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0. Package Contents

0.1 Zip files for 32-bit Windows®

0/1

The following zip files are delivered for your computer running a 32-bit version of Windows®.

English zip file "CD_FIuidEXL_Graphics_Liblce_Eng.zip" including the following files:

FluidEXL_Graphics_Eng_Setup.exe

FluidEXL_Graphics_Eng.xla
Liblce.dll

Liblce.hlp
FluidEXL_Graphics_Liblce_Docu_Eng.pdf

- English installation program for the
Add-In FluidEXLGraphics for yse in
Excel®

- English Add-In for FluidEXLGraphics

- Dynamic Link Library for use in
Windows programs

- Help file for the Liblce property library

- User’s guide

German zip file "CD_FIluidEXL_Graphics_Liblce.zip" including the following files:

FIuidEXL_Graphics_Setup.exe

FluidEXL_Graphics.xla
Liblce.dll

Liblce.hlp
FluidEXL_Graphics_Liblce_Docu_Eng.pdf

- German installation program for the
Add-In FluidEXLGraphics for application
in Excel®.

- German Add-In for FluidEXLGraphics

- Dynamic Link Library for use in
Windows® programs

- Help file for the Liblce property library

- User’s guide
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0.2 Zip files for 64-bit Windows®
The following zip files are delivered for your computer running a 64-bit version of Windows®.

English zip file "CD_FIuidEXL_Graphics_Liblce_x64 Eng.zip" including the following
files and folders:

Files:

FluidEXL_Graphics_Liblce _Docu_Eng.pdf - User’s guide

FluidEXL_Graphics_Eng.xla - English Add-In for FluidEXLGraphics

FIuidEXL_Graphics_Eng_64_Setup.msi - Self-extracting and self-installing
program

Liblce.dll - Dynamic link library for use in
Windows® programs

Liblce.hlp - Help file for the Liblce property library

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

Folders:

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

Windowslnstaller3_1 - Folder containing the "Microsoft

Windows Installer"

German zip file "CD_FluidEXL_Graphics_Liblce_x64.zip" including the following files
and folders:

Files:

FluidEXL_Graphics_Liblce_Docu_Eng.pdf - User’s guide

FluidEXL_Graphics.xla - German Add-In for FluidEXLGraphics

FluidEXL_Graphics_64 Setup.msi - Self-extracting and self-installing
program

Liblce.dll - Dynamic link library for use in
Windows® programs

Liblce.hlp - Help file for the Liblce property library

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

Folders:

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

Windowslnstaller3_1 - Folder containing the "Microsoft

Windows Installer"
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1. Property Functions

1.1  Property Functions of LibICE

Elég::ggﬁlce Function Name Fortran Program Property or Function (L)anti:]e Result
a=f(p,t,x) a_ptx_ICE APTXICE(P,T,X) Thermal diffusivity m2/s

a, = f(p,t,x) alphav_ptx_ICE ALPHAVPTXICE(P,T,X) Isobaric cubic expansion coefficient | 1/K

¢, = f(p.t.x) cp_ptx_ICE CPPTXICE(P,T,X) Specific isobaric heat capacity kJ/(kg K)
¢, = f(p,t,x) cv_ptx_ICE CVPTXICE(P,T,X) Specific isochoric heat capacity kJ/(kg K)
7= f(p,tX) eta_ptx_ICE ETAPTXICE(P,T,X) Eégi:;‘ic viscosity (only for liquid and | 5 ¢

h = f(p,t,x) h_ptx_ICE HPTXICE(P,T,X) Specific enthalpy kJ/kg
x=f(p,t,x) kappa_ptx_ICE KAPPAPTXICE(P,T,X) Isentropic exponent -

i = f(p,t,x) kappaT_ptx_ICE KAPPATPTXICE(P,T,X) Isothermal compressibility 1/kPa

A =f(p,t,x) lambda_ptx_ICE LAMBDAPTXICE(P,T,X) Thermal conductivity W/(m K)
Pmer = f(t) pmel_t 08 _ICE PMEL_T_08_ICE(T) Melting pressure bar

ps = f(t) ps_t 97 ICE PS_T_97_ICE(T) Vapor pressure bar

Psub = f(t) psub_t 08 ICE PSUB_T_08_ICE(T) Sublimation pressure bar

p =f(p,t,x) rho_ptx_ICE RHOPTXICE(P,T,X) Density kg/m3
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Functional . ; Unit
Dependence Function Name Fortran Program Property or Function of the Result
s =f(p,t,x) s_ptx_ICE SPTXICE(P,T,X) Specific entropy kJ/(kg K)
t = f(p.h) t ph_ICE TPHICE(P,H) Backward functlonr Temperature from °C
pressure and specific enthalpy
t=f(p.s) t ps_ICE TPSICE(P,S) Backward functron:_ Temperature from °C
pressure and specific entropy
tmer = f(P) tmel_p_08_ICE TMEL_P_08_ICE(P) Melting temperature °C
ts = f(p) ts_ p_97_ICE TS_P_97_ICE(P) Saturation temperature °C
tsup = f(P) tsub_p_08_ICE TSUB_P_08_ICE(P) Sublimation temperature °C
u = f(p,t,x) u_ptx_ICE UPTXICE(P,T,X) Specific internal energy kJ/kg
v = f(p,t,x) v_ptx_ICE VPTXICE(P,T,X) Specific volume m3/kg
w = f(p,t,x) w_ptx_ICE WPTXICE(P,T,X) Isentropic speed of sound m/s
_ Backward function: Phase fraction
x=1(p.h) X_ph_ICE XPHICE(P.H) from pressure and specific enthalpy kalkg
_ Backward function: Phase fraction
x=1(p.s) X_ps_ICE XPSICE(P.S) from pressure and specific entropy kglkg
Units: p in bar
tin°C

x in kg/kg (Phase fraction; see description in the following)

Reference State:

h = 0.0006118 kJ/kg and s = 0 kJ/(kg K)

at p, = 6.11657'10° bar and t, = 0.01 °C (273.16 K)
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Details on the Phase Fraction x

If the state point to be calculated is located in one of the single phase regions ice, liquid, superheated steam or gas, x = —1 must be entered as a pro-forma
value. Here the backward functions will result in x = —1.

The two phase regions wet stem region, melting region and sublimation region (see log p-h diagram in Chapter 1.2) are divided automatically by the
subprograms. Please consider the following facts:

1. Wet Stem Region (0 £x <1):

”

When calculating properties of wet steam, a value between 0 and 1 (x = O for saturated liquid, x = 1 for saturated steam) has to be entered for x. In this
case, the backward functions result in the appropriate value between 0 and 1 for x.

The phase fraction x equates to the vapor fraction x in the wet steam region X = . Its unit is (kg saturated steam)/(kg wet steam).

In this case it is adequate to enter either the given value for t and p = —1000, or the given value for p and t = —1000, plus the value for x between 0 and 1. If
values for both p and t are entered when calculating wet steam, the program will consider p and t to be appropriate to represent the vapor pressure curve.
If it is not the case the calculation for the quantity of the chosen function results in —1000.

Wet steam region: Temperature ranges from t, = 0.01 °C (273.16 K) to t.,., = 350 °C (623.15 K)
Pressure ranges from p; = 6.11657'10° bar to Ps (thax) = 165.291643 bar

2. Melting Region (10 < x < 11):

Myiq

The phase fraction x equates to the liquid fraction x in the melting region x =10 +
(mice + Myiq )

. Its unit is (kg solidified liquid)/(kg melt), whereas melt is a

mixture of melting ice and solidified liquid.

When calculating properties of the melting region, a value between 10 and 11 (x = 10 for melted solid, x = 11 for solidified liquid) has to be entered for x. In
this case, the backward functions result in the appropriate value between 10 and 11 for x.

In this case it is adequate to enter either the given value for t and p = —1000, or the given value for p and t = -1000, plus the value for x between 10 and
11. If values for both p and t are entered, the program will consider p and t to be appropriate to represent the melting pressure curve. If it is not the case
the calculation for the quantity of the chosen function results in —1000.

Melting region: Temperature ranges from t. o (Pmay) = — 8.9412 °C (264.2088 K) to t; = 0.01 °C (273.16 K)
Pressure ranges from p, = 6.11657:10° bar to Pmax = 1000 bar
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3. Sublimation Region (100 < x < 101):

Mgas
(mice + mgas )

powder), whereas sublimation powder is a mixture of sublimated ice and desublimated gas.

The phase fraction x equates to the gas fraction x in the sublimation region x =100 + . Its unit is (kg desublimated gas)/(kg sublimation

When calculating properties of sublimation region, a value between 100 and 101 (x = 100 for sublimated ice, x = 101 for desublimated gas) has to be
entererd for x. In this case, the backward functions result in the appropriate value between 100 and 101 for x.

In this case it is adequate to enter either the given value for t and p = —1000, or the given value for p and t = —=1000, plus the value for x between 100 and
101. If values for both p and t are entered, the program will consider p and t to be appropriate to represent the sublimation pressure curve. If it is not the
case the calculation for the quantity of the chosen function results in —1000.
Sublimation region:  Temperature ranges from t;, = —223.15 °C (50 K) to t, = 0.01 °C (273.16 K)

Pressure ranges from pi, = Psub(tmin) = 1.934958486810*° bar to p, = 6.11657'10° bar

Note:

If the input values are located outside the range of validity, the calculated function will always result in —1000. Please find more exact details on every
function and its corresponding range of validity in the enclosed program documentation in Chapter 3. The same information may also be accessed via
the online help pages.
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1.2 Range of Validity of LibICE

The LibICE property library calculates the thermodynamic and transport properties of ice Ih, water and steam. As shown in the following p-T
and log p-h diagrams, different formulations are used to describe the entire Range of validity of LibICE.

The thermodynamic properties of ice Ih are calculated by the IAPWS Formulation 2006 [7]. This region is marked with green color in the
following log p-T diagram. This region ranges from minimum pressure to maximum pressure and from minimum temperature to the melting
temperature for pressures p > p, and to the sublimation temperature for pressures p < p,. The melting and sublimation pressures are calculated

from the IAPWS 2008 Formulation [8].

The liquid-water region ranges from triple point pressure to maximum pressure and from melting temperature to saturation temperature for
P < ps(Mmax) @nd the maximum temperature for p > p(Tax) - IN this region, the fundamental equation of IAPWS-IF97 Region 1 [1,2] is used.
This region is marked with blue color in the following p-T diagram.

The vapor region covers the range from minimum pressure to saturation pressure and from triple point temperature to the maximum
temperature for pressures p < p, and from saturation temperature to maximum temperature for pressures p > p,. The thermodynamic properties
are calculated by the fundamental equation of IAPWS-IF97 Region 2 [1,2]. This region is marked with light red color in the following p-T
diagram.

The red region in the p-T diagram is covered by the Scientific Formulation IAPWS-95 [6]. This region covers the range from minimum pressure
to the sublimation pressure and from sublimation temperature to the triple point temperature.

For given property values, the region is chosen automatically by the subprograms. The two-phase regions wet steam region, melting region and
sublimation region are also chosen automatically.
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Values at Important State Points
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Property Variable Value and Unit
Minimum temperature Tmin 50 K (= 223.15 °C)
Maximum temperature | Tmax 623.15 K (350 °C)
Triple temperature T: 273.16 K (0.01 °C)
Temperature at the T, 647.096 K (373.946 °C)
critical point

Melting temperature at T et (P 264.2088 K (~8.9412 °C)

maximum pressure

Minimum pressure

pminzpsub(Tmin)

1.9349584868'10™*° MPa

lo .
gp p-T diagram
Pmax 4
i i\ﬁg‘ IAPWS-IF97 5
5 i liguid region 1 ] I
| i melting E E
. Icelh : pressure line ] !
+ IAPWS-06 . | Prait) : Lo
| ' i, » critical
Pe | : s ] point |
Ps (Tmdx) sublimation ! f}’// : -
i pressure line ///ﬁ:} ! :
: psub(t) i : i
pe | 1APWs-08 GRS :
: : steam region 2 | !
vapor , !
! pressure line ps(t) i
Pmin |, IAPWS-IF97 | |
Tmin Tmel(pmax) Tt Tmax Tc

Maximum pressure Prmax 100 MPa

Triple pressure P 6.11657'10" MPa
Pressure at the critical D 22 064 MPa
point

Vapor pressure at Ps(Tina) 16.5291643 MPa

maximum temperature
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log p-h diagram

log p
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: solid ' vapor
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+ solid line blimati ) gas region
X =100 sublimation region
' 100 <x <101 )
: desublimated
| gas line

Pmin : x =101

h
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2. Application of FluidEXLGraphics in Excel®

The FluidEXLGraphics Add-In has been developed to calculate thermodynamic properties in
Excel more conveniently. Within Excel®, it enables the direct call of functions relating to
Water and Water-Ice Ih from the Liblce property library.

2.1 |Installing Fluidex Craphics

If FluidEXLGraphics has not yet been installed or if there is a version installed which has been
delivered before June 2010, please complete the initial installation procedure described
below.

If FluidEXLGraphics has already been installed in a version which has been delivered after
June 2010, you simply need to copy the files which belong to the Liblce library. In this case,
follow the subsection "Adding the Liblce Library" on page 2/11.

Installing FluidEXL®™@M°S for 32-bit Windows®

Complete the following steps for initial installation of FluidEXLGraphics Before you begin, it is
best to uninstall any trial version or full version of FluidEXLGraphics delivered before June
2010. After you have downloaded and extracted the zip-file

"CD_FIuidEXL_Graphics_Liblce_Eng.zip" (for English version of Windows)

"CD_FIuidEXL_Graphics_Liblce.zip" (for German version of Windows)
you will see the folder

CD_FIluidEXL_Graphics_Liblce Eng (for English version of Windows)

CD_FIuidEXL_Graphics_Liblce (for German version of Windows)

in your Windows Explorer, Norton Commander etc. Now, open this folder by double-clicking
on it. Within this folder you will see the following files:

FluidEXL_Graphics_Eng_Setup.exe (for English version of Windows)
FluidEXL_Graphics_Setup.exe (for German version of Windows)
FluidEXL_Graphics_Eng.xla (for English version of Windows)
FluidEXL_Graphics.xla (for German version of Windows)
FluidEXL_Graphics_Liblce_Docu_Eng.pdf
Liblce.dll
Liblce.hlp.

In order to run the installation of FluidEXLGraphics double-click the file
FluidEXL_Graphics_Eng_Setup.exe (for English version of Windows)
FIuidEXL_Graphics_Setup.exe (for German version of Windows).

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

In the following dialog box, "Choose Destination Location”, the default path offered
automatically for the installation of FluidEXLGraphics s

C:\Program Files\FIuidEXL_Graphics_Eng (for English version of Windows)
C:\Programme\FluidEXL_Graphics (for German version of Windows).
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By clicking the "Browse..." button, you can change the installation directory before

installation (see figure below).

42 Choose Destination Location

another folder.

clicking Cancel to exit Setup.

= Setup will install FluidEXL Graphics English in the following
e folder.
.’ L

To install into a different folder, click Browse, and select

You can choose not to install FluidEXL Graphics English by

Destination Folder

C:\Program Files\FluidEXL_Graphics_Eng

Browse...

< Back

Cancel I

Figure 2.1: Choose Destination Location

Finally, click on "Next" to continue installation; click "Next" again in the "Start Installation"
window which follows in order to start the
FluidEXLGraphics has been installed, the sentence

installation of FluidEXLGraphics — After

"FIuidEXL Graphics English has been successfully installed.”

will be shown. Confirm this by clicking the "Finish" button. During the installation process the

following files

Advapi32.dIl
DFORMD.dII
Dforrt.dll
UNWISE.EXE
INSTALL_EXL.LOG

LC.dll
Msvcp60.dll
Msvcrt.dll
UNWISE.INI

have been copied into the chosen destination folder, in the standard case

C:\Program Files\FIuidEXL_Graphics_Eng

C:\Programme\FluidEXL_Graphics
In the next step, the following files

FluidEXL_Graphics_Eng.xla
FluidEXL_Graphics.xla
Liblce.dll

Liblce.hlp

from the extracted folder

CD_FluidEXL_Graphics_Liblce Eng
CD_FIluidEXL_Graphics_Liblce

(for English version of Windows)
(for German version of Windows).

(for English version of Windows)
(for German version of Windows)

(for English version of Windows)
(for German version of Windows)

must be copied into the chosen destination folder (the standard being
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C:\Program Files\FluidEXL_Graphics_Eng (for English version of Windows)
C:\Programme\FIuidEXL_Graphics (for German version of Windows)),

using an appropriate program such as Windows Explorer or Norton Commander.

Installing FluidEXLGraphics for 64-bit Windows®

Complete the following steps for initial installation of FluidEXLGraphics Before you begin, it is
best to uninstall any trial version or full version of FluidEXLGraphics delivered before June
2010. After you have downloaded and extracted the zip-file

"CD_FIuidEXL_Graphics_Liblce_x64_Eng.zip"  (for English version of Windows)

"CD_FIluidEXL_Graphics_Liblce x64.zip" (for German version of Windows)
you will see the folder

CD_FIuidEXL_Graphics_Liblce_Eng (for English version of Windows)

CD_FIluidEXL_Graphics_Liblce (for German version of Windows)

in your Windows Explorer, Norton Commander etc. Now, open this folder by double-clicking
on it. Within this folder you will see the following files

FluidEXL_Graphics_Liblce_Docu_Eng

FluidEXL_Graphics_Eng.xla (for English version of Windows)
FluidEXL_Graphics.xla (for German version of Windows)
FluidEXL_Graphics_Eng_Setup_64.msi (for English version of Windows)
FluidEXL_Graphics_Setup_64.msi (for German version of Windows)
Liblce.dll

Liblce.hlp

Setup.exe

and the folders

vcredist x64
Windowsinstaller3_1.

