iteration of p from s = f(p,t,(1:10))

Results for wrong input values:

p_ts id, p = -1

References:
s corresponding to VDI 4670 [21]
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Backward Function: Pressure p = f(t,v,&,...& OF ¥y...¥40)

Function Name: p_tv_id
Subprogram with value of the function: REAL*8 FUNCTION P_TV_ID(T,V,ART, COMP)
for the call out of Fortran REAL*8 T, V, COMP(0:10)
INTEGER*4 ART
Subprogram with parameter: INTEGER*4 FUNCTION C_P_TV_ID(P,T,V,ART, COMP)
for the call out of the DLL REAL*8 P, T, V, COMP(0:10)
INTEGER*4 C_APT_ID, ART
Input Values:
v - Specific volume v in m3¥kg
t - Temperature tin °C
type =1 for composition in mass fractions &
=0 for composition in mole fractions iy
comp(1:10) - Composition in mass fractions ¢&...&o in kg/kg for type = 1
- Composition in mole fractions w4... w4g in kmol/kmol for type = 0
Result:

p_tv_id, v - Mixture pressure in bar

Range of Validity:

Temperature t : from — 73.15 °C to 3026.85 °C
Specific volume v: from 5.1 m3/kg to 2.9 109 m3/kg
Comments:
R-T
p=—-"
v

Results for wrong input values:

p_tv id,p=-1

KCE Kretzschmar Consulting Engineers



3/13

|PRANDTL-Number Pr = f(p,t,&;...E9 OF Wy...w71p)

Function Name: Pr_pt_id
Subprogram with value of the function: REAL*8 FUNCTION PR_PT_ID(P,T,ART, COMP)
for the call out of Fortran REAL*8 P, T, COMP(0:10)

INTEGER*4 ART

Subprogram with parameter: INTEGER*4 FUNCTION C_PR_PT_ID(PR,P,T,ART, COMP)
for the call out of the DLL REAL*8 PR, P, T, COMP(0:10)
INTEGER*4 C_APT_ID, ART

Input Values:
p - Mixture pressure p in bar
t - Temperature tin °C
type =1 for composition in mass fractions &
=0 for composition in mole fractions i
comp(1:10) - Composition in mass fractions &;...&o in kg/kg for type = 1
- Composition in mole fractions y... w4 in kmol/kmol for type = 0
Result:

Pr_pt id, Pr - PRANDTL-Number

Range of Validity:
Temperature t: from — 73.15 °C to 3026.85 °C

Mixture pressure p: from 0.01 mbar to 50 bar

Comments:
PRANDTL-number

Results for wrong input values:
Pr_pt_id, Pr=-1

References:

Unsaturated and saturated humid air:

A corresponding to Brandt [15]

n corresponding to Brandt [15]

Cp corresponding to VDI 4670 [21]
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Mole Fraction y; = f(i,&,...&)

Function Name: Psi_igas_Xsi_id
Subprogram with value of the function: REAL*8 FUNCTION PSI_IGAS_ID(IGAS, COMP)
for the call out of Fortran REAL*8 IGAS, COMP(0:10)

INTEGER*4 ART

Subprogram with parameter: INTEGER*4 FUNCTION C_PSI_IGAS_ID(PSI,IGAS, COMP)
for the call out of the DLL REAL*8 PSI, IGAS, COMP(0:10)
INTEGER*4 C_APT_ID, ART

Input Values:

i - Gas number

comp(1:10) - Composition in mass fractions &;...&o in kg/kg for type = 1
Result:

Psi_igas_Xsi_id, Psi - Mole fraction in kmol/kmol

Comments:

, R
Calculation: v, = i

SER)

Results for wrong input values:

Psi_igas_Xsi_id, Psi = -1

KCE Kretzschmar Consulting Engineers
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Specific Gas Constant R = f(&;...&¢ or w4...40)

Function Name: R_id

Subprogram with value of the function: REAL*8 FUNCTION R_ID(ART, COMP)

for the call out of Fortran REAL*8 COMP(0:10)
INTEGER*4 ART

Subprogram with parameter: INTEGER*4 FUNCTION C_R_ID(R,ART, COMP)

for the call out of the DLL REAL*8 R, COMP(0:10)
INTEGER*4 C_APT_ID, ART

Input Values:
type =1 for composition in mass fractions &
=0 for composition in mole fractions iy
comp(1:10) - Composition in mass fractions ¢&;...&o in kg/kg for type = 1
- Composition in mole fractions wy... w4 in kmol/kmol for type = 0
Result:

R _id, R - Specific gas constant in kJ/(kg K)

Comments:

Calculation: R=) (£ R)

1

- Vi
2 (g)

R

Results for wrong input values:
R id, R = -1

KCE Kretzschmar Consulting Engineers
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Density p = f(p,t,&;...59 OF wq...10)

Function Name: Rho_pt_id
Subprogram with value of the function: REAL*8 FUNCTION RHO_PT_ID(P,T,ART, COMP)
for the call out of Fortran REAL*8 P, T, COMP(0:10)

INTEGER*4 ART

Subprogram with parameter: INTEGER*4 FUNCTION C_RHO_PT_ID(RHO,P,T,ART,COMP)
for the call out of the DLL REAL*8 RHO, P, T, COMP(0:10)
INTEGER*4 C_APT_ID, ART

Input Values:
p - Mixture pressure p in bar
t - Temperature tin °C
type =1 for composition in mass fractions &
=0 for composition in mole fractions iy
comp(1:10) - Composition in mass fractions &...&o in kg/kg for type = 1
- Composition in mole fractions 4... w4 in kmol/kmol for type = 0
Result:

Rho_pt_id, Rho - Density in kg/m>

Range of Validity:
Mixture pressure p: from 0.01 mbar to 50 bar

Temperature t: from -73.15 °C to 3026.85 °C
Comments:
Calculation: p= _P_
R-T
Results for wrong input values:
Rho_pt_id, Rho = -1

KCE Kretzschmar Consulting Engineers
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Specific Entropy s = f(p,t,&;...&49 OF wq...w4q)

Function Name: s_pt_id
Subprogram with value of the function: REAL*8 FUNCTION S_PT_ID(P,T,ART, COMP)
for the call out of Fortran REAL*8 P, T, COMP(0:10)

INTEGER*4 ART

Subprogram with parameter: INTEGER*4 FUNCTION C_S_PT_ID(S,P,T,ART, COMP)
for the call out of the DLL REAL*8 S, P, T, COMP(0:10)
INTEGER*4 C_APT_ID, ART

Input Values:
p - Mixture pressure p in bar
t - Temperature tin °C
type =1 for composition in mass fractions &
=0 for composition in mole fractionsy
comp(1:10) - Composition in mass fractions &...& in kg/kg for type = 1
- Composition in mole fractions w4... w4g in kmol/kmol for type = 0
Result:

s_pt_id, s - Specific entropy in kd/(kg K)

Range of Validity:
Mixture pressure p: from 0.01 mbar to 50 bar

Temperature t ; from -73.15 °C to 3026.85 °C
Comments:

Model of ideal mixture in consideration of dissociation above 500 °C and y} 5 >0.1

Results for wrong input values:
s _pt_id, s =-1000

References:
s corresponding to VDI 4670 [21]

KCE Kretzschmar Consulting Engineers
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Backward Function: Temperature t = f(p,h,&,...&, OF wy...40)

Function Name: t_ph_id
Subprogram with value of the function: REAL*8 FUNCTION T_PH_ID(P,H,ART, COMP)
for the call out of Fortran REAL*8 P, H, COMP(0:10)

INTEGER*4 ART

Subprogram with parameter: INTEGER*4 FUNCTION C_T_PH_ID(T,P,H,ART, COMP)
for the call out of the DLL REAL*8 T, P, H, COMP(0:10)
INTEGER*4 C_APT_ID, ART

Input Values:
p - Mixture pressure p in bar
h - Enthalpy h in kJ/kg
type =1 for composition in mass fractions &
=0 for composition in mole fractions i/
comp(1:10) - Composition in mass fractions ¢&...&o in kg/kg for type = 1
- Composition in mole fractions y... w4 in kmol/kmol for type = 0
Result:

t ph_id, t - Temperature in °C

Range of Validity:
Mixture pressure p: from 0.01 mbar to 50 bar

Enthalpy h: from —135.6 kJ/kg to 4100 kJ/kg

Comments:
Iteration of t from h =1 (p, t, (1:10))

Results for wrong input values:
t ph_id, t=-1000

References:
h corresponding to VDI 4670 [21]

KCE Kretzschmar Consulting Engineers
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Backward Function: Temperature t = f(p,s,&;...&19 Or w4...10)

Function Name: t_ps_id
Subprogram with value of the function: REAL*8 FUNCTION T_PS_ID(P,S,ART, COMP)
for the call out of Fortran REAL*8 P, S, COMP(0:10)

INTEGER*4 ART

Subprogram with parameter: INTEGER*4 FUNCTION C_T_PS_ID(T,P,S,ART, COMP)
for the call out of the DLL REAL*8 T, P, S, COMP(0:10)
INTEGER*4 C_APT_ID, ART

Input Values:
p - Mixture pressure p in bar
S - Entropy s in kJ/(kg K)
type =1 for composition in mass fractions &
=0 for composition in mole fractionsy
comp(1:10) - Composition in mass fractions &...& in kg/kg for type = 1
- Composition in mole fractions w4... w4g in kmol/kmol for type = 0
Result:

t ps_id,t - Temperature in °C

Range of Validity:
Mixture pressure p: from 0.001 bar to 50 bar
Enthalpy s: from —2.377 kJ/(kg K) to 9.706 kJ/(kg K)

Comments:

Iteration of t from s = f (p,t,(1:10))

Results for wrong input values:
t ps_id, t=-1000

References:
s corresponding to VDI 4670 [21]

KCE Kretzschmar Consulting Engineers
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Backward Function: Temperature t = f(p,v,&,...&0 OF ¥q...¥40)

Function Name: t_pv_id
Subprogram with value of the function: REAL*8 FUNCTION T_PV_ID(P,V,ART, COMP)
for the call out of Fortran REAL*8 P, V, COMP(0:10)

INTEGER*4 ART

Subprogram with parameter: INTEGER*4 FUNCTION C_T_PV_ID(T,P,V,ART, COMP)
for the call out of the DLL REAL*8 T, P, V, COMP(0:10)
INTEGER*4 C_APT_ID, ART

Input Values:
p - Mixture pressure p in bar
v - Specific volume v in m3/kg
type =1 for composition in mass fractions &
=0 for composition in mole fractions i/
comp(1:10) - Composition in mass fractions ¢&...&o in kg/kg for type = 1
- Composition in mole fractions y... w4 in kmol/kmol for type = 0
Result:

t pv_id,t - Temperature in °C

Range of Validity:

Mixture pressure p: from 0.01 mbar to 50 bar
Specific volume v: from 5.1 m3/kg to 2.9 109 m3/kg
Comments:
p-v

Calculation: T=——
R

Results for wrong input values:
t pv_id, t =-1000

KCE Kretzschmar Consulting Engineers
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Specific Internal Energy u = f(p,t,&,...&0 OF Wq...¥q0)