In order to run the installation of FluidEXLGraphics double-click the file

Setup.exe.

If the "Microsoft Visual C++ 2010 x64 Redistributable Pack" is not running on your computer
yet, installation will start with a window noting that the "Visual C++ 2010 runtime library (x64)"
will be installed on your machine (see figure below).

|| The following components will be installed on your machine: |

Visual C++ 2010-Laufzeitbibliotheken (x64)

Do you wish to install these components?

If you choose Cancel, setup will exit.

[ Install I | Cancel |

Figure 2.2: Installing the "Visual C++ 2010 runtime library (x64)"
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Click on "Install" to continue.

In the following window you are required to accept the Microsoft® license terms to install the
"Microsoft Visual C++ 2010 x64 Redistributable Pack" by ticking the box next to "I have read
and accept the license terms” (see figure below).

- - Microzoft Visual C+

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

MICROSOFT SOFTWARE LICENSE TERMS

MICROSOFT VISUAL C++ 2010 RUNTIME LIBRARIES

E[ have read and accept the license terms.

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

For more information, read the Data Collection Policy,

[ Install ][ Cancel

Figure 2.3: Accepting the license terms
Now click on "Install" to continue installation.

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

Now the installation of FIuidEXL_Graphics_Eng 64 starts with a window noting that the
installer will guide you through the installation. Click the "Next >" button to continue.
In the following dialog box, "Select Installation Folder," the default path offered automatically

for the installation of FluidEXLGraphics js

C:\Program Files\FluidEXL_Graphics_Eng (for English version of Windows).
C:\Programme\FIluidEXL_Graphics (for German version of Windows).

By clicking the "Browse..." button, you can change the installation directory before
installation (see Figure 2.4).
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|

Select Installation Folder

The inetaller will install FluidExL_Graphics_Eng to the following folder.

Ta inztall in thiz folder, click "Mest”. To install to a different folder, enter it below or click "Browse".

Eolder:
C:A%Program FilesFluidExL_Graphicz_Engh.

Browse... l

| DiskCost. |

Install FuidEXL_Graphics_Eng for yourself, ar for anyone who uses this computer:

@ Evenone

1 Just me

[ Cancel ] [ < Back ] | Mest = |

Figure 2.4: Choosing the Installation Folder of FluidEXLGraphics

Finally, click on "Next>" to continue installation; click "Next>" again in the "Confirm
Installation" window which follows in order to start the installation of FluidEXLGraphics,

After  FluidEXLGraphics  has been installed, you will see the sentence
"FIUIdEXL_Graphics_Eng has been successfully installed." Confirm this by clicking the
"Close" button.

During the installation process the following files will have been copied into the destination
folder chosen, the standard being C:\Program Files\FIuidEXL_Graphics_Eng:

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

In addition, the two subdirectories \FORMULATION97 and \FLuft were created in the
destination folder.

In the next step, the files below,

FluidEXL_Graphics_Eng.xla (for English version of Windows)
FluidEXL_Graphics.xla (for German version of Windows)
Libice.dll
Liblce.hlp

found in your CD folder, must be copied into the chosen destination folder (the standard
being

C:\Program Files\FIuidEXL_Graphics_Eng (for English version of Windows)
C:\Programme\FluidEXL_Graphics (for German version of Windows))

using an appropriate program such as Explorer or Norton Commander.
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2.2 Registering FluidEXLGraphics as Add-In in Excel®

Registering FluidEXLGraphics ags Add-In in Excel®, versions 2003 or earlier

After the installation of FluidEXLGraphics the program must be registered as an Add-In in
Excel®. In order to do so, start Excel® and carry out the following steps:

- Click "Tools" in the upper menu bar of Excel®.

- Here, click the "Add-Ins..." menu item.
After a short delay the "Add-Ins" dialog box will appear.

- Click "Browse...."
- In the following dialog box, choose your chosen destination folder (the standard being

C:\Program Files\FluidEXL_Graphics_Eng (for English version of Windows)

C:\Programme\FluidEXL_Graphics (for German version of Windows))
here select

"FluidEXL_Graphics_Eng.xla" (for English version of Windows)

"FluidEXL_Graphics.xla" (for German version of Windows)

and afterwards click "OK".
- Now, the entry

"FluidEXL_Graphics_Eng" (for English version of Windows)
"FluidEXL_Graphics" (for German version of Windows)

will appear in the Add-Ins list.
Note:
As long as the check box next to the file name "FIuidEXL Graphics Eng" is checked, this

Add-In will be loaded automatically every time you start Excel® until you unmark the box by
clicking on it again.

In order to register FluIdEXLGraphics as an Add-In, click "OK" in the "Add-Ins" dialog box.

Now, the new FluidEXLGraphics menu bar will appear in the upper menu area of your Excel®
screen, marked with a red circle in Figure 2.5.
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Figure 2.5: Menu bar of FluidEXLGraphics

From within Excel you can now select the "Liblce" DLL library property functions via this
menu bar (see section 2.5 on page 2/20).
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Registering FluidEXLGraphics gs Add-In in Excel® 2007 (or later versions)

After installation in Windows®, FluidEXLGraphics must be registered in Excel® versions 2007
and later as an Add-In. To do this, start Excel® and carry out the following steps:

- Click the Windows Office® button in the upper left hand corner of Excel®

- Click on the "Excel Options" button in the menu which appears (see Figure 2.6)

Bookl - Microsoft Excel - =7 X

b View @ - =7 x

= ) B || = Fhe B | E AutoSum -
B-| | SiwrapText General - jt,‘ F | ~m T H ‘%L_(' L?a
@] | Siwee - L RS ol o W1} o
(4= £=| EMerqe acenter~ || § - % »||%8 8[| Conditional Format Cell || Insert Delete Format Sort & Find &
] = ° 20 >0 Eormatting * as Table - Styles - - - - (2 Clear~  Filter~ Select~
| Alignment & Number & Styles celis Editing

Recent Documents

|G H 1 i) K L M N o P Q R B

£ Excel Options | [ XY xit Excel

38

W4+ W] Sheetl , Sheetz  Shest3 - %J 0! =

Ready | EEE e

0!

&

Figure 2.6: Registering FIuidEXLGraphics as Add-In in Excel® 2007
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Headers and Footers
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Loakup Wizard

Person Mame {Qutlook e-mail recipients}
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\'_: Document Reiated Add-ins
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Popular a . . . .
P 4{% Wiew and manage Microsoft Office add-ins.
Formulas
Procfing Add-ins
save Mame Location Type -
e Asplcaion Asd e
L ~ Inactive Application Add-ins
( Add-Ins Analysis ToolPak ML e\ Officel 24 LibrantAnalysis'WAMALYS32 XLL  Excel Add-in
Ty Analysis ToolPak - VBA e Officel\Librany Analysis\ ATPYVBAEM XLAM  Excel Add-in
Conditional Sum Wizard soft Office’\Officel 2'Libran SUMIF XLARM  Excel Add-in
Custom XML Data cesiMicrosoft Office\Officel 20FFRHD.DLL - Document Inspector
Date (Smart tag lists} es\micrasoft shared\Smart Tag"MOFL.DLL ~ Smart Tag
Euro Currency Toals Office Officel2\Libran EUROTOOL XLAM Excel Add-in =
Financial Symbaol {Smart tag lists} sdlestmicrosoft shared\Smart Tag"MOFLDLL  Smart Tag 1

wes\Microsaft Office\Officel 220FFRHDLDLL
s Microsoft Office\Officel 2YOFFRHDLDLL
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wegs\microsoft shared\Smart Tag \FNAME.DLL
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[l
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Document Inspector
Dacument Inspector
Excel Add-in
Document Inspector
Excel Add-in

Smart Tag

Excel Add-in

d-in: Analysis ToolPak
Microsoft Corporation

Descrig§ign:  Provides datj

Manage: | Excel Add-ins

ChPragram Files\Micrasoft Office\Officel2\Librany Analysis'\ AMALYS3 2, XKLL

analysis tooMFar statistical and engineering analysis

QK l [ Cancel

Figure 2.7: Dialog window "Excel Options"

- Should it not be shown in the list automatically, select "Excel Add-ins" (found next to

"Manage:" in the lower area of the menu)

- Then click the "Go..." button

- Click "Browse" in the following window and locate the destination folder, generally

C:\Program Files\FluidEXL_Graphics_Eng

C:\Programme\FluidEXL_Graphics

within that folder click on the file named

"FIuidEXL_Graphics_Eng.xla"
"FluidEXL_Graphics.xla"

and then hit "OK."

(for English version of Windows)

(for German version of Windows);

(for English version of Windows)
(for German version of Windows)
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Add-Ins available:

T —
|| Analysis ToolPak - VBA
[T conditional Sum Wizard
|:| Eure Currency Tools
[ internet Assistant VBA >
Browse. ..
[T Lookup Wizard SO
Solver Add- §
D olvEr n Automation. ..
Analysis ToolPak

Provides data analysis tools for statistical and
engineering analysis

Figure 2.8: Dialog window "Add-Ins available"

- Now, "FIuidEXL Graphics Eng" will be shown in your list of Add-Ins.
(If a check-mark is situated in the box next to the name "FIuidEXL Graphics Eng," this
Add-In will automatically be loaded whenever Excel® starts. This will continue to occur
unless the check-mark is removed from the box by clicking on it.)

o
i

Add-Ins
[

Add-Ins available: P
] Analysis ToolPak Q 0K >
Analysis ToolPak - VBA

Conditional Sum Wizard
Euro Currency Tools
FluidEXL Graphics Eng
Internst Assistant VBA
Lookup Wizard -
Salver Add-in SR

Cancel

]

Browse...

¢

FluidEXL Graphics Eng

Libraries for the Calculation of Thermophysical
Properties
for Fluids of the Power Technology

Figure 2.9: Dialog window "Add-Ins"
- In order to register the Add-In click the "OK" button in the "Add-Ins" window.

In order to use FluidEXLGraphics in the following example, click on the menu item "Add-Ins"
shown in Figure 2.10.

‘./5@ H9-¢C s Bookl - Microsoft Excel - = X
Home | Insert Page layout  Formulas Data Review V\e @ - = x
Cut - == = =] L = 3 AutoSum ~

‘ i [ () (B (e | 88 d W)= BT 57 @

P e | g .0 dt:) | Fomat Cell | Insert Delete Format & - Sot & Find &

aste (B r u -~ =2 || B3 Merge & center - ||[ $ - % 9 |[%3 ;%] | Conditional Forma e nsert Delete Forma ort & Find &

~ . Format Painter = = 9 3] | Formatting = as Table ~ Styles ~ - - 2 Clear  Fitter~ Select -

Clipbeard = Font & Alignment = Number = Styles Cells Editing

Figure 2.10: Menu item "Add-Ins"
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In the upper menu region of Excel, the FluidEXLGraphics menu bar will appear as marked
with the red circle in the next figure.

Figure 2.11: FluidEXLGraphics menu bar

Installation of FluidEXLGraphics in Excel® (versions 2007 and later) is now finished.
FluidEXLGraphics can be used analogous to the description for using with earlier Excel®
versions.

Adding the Liblce Library (FIuidEXL®"" is already installed)

If FluidEXLGraphics has already been installed in the June 2010 version, you only have to
copy the following files

FluidEXL_Graphics_Eng.xla (for English version of Windows)
FluidEXL_Graphics.xla (for German version of Windows)
Liblce.dll
Liblce.hlp

provided in the extracted folder
CD_FIuidEXL_Graphics_Liblce_Eng (for English version of Windows)
CD_FluidEXL_Graphics_Liblce (for German version of Windows)

into the folder you have chosen for the installation of FluidEXLGraphics (the standard being

C:\Program Files\FluidEXL_Graphics_Eng (for English version of Windows)
C:\Programme\FIluidEXL_Graphics (for German version of Windows)

using an appropriate program such as Explorer® or Norton Commander.

From within Excel you can now select the "Liblce" DLL library property functions for nitrogen
via this menu bar (the example calculation can be found in section 2.5 on page 2/20).

2.3 The FluidEXLGraphics Help System

As mentioned earlier, FluidEXLGraphics 3iso provides detailed online help functions. If you
are running Windows Vista or Windows 7, please note the paragraph

"Using the FluidEXLGraphics online-Help in Windows Vista or Windows 7."

For general information in Excel®  click on "?" and then "Help" in the FluidEXLGraphics
menu bar. Information on individual property functions may be accessed via the following
steps:
- Click "Calculate" in the FluidEXLGraphics menu bar.
- Click on the "ICE Liblce" library under "Or select a category:" in the

“Insert Function" window which will appear.

- Click the "Help on this function" button in the lower left-hand edge of the "Insert Function"
window.

- If the "Office Assistant" is active, first double-click "Help on this feature" and in the next
menu click "Help on selected function”.
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If the Liblce.hlp function help cannot be found, confirm the question whether you want to look
for it yourself with "Yes". Select the Liblce.hlp file in the installation folder of

FluidEXLGraphics jn the window which is opened, in the standard case

C:\Program Files\FluidEXL_Graphics_Eng (for English version of Windows)
C:\Programme\FIuidEXL_Graphics (for German version of Windows)

and click "Yes" in order to complete the search.

Using the FluidEXL®"" Online Help in Windows Vista or Windows 7

If you are running Windows Vista or Windows 7 on your computer, you might not be able to
open Help files. To view these files you have to install the Microsoft® Windows Help program
which is provided by Microsoft®. Please carry out the following steps in order to download
and install the Windows Help program. Open Microsoft Internet Explorer® and go to the
following address:

http://support.microsoft.com/kb/917607/

You will see the following web page:

I cannot open H

LD hitp://support.microsoft.com/kb/317607 = | | 4| X Bing PR
Eile Edit View Favorites Tools Help
i Favorites  © g @] Web Slice Gallery v
.(llcannntnpen Help files that require the Window.. | S v Bl v ) @ v Pagev Safetyv Took~ @~ ”

United States Change All Microsoft Sites

Fast is now beautiful: Download In

m

Support Home Solution Centers Advanced Search Buy Products

Article TD: 817607 - Last Review: October 37, 2010 - Revision: 3.0 Other Resources
I cannot open Help files that require the Windows Help (WinHIp32.exe) Other Support Sites &
rogram
P 9 Solution Centers
View products that this article applies to. Microseft Fix It —
Solutions
on This Fags \:;mdcws Help and How-
Office Cnline
Problerm description Microsoft Partner
Network
On computers that sre running Windows Vista, Windows 7, Windows Server 2008, ar Windows Community -
Server 2008 R2, you may be unable to open Help files (.hlp) that require the Windows Help
(WinHIp32.exe) program. This article contains information about a download that helps you fix this Answers Forums
problem. Technet Forums
Microsoft Developer
When you try open an .hlp file in Windows Vista or in Windows Server 2008, you receive the Network (MSDN)
follewing message in the Windows Help and Support window:
Get Help Now -
The Help for this pragram was created in Windows Help format, which was used in previous Contact a Support
versians of Windows and it is not supported in Windows Vista. Professional by
Email, Online, or
Phone
When you try open an .hlp file in Windows 7 or in Windows Server 2008 R2, you receive the <
following message in the Windows Help and Support window: %
The Help for this program was created in Windows Help format, which depends on a feature Kk
that isn't included in this version of Windows. Howewver, you can download a program that will gcmmﬂ‘ ~ C
allow you to view Help created in the Windows Help format. yStem enter
Advisor
Release Candidate
Microseft stopped including the 22-bit Help file viewer in Windows releases beginning with Windows
Vista and Windows Server 2008. To support customers who still rely on legacy .hlp files, the VOUI’ PC
Microsoft Download Center provides WinHIp32.exe downloads for Windows Vista, Windows 7, h
Windows Server 2008, and Windows Server 2008 R2. looks tired.
Special note for Help content providers who ship .hip files -
Starting with the release of Windows Vista and Windows Server 2008, third-party software
developers are no longer authorized to redistribute WinHIp32.exe with their programs. For maore
information, see the "More information for Help content providers whe are shipping .hip files” -
Waiting for http://support.microsoft.com/kb/917607... - J @ Intemet | Protected Mode: Off fa v R00% ~

Figure 2.12: Microsoft® Support web page

Scroll down until you see the headline "Resolution." Here you can see the bold hint:
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"Download the appropriate version of Windows Help program (WinHIp32.exe), depending
on the operating system that you are using:"

The following description relates to Windows® 7. The procedure is analogous for
Windows® Vista.

Click on the link "Windows Help program (WinHIp32.exe) for Windows 7" (see Figure 2.13).

File Edit View Favorites Tools Help
7.7 Favorites 95 @] Web Slice Gallery

{_#1cannot open Help files that require the Window... f’.}

Resolution

To install the correct wersion of WinHelp32.exe, you need to know if you have Windows 32-bit or
Windows 64-bit. Additionally, you need to be logged on to Windows as an administrator.