Function Name: u_pt_id
Subprogram with value of the function: REAL*8 FUNCTION U_PT_ID(P,T,ART, COMP)
for the call out of Fortran REAL*8 P, T, COMP(0:10)

INTEGER*4 ART

Subprogram with parameter: INTEGER*4 FUNCTION C_U_PT_ID(U,P,T,ART, COMP)
for the call out of the DLL REAL*8 U, P, T, COMP(0:10)
INTEGER*4 C_APT_ID, ART

Input Values:
p - Mixture pressure p in bar
t - Temperature tin °C
type =1 for composition in mass fractions &
=0 for composition in mole fractionsy
comp(1:10) - Composition in mass fractions &...& in kg/kg for type = 1
- Composition in mole fractions w4... w4g in kmol/kmol for type = 0
Result:

u_pt_id, u - Specific internal energy in kd/kg

Range of Validity:

Mixture pressure p: from 0.01 mbar to 50 bar

Temperature t : from —73.15 °C to 3026.85 °C
Comments:
Calculation: u=h(p,t (1:10)-R-T

Results for wrong input values:
u_pt id, u=-1000

References:
h corresponding to VDI 4670 [21]

KCE Kretzschmar Consulting Engineers
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Specific Volume v =f(p,t,5;...519 OF y4...y740)

Function Name: v_pt_id
Subprogram with value of the function: REAL*8 FUNCTION V_PT_ID(P,T,ART, COMP)
for the call out of Fortran REAL*8 P, T, COMP(0:10)

INTEGER*4 ART

Subprogram with parameter: INTEGER*4 FUNCTION C_V_PT_ID(V,P,T,ART, COMP)
for the call out of the DLL REAL*8 V, P, T, COMP(0:10)
INTEGER*4 C_APT_ID, ART

Input Values:
p - Mixture pressure p in bar
t - Temperature tin °C
type =1 for composition in mass fractions &
=0 for composition in mole fractions i/
comp(1:10) - Composition in mass fractions ¢&...&o in kg/kg for type = 1
- Composition in mole fractions y... w4 in kmol/kmol for type = 0
Result:

v_pt _id, v - Specific volume in m3/kg

Range of Validity:

Mixture pressure p: from 0.01 mbar to 50 bar
Temperature ¢ : from —73.15 °C to 3026.85 °C
Comments:
Calculation: v =mT
p

Results for wrong input values:

v_pt id, v="-1

KCE Kretzschmar Consulting Engineers
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Isentropic Speed of Sound w = f(p,t,&,...£,¢ Or wq...1/10)

Function Name: w_pt_id
Subprogram with value of the function: REAL*8 FUNCTION W_PT_ID(P,T,ART, COMP)
for the call out of Fortran REAL*8 P, T, COMP(0:10)

INTEGER*4 ART

Subprogram with parameter: INTEGER*4 FUNCTION C_W_PT_ID(W,P,T,ART, COMP)
for the call out of the DLL REAL*8 W, P, T, COMP(0:10)
INTEGER*4 C_APT _ID, ART

Input Values:
p - Mixture pressure p in bar
t - Temperature tin °C
type =1 for composition in mass fractions &
=0 for composition in mole fractionsy
comp(1:10) - Composition in mass fractions &...& in kg/kg for type = 1
- Composition in mole fractions w4... 4o in kmol/kmol for type =0
Result:
w_pt_id,w - Isentropic speed of sound in m/s

Range of Validity:

Mixture pressure p: from 0.01 mbar to 50 bar

Temperature t : from —=73.15 °C to 3026.85 °C
Comments:
Calculation: w = Rn-T-cp
ce— R,

cp = f(p, t, (1:10) )

Results for wrong input values:

w_pt_id, w=-1
References:
Cp corresponding to VDI 4670 [21]

KCE Kretzschmar Consulting Engineers
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|Mass Fraction & = (i, yq...wqq)

Function Name: Xsi_igas_Psi_id
Subprogram with value of the function: REAL*8 FUNCTION XSI_IGAS_ID(IGAS, COMP)
for the call out of Fortran REAL*8 IGAS, COMP(0:10)

INTEGER*4 ART

Subprogram with parameter: INTEGER*4 FUNCTION C_XSI_IGAS_ID(XSI,IGAS, COMP)
for the call out of the DLL REAL*8 XSI, IGAS, COMP(0:10)
INTEGER*4 C_APT_ID, ART

Input Values:

[ - Gas number

comp(1:10) - Composition in mole fractions w4... w4 in kmol/kmol for type = 0
Result:

Xsi_igas_Psi_id, Xsi - Mass fraction in kg/kg

Comments:
D M)

Results for wrong input values:

Calculation: & =

Xsi_igas_Psi_id, Xsi = -1

KCE Kretzschmar Consulting Engineers
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KCE-ThermoFluidProperties
www.thermofluidprop.com

Property Libraries for Calculating Heat Cycles, Boilers, Turbines and Refrigerators

Water and Steam

Library LibIF97

* Industrial Formulation

Supplementary Standards
- IAPWS-IF97-S01

- IAPWS-IF97-S03rev

- IAPWS-IF97-S04

- IAPWS-IF97-S05
IAPWS Revised

Advisory Note No. 3

on Thermodynamic
Derivatives (2008)

Carbon Dioxide
Including Dry Ice

Library LibCO2
Formulation of Span and Wagner (1996)

Seawater

Library LibSeaWa
IAPWS Industrial Formulation 2013

Ice

Library LibICE

Ice from IAPWS-06, Melting and
sublimation pressures from IAPWS-
08, Water from IAPWS-IF97, Steam

from IAPWS-95 and -IF97

Refrigerants

Ammonia
Library LibNH3
Formulation of Tillner-Roth et al. (1993)
R134a
Library LibR134a