» If you are not sure which Windows version is installed, follow these steps:
Click here to view or hide step-by-step instructions with pictures

» If yvou need help to verify that vou are logged on with an administrator account, follow these
steps:
Click here to view or hide step-by-step instructions with pictures

+ Back to the top

Download the appropriate version of Windows Help program (WinHIp32.exe) ,
depending on the operating system that you are using:
Windows Helos IFTEa| faciindows Wi

=

ta

Windows Help program (WinHIp32.exe) for Window

L ]
L]
* Windows Help pToOT ooy s eRe T Tor windows Server 2008
L ]

Windows Help program (WinHIp32.exe) for Windows Server 2008 R2

Note Certain macros may be dizabled and .hlp files that are stored on the Intranet are blocked
after you install the WinHIp32.exe download.

For more information about these issues, see the "Known issues that may occur while you are
installing the WinHIp32.exe update"” section. For more information about how to enable macros on
a single computer, see the "How to enable macros on a single computer after you install the
WinHIp32.exe download" section. For information about how to enable macros in 8 managed
envirenment by using group policies, see the "Registry entries and group policies for network
administrators” section.

Q? Was this information helpful? Please send us your feedback

4 Back to the top

Figure 2.13: Selecting your Windows version

You will be forwarded to the Microsoft Download Center where you can download the
Microsoft Windows Help program.

First, a validation of your Windows License is required.

To do this click on the "Continue” button (see Figure 2.14).
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E Download details: Windows Help program (WinH...

Uil

Microsoft* Download Center

Downloads A-Z Product Families* Download |

Searah Al Download Center

Windows Help program (WinHIp32.exe) for Windows 7 -+

Brief Description On this page
WinHIp32.exe is required to display 32-bit Help files that have the ~.hip™ - Quick Details
file name extension. To view .hlp files on Windows 7, you need to install & [T
this application. ) h
+ System Requirements

Validation Required

For more information about the validation process dick here

File Name: Size:
Windowsé, 1-KB317607-x64.msu 7 J02 KB

Windowss. 1-KB917607-x86.msu 688 KB
Quick Details

Version: 1.0

Date Published: 10/14/2009
Change Language: English El Change
Knowledge Base (KB) Artices: KB317507

Figure 2.14: Microsoft® Download Center

You will be forwarded to a web page with instructions on how to install the Genuine Windows
Validation Component.

At the top of your Windows Internet Explorer you will see a yellow information bar. Right-click
this bar and select "Install ActiveX Control" in the context menu (see Figure 2.15).
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'€ Genuine Validation

ol il L o/ /vvuvw microsoft.com/downloads/en/ GenuineValidation.aspx?familyid=258as5 ec-e3d9-4228-8844-008e02b32a2c

T

File Edit View Favorites Tocols Help

{3 Favorites i;‘_ﬁ & | Web Slice Gallery -

m Genuine Validation

@' This website wants to in f —Gn: windows f : 'Microsoft Corporation’, If you trust the website and the add-on 3
& Install This Add-on for All Users on This Computer... )
/

What's the FiER?

Information Bar Help

Downloads A-Z Product Families™ Dowr

Searah Al Download Center

Install the Genuine Windows Validation Component

Figure 2.15: Installing the Genuine Windows Validation Component

A dialog window appears in which you will be asked if you want to install the software. Click
the "Install" button to continue (see Figure 2.16).

]
EEmE——E) .

Do you want to install this software?

@ Mame: Windows Genuine Advantage
Publisher: Microsoft Corporation

E] More pptions Install Don'tInstall |

|_"'—x While files from the Internet can be useful, this file type can potentially harm
k. your computer, Only install software from publishers you trust, What's the risk?

Figure 2.16: Internet Explorer — Security Warning

After the validation has been carried out you will be able to download the appropriate version
of Windows Help program (see Figure 2.17).
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Microsoft” Download Center

Downloads A-Z Product Families* Downloa

Windows Help program (WinHIp32.exe) for Windows 7 ¢

Brief Description On this page
WinHIp32.exe is required to display 32-bit Help files that have the ".hip” - Duick Details
file name extension. To view .hip files on Windows 7, you need to install & Tomree
this application. I —
++ System Reguirements
~ Instructions

+ Additional Information
-+ Related Resources
-+ What Others Are Downloading

Genuine Microsoft Software

For more information about the validation process dick here

y Size: below

< Windowss. 1B 1760764 msu +7 702 KB
Windowss, 1B 17607-%86.msu % £33 KB
R oStk /
Version: 10
Date Published: 10/14/2008
Change Language: English El
Knowledge Base (KEB) Artices: KB917607

Figure 2.17: Downloading the Windows Help program

To download and install the correct file you need to know which Windows version (32-bit or
64-bit) you are running on your computer.

If you are running a 64-bit operating system, please download the file
Windows6.1-KB917607-x64.msu.

If you are running a 32-bit operating system, please download the file
Windows6.1-KB917607-x86.msu.

In order to run the installation of the Windows Help program double-click the file you have
just downloaded on your computer:

Windows6.1-KB917607-x64.msu (for 64-bit operating system)
Windows6.1-KB917607-x86.msu. (for 32-bit operating system).

Installation starts with a window searching for updates on your computer. After the program
has finished searching you may see the following window.
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| Windows Update Standalone Installe

Do you want to install the following Windows software update?

Update for Windows (KBI17607)

Figure 2.18: Windows Update Standalone Installer

In this case, the installation can be continued by clicking the "Yes" button.
(If you have already installed this update, you will see the message "Update for Windows
(KB917607) is already installed on this computer.")

In the next window you have to accept the Microsoft license terms before installing the
update by clicking on "I Accept" (see Figure 2.19)

| Download and Install Upd ..

:Il Read these ficense terms (1 of 1)
You need to accept the license terms before installing updates.

Update for Windows (KE917607)

MICROSOFT SOFTWARE LICEMSE TERMS -
MICROSOFT WINDOWS HELP (WINHLP32.EXE) FOR WINDOWS 7 =
These license terms are an agreement between Microsoft Corporation (or based on where you |i|
live, one of its affiiates) and you. Please read them. They apply to the software named

above, which indudes the media on which you received it, if any. The terms also apply to any
Microsoft

. updates,

. supplements,

. Internet-based services, and

. support services

for this software, unless ather terms accompany those items. If so, those terms apply.

BY USING THE SOFTWARE, YOU ACCEPT THESE TERMS, IF YOU DO MOT ACCEPT THEM, DO

NOT USE THE SOFTWARE.

Printable version 1 Dedine

Figure 2.19: Windows License Terms
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Installation starts once you have clicked the "I Accept" button (see Figure 2.20).

%} Download and Install Updat =5

EI‘ The updates are being installed

Installation status:

Initializing installation... done!
Instaling Update for Windows (KBS 17607) (update 1of 1)... |

Installing:

Figure 2.20: Installation process

After the Windows Help program has been installed, the notification "Installation complete"”
will appear. Confirm this by clicking the "Close" button.

The installation of the Windows Help program has been completed and you will now be able
to open the Help files.
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2.4 Licensing the Liblce Property Library

The licensing procedure has to be carried out when Excel® starts up and a FluidEXLGraphics
prompt message appears. In this case, you will see the "License Information” window (see
figure below).

== License Information [&J
Liblce
Fleaze type in pour license keyl ?
Cahcel

Figure 2.21: "License Information" window

Here you will have to type in the license key which you have obtained from the Zittau/Goerlitz
University of Applied Sciences. You can find contact information on the "Content" page of
this User's Guide or by clicking the yellow question mark in the "License Information”
window. Then the following window will appear:

[ 55 Help 3 |

I order to obtain a licenze for thiz praduct

=]
% E please contack Lz,

Product:  Liblce

Contact:  Zittau/Goerlitz University of Applied Sciences
Faculty of Mechanical Engineering
Department of Technical Thermodynamics
Prof. Hang-loachim Kretzechmar, D, Ines Stoecker
Theodor-Koermer-llee 16
02763 Zittau, Gerrmary

Phone: +43-3583-61-1846

Fax: +49-3583-61-1846
Email; hj.kretzzchmarf@hs-zigr. de
AL v thermodynamics-zittau, de

Figure 2.22: "Help" window

If you do not enter a valid license it is still possible to start Excel by clicking "Cancel" twice. In
this case, the Liblce property library will display the result "-11111111" for every calculation.
The "License Information" window will appear every time you start Excel unless you uninstall
FluidEXLGraphics according to the description in section 2.6 of this user’s guide. Should you
not wish to license the Liblce property library, you have to delete the files

Liblce.dll
Liblce.hlp
in the installation folder of FluidEXLGraphics (the standard being
C:\Program Files\FluidEXL_Graphics_Eng (for English version of Windows)
C:\Programme\FluidEXL_Graphics (for German version of Windows))

using an appropriate program such as Explorer® or Norton Commander.
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2.5 Example: Calculation of h =f (p,t,x)

Now we will calculate, step by step, the specific enthalpy h as a function of the pressure p,

the temperature t and the vapor fraction x using FluidEXLGraphics,

- Start Excel®

- Enter a value for p in bar in a cell

= e. g.: Enter the value 10 into cell A2

- Enter a value for tin °C in a cell

= e. g.: Enter the value -50 into cell B2

- Enter a value for x in kg/kg in a cell.

In this example we want to calculate the specific enthalpy in the single phase region, we

therefore need to insert the value -1 for x.

= e. g.: Enter the value -1 into cell C2

- Click the cell in which the specific enthalpy h in kJ/kg is to be displayed.
= e.g.: Click the D2 cell.

- Click "Calculate" in the menu bar of FluidEXLGraphics,
Now the "Insert Function" window appears (see Figure 2.23).

“ Home Insert Page Layout Formulas Data Review View Developer Add-Ins
Calculate | Diagrams =~ Mumber Format 7~
Custom Toolbars
D2 - K v | =
A B C D E F G
1 pinbar tin°C xinkg/kg hinkl/
2 10 -50 -1)=
ol
3
.
1 Insert Function M
5
6 Search for a function:
7 Type & brief description of what you want to do and then dlick
Go
3
q Or select a category: | ICE Liblce -
) Hurnid Air LibHuair o~
10 Select a function: Humid Gas LibHuGas
11 a_ptx_ICE Ideal Gas Mixtures LibIDGAS 0
aiphav_pte_ICE Water IAPWS-IFS7 M
12 cp_ptx_ICE Propane LibPropane 5
13 c\u:tx_ICE Siloxanes_MDM
eta t; ICE LibHeatEx o
11 LibM2 _
15 kappaJ:tx ICE Ethanol LibC2H50H = -*
= Standard Dry Air LibRealAir |
16 h_ptx_ICE( pin baly jpsecref .
hinkifks. e
17 g
18
19
20
21 Help on this function l 0K l [ cancel ]
22 _

Figure 2.23: Choice of library and function name
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Search and click the "Ice Liblce" library under "Or select a category:" in the upper part of
the window.

Search and click the h_ptx_Ice function under "Select a function:" right below.

Here it is possible to get more information on the range of validity, measuring units, error
responses, etc. by clicking the "Help on this function” button.

Click "OK".
The window shown in Figure 2.24 will now appear.

SUM - K v Jx| =h_ptx ICE()
A B C D E F

1 pinbar tin°C xinkg/lkg hinkl/k
2 10 -50 -1|=hJ3‘t><_ICE|[} -l
3 | -
4 Function Arguments l P
3 h_ptx_ICE
6 pin bar
7

Tin ®C
8
g w in ka/kg
10 = -1000
11 hin k2fkg.
12 pin bar Pressure .
13
14
15 Formula result = -1,00000000E+03
16 _ )
17 Help on this function OK ] [ Cancel
18 (%

Figure 2.24: Input menu for the function

Situate the cursor next to "p in bar" and enter the value for p by clicking the cell with the
value for p, by entering the name of the cell with the value for p, or by entering the value
for p directly.

= e. g.: Type A2 into the window next to "p"

Situate the cursor next to "T in °C" and enter the value for T by clicking the cell with the
value for T, by entering the name of the cell with the value for T, or by entering the value
for t directly.

= e. g.: Click on the cell B2

Situate the cursor next to "x in kg/kg" and enter the value for x by clicking the cell with the
value for x, by entering the name of the cell with the value for x, or by entering the value
for x directly.

= e. g.: Type C2 into the window next to "X"

The window should now look like the following figure:
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3 | p \
a Function Arguments @éj
3 h_ptx_ICE

- pinbar |az = 10

; TinC B2 fRe| = -50

g xinkgkg C2 = -1

10 = -428,1041743

11 hin k1/ka.

12 xin kag/kg Phase fraction

13

14

15 Formula result = -4,28104174E+02

16

17 Help on this function [ ] [ Cancel ]

Figure 2.25: Input menu showing the result

- Click the "OK" button.

The result for h in kJ/kg appears in the cell selected above.

= The result for h in our sample calculation here is: - 428.1041743 kJ/kg.

2/22

The calculation of h = f(p,t,x) has been carried out. You can now arbitrarily change the values

for p, t or x in the appropriate cells. This shows that the Excel® data flow and the DLL

calculations are working together successfully.

Note:

If the calculation results in —1000, this indicates that the values entered are located outside
the range of validity. More detailed information on each function and its range of validity is

available in Chapter 3.

For further property functions calculable in FluidEXLGraphics see the function table in

Chapter 1.
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2.6 Removing FluidEXLGraphics

Should you wish to remove only the Liblce library, delete the files

Liblce.dll
Liblce.hlp

in the directory selected for the installation of FIuiIdEXLGraphics (in the standard case
C:\Programme\FluidEXL_Graphics
by using an appropriate program such as Explorer®, Windows, or Norton Commander.

Unregistering FluidEXLGraphics gs Add-In in Excel®, versions 2003 or earlier

To remove FluidEXLGraphics completely, proceed as follows: First the registration of
FluidEXL_Graphics_Eng.xla (for English version of Windows)
FluidEXL_Graphics.xla (for German version of Windows)

has to be cancelled in Excel®.

In order to do that, click "Tools" in the upper menu bar of Excel and here "Add-Ins...". Untick
the box on the left-hand side of

"FluidEXL Graphics Eng" (for English version of Windows)
"FluidEXL Graphics" (for German version of Windows)

in the window that appears and click the "OK" button. The additional menu bar of

FluidEXLGraphics disappears from the upper part of the Excel window. Afterwards, we
recommend closing Excel.

If the FluidEXLGraphics menu bar does not disappear, take the following steps:
Click "View" in the upper menu bar of Excel, then "Toolbars" and then "Customize..." in the
list box which appears.

"FIuidEXL Graphics Eng" (for English version of Windows)

"FluidEXL Graphics" (for German version of Windows),
is situated at the bottom of the "Toolbars" entries, which must be selected by clicking on it.
Delete the entry by clicking "Delete". You will be asked whether you really want to delete the
toolbar — click "OK".
Within the next step delete the files

Liblce.dll,

Liblce.hlp
in the directory selected for the installation of FIuIdEXLGraphics (in the standard case

C:\Program Files\FIuidEXL_Graphics_Eng (for English version of Windows)
C:\Programme\FluidEXL_Graphics (for German version of Windows),

using an appropriate program such as Explorer® or Norton Commander.
In order to remove FluidEXLGraphics from Windows and the hard disk drive, 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/Remove Programs" window that appears
select

"FluidEXL Graphics Eng" (for English version of Windows)
"FluidEXL Graphics" (for German version of Windows)
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by clicking on it and click the "Add/Remove..." button. In the following dialog box click
"Automatic" and thereafter "Next >". Click "Finish" in the "Perform Uninstall* window. Answer
the question whether all shared components shall be removed with "Yes to All". Finally, close
the "Add/Remove Programs" and "Control Panel" windows.

Now FluidEXLGraphics has been removed.

Unregistering FluidEXLGraphics ags Add-In in Excel® 2007 (or later versions)

In order to unregister the FluidEXLGraphics add-in in Excel® 2007 start Excel and carry out
the following commands:

- Click the Windows Office® button in the upper left corner of Excel

- Click on the "Excel Options" button in the menu which appears

Bookl - Microsoft Excel = = =
b view © - = x
Recent Documents i - = — 5 Autos
| = ; — =, AutoSum ~ :
| 3| | Siwrap Text General - }E‘ 4 |/ L u%ﬁ
| . - /LR s SN - 7l
|22 22| EdMerge &uCenter~ ||| § + % o ||%2 58|/ Conditional Format  Cell Insert Delete Format N Sort& Find &
| e erg - % *20| Formatting ~ as Table - Styles~ || - - (2 Clear~  Fijter- Select~
| Alignment & Number & Styles Cells Editing
LG H 1 J K L M N [o] P Q R 5 4
print b
Frepare b
A Send
U/ Publish »
o
| Qose
Neree
5]
16
17
18 =
19
20
21
2
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
M 4 b M| Sheetl - Sheet2 Sheet3 %0 0 m | 0
Ready [0 | ae0,-) o )

Figure 2.26: Unregistering FluidEXLGraphics gs Add-In in Excel® 2007

- Click on "Add-Ins" in the next menu
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Figure 2.27: Dialog window "Add-Ins"

"Manage:" in the lower area of the menu
- Afterwards click the "Go..." button
- Remove the checkmark in front of

"FluidEXL Graphics Eng"
"FluidEXL Graphics"

(for English version of Windows)
(for German version of Windows)

If it is not shown in the list automatically, chose and click "Excel Add-ins" next to

in the window which now appears. Click the "OK" button to confirm your entry.
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Ade-Ins L2 =
Add-Ins available: /\
— ( ’

| Analysis ToolPak

Analysis ToolPak - VBA

Cancel

Internet Assistant VBA Srouse

Lookup Wizard
Solver Add-in

Automation...