Formulation of
Tillner-Roth and Baehr (1994)

Iso-Butane
Library LibButane_Iso

Formulation of
Buicker and Wagner (2006)

n-Butane
Library LibButane_n

Formulation of
Biicker and Wagner (2006)

Library LibSBTL_IF97
Library LibSBTL_95

IAPWS-IF97 (Revision 2007) Extremely fast property calculations
according to the
IAPWS Guideline 2015
Spline-based Table Look-up Method
(SBTL)
applied to the
Industrial Formulation IAPWS-IF97
and to the
Scientific Formulation IAPWS-95

for Computational Fluid Dynamics and

simulating non-stationary processes

Humid Combustion Gas Mixtures

» Poynting effect

Ideal Gas Mixtures

Library LibldGasMix

Model: Ideal mixture of the ideal gases:

Ar NO He Propylene
Ne H,O F, Propane
N, SO, NH, Iso-Butane
0O, H, Methane n-Butane
CO H,S Ethane Benzene
CO, OH Ethylene Methanol
Air

Consideration of:
» Dissociation from the VDI Guideline 4670

Library LibIDGAS

Model: Ideal gas mixture
from VDI Guideline 4670

Consideration of:
* Dissociation from the VDI Guideline 4670

Mixtures for Absorption Processes

Ammonia/Water Mixtures

Library LibAmWa

IAPWS Guideline 2001
of Tillner-Roth and Friend (1998)

Helmholtz energy equation for the mixing term
(also useable for calculating the Kalina Cycle)

Water/Lithium Bromide Mixtures
Library LibWalLi

Formulation of Kim and Infante Ferreira (2004)
Gibbs energy equation for the mixing term

Library LibHuGas
Model: Ideal mixture of the real fluids:
CO, - Span, Wagner  H,O - IAPWS-95
O, - Schmidt, Wagner N, - Span et al.
Ar - Tegeler et al.
and of the ideal gases:

SO,, CO, Ne
(Scientific Formulation of Blicker et al.)

Consideration of:
 Dissociation from VDI 4670

Humid Air

Library LibHuAir
Model: Ideal mixture of
the real fluids:

* Dry air from Lemmon et al.

» Steam, water and ice from
IAPWS-IF97 and
IAPWS-06

Consideration of:

» Condensation and freezing
of steam

» Dissociation from VDI 4670

» Poynting effect from
ASHRAE RP-1485

Humid Air

Library
ASHRAE LibHuAirProp
Model: Virial equation from ASHRAE
Report RP-1485 for real mixture of
the real fluids:
- Dry air
- Steam
Consideration of:

» Enhancement of the partial
saturation pressure of water vapor
at elevated total pressures

www.ashrae.org/bookstore

Dry Air
Including Liquid Air
Library LibRealAir

Formulation of Lemmon et al. (2000)

Liquid Coolants

Liquid Secondary Refrigerants
Library LibSecRef

Liquid solutions of water with
C,HsO,  Ethylene glycol
C;HgO, Propylene glycol
C,HsOH  Ethanol
CH;OH  Methanol
C;HgO;  Glycerol

K,CO4 Potassium carbonate
CaCl, Calcium chloride
MgCl, Magnesium chloride
NaCl Sodium chloride

C,H;KO, Potassium acetate
CHKO, Potassium formate
LiCl Lithium chloride
NH; Ammonia

Formulation of the International Institute
of Refrigeration (IIR 2010)
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Nitrogen and Oxygen
Ethanol Siloxanes as ORC Working Fluids gL'b _ yg
Library LibC2H50H ibraries

Formulation of Octamethylcyclotetrasiloxane CgH,40,Si, Library LibD4 LibN2 and LibO2
Schroeder (2012) Formulations of Span et al. (2000)

Decamethylcyclopentasiloxane C49H3005Si5 Library LibD5 and Schmidt and Wagner (1985)

Tetradecamethylhexasiloxane C44H,,05Sig Library LibMD4M

Methanol Hexamethyldisiloxane CgH,30Si, Library LibMM Hydrogen
Library LibCH3OH Formulation of Colonna et al. (2006) Library LibH2
Formulation of Formulation of
de Reuck and Craven (1993) Dodecamethylcyclohexasiloxane C4,H304Sig Library LibD6 Leachman et al. (2009)

Decamethyltetrasiloxane C49H305Si, Library LibMD2M
Dodecamethylpentasiloxane C45H360,Si5 Library LibMD3M

Propane Helium
Library LibPropane Octamethyltrisiloxane  CgH,40,Si; Library LibMDM Library LibHe
Formulation of Formulation of Colonna et al. (2008) Formulation of
Lemmon et al. (2009) Arp et al. (1998)
Hydrocarbons
Decane C.gH,, Library LibC10H22 . .
lsopentane CsHy, Library LibC5H12_1SO For more information please contact:

Neopentane CjzH,;, Library LibC5H12_NEO
Isohexane CgH,, Library LibC6H14
Toluene C;Hg Library LibC7H8

Formulation of Lemmon and Span (2006) Wallotstr. 3

KCE-ThermoFluidProperties UG (limited liability) & Co. KG
Professor Hans-Joachim Kretzschmar

Further Fluids 01307 Dresden, Germany

Carbon monoxide CO Library LibCO
Hydrogen sulfide H,S Library LibH2S Phone: +49-351-27597860
Nitrous oxide N20 Library LibN20 Moblle +49_172_7914607

Acetone C3HgO Library LibC3H60

Formulation of Lemmon and Span (2006)

Internet: www.thermofluidprop.com

The following thermodynamic and transport properties can be calculated?:

Thermodynamic Properties Transport Properties Backward Functions Thermodynamic Derivatives
» Vapor pressure pg * Dynamic viscosity 7 * T,v, s(p,h) « Partial derivatives can be

» Saturation temperature T, » Kinematic viscosity v * T,v,h(p,s) calculated.

* Density p * Thermal conductivity 4 *p, T, v (h,s)

« Specific volume v * Prandtl number Pr * p, T(v,h)

» Enthalpy h *p, T(v,u)

* Internal energy u

* Entropy s

* Exergy e

* Isobaric heat capacity c,
* Isochoric heat capacity ¢,
« Isentropic exponent «

» Speed of sound w

« Surface tension o 2 Not all of these property functions are available in all property libraries.

www.thermofluidprop.com
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Property Software for Calculating Heat Cycles, Boilers, Turbines and Refrigerators

Add-In FluidEXLEaP"es for Excel®

P Diogram for Wt T . IAPWS-IFB?* =)
. —— pressure p in MPa —— specific volume v in mkg
SUM - K  Jx| =h_ptx_97(AS;B5;C5) (:.:hoosmg a propel:ty enthalpy h in kd/kg — vapor fraction x
A 8 c D T E T F library and a function
1 Calculating an isentropic expansion | - . . J // / /
z D, J] Displaying the calculated T ~
e a -
3 p T X s l h ‘ d values in diagrams / |
4 _ bar c kglkg kJ”LQKﬁ kJikg [ﬂﬂ_ Type a brief description of what you want to do and then dick G / /
s| 20 400 -1 : (A5;B5,C5) 5o
6 10 — Or select a ategory: | Water IAPWS-IF97 B = / /
s 0 e - ) | - X
8 1 h_ptx_97 le_ptx_tu_97 s %
9| 0,5 pinbar (A5 E3) wﬁm;t;;_s; O 7
n_01 L 3 L ——— i y /
xinkahg [csl = |Kappa_ptx_97 | ;

1 |Lambda_ptx_97 \"y/‘( \L \\ b a
2 |Nue_ptx_97 =4 SR B T % A3 /

Spediic enthalpy hin k. h_ptx_97( pin bar; tin °C x in ko/kg) = . —— =4 LB S
5 | xinkofkg Vapor fraction Spedfic enthaboy hinlokg. P t “‘2%%
L | i T &
15 | Formula result = 3248,23 T __ATA L 2
1 || Hete-entons funcien R e 2 o o 4
17 = p— Help on this funcbon E} |r4- ’“2 = — + e A et :

Menu for the input of given property values T _ speciic entropy s in kJikg K)

Add-In FluidMAT for Mathcad® Add-In FluidLAB for MATLAB®
The property libraries can be used in Mathcad®. Using the Add-In FluidLAB the
property functions can be called in MATLAB®.

¥ File Edit View Inset Format Tools Symbolics Window Help

—r =
File Edt Debug Desktop Window Help
F;:::;v; fceoorv - F:;C;:;M = D@ & BB o o |8 B 7 | [croramerdsisar_xame =
B § 105 Pa mius F;t mﬂ etk :u_ug;_w Shorteuks (2] How to Add (2] What's Mew
= 110" erpolation and Prediction 5
35 E ka‘ g Current Directory - C:\Programme’FluidLAB\LibHudir_Example 7 X | | fE] Editor - C\Programme’\FluidL AB\LibHuAir_Example’Example_hl.. 2 X
wbrPoz | ppa_phx_ =
p = 10-bar Log and Exponentel bmbda_ptx_97 Er@|5' Dl imEo «|S(#afe -] »0=]=x
Lookup nue_ptx_97
‘ Number Theory/Combinatorics +| [p_hso7 £ [l Files 2 [Fie Type [escription 2| BB B -F0 |+ |=F = &0
Blnrduadesi Pt bt} (BT hi_ptsow_Hudbir mesew32 MEX-file q SR T ]
El hot Ip, & ) 5] LibHuir il DLL Fils | -
Specific enthalpy h in k)/kg from pressure p in bar, temperature t n °C and vapor - L’-ﬂ libifcoremndd. dll DLL File N S
fraction x i ka/ko - 2 ibmma.dl DLL File Z ”’16 ¥ pressure in har o
2] libramdd. DLL File i A -
L@ | (o J [ msen Cance, %] mever71d.dil DLL File R RO e AL A SR R R ) S A A
[ Exarple_hl_ptxw_HuAir.m -file hi_ptsew_HuAir.rm i £
At !ﬂl:hl_vptxmvﬁullr(p,t,xmj
@ A= 2 <F 3028 ® | [ysee 7] e .
ber = 110°Pa  *Co=1 KT = 10007 - = Function call
i Workspace | Current Directary B
p = 10-bar t=300°C  x: Command History 2 x of FluidLAB
e 0RO 10550 —¥
t X
h=hpwon B L _*_|Y 7 X
‘ bar "°C’ [ n\ kg "
| L ki
) \ Function call 15,5084
>
of FluidMAT
4 start | Clck and drag to move Command History... )

Add-On FluidVIEW for LabVIEW™ Add-In FluidDYM for DYMOLA® (Modelica) and SimulationX®
The property functions can be calculated in LabVIEW ™. The property functions can be called in DYMOLA® and SimulationX®.

Fle Edt Simulston Flot Animation Commands Windowr Help

SEHQAS B NEIOVAI-’ 2

Package Brawser

A B £ v

S fluidDYM_LibSeaWa_Input in FluidDYM_SeaWa.TestMa. .