FluidEXL Graphics Eng

Libraries for the Calculation of Thermophysical
Properties
for Fluids of the Power Technology

Figure 2.28: Dialog window "Add-Ins"

In order to remove FluidEXLGraphics from Windows and the hard drive, 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
"FluidEXL Graphics Eng" (for English version of Windows)
"FluidEXL Graphics" (for German version of Windows)

by clicking on it and then clicking the "Add/Remove..." button.

Click "Automatic” in the following dialog box and then the "Next >" button.

Click "Finish™" in the "Perform Uninstall" window.

Answer the question of whether all shared components should be removed with "Yes to All."
Finally, close the "Add or Remove Programs" and "Control Panel" windows.

Now FluidEXLGraphics has been completely removed from your computer.
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3. Program Documentation

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

Function Name: a _ptx_ICE

Subprogram with value of the function: REAL*8 FUNCTION APTXICE(P,T,X)
for call from Fortran REAL*8 P,T,X

Input Values

P — Pressure p in bar
T — Temperature T in °C
X - xin kg / kg (Phase fraction, see the following explanations)

Result

*

APTXICE or a_ptx_ICE — Thermal diffusivity a = ATV in m3/s
c
p
Range of Validity (cp. p,t-diagram in chapter 1.2)

Temperature range: from Tpinto Thax
Pressure range: from Pmin 0 Pmax

Details on the phase fraction x

If the state point to be calculated is located in the single phase region (solid, liquid or superheated
steam), x = -1000 must be entered as a pro-forma value.

The two phase regions wet steam region, melting region and sublimation region are calculated
automatically by the subprograms. For this purpose the following facts have to be considered (cp. Ig p-h
diagram chapter 1.2):

1. Wet Vapor Region (0<x<1):

The phase fraction x equates to the vapor fraction x in the wet steam region x =m. Its unit is
(kg saturated steam)/(kg wet steam).

The calculation for x values between 0 and 1 is not possible.

If boiling liquid (boiling curve) is to be calculated, the value 0 has to be entered for x. In case of dry
saturated steam (dew curve) x = 1 has to be entered.

Concerning pressure and temperature either the given value for t and p = -1000 or the given value for
p and t = -1000 and in both cases the value 0 or 1 for x must be entered when calculating boiling liquid
or dry saturated steam If p and t and x are entered, the program will consider p and t to represent the
vapor pressure curve.

Boiling and dew curve: Temperature range from T, to Tax
Pressure range from p; to ps (Tmax)
2. Melting Region (10<x <11):
m .
The phase fraction x equates to the liquid fraction x in the melting region x =10 + liq . Its unit
(mice + mliq )

is (kg solidified liquid)/(kg melt), whereas melt is a mixture of melting ice and solidified liquid.

The calculation for x values between 10 and 11 is not possible.

If melting solid (melting curve) is to be calculated, the value 10 has to be entered for x. In case of
solidifying liquid (solidification curve) x = 11 has to be entered.

When calculating a melting solid or solidifying liquid it is adequate, Concerning pressure and
temperature, to put in either the value given for t and p = -1000 or the value given for p and t = -1000
and the value for x (x = 10 or x = 11). If p and t and x are entered as given values, the program tests
whether p and t fulfil the melting pressure curve.
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Melting and

Solidification curve: Temperature range from T; t0 Trel (Pmax)
Pressure range from p; t0 Pmax

3. Sublimation Region (100<x <101):

Myas

(mice + mgas )

unit is (kg desublimated gas)/(kg sublimation powder), whereas sublimation powder is a mixture of
sublimating ice and desublimated gas.

The calculation for x values between 100 and 101 is not possible.

If sublimating solid is to be calculated, the value 100 has to be entered for x. In case of desublimating
steam x = 101 has to be entered.

When calculating a sublimating solid or desublimating steam it is adequate, Concerning pressure and
temperature, to put in either the value given for t and p = -1000 or the value given for p and t = -1000
and the value for x (x = 100 or x = 101). If p and t and x are entered as given values the program tests
whether p and t fulfil the sublimation-pressure-curve.

The phase fraction x equates to the gas fraction x in the sublimation region x =100 + . ts

Sublimation and
desublimation curve: = Temperatur range from T, to T,
Pressure range from pyin t0 py

Results for wrong input values
Result APTXICE =-1000 or a_ptx_ICE =-1000 for input values:

Single phase region:

Tw

Solid, liquid, overheated steam (x = —1000):
- at p < Pmin OF P > Pmax
—atT <Tpip or T > Thax

0 phase regions:
Wet steam region (0 < x < 1):
-at0<x<1,ie. calculation in the wet steam region not possible!
-atp=-1000and T <Tior T > T
-att =-1000 and p <pior p > Ps(Tmax)
-atp <pior p> ps(Tmax)
-atT <Tyor T > Thax

Melting region (10 < x < 11):
-at10 <x <11, i.e. calculation in the melting region not possible!
-atp=-1000and T >Ty of T < Tmel (Pmax)
-att =-1000 and p < p;Or P > Pmax
-atp <p; Or P> Pmax
-atT > Tt orT < Tmel (pmax)

Sublimation region (100 < x < 101):
-at100 <x < 101, i.e. calculation in the sublimation region not possible!
-atp=-1000and T <Tp, of T >T,
-att =-1000 and p < pmnOr p>p;
-atp < Pmin OF P> P
-atT <Tyin or T>T,

References: [1], [2], [3], [6], [7], [8]
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Isobaric cubic expansion coefficient a, = f(p,t,x)

Function Name: alphav_ptx_ICE

Subprogram with value of the function: REAL*8 FUNCTION ALPHAVPTXICE (P,T,X)
for call from Fortran REAL*8 P,T,X

Input Values

P — Pressure p in bar
T — Temperature T in °C
X - xin kg / kg (Phase fraction, see the following explanations)

Result
ALPHAVPTXICE or alphav_ptx_ICE — Isobaric cubic expansion coefficient «,, in 1/K

Range of Validity (cp. p,t-diagram in chapter 1.2)
Temperature range: from Tpinto Thax
Pressure range: from Pmin 0 Pmax

Details on the phase fraction x

If the state point to be calculated is located in the single phase region (solid, liquid or superheated
steam), x = -1000 must be entered as a pro-forma value.

The two phase regions wet steam region, melting region and sublimation region are calculated
automatically by the subprograms. For this purpose the following facts have to be considered (cp. Ig p-h
diagram chapter 1.2):

1. Wet Vapor Region (0<x<1):

14

The phase fraction x equates to the vapor fraction x in the wet steam region x =m. Its unit is
(kg saturated steam)/(kg wet steam).

The calculation for x values between 0 and 1 is not possible.

If boiling liquid (boiling curve) is to be calculated, the value 0 has to be entered for x. In case of dry
saturated steam (dew curve) x = 1 has to be entered.

Concerning pressure and temperature either the given value for t and p = -1000 or the given value for
p and t = -1000 and in both cases the value 0 or 1 for x must be entered when calculating boiling liquid
or dry saturated steam If p andt and x are entered, the program will consider p and t to represent the
vapor pressure curve.

Boiling and dew curve: Temperature range from T, t0 Tax
Pressure range from p; to ps (Tmax)
2. Melting Region (10 <x <11):
m .
The phase fraction x equates to the liquid fraction x in the melting regionx =10 + liq . Its unit
(mice + mliq )

is (kg solidified liquid)/(kg melt), whereas melt is a mixture of melting ice and solidified liquid.

The calculation for x values between 10 and 11 is not possible.

If melting solid (melting curve) is to be calculated, the value 10 has to be entered for x. In case of
solidifying liquid (solidification curve) x = 11 has to be entered.

When calculating a melting solid or solidifying liquid it is adequate, Concerning pressure and
temperature, to put in either the value given for t and p = -1000 or the value given for p and t = -1000
and the value for x (x = 10 or x = 11). If p and t and x are entered as given values, the program tests
whether p and t fulfil the melting pressure curve.

Melting and
Solidification curve: Temperature range from T; t0 Tie (Pmax)
Pressure range from p; t0 Pmax
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3. Sublimation Region (100<x <101):

Myas

(mice + mgas )

unit is (kg desublimated gas)/(kg sublimation powder), whereas sublimation powder is a mixture of
sublimating ice and desublimated gas.

The calculation for x values between 100 and 101 is not possible.

If sublimating solid is to be calculated, the value 100 has to be entered for x. In case of desublimating
steam x = 101 has to be entered.

When calculating a sublimating solid or desublimating steam it is adequate, Concerning pressure and
temperature, to put in either the value given for t and p = -1000 or the value given for p and t = -1000
and the value for x (x = 100 or x = 101). If p and t and x are entered as given values the program tests
whether p and t fulfil the sublimation-pressure-curve.

The phase fraction x equates to the gas fraction x in the sublimation region x =100 + . ts

Sublimation and
desublimation curve:  Temperatur range from T, to T,
Pressure range from pyin t0 py

sults for wrong input values

Result ALPHAVPTXICE =-1000 or alphav_ptx_ICE =-1000 for input values:

Single phase region:

Tw

Solid, liquid, overheated steam (x = —1000):
- at P < Pmin OF P > Pmax
—atT <Tpip or T > Thax

0 phase regions:
Wet steam region (0 < x < 1):
-at0<x<1,ie. calculation in the wet steam region not possible!
-atp=-1000and T <Tior T > T
-att =-1000 and p <pior p > Ps(Tmax)
-atp <pior p> ps(Tmax)
-atT <Tyor T > Thax

Melting region (10 < x < 11):
-at10 <x <11, i.e. calculation in the melting region not possible!
-atp=-1000and T >T; of T < Tmel (Pmax)
-att =-1000 and p < p;Or P > Pmax
-atp <p; Or P> Prmax
-atT > Tt orT < Tmel (pmax)

Sublimation region (100 < x < 101):
-at100 <x < 101, i.e. calculation in the sublimation region not possible!
-atp=-1000and T <Tp, ofr T >T,
-att =-1000 and p < pminOFr p > p;
-atp < Pmin OF P> P
-atT <Tyin or T>T,

References: [1], [2], [6], [7], [8]
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Specific Isobaric Heat Capacity cp = f(p,t,x)

Function Name: cp_ptx_ICE

Subprogram with value of the function: REAL*8 FUNCTION CPPTXICE(P,T,X)
for call from Fortran REAL*8 P,T,X

Input Values

P — Pressure p in bar
T — Temperature T in °C
X - xin kg / kg (Phase fraction, see the following explanations)

Result
CPPTXICE or cp_ptx_ICE - specific isobaric heat capacity ¢, in kJ/(kg K)

Range of Validity (cp. p,t-diagram in chapter 1.2)
Temperature range: from Tpinto Thmax
Pressure range: from Pmin 0 Prmax

Details on the phase fraction x

If the state point to be calculated is located in the single phase region (solid, liquid or superheated
steam), x = -1000 must be entered as a pro-forma value.

The two phase regions wet steam region, melting region and sublimation region are calculated
automatically by the subprograms. For this purpose the following facts have to be considered (cp. Ig p-h
diagram chapter 1.2):

1. Wet Vapor Region (0<x<1):

The phase fraction x equates to the vapor fraction x in the wet steam region X :m. Its unit is
(kg saturated steam)/(kg wet steam).

The calculation for x values between 0 and 1 is not possible.

If boiling liquid (boiling curve) is to be calculated, the value O has to be entered for x. In case of dry
saturated steam (dew curve) x = 1 has to be entered.

Concerning pressure and temperature either the given value for t and p = -1000 or the given value for
p and t = -1000 and in both cases the value 0 or 1 for x must be entered when calculating boiling liquid
or dry saturated steam If p and t and x are entered, the program will consider p and t to represent the
vapor pressure curve.

Boiling and dew curve: Temperature range from T, t0 Tax
Pressure range from p; to ps (Tmax)
2. Melting Region (10<x <11):
m .
The phase fraction x equates to the liquid fraction x in the melting region x =10 + lig . Its unit
(mice + Myiq )

is (kg solidified liquid)/(kg melt), whereas melt is a mixture of melting ice and solidified liquid.

The calculation for x values between 10 and 11 is not possible.

If melting solid (melting curve) is to be calculated, the value 10 has to be entered for x. In case of
solidifying liquid (solidification curve) x = 11 has to be entered.

When calculating a melting solid or solidifying liquid it is adequate, Concerning pressure and
temperature, to put in either the value given for t and p = -1000 or the value given for p and t = -1000
and the value for x (x = 10 or x = 11). If p and t and x are entered as given values, the program tests
whether p and t fulfil the melting pressure curve.

Melting and
Solidification curve: Temperature range from T; t0 Tre (Pmax)
Pressure range from Pt tO Prax
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3. Sublimation Region (100<x <101):

Myas

(mice + mgas )

unit is (kg desublimated gas)/(kg sublimation powder), whereas sublimation powder is a mixture of
sublimating ice and desublimated gas.

The calculation for x values between 100 and 101 is not possible.

If sublimating solid is to be calculated, the value 100 has to be entered for x. In case of desublimating
steam x = 101 has to be entered.

When calculating a sublimating solid or desublimating steam it is adequate, Concerning pressure and
temperature, to put in either the value given for t and p = -1000 or the value given for p and t = -1000
and the value for x (x = 100 or x = 101). If p and t and x are entered as given values the program tests
whether p and t fulfil the sublimation-pressure-curve.

The phase fraction x equates to the gas fraction x in the sublimation region x =100 + . ts

Sublimation and
desublimation curve:  Temperatur range from T, to T,
Pressure range from pyin t0 py

sults for wrong input values

Result CPPTXICE =-1000 or cp_ptx_ICE =-=1000 for input values:

Single phase region:

Tw

Solid, liquid, overheated steam (x = —1000):
- at P < Pmin OF P > Pmax
—atT <Tpip or T > Thax

0 phase regions:
Wet steam region (0 < x < 1):
-at0<x<1,i.e. calculation in the wet steam region not possible!
-atp=-1000and T <Tior T > T
-att =-1000 and p <pior p > Ps(Tmax)
-atp <por p> ps(Tmax)
-atT <Tyor T > Thax

Melting region (10 < x < 11):
-at10 <x <11, i.e. calculation in the melting region not possible!
-atp=-1000and T >T; of T < Tmel (Pmax)
-att =-1000 and p < p;Or P > Pmax
-atp <p; Or P> Prax
-atT > Tt orT < Tmel (pmax)

Sublimation region (100 < x < 101):
-at100 <x <101, i.e. calculation in the sublimation region not possible!
-atp=-1000and T <Tp, ofr T >T,
-att =-1000 and p < pminOFr p > p;
-atp < Pmin OF P> P
-atT <Tyin or T>T,

References: [1], [2], [6], [7], [8]
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Specific Isochoric Heat Capacity cy = f(p,t,x)

Function Name: cv_ptx_ICE

Subprogram with value of the function: REAL*8 FUNCTION CVPTXICE(P,T,X)
for call from Fortran REAL*8 P,T,X

Input Values

P — Pressure p in bar
T — Temperature T in °C
X - xin kg / kg (Phase fraction, see the following explanations)

Result
CVPTXICE or cv_ptx_ICE - specific isochoric heat capacity c, in kJ/(kg K)

Range of Validity (cp. p,t-diagram in chapter 1.2)
Temperature range: from Tpinto Thmax
Pressure range: from Pmin 0 Prmax

Details on the phase fraction x

If the state point to be calculated is located in the single phase region (solid, liquid or superheated
steam), x = -1000 must be entered as a pro-forma value.

The two phase regions wet steam region, melting region and sublimation region are calculated
automatically by the subprograms. For this purpose the following facts have to be considered (cp. Ig p-h
diagram chapter 1.2):

1. Wet Vapor Region (0<x<1):

The phase fraction x equates to the vapor fraction x in the wet steam region X :m. Its unit is
(kg saturated steam)/(kg wet steam).

The calculation for x values between 0 and 1 is not possible.

If boiling liquid (boiling curve) is to be calculated, the value O has to be entered for x. In case of dry
saturated steam (dew curve) x = 1 has to be entered.

Concerning pressure and temperature either the given value for t and p = -1000 or the given value for
p and t = -1000 and in both cases the value 0 or 1 for x must be entered when calculating boiling liquid
or dry saturated steam If p and t and x are entered, the program will consider p and t to represent the
vapor pressure curve.

Boiling and dew curve: Temperature range from T, t0 Tax
Pressure range from p; to ps (Tmax)
2. Melting Region (10<x <11):
m .
The phase fraction x equates to the liquid fraction x in the melting region x =10 + lig . Its unit
(mice + Myiq )

is (kg solidified liquid)/(kg melt), whereas melt is a mixture of melting ice and solidified liquid.

The calculation for x values between 10 and 11 is not possible.

If melting solid (melting curve) is to be calculated, the value 10 has to be entered for x. In case of
solidifying liquid (solidification curve) x = 11 has to be entered.

When calculating a melting solid or solidifying liquid it is adequate, Concerning pressure and
temperature, to put in either the value given for t and p = -1000 or the value given for p and t = -1000
and the value for x (x = 10 or x = 11). If p and t and x are entered as given values, the program tests
whether p and t fulfil the melting pressure curve.

Melting and
Solidification curve: Temperature range from T; t0 Tre (Pmax)
Pressure range from Pt tO Prax
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Re

3. Sublimation Region (100<x <101):

Myas

(mice + mgas )

unit is (kg desublimated gas)/(kg sublimation powder), whereas sublimation powder is a mixture of
sublimating ice and desublimated gas.

The calculation for x values between 100 and 101 is not possible.