Fath LibRealAir.dll

Iﬁ. D:\Eigene Dateien), | =

@

Packages
€M odelica Reference
([PHodelica

Speific isobaric heat capaci
ib\FuidVIEW\ LibRealAir llb\ cp_ptx_air.vi] (4€

o\ General | Add madifers |

Pressure p in bar

) Path LibRealAlr.di [4] D S e
. i N. fuidD M _LibS es'w/a_Input
o410 N Pressl;"e Pl"j bacl' Eﬂ = (] FlidhYM_Seawa ame [t _7‘2_27_”.?“—1‘ »
. 'emperature t in Comment
Temperature t in °C N N B (Jinterfaces > "
" Vapor fraction x in kg/kg [2] ]
20 Error in (no error) [3] FlidD'YM_LibSeaws_Input O VM_Lioseaia_meut b | o2 e
TR hd Path  FlidDYM_Seaba FhidDYM_LibSeawa_lnput

Comment

Scanrange
L Be Vo, @ 52K D | oMY [t o_sis v
hgm?
r | hLpKiSedwa b
Path LibRealAir.dil L hsl_pstsisl_Seawa :Eam‘

[ & suchen] hey_pstsisl Seaa ]

e ———————— ——— fluidDYM_LibSeaWWa_input z kappa_pli Seawa

7 70 Kapoal 6 Sedv

ki | psteiisl Sea;
Pressure p in bar LibRealAir £Pa. 3 k:ﬁ:zf;‘ s);s‘si SE:a \Afaa
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. = fluidDYM_LibSeaWa_lnput 89+ v
Temperature t in °C S:-e—c\ﬁcwsu Thermal dif... Relative pr... JscanRlange G007
iz =
< v] :mcl hambics 68 - é/ | @iodeing | e simudaton |
j xl © FluidDYM_LibSeawa_Input.2 = 67.9239
r 02 67 4
Specific iso... Specific iso... | ¥ 1%3
2 slope =0
© time = 1
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Add-In FIuidEES for
Engineering Equation Solver®

Function Information ] 21 x|

" Math functions C

" Fluid properties o

" Solid/liquid properties ¢ [Boiling and Condensation ||
% Function Info I

£IGEN_EOS.DLL
EIPENG_ROBINSON.DLL
SILIBHUAIRPROP_SLDLL|
EIMONTECARLO.DLL
ELIBCO2.DLL
ELIBR.DLL

B CURVEFIT1D

B

ZEES Commercial: D:\Dokumen tationen'\Fuer_EES\HuAirProp_ST\Beispielrechnung
File Edit Search Options Calcul Tables Flots Windows Help Examples

a1 7 N 2 N ]

"Calculating the Enthalpy - h_ptwHuAirProp"

X solution

P~ opres |

=20
! Unit Settings: [kJ)/[C)/[kPa]/[kg)/[degrees]

W=l 1= 45 4866 [kJkg] p=1013 [kPa] t =20 [C]

W =001 [ka/kg]
CAL

No unit problems were detected

Calculation time = 1 sec.

App International Steam Tables
for iPhone, iPad, iPod touch,
Android Smartphones and Tablets

International team Tables

Speciic volume 0.032812863 mihg
304758534 kgm
304692981 kg
337505844 ki
650932253 kJikg K)

258333874 KIKg K)

Property Software for Pocket Calculators

FluidCasio

L 333

444

fx9750 G Il CFX 9850
fx-GG20

CFX 9860 G
Graph 85

For more information please contact:

KCE-ThermoFluidProperties UG (limited liability) & Co. KG

Professor Hans-Joachim Kretzschmar

Wallotstr. 3
01307 Dresden, Germany

FluidHP

ALGEBRA HP 48 Tl Nspire CX CAS TI 83
FX 2.0 Tl Nspire CAS TI 84
TI 89
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Online Property Calculator at
www.thermofluidprop.com

Zittau’s Fluid Property Calculator

[Water and Steam IAPWS-IF37- LibiF97 =]

Fluid

Function [Specific enthalpy hip.tx) =]

Unit System:  [SI =

Pressure p [100 [bar = |
Temperature t [a00 J°c = |
Vapor fraction x [ [kakg =]
Details on the vapor fraction x

Calculate / Recalculate |
Result:
Specific enthalpy h =:3097.38 kd/kg | |

For further information on property libraries available for EXCEL®, MATLAB®, Mathcad®.
Engneening Equation Solves®, DYMOLA® (Modelica), SimulabionX®, and LabView® click

here

An App far cal€ulating steam properties on iPhone, iPad, and iPod touch can be found here,
| PDF with the description

© ZinadiGoeritz University of Applied Sciences Tel. +49-3583-61-1846 or -1881

Faculty of Mechanical Enginesring
Depantment of Technical Th
Prof Hans-Joachim Krezschmar
Dt Ines Stoecker

Programmer. Joachim Posselt

FluidTI

Internet: www.thermofluidprop.com

E-mail: info@thermofluidprop.com

Phone: +49-351-27597860
Mobile: +49-172-7914607
Fax: +49-3222-4262250

The following thermodynamic and transport properties? can be calculated in Excel®, MATLAB®,
Mathcad®, Engineering Equation Solver® (EES), DYMOLA® (Modelica), SimulationX® and LabVIEW ™

Thermodynamic Properties

Transport Properties

» Vapor pressure pg * Dynamic viscosity 7 * T,v, s(p,h)
» Saturation temperature T, » Kinematic viscosity v * T,v,h(p,s)
* Density p * Thermal conductivity 4 *p, T, v (h,s)
« Specific volume v * Prandtl number Pr * p, T(v,h)

» Enthalpy h *p, T(v,u)

* Internal energy u

* Entropy s

* Exergy e

* Isobaric heat capacity c,
* Isochoric heat capacity ¢,
« Isentropic exponent «

» Speed of sound w

« Surface tension o

Backward Functions

Thermodynamic Derivatives

 Partial derivatives can be
calculated.