If sublimating solid is to be calculated, the value 100 has to be entered for x. In case of desublimating
steam x = 101 has to be entered.

When calculating a sublimating solid or desublimating steam it is adequate, Concerning pressure and
temperature, to put in either the value given for t and p = -1000 or the value given for p and t = -1000
and the value for x (x = 100 or x = 101). If p and t and x are entered as given values the program tests
whether p and t fulfil the sublimation-pressure-curve.

The phase fraction x equates to the gas fraction x in the sublimation region x =100 + . ts

Sublimation and
desublimation curve:  Temperatur range from T, to T,
Pressure range from pyin t0 py

sults for wrong input values

Result CVPTXICE =-1000 or cv_ptx_ICE =-1000 for input values:

Single phase region:

Tw

Solid, liquid, overheated steam (x = —1000):
- at P < Pmin OF P > Pmax
—atT <Tpip or T > Thax

0 phase regions:
Wet steam region (0 < x < 1):
-at0<x<1,i.e. calculation in the wet steam region not possible!
-atp=-1000and T <Tior T > T
-att =-1000 and p <pior p > Ps(Tmax)
-atp <pior p> ps(Tmax)
-atT <Tyor T > Thax

Melting region (10 = x < 11):
-at10 <x <11, i.e. calculation in the melting region not possible!
-atp=-1000and T >T; of T < Tmel (Pmax)
-att =-1000 and p < p;Or P > Pmax
-atp <p; Or P> Prmax
-atT > Tt orT < Tmel (pmax)

Sublimation region (100 < x < 101):
-at100 <x <101, i.e. calculation in the sublimation region not possible!
-atp=-1000and T <Tp, ofr T >T,
-att =-1000 and p < pminOFr p > p;
-atp < Pmin OF P> P
-atT <Tyin or T>T,

References: [1], [2], [6], [7], [8]
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Dynamic Viscosity 7 = f(p,t,x)

Function Name: eta_ptx_ICE

Subprogram with value of the function: REAL*8 FUNCTION ETAPTXICE(P,T,X)
for call from Fortran REAL*8 P,T,X

Input Values

P — Pressure p in bar
T — Temperature T in °C
X - xin kg / kg (Phase fraction, see the following explanations)

Result
ETAPTXICE or eta_ptx_ICE — dynamic viscosity r in Pas

Range of Validity (cp. p,t-diagram in chapter 1.2)
Temperature range: from Tpin t0 Tax
Pressure range: from Puin 10 Prax

Details on the phase fraction x

If the state point to be calculated is located in the single phase region (liquid or superheated steam), x = -
1000 must be entered as a pro-forma value. This function can only by used for liquid and steam region.

The two phase regions wet steam region, melting region and sublimation region are calculated
automatically by the subprograms. For this purpose the following facts have to be considered (cp. Ig p,h-
diagram chapter 1.2):

1. Wet Vapor Region (0<x <1):

The phase fraction x equates to the vapor fraction x in the wet steam region x :m. Its unit is
(kg saturated steam)/(kg wet steam).

The calculation for x values between 0 and 1 is not possible.

If boiling liquid (boiling curve) is to be calculated, the value O has to be entered for x. In case of dry
saturated steam (dew curve) x = 1 has to be entered.

Concerning pressure and temperature either the given value for t and p = -1000 or the given value for
p and t = -1000 and in both cases the value 0 or 1 for x must be entered when calculating boiling liquid
or dry saturated steam If p and t and x are entered, the program will consider p and t to represent the
vapor pressure curve.

Boiling and dew curve: Temperature range from T, t0 Tax
Pressure range from p; to ps (Tmax)
2. Melting Region (10<x <11):
m .
The phase fraction x equates to the liquid fraction x in the melting regionx =10 + liq . Its unit
(mice + Myiq )

is (kg solidified liquid)/(kg melt), whereas melt is a mixture of melting ice and solidified liquid.

The calculation for x values unequal to 11 is not possible .

For solidifying liquid (solidification curve) x = 11 has to be entered.

When calculating a solidifying liquid it it is adequate, Concerning pressure and temperature, to put in
either the value given for t and p = -1000 or the value given for p and t = -1000 and the value for x (x =
11). If p and t and x are entered as given values, the program tests whether p and t fulfil the melting
pressure curve.

Solidification curve: Temperature range from T; t0 Tre (Pmax)
Pressure range from p; t0 Pmax
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3. Sublimation Region (100<x <101):

mgas
(mice + mgas )
unit is (kg desublimated gas)/(kg sublimation powder), whereas sublimation powder is a mixture of
sublimating ice and desublimated gas.
The calculation for x values unequal to 101 is not possible .
If sublimating solid is to be calculated, the value 100 has to be entered for x. In case of desublimating
steam x = 101 has to be entered.
When calculating a desublimating steam it is adequate, Concerning pressure and temperature, to put
in either the value given for t and p = -1000 or the value given for p and t = -1000 and the value for x (x
=101). If pand t and x are entered as given values the program tests whether p and t fulfil the
sublimation-pressure-curve.

The phase fraction x equates to the gas fraction x in the sublimation region x =100 + . ts

Desublimation curve: =~ Temperatur range from T, to T;
Pressure range from pyin to pt

Results for wrong input values
Result ETAPTXICE = -1000 or eta ptx_ICE =-1000 for input values:
Single phase region:

Solid, liquid, overheated steam (x = —1000):

'atp<pmin or p>pmax
—atT <Thin OF T > Trnax

Two phase regions:
Wet steam region (0 = x < 1):
-at0<x<1,i.e. calculation in the wet steam region not possible!
-atp=-1000and T <T;or T > Tpax
-att =-1000 and p <pior p > Ps(Tmax)
- at p<porp=> pS(TmaX)
-atT <Tyor T >Thax

Melting region (10 < x < 11):
-atx <11, i.e. calculation in the melting region not possible!
-atp=-1000and T >T; of T < Tmel (Pmax)
-att =—1000 and p <p;Or P > Pmax
'atp<pt Or P > Pmax
-atT > Tt orT < Tmel (pmax)

Sublimation region (100 < x < 101):
-atx <101, i.e. calculation in the sublimation region not possible!
-atp=-1000and T <Tp, ofr T >T,
-att =-1000 and p < pmin OF P > py
-at p < Pmin OF P > Py
-atT <Typ or T>T,

References: [1], [2], [4], [6]. [7]. [8]
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Specific Enthalpy h =f(p,t,x)

Function Name: h_ptx_ICE

Subprogram with value of the function: REAL*8 FUNCTION HPTXICE(P,T,X)
for call from Fortran REAL*8 P,T,X

Input Values

P — Pressure p in bar
T — Temperature T in °C
X - xin kg / kg (Phase fraction, see the following explanations)

Result
HPTXICE or h_ptx_ICE - specific enthalpy h in kJ/kg

Range of Validity (cp. p,t-diagram in chapter 1.2)

Temperature range: from Tpin 10 Tmax
Pressure range: from Pmin 10 Pmax

Details on the phase fraction x

If the state point to be calculated is located in the single phase region (solid, liquid or superheated
steam), x= -1000 must be entered as a pro-forma value.

The two phase regions wet steam region, melting region and sublimation region are calculated
automatically by the subprograms. For this purpose the following facts have to be considered (cp. Ig p,h-
diagram chapter 1.2):

1. Wet Vapor Region (0<x<1):

The phase fraction x equates to the vapor fraction x in the wet steam region x=————. Its unit is

(m'+m")
(kg saturated steam)/(kg wet steam).
If the state point to be calculated is located in the wet steam region, a value between 0 and 1 must be
entered for x. If boiling liquid (boiling curve) is to be calculated, the value 0 has to be entered for x. In
case of dry saturated steam (dew curve) x = 1 has to be entered.
Concerning pressure and temperature either the given value for t and p = -1000 or the given value for
p and t = -1000 and in both cases the value 0 or 1 for x must be entered when calculating boiling liquid
or dry saturated steam. If p and t and x are entered, the program will consider p and t to represent the
vapor pressure curve.

Boiling and dew curve: Temperature range from T, to Tax
Pressure range from p; to ps (Tmax)
2. Melting Region (10<x <11):
m .
The phase fraction x equates to the liquid fraction x in the melting region x =10 + liq . Its unit
(mice + mliq )

is (kg solidified liquid)/(kg melt), whereas melt is a mixture of melting ice and solidified liquid.

If the state point to be calculated is located in the melting region, a value between 10 and 11 must be
entered for x. If melting solid (melting curve) is to be calculated, the value 10 has to be entered for x.
In case of solidifying liquid (solidification curve) x = 11 has to be entered.

When calculating a melting solid or solidifying liquid it is adequate, Concerning pressure and
temperature, to put in either the value given for t and p = -1000 or the value given for p and t = -1000
and the value for x (x = 10 or x = 11). If p and t and x are entered as given values, the program tests
whether p and t fulfil the melting pressure curve.
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Melting and

Solidification curve: Temperature range from T; t0 Trel (Pmax)
Pressure range from p; t0 Pmax

3. Sublimation Region (100<x <101):

Myas

(mice + mgas )

unit is (kg desublimated gas)/(kg sublimation powder), whereas sublimation powder is a mixture of
sublimating ice and desublimated gas. If the state point to be calculated is located in the melting
region, a value between 100 and 101 must be entered for x.

If sublimating solid is to be calculated, the value 100 has to be entered for x. In case of desublimating
steam x = 101 has to be entered.

When calculating a sublimating solid or desublimating steam it is adequate, Concerning pressure and
temperature, to put in either the value given for t and p = -1000 or the value given for p and t = -1000
and the value for x (x = 100 or x = 101). If p and t and x are entered as given values the program tests
whether p and t fulfil the sublimation-pressure-curve.

The phase fraction x equates to the gas fraction x in the sublimation region x =100 + . ts

Melting and
Solidification curve: Temperatur range from T, to T,
Pressure range from pyin to py

Results for wrong input values
Result HPTXICE =-1000 or h_ptx_ICE =-=1000 for input values:
Single phase region:

Solid, liquid, overheated steam (x = —1000):

- at p < Pmin OF P > Pmax
—atT <Tpin Or T > Thax

Two phase regions:

Wet steam region (0 £ x < 1):
-atp=-1000and T <Tior T > Tpmax
-att =-1000 and p <p;or p > Ps(Tmax)
-atp <pror p> ps(Tmax)

-atT <Tyor T > Thax

Melting region (10 < x < 11):
-atp=-1000and T >T; of T < Tre (Pmax)
-att =-1000 and p < p;Or P > Pmax

-atp <p; OF P> Pmax
-atT >Tt orT <Tmel (pmax)

Sublimation region (100 < x < 101):
-atp=-1000and T <Tp, of T >T,
-att =-1000 and p < pmnOr p>p;

-atp < Pmin OF P> P
-atT <Tyin or T>T,

References: [1], [2], [6], [7], [8]
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Isentropic Exponent K = f(p,t,x)

Function Name: kappa_ptx_ICE

Subprogram with value of the function: REAL*8 FUNCTION KAPPAPTXICE (P,T,X)
for call from Fortran REAL*8 P,T,X

Input Values

P — Pressure p in bar
T — Temperature T in °C
X - xin kg / kg (Phase fraction, see the following explanations)

Result

W2

p*v

KAPPAPTXICE or kappa_ptx_ICE — Isentropic exponent « =

Range of Validity (cp. p,t-diagram in chapter 1.2)
Temperature range: from Tpinto Thax
Pressure range: from Pmin 0 Pmax

Details on the phase fraction x

If the state point to be calculated is located in the single phase region (solid, liquid or superheated
steam), x = -1000 must be entered as a pro-forma value.

The two phase regions wet steam region, melting region and sublimation region are calculated
automatically by the subprograms. For this purpose the following facts have to be considered (cp. Ig p-h
diagram chapter 1.2):

1. Wet Vapor Region (0<x <1):

14

The phase fraction x equates to the vapor fraction x in the wet steam region x =m. Its unit is
(kg saturated steam)/(kg wet steam).

The calculation for x values between 0 and 1 is not possible.

If boiling liquid (boiling curve) is to be calculated, the value 0 has to be entered for x. In case of dry
saturated steam (dew curve) x = 1 has to be entered.

Concerning pressure and temperature either the given value for t and p = -1000 or the given value for
p and t = -1000 and in both cases the value 0 or 1 for x must be entered when calculating boiling liquid
or dry saturated steam If p andt and x are entered, the program will consider p and t to represent the
vapor pressure curve.

Boiling and dew curve: Temperature range from T, t0 Tax
Pressure range from p; to ps (Tmax)
2. Melting Region (10<x <11):
m .
The phase fraction x equates to the liquid fraction x in the melting regionx =10 + liq . Its unit
(mice + mliq )

is (kg solidified liquid)/(kg melt), whereas melt is a mixture of melting ice and solidified liquid.

The calculation for x values between 10 and 11 is not possible.

If melting solid (melting curve) is to be calculated, the value 10 has to be entered for x. In case of
solidifying liquid (solidification curve) x = 11 has to be entered.

When calculating a melting solid or solidifying liquid it is adequate, Concerning pressure and
temperature, to put in either the value given for t and p = -1000 or the value given for p and t = -1000
and the value for x (x = 10 or x = 11). If p and t and x are entered as given values, the program tests
whether p and t fulfil the melting pressure curve.
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Melting and

Solidification curve: Temperature range from T; t0 Trel (Pmax)
Pressure range from p; t0 Pmax

3. Sublimation Region (100<x <101):

Myas

(mice + mgas )

unit is (kg desublimated gas)/(kg sublimation powder), whereas sublimation powder is a mixture of
sublimating ice and desublimated gas.

The calculation for x values between 100 and 101 is not possible.

If sublimating solid is to be calculated, the value 100 has to be entered for x. In case of desublimating
steam x = 101 has to be entered.

When calculating a sublimating solid or desublimating steam it is adequate, Concerning pressure and
temperature, to put in either the value given for t and p = -1000 or the value given for p and t = -1000
and the value for x (x = 100 or x = 101). If p and t and x are entered as given values the program tests
whether p and t fulfil the sublimation-pressure-curve.

The phase fraction x equates to the gas fraction x in the sublimation region x =100 + . ts

Sublimation and
desublimation curve:  Temperatur range from T, to T,
Pressure range from pyin t0 py

Results for wrong input values
Result KAPPAPTXICE = -1000 or kappa_ptx_ICE =-1000 for input values:

Single phase region:
Solid, liquid, overheated steam (x = —1000):
- at P < Pmin OF P > Pmax
—atT <Tpip or T > Thax

Two phase regions:
Wet steam region (0 < x < 1):
-at0<x<1,ie. calculation in the wet steam region not possible!
-atp=-1000and T <Tior T > T
-att =-1000 and p <pior p > Ps(Tmax)
-atp <pior p> ps(Tmax)
-atT <Tyor T > Thax

Melting region (10 < x < 11):
-at10 <x <11, i.e. calculation in the melting region not possible!
-atp=-1000and T >T; of T < Tmel (Pmax)
-att =-1000 and p < p;Or P > Pmax

-atp<p; OF P> Pmax
-atT >Tt orT <Tmel (pmax)

Sublimation region (100 < x < 101):
-at100 <x < 101, i.e. calculation in the sublimation region not possible!
-atp=-1000and T <Tp, ofr T >T,
-att =-1000 and p < pminOr p>p;
-atp < Pmin OF P> P
-atT <Tyin or T>T,

References: [1], [2], [6], [7], [8]
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Isothermal compressibility K, =f(p,t,x)

Function Name: kappaT_ptx_ICE

Subprogram with value of the function: REAL*8 FUNCTION KAPPATPTXICE (P,T,X)
for call from Fortran REAL*8 P,T,X

Input Values

P — Pressure p in bar
T — Temperature T in °C
X - xin kg / kg (Phase fraction, see the following explanations)

Result
KAPPATPTXICE or kappaT_ptx_ICE — Isothermal compressibility x7 in 1/kPa

Range of Validity (cp. p,t-diagram in chapter 1.2)
Temperature range: from Tpinto Trmax
Pressure range: from Pmin 0 Prmax

Details on the phase fraction x

If the state point to be calculated is located in the single phase region (solid, liquid or superheated
steam), x = -1000 must be entered as a pro-forma value.

The two phase regions wet steam region, melting region and sublimation region are calculated
automatically by the subprograms. For this purpose the following facts have to be considered (cp. Ig p-h
diagram chapter 1.2):

1. Wet Vapor Region (0<x <1):

The phase fraction x equates to the vapor fraction x in the wet steam region X :m. Its unit is
(kg saturated steam)/(kg wet steam).

The calculation for x values between 0 and 1 is not possible.

If boiling liquid (boiling curve) is to be calculated, the value 0 has to be entered for x. In case of dry
saturated steam (dew curve) x = 1 has to be entered.

Concerning pressure and temperature either the given value for t and p = -1000 or the given value for
p and t = -1000 and in both cases the value 0 or 1 for x must be entered when calculating boiling liquid
or dry saturated steam If p and t and x are entered, the program will consider p and t to represent the
vapor pressure curve.

Boiling and dew curve: Temperature range from T, t0 Tax
Pressure range from p; to ps (Tmax)
2. Melting Region (10<x <11):
m .
The phase fraction x equates to the liquid fraction x in the melting region x =10 + liq . Its unit
(mice + mliq )

is (kg solidified liquid)/(kg melt), whereas melt is a mixture of melting ice and solidified liquid.

The calculation for x values between 10 and 11 is not possible.