2 Not all of thes

www.thermofluidprop.com

e property functions are available in all property libraries.
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6. Satisfied Customers
Date: 05/2018

The following companies and institutions use the property libraries
- FluidEXL Graphics for Excel®
- FluidLAB for MATLAB®
- FIUIdMAT for Mathcad®
- FIUIdEES for Engineering Equation Solver® EES
- FluidDYM for Dymola® (Modelica) and SimulationX®
- FluidVIEW for LabVIEW ™.
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HS Zittau/ Gorlitz, Fakultat Wirtschaft, Zittau
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RONAL AG, Harklingen, Schweiz
Ingenieurbiro Leipert, Riegelsberg
AIXPROCESS, Aachen

KRONES, Neutraubling

Doosan Lentjes, Ratingen

2017

Compact Kaltetechnik, Dresden

Endress + Hauser Messtechnik GmbH +Co. KG, Hannover
TH Mittelhessen, Gielten

Haarslev Industries, Sendersa, Denmark

Hochschule Zittau/Gérlitz, Fachgebiet Energiesystemtechnik
ATESTEO, Alsdorf

Wijbenga, PC Geldermalsen, Netherlands

Fels-Werke GmbH, Elbingerode

KIT Karlsruhe, Institute fir Neutronenphysik und Reaktortechnik
Air-Consult, Jena

Papierfabrik Koehler, Oberkirch

ZWILAG, Wirenlingen, Switzerland

TLK-Thermo Universitat Braunschweig, Braunschweig
Fichtner IT Consulting AG, Stuttgart

Hochschule Ansbach, Ansbach

RONAL, Harkingen, Switzerland

BORSIG Service, Berlin

6/1

05/2018
05/2018
05/2018
03/2018
02/2018
02/2018
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10/2017
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09/2017
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09/2017
08/2017
07/2017
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06/2017
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Universitat Stuttgart, ITW, Stuttgart 09/2016
Pdyry Deutschland GmbH, Dresden 09/2016
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Wilhelm Blchner Hochschule, Pfungstadt 08/2016
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Webasto Thermo & Comfort SE, Gliching 08/2016
TU Dresden, Dresden 08/2016
Endress+Hauser Messtechnik GmbH+Co. KG, Hannover 08/2016
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AB Electrolux, Krakow, Poland 07/2016
ENEXIO Germany GmbH, Herne 07/2016
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E.ON SE, Dusseldorf 07/2016
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Allborg University, Department of Energie, Aalborg, Denmark 02/2016
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2015
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Ruldolf IB, Strau, Austria 12/2015
Allborg University, Department of Energie, Aalborg, Denmark 12/2015
University of Lyubljana, Slovenia 12/2015
Steinbrecht IB, Berlin 11/2015
Universidad Carlos Ill de Madrid, Madrid, Spain 11/2015

STEAK, Essen 11/2015

KCE Kretzschmar Consulting Engineers



6/4

Bosch, Lohmar 10/2015
Team Turbo Machines, Rouen, France 09/2015
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2014
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Technical University of Vienna, Austria 04/2014
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Technical University of Prague, Czech Republic 02/2014
HS Augsburg 02/2014
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PD-Energy, Bitterfeld

Thermofin, Heinsdorfergrund
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M&M Turbinentechnik, Bielefeld
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TIG-Group, Husum
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University of Budapest, Hungary
Siemens, Frankenthal

VGB, Essen

Brunner Energieberatung, Zurich, Switzerland
Technical University of Deggendorf
University of Maryland, USA

University of Princeton, USA

NIST, Boulder, USA
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BHR Bilfinger, Essen
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Technician School of Berlin
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Vattenfall, Berlin
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STEAG, Zwingenberg

Hochtief, Disseldorf

University of Stuttgart

Technical University -Bundeswehr, Munich
Rerum Cognitio Forschungszentrum, Frankfurt
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University Auckland, New Zealand

MASDAR Institut, Abu Dhabi, United Arab Emirates
Simpelkamp, Dresden
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Technical University of Wismar
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ILK, Dresden 01/2013, 08/2013
Fichtner IT, Stuttgart 01/2013, 11/2013
Schnepf Ingeniuerbliro, Nagold 01/2013
Schiitz Engineering, Wadgassen 01/2013
Endress & Hauser, Reinach, Switzerland 01/2013
Oschatz GmbH, Essen 01/2013
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University of Duisburg 10/2012
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Pdyry Deutschland GmbH, Dresden 08/2012
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RWE, Essen 08/2012
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GKS, Schweinfurt 07/2012
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STEAG, Herne 07/2012
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Siemens, Freiburg 06/2012
Nikon Research of America, Belmont, USA 06/2012
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Luzern University of Applied Sciences, Switzerland 05/2012
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BASF, Ludwigshafen (general license) 05/2012
via Fichtner IT Consult
SPX Balcke-Durr, Ratingen 05/2012, 07/2012
Gruber-Schmidt, Wien, Austria 04/2012
Vattenfall, Berlin 04/2012
ALSTOM, Baden 04/2012
SKW, Piesteritz 04/2012
TERA Ingegneria, Trento, Italy 04/2012
Siemens, Erlangen 04/2012, 05/2012
LAWI Power, Dresden 04/2012
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SEITZ, Wetzikon, Switzerland 03/2012, 07/2012
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Sennheiser, Wedemark 03/2012
SPG, Montreuil Cedex, France 02/2012
German Destilation, Sprendlingen 02/2012
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Endress & Hauser, Hannover 02/2012
Palo Alto Research Center, USA 02/2012
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Freudenberg, Weinheim 01/2012
Fichtner, Stuttgart 01/2012
airinotec, Bayreuth 01/2012, 07/2012
University Auckland, New Zealand 01/2012
VPC, Vetschau 01/2012
Franken Guss, Kitzingen 01/2012
2011
XRG-Simulation, Hamburg 12/2011
Smurfit Kappa PPT, AX Roermond, Netherlands 12/2011
AWTEC, Zurich, Switzerland 12/2011
eins-energie, Bad Elster 12/2011
BeNow, Rodenbach 11/2011
Luzern University of Applied Sciences, Switzerland 11/2011
GMVA, Oberhausen 11/2011
CCl, Karlsruhe 10/2011
W.-Blichner University of Applied Sciences, Pfungstadt 10/2011
PLANAIR, La Sagne, Switzerland 10/2011
LAWI, Dresden 10/2011
Lopez, Munguia, Spain 10/2011

University of KwaZulu-Natal, Westville, South Africa 10/2011
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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
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
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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
PC Ware, Leipzig 10/2010
Schubert Consulting Engineers, Weillenberg 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
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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
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, 03/2009

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 Miinstermann, 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
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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
Wienstrom, Vienna, Austria 08/2009
RWTH Aachen University 09/2009
Vattenfall, Hamburg 10/2009
AIC, Chemnitz 10/2009
Midiplan, Bietigheim-Bissingen 11/2009
Institute of Air Handling and Refrigeration ILK, Dresden 11/2009
FZD, Rossendorf 11/2009
Techgroup, Ratingen 11/2009
Robert Sack, Heidelberg 11/2009
EC, Heidelberg 11/2009
MCI, Innsbruck, Austria 12/2009
Saacke, Bremen 12/2009
ENERKO, Aldenhoven 12/2009
2008

Pink, Langenwang 01/2008
Fischer-Uhrig, Berlin 01/2008
University of Karlsruhe 01/2008
MAAG, Kuesnacht, Switzerland 02/2008
M&M Turbine Technology, Bielefeld 02/2008
Lentjes, Ratingen 03/2008
Siemens Power Generation, Goerlitz 04/2008
Evonik, Zwingenberg (general EBSILON program license) 04/2008
WEBASTO, Neubrandenburg 04/2008
CFC Solutions, Munich 04/2008
RWE IT, Essen 04/2008
Rerum Cognitio, Zwickau 04/2008, 05/2008
ARUP, Berlin 05/2008
Research Center, Karlsruhe 07/2008
AWECO, Neukirch 07/2008
Technical University of Dresden, 07/2008
Professorship of Building Services

Technical University of Cottbus, 07/2008, 10/2008
Chair in Power Plant Engineering

Ingersoll-Rand, Unicov, Czech Republic 08/2008
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Technip Benelux BV, Zoetermeer, Netherlands 08/2008
Fennovoima Oy, Helsinki, Finland 08/2008
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
Energieversorgung Halle 10/2007
AL-KO, Jettingen 10/2007
Grenzebach BSH, Bad Hersfeld 10/2007
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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
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
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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
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
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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 Zwingenberg (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
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

KCE Kretzschmar Consulting Engineers



6/16

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
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, 01/2002
Department of Thermo- and Fluid Dynamics

SAAS, Possendorf/Dresden 02/2002
Siemens, Karlsruhe 02/2002

(general license for the WinlS information system)
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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 06/2002
(general EBSILON program license)
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
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 WinlS information system)
Neusiedler AG, Ulmerfeld, Austria 09/2001
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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
IBR Engineering Reis, Nittendorf-Undorf 02/2000
GK, Hannover 03/2000
KRUPP-UHDE, Dortmund (company license) 03/2000
UMAG W. UDE, Husum 03/2000
VEAG, Berlin (group license) 03/2000
Thinius Engineering, Erkrath 04/2000
SaarEnergie, Saarbruecken 05/2000, 08/2000
DVO Data Processing Service, Oberhausen 05/2000
RWTH Aachen University 06/2000
VAUP Process Automation, Landau 08/2000
Knuerr-Lommatec, Lommatzsch 09/2000
AVACON, Helmstedt 10/2000
Compania Electrica, Bogota, Colombia 10/2000
G.U.N.T. Geraetebau, Barsbuettel 11/2000
(general license for training test benches)

Steinhaus Informationssysteme, Datteln 12/2000

(general license for process data software)

1999
Bayernwerk, Munich 01/1999
DREWAG, Dresden (company license) 02/1999
KEMA IEV, Dresden 03/1999
Regensburg University of Applied Sciences 04/1999
Fichtner Consulting & IT, Stuttgart 07/1999
(company licenses and distribution)
Technical University of Cottbus, Chair in Power Plant Engineering 07/1999
Technical University of Graz, Department of Thermal Engineering, Austria 11/1999
Ostendorf Engineering, Gummersbach 12/1999
1998
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Technical University of Cottbus, Chair in Power Plant Engineering 05/1998
Fichtner Consulting & IT (CADIS information systems) Stuttgart 05/1998
(general KPRO program license)

M&M Turbine Technology Bielefeld 06/1998
B+H Software Engineering Stuttgart 08/1998
Alfa Engineering, Switzerland 09/1998
VEAG Berlin (group license) 09/1998
NUTEC Engineering, Bisikon, Switzerland 10/1998
SCA Hygiene Products, Munich 10/1998
RWE Energie, Neurath 10/1998
Wilhelmshaven University of Applied Sciences 10/1998
BASF, Ludwigshafen (group license) 11/1998
Energieversorgung, Offenbach 11/1998

1997

Gerb, Dresden 06/1997
Siemens Power Generation, Goerlitz 07/1997
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