If melting solid (melting curve) is to be calculated, the value 10 has to be entered for x. In case of
solidifying liquid (solidification curve) x = 11 has to be entered.

When calculating a melting solid or solidifying liquid it is adequate, Concerning pressure and
temperature, to put in either the value given for t and p = -1000 or the value given for p and t = -1000
and the value for x (x = 10 or x = 11). If p and t and x are entered as given values, the program tests
whether p and t fulfil the melting pressure curve.

Melting and
Solidification curve: Temperature range from T; t0 Tre (Pmax)

Pressure range from Pt to Pmax
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3. Sublimation Region (100<x <101):

Myas

(mice + mgas )

unit is (kg desublimated gas)/(kg sublimation powder), whereas sublimation powder is a mixture of
sublimating ice and desublimated gas.

The calculation for x values between 100 and 101 is not possible.

If sublimating solid is to be calculated, the value 100 has to be entered for x. In case of desublimating
steam x = 101 has to be entered.

When calculating a sublimating solid or desublimating steam it is adequate, Concerning pressure and
temperature, to put in either the value given for t and p = -1000 or the value given for p and t = -1000
and the value for x (x = 100 or x = 101). If p and t and x are entered as given values the program tests
whether p and t fulfil the sublimation-pressure-curve.

The phase fraction x equates to the gas fraction x in the sublimation region x =100 + . ts

Sublimation and
desublimation curve:  Temperatur range from T, to T,
Pressure range from pyin t0 py

Results for wrong input values
Result KAPPATPTXICE =-1000 or kappaT_ptx_ICE =-1000 for input values:

Single phase region:
Solid, liquid, overheated steam (x = —1000):
- at P < Pmin OF P > Pmax
—atT <Tpip or T > Thax

Two phase regions:
Wet steam region (0 < x < 1):
-at0<x<1,i.e. calculation in the wet steam region not possible!
-atp=-1000and T <Tior T > T
-att =-1000 and p <pior p > Ps(Tmax)
-atp <pior p> ps(Tmax)
-atT <Tyor T > Thax

Melting region (10 = x < 11):
-at10 <x <11, i.e. calculation in the melting region not possible!
-atp=-1000and T >T; of T < Tre (Pmax)
-att =-1000 and p < p;Or P > Pmax

-atp<p; OF P> Pmax
-atT >Tt orT <Tmel (pmax)

Sublimation region (100 < x < 101):
-at100 <x <101, i.e. calculation in the sublimation region not possible!
-atp=-1000and T <Tp, ofr T >T,
-att =-1000 and p < pminOFr p > p;
-atp < Pmin OF P> P
-atT <Tyin or T>T,

References: [1], [2], [6], [7], [8]
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Thermal Conductivity 4 = f(p,t,x)

Function Name: lambda_ptx_ICE

Subprogram with value of the function: REAL*8 FUNCTION LAMBDAPTXICE (P,T,X)
for call from Fortran REAL*8 P,T,X

Input Values

P — Pressure p in bar
T — Temperature T in °C
X - xin kg / kg (Phase fraction, see the following explanations)

Result
LAMBDAPTXICE or lambda_ptx_ICE — Thermal conductivity A in W/(m K)

Range of Validity (cp. p,t-diagram in chapter 1.2)
Temperature range: from Tpinto Thax
Pressure range: from Pmin 0 Pmax

Details on the phase fraction x

If the state point to be calculated is located in the single phase region (solid, liquid or superheated
steam), x = -1000 must be entered as a pro-forma value.

The two phase regions wet steam region, melting region and sublimation region are calculated
automatically by the subprograms. For this purpose the following facts have to be considered (cp. Ig p-h
diagram chapter 1.2):

1. Wet Vapor Region (0<x<1):

The phase fraction x equates to the vapor fraction x in the wet steam region x =m. Its unit is
(kg saturated steam)/(kg wet steam).

The calculation for x values between 0 and 1 is not possible.

If boiling liquid (boiling curve) is to be calculated, the value 0 has to be entered for x. In case of dry
saturated steam (dew curve) x = 1 has to be entered.

Concerning pressure and temperature either the given value for t and p = -1000 or the given value for
p and t = -1000 and in both cases the value 0 or 1 for x must be entered when calculating boiling liquid
or dry saturated steam If p andt and x are entered, the program will consider p and t to represent the
vapor pressure curve.

Boiling and dew curve: Temperature range from T, t0 Tax
Pressure range from p; to ps (Tmax)
2. Melting Region (10<x <11):
m .
The phase fraction x equates to the liquid fraction x in the melting regionx =10 + liq . Its unit
(mice + mliq )

is (kg solidified liquid)/(kg melt), whereas melt is a mixture of melting ice and solidified liquid.

The calculation for x values between 10 and 11 is not possible.

If melting solid (melting curve) is to be calculated, the value 10 has to be entered for x. In case of
solidifying liquid (solidification curve) x = 11 has to be entered.

When calculating a melting solid or solidifying liquid it is adequate, Concerning pressure and
temperature, to put in either the value given for t and p = -1000 or the value given for p and t = -1000
and the value for x (x = 10 or x = 11). If p and t and x are entered as given values, the program tests
whether p and t fulfil the melting pressure curve.
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Melting and

Solidification curve: Temperature range from T; t0 Trel (Pmax)
Pressure range from p; t0 Pmax

3. Sublimation Region (100<x <101):

Myas

(mice + mgas )

unit is (kg desublimated gas)/(kg sublimation powder), whereas sublimation powder is a mixture of
sublimating ice and desublimated gas.

The calculation for x values between 100 and 101 is not possible.

If sublimating solid is to be calculated, the value 100 has to be entered for x. In case of desublimating
steam x = 101 has to be entered.

When calculating a sublimating solid or desublimating steam it is adequate, Concerning pressure and
temperature, to put in either the value given for t and p = -1000 or the value given for p and t = -1000
and the value for x (x = 100 or x = 101). If p and t and x are entered as given values the program tests
whether p and t fulfil the sublimation-pressure-curve.

The phase fraction x equates to the gas fraction x in the sublimation region x =100 + . ts

Sublimation and
desublimation curve:  Temperatur range from T, to T,
Pressure range from pyin t0 py

Results for wrong input values
Result LAMBDAPTXICE =-1000 or lambda_ptx_ICE =-1000 for input values:

Single phase region:
Solid, liquid, overheated steam (x = —1000):
- at P < Pmin OF P > Pmax
—atT <Tpip or T > Thax

Two phase regions:
Wet steam region (0 < x < 1):
-at0<x<1,ie. calculation in the wet steam region not possible!
-atp=-1000and T <Tior T > T
-att =-1000 and p <pior p > Ps(Tmax)
-atp <pior p> ps(Tmax)
-atT <Tyor T > Thax

Melting region (10 < x < 11):
-at10 <x <11, i.e. calculation in the melting region not possible!
-atp=-1000and T >T; of T < Tmel (Pmax)
-att =-1000 and p < p;Or P > Pmax

-atp<p; OF P> Pmax
-atT >Tt orT <Tmel (pmax)

Sublimation region (100 < x < 101):
-at100 <x < 101, i.e. calculation in the sublimation region not possible!
-atp=-1000and T <Tp, ofr T >T,
-att =-1000 and p < pminOr p>p;
-atp < Pmin OF P> P
-atT <Tyin or T>T,

References: [1], [2], [3], [6], [7], [8]
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Melting Pressure pme = f(t)

Function Name: pmel_t 08 ICE

Subprogram with value of the function: REAL*8 FUNCTION PMEL_T_08_ICE (T)
for call from Fortran REAL*8 T

Input Values

T - Temperature T in °C
Result

PMEL_T_08_ICE or pmel_t_08_ICE — Melting pressure p,,q in bar

Range of Validity (cp. p,t-diagram in chapter 1.2)

Temperature range from T; t0 Tmel (Pmax)

Results for wrong input values
Result PMEL_T_08_ICE =-1000 or pmel_t_08_ICE =-1000 for input values:
-at T > Tior T < Thel (Pmax)

References: [8]
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Vapor Pressure ps = f(t)

Function Name: ps_t 97 ICE

Subprogram with value of the function: REAL*8 FUNCTION PS_T 97 ICE (T)
for call from Fortran REAL*8 T

Input Values

T - Temperature T in °C
Result

PS_T_97_ICE or ps_t_97_ICE — vapor pressure pg in bar

Range of Validity (cp. p,t-diagram in chapter 1.2)

Temperature range: from T, to T,

Results for wrong input values
Result PS T 97 ICE =-1000 or ps_t 97 ICE =-1000 for input values:
-at T < TiyorT > T,

References: [1], [2]
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Sublimation Pressure pgyp = f(t)

Function Name: psub_t 08 ICE

Subprogram with value of the function: REAL*8 FUNCTION PSUB_T_08_ICE (T)
for call from Fortran REAL*8 T

Input Values

T - Temperature T in °C
Result

PSUB_T_08_ICE or psub_t_08_ICE — Sublimation pressure pg,,, in bar

Range of Validity (cp. p,t-diagram in chapter 1.2)

Temperature range: from T, to T,

Results for wrong input values
Result PSUB_T 08 _ICE =-1000 or psub_t 08 ICE =-1000 for input values:
—at T< ThinorT > T,

References: [8]
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Density p =f(p,t,x)

Function Name: rho_ptx_ICE

Subprogram with value of the function: REAL*8 FUNCTION RHOPTXICE (P,T,X)
for call from Fortran REAL*8 P,T,X

Input Values

P — Pressure p in bar
T — Temperature T in °C
X - xin kg / kg (Phase fraction, see the following explanations)

Result
RHOPTXICE or rho_ptx_ICE - Density p in kg/m3

Range of Validity (cp. p,t-diagram in chapter 1.2)
Temperature range: from Tpin 10 Tax
Pressure range: from pmin 10 Pmax

Details on the phase fraction x

If the state point to be calculated is located in the single phase region (solid, liquid or superheated
steam), x= -1000 must be entered as a pro-forma value.

The two phase regions wet steam region, melting region and sublimation region are calculated
automatically by the subprograms. For this purpose the following facts have to be considered (cp. Ig p,h-
diagram chapter 1.2):

1. Wet Vapor Region (0<x <1):

The phase fraction x equates to the vapor fraction x in the wet steam region x=————. Its unit is

(ml + m!!)
(kg saturated steam)/(kg wet steam).
If the state point to be calculated is located in the wet steam region, a value between 0 and 1 must be
entered for x. If boiling liquid (boiling curve) is to be calculated, the value 0 has to be entered for x. In
case of dry saturated steam (dew curve) x = 1 has to be entered.
Concerning pressure and temperature either the given value for t and p = -1000 or the given value for
p and t = -1000 and in both cases the value 0 or 1 for x must be entered when calculating boiling liquid
or dry saturated steam. If p and t and x are entered, the program will consider p and t to represent the
vapor pressure curve.

Boiling and dew curve: Temperature range from T, t0 Tax
Pressure range from p; to ps (Tmax)
2. Melting Region (10<x <11):
m .
The phase fraction x equates to the liquid fraction x in the melting region x =10 + liq . Its unit
(mice + mliq )

is (kg solidified liquid)/(kg melt), whereas melt is a mixture of melting ice and solidified liquid.

If the state point to be calculated is located in the melting region, a value between 10 and 11 must be
entered for x. If melting solid (melting curve) is to be calculated, the value 10 has to be entered for x.
In case of solidifying liquid (solidification curve) x = 11 has to be entered.

When calculating a melting solid or solidifying liquid it is adequate, Concerning pressure and
temperature, to put in either the value given for t and p = -1000 or the value given for p and t = -1000
and the value for x (x = 10 or x = 11). If p and t and x are entered as given values, the program tests
whether p and t fulfil the melting pressure curve.
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Melting and

Solidification curve: Temperature range from T; t0 Trel (Pmax)
Pressure range from p; t0 Pmax

3. Sublimation Region (100<x <101):

Myas

(mice + mgas )

unit is (kg desublimated gas)/(kg sublimation powder), whereas sublimation powder is a mixture of
sublimating ice and desublimated gas. If the state point to be calculated is located in the melting
region, a value between 100 and 101 must be entered for x.

If sublimating solid is to be calculated, the value 100 has to be entered for x. In case of desublimating
steam x = 101 has to be entered.

When calculating a sublimating solid or desublimating steam it is adequate, Concerning pressure and
temperature, to put in either the value given for t and p = -1000 or the value given for p and t = -1000
and the value for x (x = 100 or x = 101). If p and t and x are entered as given values the program tests
whether p and t fulfil the sublimation-pressure-curve.

The phase fraction x equates to the gas fraction x in the sublimation region x =100 + . ts

Melting and
Solidification curve: Temperatur range from T, to T,
Pressure range from pyin to py

Results for wrong input values
Result RHOPTXICE =-1000 or rho_ptx_ICE =-1000 for input values:
Single phase region:

Solid, liquid, overheated steam (x = —1000):

- at p < Pmin OF P > Pmax
—atT <Tpin Or T > Thax

Two phase regions:

Wet steam region (0 < x < 1):
-atp=-1000and T <Tior T > Tpmax
-att =-1000 and p <p;or p > Ps(Tmax)
-atp <pror p> ps(Tmax)

-atT <Tyor T > Thax

Melting region (10 < x < 11):
-atp=-1000and T >T; of T < Tie (Pmax)
-att =-1000 and p < p;Or P > Pmax

-atp <p; OF P> Pmax
-atT >Tt orT <Tmel (pmax)

Sublimation region (100 < x < 101):
-atp=-1000and T <Tp, of T >T,
-att =-1000 and p < pmnOr p>p;

-atp < Pmin OF P> P
-atT <Tyin or T>T,

References: [1], [2], [6], [7], [8]
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Specific Entropy s = f(p,t,x)

Function Name: s_ptx_ICE

Subprogram with value of the function: REAL*8 FUNCTION SPTXICE (P,T,X)
for call from Fortran REAL*8 P,T,X

Input Values

P — Pressure p in bar
T — Temperature T in °C
X - xin kg / kg (Phase fraction, see the following explanations)

Result
SPTXICE or s_ptx_ICE - Specific entropy s in kJ/(kg K)

Range of Validity (cp. p,t-diagram in chapter 1.2)

Temperature range: from Tpin 10 Thax
Pressure range: from Pmin 10 Pmax

Details on the phase fraction x

If the state point to be calculated is located in the single phase region (solid, liquid or superheated
steam), x= -1000 must be entered as a pro-forma value.

The two phase regions wet steam region, melting region and sublimation region are calculated
automatically by the subprograms. For this purpose the following facts have to be considered (cp. Ig p,h-
diagram chapter 1.2):

1. Wet Vapor Region (0<x<1):

The phase fraction x equates to the vapor fraction x in the wet steam region x=————. Its unit is

(m'+m")
(kg saturated steam)/(kg wet steam).
If the state point to be calculated is located in the wet steam region, a value between 0 and 1 must be
entered for x. If boiling liquid (boiling curve) is to be calculated, the value 0 has to be entered for x. In
case of dry saturated steam (dew curve) x = 1 has to be entered.
Concerning pressure and temperature either the given value for t and p = -1000 or the given value for
p and t =-1000 and in both cases the value 0 or 1 for x must be entered when calculating boiling liquid
or dry saturated steam. If p and t and x are entered, the program will consider p and t to represent the
vapor pressure curve.

Boiling and dew curve: Temperature range from T, to Tax
Pressure range from p; to ps (Tmax)
2. Melting Region (10<x <11):
m .
The phase fraction x equates to the liquid fraction x in the melting region x =10 + liq . Its unit
(mice + mliq )

is (kg solidified liquid)/(kg melt), whereas melt is a mixture of melting ice and solidified liquid.

If the state point to be calculated is located in the melting region, a value between 10 and 11 must be
entered for x. If melting solid (melting curve) is to be calculated, the value 10 has to be entered for x.
In case of solidifying liquid (solidification curve) x = 11 has to be entered.

When calculating a melting solid or solidifying liquid it is adequate, Concerning pressure and
temperature, to put in either the value given for t and p = -1000 or the value given for p and t = -1000
and the value for x (x = 10 or x = 11). If p and t and x are entered as given values, the program tests
whether p and t fulfil the melting pressure curve.
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Melting and

Solidification curve: Temperature range from T; t0 Trel (Pmax)
Pressure range from p; t0 Pmax

3. Sublimation Region (100<x <101):

Myas

(mice + mgas )

unit is (kg desublimated gas)/(kg sublimation powder), whereas sublimation powder is a mixture of
sublimating ice and desublimated gas. If the state point to be calculated is located in the melting
region, a value between 100 and 101 must be entered for x.

If sublimating solid is to be calculated, the value 100 has to be entered for x. In case of desublimating
steam x = 101 has to be entered.

When calculating a sublimating solid or desublimating steam it is adequate, Concerning pressure and
temperature, to put in either the value given for t and p = -1000 or the value given for p and t = -1000
and the value for x (x = 100 or x = 101). If p and t and x are entered as given values the program tests
whether p and t fulfil the sublimation-pressure-curve.

The phase fraction x equates to the gas fraction x in the sublimation region x =100 + . ts

Melting and
Solidification curve: Temperatur range from T, to T,
Pressure range from pyin to py

Results for wrong input values
Result SPTXICE =-1000 or s_ptx_ICE =-1000 for input values:
Single phase region:

Solid, liquid, overheated steam (x = —1000):

- at p < Pmin OF P > Pmax
—atT <Tpin Or T > Thax

Two phase regions:

Wet steam region (0 < x < 1):
-atp=-1000and T <Tior T > Tpmax
-att =-1000 and p <p;or p > Ps(Tmax)
-atp <pror p> ps(Tmax)

-atT <Tyor T > Thax

Melting region (10 = x < 11):
-atp=-1000and T >T; of T < Tre (Pmax)
-att =-1000 and p < p;Or P > Pmax

-atp <p; OF P> Pmax
-atT >Tt orT <Tmel (pmax)

Sublimation region (100 < x < 101):
-atp=-1000and T <Tp, of T >T,
-att =-1000 and p < pmnOr p>p;

-atp < Pmin OF P> P
-atT <Tyin or T>T,

References: [1], [2], [6], [7], [8]
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Backward Function: Temperature t = f(p,h)

Function Name: t ph_ICE

Subprogram with value of the function: REAL*8 FUNCTION TPHICE (P,H)
for call from Fortran REAL*8 P,H

Input Values

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

Result
TPHICE ort_ph_ICE — Temperature t in °C

Range of Validity (cp. p,t-diagram in chapter 1.2)
Pressure range: from pmin 10 Pmax
Enthalpy range: from h < hypax= N(Pmin, Tmax) 10 N> hiin = N(Pmin, Tmin)
Temperature range: from T, to T, (resulting from internal calculation of the subprograms)

Details on calculating the two phase regions

Using the given values for p and h, the program determines whether the point of state to be calculated is
located in the single phase region (solid, liquid or steam) or in the two phase region. The two phase
regions wet steam region, melting region and sublimation region (cp. Ig p,h-diagram chapter 1.2) are
calculated automatically by the subprograms. After that, the calculation is realized for the certain region.

Results for wrong input values
Result TPHICE =-1000 or t_ph_ICE =-1000 for input values:
Single phase region:

Solid, liquid, overheated steam:

- at p < pmin or p > pmax
- atcalculationresult T < T of T > Thax OF T > T (Pmax) When calculating melting region

Two phase regions:
Wet steam region:

-atp <p;orp > ps(Tma)
- at calculationresult T < Tyor T > Thax

Melting region:

-atp <p; Or P> Pmax

-atcalculationresult T >Ty or T < Tier (Pmax)
Sublimation region:

-atp < Pmin OF P > Py
- at calculationresult T < T, or T > T,

References: [1], [2], [6], [7]. [8]
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Backward Function: Temperature t = f(p,s)

Function Name: t ps_ICE

Subprogram with value of the function: REAL*8 FUNCTION TPSICE (P,S)
for call from Fortran REAL*8 P,S

Input Values

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

Result
TPSICE ort_ps_ICE — Temperature t in °C

Range of Validity (cp. p,t-diagram in chapter 1.2)

Pressure range:  from Pmin t0 Pmax
Entropy range: from S < Smax= S(Pminy Tmax) 10 S > Smin= S(Pmin, Trmin)

Temperature range: from T, to T, (resulting from internal calculation of the subprograms)
Details on calculating the two phase regions

Using the given values for p and s, the program determines whether the point of state to be calculated is
located in the single phase region (solid, liquid or steam) or in the two phase region. The two phase
regions wet steam region, melting region and sublimation region (cp. lg p,h-diagram chapter 1.2) are
calculated automatically by the subprograms. After that, the calculation is realized for the certain region.

Results for wrong input values
Result TPSICE =-1000 or t_ps_ICE =-1000 for input values:

Single phase region:
Solid, liquid, overheated steam:
-at p < Pmin OF P > Pmax
-atcalculationresult T < Tpin of T > Trax OF T > Thel (Pmax) When calculating melting region

Two phase regions:
Wet steam region:

-atp <p;orp > ps(Tma)
- at calculationresult T < Tyor T > Tpax

Melting region:

-atp <p; Or P > Prmax

- at calculation result T > T, of T < Tel (Pmax)
Sublimation region:

-atp < Pmin OF P > Py
- at calculation result T < Tpel (Pmax) OF T > T,

References: [1], [2], [6], [7], [8]
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Melting Temperature tye = f(p)

Function Name: tmel_p_08_ICE

Subprogram with value of the function: REAL*8 FUNCTION TMEL_P_08_ICE (P)
for call from Fortran REAL*8 P

Input Values

P — Pressure p in bar
Result

TMEL_P_08_ICE or tmel_p_08_ICE — Melting temperature t.,o in °C

Range of Validity (cp. p,t-diagram in chapter 1.2)

Pressure range: from p; t0 Pmax

Results for wrong input values
Result TMELICE =-1000 or tmel_p_ICE =-1000 for input values:

-atp <pOrp > Pmax

References: [8]
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Saturation Temperature tgs = f(p)

Function Name: ts p 97 ICE

Subprogram with value of the function: REAL*8 FUNCTION TS_P_97 ICE (P)
for call from Fortran REAL*8 P

Input Values

P — Pressure p in bar
Result

TS_P_97_ICE or ts_p_97_ICE — Saturation temperature tg in °C

Range of Validity (cp. p,t-diagram in chapter 1.2)

Pressure range: from p; to p

Results for wrong input values
Result TS_P_97 ICE =-1000 or ts_p_97_ICE =-1000 for input values:
—atp < ptorp > pPe

References: [1], [2]
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Sublimation Temperature ts,, =f(p)

Function Name: tsub_p 08 ICE

Subprogram with value of the function: REAL*8 FUNCTION TSUB_P_08_ICE (P)
for call from Fortran REAL*8 P

Input Values

P — Pressure p in bar
Result

TSUB_P_08_ICE or tsub_p_08_ICE — Sublimation temperature t, in °C

Range of Validity (cp. p,t-diagram in chapter 1.2)

Pressure range: from pmin t0 Py

Results for wrong input values
Result TSUB_P_08_ICE =-1000 or tsub_p_08 ICE =-1000 for input values:
-atp < pmnOrp > p

References: [8]
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Specific inner energy u = f(p,t,x)

Function Name: u_ptx_ICE

Subprogram with value of the function: REAL*8 FUNCTION UPTXICE (P,T,X)
for call from Fortran REAL*8 P,T,X

Input Values

P — Pressure p in bar
T — Temperature T in °C
X - xin kg / kg (Phase fraction, see the following explanations)

Result
UPTXICE or u_ptx_ICE — Specific inner energy u in kd/kg

Range of Validity (cp. p,t-diagram in chapter 1.2)

Temperature range: from Tpin 10 Tmax
Pressure range: from Pmin 10 Pmax

Details on the phase fraction x

If the state point to be calculated is located in the single phase region (solid, liquid or superheated
steam), x= -1000 must be entered as a pro-forma value.

The two phase regions wet steam region, melting region and sublimation region are calculated
automatically by the subprograms. For this purpose the following facts have to be considered (cp. Ig p,h-
diagram chapter 1.2):

1. Wet Vapor Region (0<x<1):

The phase fraction x equates to the vapor fraction x in the wet steam region x=————. Its unit is

(m'+m")
(kg saturated steam)/(kg wet steam).
If the state point to be calculated is located in the wet steam region, a value between 0 and 1 must be
entered for x. If boiling liquid (boiling curve) is to be calculated, the value 0 has to be entered for x. In
case of dry saturated steam (dew curve) x = 1 has to be entered.
Concerning pressure and temperature either the given value for t and p = -1000 or the given value for
p and t =-1000 and in both cases the value 0 or 1 for x must be entered when calculating boiling liquid
or dry saturated steam. If p and t and x are entered, the program will consider p and t to represent the
vapor pressure curve.

Boiling and dew curve: Temperature range from T, to Tax
Pressure range from p; to ps (Tmax)
2. Melting Region (10<x <11):
m .
The phase fraction x equates to the liquid fraction x in the melting region x =10 + liq . Its unit
(mice + mliq )

is (kg solidified liquid)/(kg melt), whereas melt is a mixture of melting ice and solidified liquid.

If the state point to be calculated is located in the melting region, a value between 10 and 11 must be
entered for x. If melting solid (melting curve) is to be calculated, the value 10 has to be entered for x.
In case of solidifying liquid (solidification curve) x = 11 has to be entered.

When calculating a melting solid or solidifying liquid it is adequate, Concerning pressure and
temperature, to put in either the value given for t and p = -1000 or the value given for p and t = -1000
and the value for x (x = 10 or x = 11). If p and t and x are entered as given values, the program tests
whether p and t fulfil the melting pressure curve.
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Melting and

Solidification curve: Temperature range from T; t0 Trel (Pmax)
Pressure range from p; t0 Pmax

3. Sublimation Region (100<x <101):

Myas

(mice + mgas )

unit is (kg desublimated gas)/(kg sublimation powder), whereas sublimation powder is a mixture of
sublimating ice and desublimated gas. If the state point to be calculated is located in the melting
region, a value between 100 and 101 must be entered for x.

If sublimating solid is to be calculated, the value 100 has to be entered for x. In case of desublimating
steam x = 101 has to be entered.

When calculating a sublimating solid or desublimating steam it is adequate, Concerning pressure and
temperature, to put in either the value given for t and p = -1000 or the value given for p and t = -1000
and the value for x (x = 100 or x = 101). If p and t and x are entered as given values the program tests
whether p and t fulfil the sublimation-pressure-curve.

The phase fraction x equates to the gas fraction x in the sublimation region x =100 + . ts

Melting and
Solidification curve: Temperatur range from T, to T,
Pressure range from pyin to py

Results for wrong input values
Result UPTXICE =-1000 or u_ptx_ICE =-=1000 for input values:
Single phase region:

Solid, liquid, overheated steam (x = —1000):

- at p < Pmin OF P > Pmax
—atT <Tpin Or T > Thax

Two phase regions:

Wet steam region (0 £ x < 1):
-atp=-1000and T <Tior T > Tpmax
-att =-1000 and p <p;or p > Ps(Tmax)
-atp <pror p> ps(Tmax)

-atT <Tyor T > Thax

Melting region (10 < x < 11):
-atp=-1000and T >T; of T < Tre (Pmax)
-att =-1000 and p < p;Or P > Pmax

-atp <p; OF P> Pmax
-atT >Tt orT <Tmel (pmax)

Sublimation region (100 < x < 101):
-atp=-1000and T <Tp, of T >T,
-att =-1000 and p < pmnOr p>p;

-atp < Pmin OF P> P
-atT <Tyin or T>T,

References: [1], [2], [6], [7], [8]
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Specific Volume v = f(p,t,x)

Function Name: v_ptx_ICE

Subprogram with value of the function: REAL*8 FUNCTION VPTXICE (P,T,X)
for call from Fortran REAL*8 P,T,X

Input Values

P — Pressure p in bar
T — Temperature T in °C
X - xin kg / kg (Phase fraction, see the following explanations)

Result

VPTXICE orv_ptx_ICE — Specific volume v in m3/kg

Range of Validity (cp. p,t-diagram in chapter 1.2)

Temperature range: from Tpin t0 Tax
Pressure range: from Puin 10 Prax

Details on the phase fraction x

If the state point to be calculated is located in the single phase region (solid, liquid or superheated
steam), x=-1000 must be entered as a pro-forma value.

The two phase regions wet steam region, melting region and sublimation region are calculated
automatically by the subprograms. For this purpose the following facts have to be considered (cp. Ig p,h-
diagram chapter 1.2):

1. Wet Vapor Region (0<x <1):

"

The phase fraction x equates to the vapor fraction x in the wet steam region x=————. Its unit is

(m/ + m//)
(kg saturated steam)/(kg wet steam).
If the state point to be calculated is located in the wet steam region, a value between 0 and 1 must be
entered for x. If boiling liquid (boiling curve) is to be calculated, the value 0 has to be entered for x. In
case of dry saturated steam (dew curve) x = 1 has to be entered.
Concerning pressure and temperature either the given value for t and p = -1000 or the given value for
p and t = -1000 and in both cases the value 0 or 1 for x must be entered when calculating boiling liquid
or dry saturated steam. If p and t and x are entered, the program will consider p and t to represent the
vapor pressure curve.

Boiling and dew curve: Temperature range from T, t0 Tax
Pressure range from p; to ps (Tmax)
2. Melting Region (10<x <11):
m .
The phase fraction x equates to the liquid fraction x in the melting regionx =10 + liq . Its unit
(mice + Myiq )

is (kg solidified liquid)/(kg melt), whereas melt is a mixture of melting ice and solidified liquid.

If the state point to be calculated is located in the melting region, a value between 10 and 11 must be
entered for x. If melting solid (melting curve) is to be calculated, the value 10 has to be entered for x.
In case of solidifying liquid (solidification curve) x = 11 has to be entered.

When calculating a melting solid or solidifying liquid it is adequate, Concerning pressure and
temperature, to put in either the value given for t and p = -1000 or the value given for p and t = -1000
and the value for x (x = 10 or x = 11). If p and t and x are entered as given values, the program tests
whether p and t fulfil the melting pressure curve.
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Melting and

Solidification curve: Temperature range from T; t0 Trel (Pmax)
Pressure range from p; t0 Pmax

3. Sublimation Region (100<x <101):

Myas

(mice + mgas )

unit is (kg desublimated gas)/(kg sublimation powder), whereas sublimation powder is a mixture of
sublimating ice and desublimated gas. If the state point to be calculated is located in the melting
region, a value between 100 and 101 must be entered for x.

If sublimating solid is to be calculated, the value 100 has to be entered for x. In case of desublimating
steam x = 101 has to be entered.

When calculating a sublimating solid or desublimating steam it is adequate, Concerning pressure and
temperature, to put in either the value given for t and p = -1000 or the value given for p and t = -1000
and the value for x (x = 100 or x = 101). If p and t and x are entered as given values the program tests
whether p and t fulfil the sublimation-pressure-curve.

The phase fraction x equates to the gas fraction x in the sublimation region x =100 + . ts

Melting and
Solidification curve: Temperatur range from T, to T,
Pressure range from pyin to py

Results for wrong input values
Result VPTXICE =-1000 or v_ptx_ICE =-1000 for input values:
Single phase region:

Solid, liquid, overheated steam (x = —1000):

- at p < Pmin OF P > Pmax
—atT <Tpin Or T > Thax

Two phase regions:

Wet steam region (0 < x < 1):
-atp=-1000and T <Tior T > Tpmax
-att =-1000 and p <p;or p > Ps(Tmax)
-atp <pror p> ps(Tmax)

-atT <Tyor T > Thax

Melting region (10 < x < 11):
-atp=-1000and T >T; of T < Tre (Pmax)
-att =-1000 and p < p;Or P > Pmax

-atp <p; OF P> Pmax
-atT >Tt orT <Tmel (pmax)

Sublimation region (100 < x < 101):
-atp=-1000and T <Tp, of T >T,
-att =-1000 and p < pmnOr p>p;

-atp < Pmin OF P> P
-atT <Tyin or T>T,

References: [1], [2], [6], [7], [8]
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Isentropic Speed of Sound w = f(p,t,x)

Function Name: w_ptx_ICE

Subprogram with value of the function: REAL*8 FUNCTION WPTXICE (P,T,X)
for call from Fortran REAL*8 P,T,X

Input Values

P — Pressure p in bar
T — Temperature T in °C
X - xin kg / kg (Phase fraction, see the following explanations)

Result
WPTXICE or w_ptx_ICE — Speed of sound w in m/s

Range Range of Validity (cp. p,t-diagram in chapter 1.2)
Temperature range: from Tminto Thax
Pressure range: from Pmin 0 Pmax

Details on the phase fraction x

If the state point to be calculated is located in the single phase region (solid, liquid or superheated
steam), x = -1000 must be entered as a pro-forma value.

The two phase regions wet steam region, melting region and sublimation region are calculated
automatically by the subprograms. For this purpose the following facts have to be considered (cp. Ig p-h
diagram chapter 1.2):

1. Wet Vapor Region (0<x <1):

The phase fraction x equates to the vapor fraction x in the wet steam region x :m. Its unit is
(kg saturated steam)/(kg wet steam).

The calculation for x values between 0 and 1 is not possible.

If boiling liquid (boiling curve) is to be calculated, the value 0 has to be entered for x. In case of dry
saturated steam (dew curve) x = 1 has to be entered.

Concerning pressure and temperature either the given value for t and p = -1000 or the given value for
p and t = -1000 and in both cases the value 0 or 1 for x must be entered when calculating boiling liquid
or dry saturated steam If p and t and x are entered, the program will consider p and t to represent the
vapor pressure curve.

Boiling and dew curve: Temperature range from T, to Tax
Pressure range from p; to ps (Tmax)
2. Melting Region (10<x <11):
m .
The phase fraction x equates to the liquid fraction x in the melting region x =10 + liq . Its unit
(mice + mliq )

is (kg solidified liquid)/(kg melt), whereas melt is a mixture of melting ice and solidified liquid.

The calculation for x values between 10 and 11 is not possible.

If melting solid (melting curve) is to be calculated, the value 10 has to be entered for x. In case of
solidifying liquid (solidification curve) x = 11 has to be entered.

When calculating a melting solid or solidifying liquid it is adequate, Concerning pressure and
temperature, to put in either the value given for t and p = -1000 or the value given for p and t = -1000
and the value for x (x = 10 or x = 11). If p and t and x are entered as given values, the program tests
whether p and t fulfil the melting pressure curve.

Melting and
Solidification curve: Temperature range from T, t0 Tie (Pmax)
Pressure range from p; t0 Pmax
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3. Sublimation Region (100<x <101):

Myas

(mice + mgas )

unit is (kg desublimated gas)/(kg sublimation powder), whereas sublimation powder is a mixture of
sublimating ice and desublimated gas.

The calculation for x values between 100 and 101 is not possible.

If sublimating solid is to be calculated, the value 100 has to be entered for x. In case of desublimating
steam x = 101 has to be entered.

When calculating a sublimating solid or desublimating steam it is adequate, Concerning pressure and
temperature, to put in either the value given for t and p = -1000 or the value given for p and t = -1000
and the value for x (x = 100 or x = 101). If p and t and x are entered as given values the program tests
whether p and t fulfil the sublimation-pressure-curve.

The phase fraction x equates to the gas fraction x in the sublimation region x =100 + . ts

Sublimation and
desublimation curve:  Temperatur range from T, to T,
Pressure range from pyin t0 py

Results for wrong input values
Result WPTXICE =-1000 or w_ptx_ICE =-1000 for input values:

Single phase region:
Solid, liquid, overheated steam (x = —1000):
- at P < Pmin OF P > Pmax
—atT <Tpip or T > Thax

Two phase regions:
Wet steam region (0 < x < 1):
-at0<x<1,i.e. calculation in the wet steam region not possible!
-atp=-1000and T <Tior T > T
-att =-1000 and p <pior p > Ps(Tmax)
-atp <pior p> ps(Tmax)
-atT <Tyor T > Thax

Melting region (10 = x < 11):
-at10 <x <11, i.e. calculation in the melting region not possible!
-atp=-1000and T >T; of T < Tre (Pmax)
-att =-1000 and p < p;Or P > Pmax

-atp<p; OF P> Pmax
-atT >Tt orT <Tmel (pmax)

Sublimation region (100 < x < 101):
-at100 <x <101, i.e. calculation in the sublimation region not possible!
-atp=-1000and T <Tp, ofr T >T,
-att =-1000 and p < pminOFr p > p;
-atp < Pmin OF P> P
-atT <Tyin or T>T,

References: [1], [2], [6], [7], [8]
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Backward Function: Vapor Fraction x =f(p,h)

Function Name: x_ph_ICE

Subprogram with value of the function: REAL*8 FUNCTION XPHICE (P,H)
for call from Fortran REAL*8 P,H

Input Values

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

Result
XPHICE, X or x_ph_ICE — Vapor fraction x in (kg saturated steam/kg wet steam)

Range of Validity (cp. p,t-diagram in chapter 1.2)

Pressure range: from p; to pPs(Tmax) for wet steam region
from p; 10 Pmax for melting region
from pmin to p; for sublimation region

Enthalpy range: from h < hpax = h(Pminy Tmax) 10 1 > hin = "(Pmin, Tmin)

Temperature range: from T, to T, (resulting from internal calculation of the subprograms)

Details on calculating the two phase regions

The two phase regions are calculated automatically by the subprograms. Using the given values for p
and h, the program determines whether the point of state to be calculated is located in the single phase
region (solid, liquid or steam) or in one of the two phase regions wet steam region, melting region and
sublimation region (cp. Ig p,h-diagram in chapter 1.2). When calculating a two phase mixture, x will be
calculated. If the state point to be calculated is located in the single-phase region the result is setto x = -
1.

Results for wrong input values
Result XPHICE = -1 or x_ph_ICE =-1 for input values:
If the state point to be calculated is located in the single phase region (cp. Ig p,h-diagram in chapter 1.2).

Two phase regions:
Wet steam region (0 £ x < 1):
-atp<porp> ps(Tmax)
- atcalculationresult T < Tior T > Thax

Melting region (10 < x < 11):

-atp<p; Orp > Pmax

-atcalculationresult T >T; or T < Tpel (Pmax)
Sublimation region (100 < x < 101):

-at p < Pmin OF p > p¢
- at calculationresult T <T,n or T > T,

References: [1], [2], [6], [7]. [8]
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Backward Function: Vapor Fraction x =f(p,s)

Function Name: x_ps_ICE

Subprogram with value of the function: REAL*8 FUNCTION XPSICE (P,S)
for call from Fortran REAL*8 P,S

Input Values

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

Result

XPSICE or x_ps_ICE - Vapor fraction x in (kg saturated steam/kg wet steam)

Range of Validity (cp. p,t-diagram in chapter 1.2)

Pressure range: from p; to ps(Tmax) for wet steam region

from p; t0O Prmax for melting region

from pmin to p; for sublimation region
Entropy range: from s < Smax= S(Pmin, Tmax) 10 S > Smin= S(Pmin, Trmin)

Temperature range: from T, to T, (resulting from internal calculation of the subprograms)

max

Details on calculating the two phase regions

The two phase regions are calculated automatically by the subprograms. Using the given values for p
and s, the program determines whether the point of state to be calculated is located in the single phase
region (solid, liquid or steam) or in one of the two phase regions wet steam region, melting region and
sublimation region (cp. Ig p,h-diagram in chapter 1.2). When calculating a two phase mixture, x will be
calculated. If the state point to be calculated is located in the single-phase region the result is set to x = -
1.

Results for wrong input values
Result XPSICE =-1 or x_ps_ICE =-1 for input values:
If the state point to be calculated is located in the single phase region (cp. Ig p,h-diagram in chapter 1.2).

Two phase regions:
Wet steam region (0 £ x < 1):
-atp<porp> ps(Tmax)
- atcalculationresult T < Tior T > Thax

Melting region (10 < x < 11):

-atp<p; Orp > Pmax

-atcalculationresult T >T; or T < Tpel (Pmax)
Sublimation region (100 < x < 101):

-at p < Pmin OF p > p¢
- at calculationresult T <T,n or T > T,

References: [1], [2], [6], [7]. [8]
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4. Property Libraries for Calculating Heat Cycles, Boilers,

Turbines, and Refrigerators

Water and Steam Hu

mid Combustion Gas Mixtures

Humid Air

Library LibIF97

- Industrial Formulation
IAPWS-IF97
(Revision 2007)

- Supplementary Standards

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

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

N

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

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

Dissociation from VDI 4670 and Poynting effect

Ideal gas mixture calculated from the VDI-

Library LibHuGas

Ideal mixture of the real fluids:

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

and of the ideal gases:

Consideration of

Library LIbIDGAS

Guideline 4670

Library LibHuAir

Ideal mixture of the real fluids:

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

Consideration of

- Dissociation from VDI-Guideline 4670
- Poynting effect

Library LibIdAir

Ideal gas mixture calculated from

VDI-Guideline 4670

Carbon Dioxide

Ideal Gas Mixtures

Seawater

Library LibCO2

Formulation of Span and Wagner
(1994)

Hydrogen
Library LibH2

Formulation of
Leachman et al. (2007)

Helium
Library LibHe

Formulation of McCarty
and Arp (1990)

Methanol
Library LibCH3OH

Formulation of
de Reuck and Craven (1993)

Library LibldGasMix
Ideal mixture of the ideal gases:

Library LibSeaWa

IAPWS Formulation (2008)

and IAPWS-IF97

Refrigerant R134a

Ar SO, Methane
Ne H, Ethane

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

Library LibR134a
Formulation of

Tillner-Roth and Baehr (1994)

Refrigerant NH3

Consideration of
- Dissociation from VDI-Guideline 4670

Library LibNH3

Formulation of Tillner-Roth

(1995)

ORC Working Fluids

Mixtures for Absorption Processes

Refrigerants

Library LibMM
Siloxane CGHlsoSIZ (MM)

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

Library LibD5
Siloxane C4gH3g05Si5 (D5)

Formulation of Colonna et al. (2006)

Library LibMD4M
Siloxane C14H42058|6 (MD4M)

Formulation of Colonna et al. (2006)

Library LibAmWa
Ammonia/Water Mixtures

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

Helmholtz energy formulation for the
mixing term

Library LibWalLi
Water/Lithium Bromide Mixtures

Formulation of Kim and Infante Ferreira
(2004)

Gibbs energy equation for the
mixing term

Library LibPropan

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

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

Refrigerant n-Butane

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

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

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

libraries within the Engineering Equation Solver EES®.

FluidEXL Graphics Eng

nsert Function Calculate Diagrams =

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

Function in FIUIdEES

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

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

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

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

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

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

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

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

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

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

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

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

« Saturation pressure ps
« Saturation temperature T

Transport Properties

« Dynamic viscosity 7,
« Kinematic viscosity v

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

« Density p « Isentropic exponent « Thermal conductivity A

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

« Enthalpy h « Surface tension o .

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

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

For information please contact:

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

Dr. Ines Stoecker

Theodor-Koerner-Allee 16
02763 Zittau, Germany

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

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

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

The following companies and institutions use the property libraries

- FluidEXLS™"s for Excel®

- FluidLAB for MATLAB®

- FluidMAT for Mathcad®

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

- FluidVIEW for LabVIEW®:

2011

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

10/2011
Forschungszentrum Juelich 07/2011
RWTH Aachen University 07/2011, 08/2011
Voith, Zschopau 07/2011
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
INEQOS, Cologne 04/2011
Enseleit Consulting Engineers, Siebigerode 04/2011
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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
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
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Vaillant, Remscheid

PC Ware, Leipzig

Schubert Consulting Engineers, Weil3enberg
Fraunhofer Institut UMSICHT, Oberhausen
Behringer Consulting Engineers, Tagmersheim
Saacke, Bremen

WEBASTO, Neubrandenburg

Concordia University, Montreal, Canada
Compaiiia Eléctrica de Sochagota, Bogota, Colombia
Hannover University of Applied Sciences
ERGION, Mannheim

Fichtner IT Consulting, Stuttgart

TF Design, Matieland, South Africa

MCE, Berlin

IPM, Zittau/Goerlitz University of Applied Sciences
TUEV Sued, Dresden

RWE IT, Essen

Glen Dimplex, Kulmbach

Hot Rock, Karlsruhe

Darmstadt University of Applied Sciences
Voith, Heidenheim

CombTec, Zittau

University of Glasgow, Great Britain
Universitaet der Bundeswehr, Munich
Technical University of Hamburg-Harburg
Vattenfall Europe, Berlin

HUBER Consulting Engineers, Berching
VER, Dresden

CCP, Marburg

Offenburg University of Applied Sciences
Technical University of Berlin

NIST Boulder CO, USA

Technical University of Dresden

Siemens Energy, Nuremberg

07/2010,

05/2010,

10/2010
10/2010
10/2010
10/2010
09/2010
09/2010
09/2010
09/2010
08/2010
08/2010
07/2010
07/2010
07/2010
12/2010
06/2010
06/2010
06/2010

07/2010
10/2010

05/2010
05/2010
04/2010
04/2010
04/2010
04/2010
04/2010
04/2010
04/2010
04/2010
03/2010
03/2010
03/2010
03/2010
02/2010
02/2010
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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 Munstermann, Telgte 03/2009
Suedzucker, Zeitz 03/2009
CPP, Marburg 03/2009
Gelsenkirchen University of Applied Sciences 04/2009
Regensburg University of Applied Sciences 05/2009
Gatley & Associates, Atlanta, USA 05/2009
BOSCH, Stuttgart 06/2009, 07/2009
Dr. Nickolay, Consulting Engineers, Gommersheim 06/2009
Ferrostal Power, Saarlouis 06/2009
BHR Bilfinger, Essen 06/2009
Intraserv, Wiesbaden 06/2009
Lausitz University of Applied Sciences, Senftenberg 06/2009
Nuernberg University of Applied Sciences 06/2009
Technical University of Berlin 06/2009
Fraunhofer Institut UMSICHT, Oberhausen 07/2009
Bischoff, Aurich 07/2009
Fichtner IT Consulting, Stuttgart 07/2009
Techsoft, Linz, Austria 08/2009
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DLR, Stuttgart

Wienstrom, Vienna, Austria
RWTH Aachen University
Vattenfall, Hamburg

AIC, Chemnitz

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

Techgroup, Ratingen

Robert Sack, Heidelberg

EC, Heidelberg

MCI, Innsbruck, Austria
Saacke, Bremen

ENERKO, Aldenhoven

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

Siemens Power Generation, Goerlitz

Evonik, Zwingenberg (general EBSILON program license)

WEBASTO, Neubrandenburg
CFC Solutions, Munich

RWE IT, Essen

Rerum Cognitio, Zwickau
ARUP, Berlin

Research Center, Karlsruhe
AWECO, Neukirch

Technical University of Dresden,
Professorship of Building Services

Technical University of Cottbus,
Chair in Power Plant Engineering

Ingersoll-Rand, Unicov, Czech Republic

Technip Benelux BV, Zoetermeer, Netherlands

04/2008,

07/2008,

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

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

10/2008

08/2008
08/2008
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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
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National Energy Technology Laboratory, Pittsburg, USA 10/2007
Energieversorgung Halle 10/2007
AL-KO, Jettingen 10/2007
Grenzebach BSH, Bad Hersfeld 10/2007
Wiesbaden University of Applied Sciences, 10/2007
Department of Engineering Sciences
Endress+Hauser Messtechnik, Hannover 11/2007
Munich University of Applied Sciences, 11/2007
Department of Mechanical Engineering
Rerum Cognitio, Zwickau 12/2007
Siemens Power Generation, Erlangen 11/2007
University of Rostock, Chair in Technical Thermodynamics 11/2007, 12/2007
2006
STORA ENSO Sachsen, Eilenburg 01/2006
Technical University of Munich, Chair in Energy Systems 01/2006
NUTEC Engineering, Bisikon, Switzerland 01/2006, 04/2006
Conwel eco, Bochov, Czech Republic 01/2006
Offenburg University of Applied Sciences 01/2006
KOCH Transporttechnik, Wadgassen 01/2006
BEG Bremerhavener Entsorgungsgesellschaft 02/2006
Deggendorf University of Applied Sciences, 02/2006
Department of Mechanical Engineering and Mechatronics
University of Stuttgart, 02/2006
Department of Thermal Fluid Flow Engines
Technical University of Munich, 02/2006
Chair in Apparatus and Plant Engineering
Energietechnik Leipzig (company license), 02/2006
Siemens Power Generation, Erlangen 02/2006, 03/2006
RWE Power, Essen 03/2006
WAETAS, Pobershau 04/2006
Siemens Power Generation, Goerlitz 04/2006
Technical University of Braunschweig, 04/2006
Department of Thermodynamics
EnviCon & Plant Engineering, Nuremberg 04/2006
Brassel Engineering, Dresden 05/2006
University of Halle-Merseburg, 05/2006

Department of USET Merseburg incorporated society
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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
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
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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
Midiplan, Bietigheim-Bissingen 11/2005
Technical University of Freiberg, Chair in Hydrogeology 11/2005
STORA ENSO Sachsen, Eilenburg 12/2005
Energieversorgung Halle (company license) 12/2005
KEMA IEV, Dresden 12/2005
2004
Vattenfall Europe (group license) 01/2004
TUEV Nord, Hamburg 01/2004
University of Stuttgart, Institute of Thermodynamics and Heat Engineering 02/2004
MAN B&W Diesel A/S, Copenhagen, Denmark 02/2004
Siemens AG Power Generation, Erlangen 02/2004
Ulm University of Applied Sciences 03/2004
Visteon, Kerpen 03/2004, 10/2004
Technical University of Dresden,
Professorship of Thermic Energy Machines and Plants 04/2004
Rerum Cognitio, Zwickau 04/2004
University of Saarbruecken 04/2004
Grenzebach BSH, Bad Hersfeld 04/2004
SOFBID zZwingenberg (general EBSILON program license) 04/2004
EnBW Energy Solutions, Stuttgart 05/2004
HEW-Kraftwerk, Tiefstack 06/2004
h s energieanlagen, Freising 07/2004
FCIT, Stuttgart 08/2004
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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
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
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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,
Department of Thermo- and Fluid Dynamics 01/2002
SAAS, Possendorf/Dresden 02/2002
Siemens, Karlsruhe 02/2002
(general license for the WinlS information system)
FZR Forschungszentrum, Rossendorf/Dresden 03/2002
CompAir, Simmern 03/2002
GKS Gemeinschaftskraftwerk, Schweinfurt 04/2002
ALSTOM Power Baden, Switzerland (group licenses) 05/2002
InfraServ, Gendorf 05/2002
SoftSolutions, Muehlhausen (company license) 05/2002
DREWAG, Dresden (company license) 05/2002
SOFBID, Zwingenberg
(general EBSILON program license) 06/2002
Kleemann Engineering, Dresden 06/2002
Caliqua, Basel, Switzerland (company license) 07/2002
PCK Raffinerie, Schwedt (group license) 07/2002
Fischer-Uhrig Engineering, Berlin 08/2002
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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 WinIS information system)
Neusiedler AG, Ulmerfeld, Austria 09/2001
h s energieanlagen, Freising 09/2001
Electrowatt-EKONO, Zurich, Switzerland 09/2001
IPM Zittau/Goerlitz University of Applied Sciences (general license) 10/2001
eta Energieberatung, Pfaffenhofen 11/2001
ALSTOM Power Baden, Switzerland 12/2001
VEAG, Berlin (group license) 12/2001
2000
SOFBID, Zwingenberg 01/2000
(general EBSILON program license)
AG KKK - PGW Turbo, Leipzig 01/2000
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PREUSSAG NOELL, Wuerzburg

M&M Turbine Technology, Bielefeld

IBR Engineering Reis, Nittendorf-Undorf

GK, Hannover

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

VEAG, Berlin (group license)

Thinius Engineering, Erkrath

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

VAUP Process Automation, Landau
Knuerr-Lommatec, Lommatzsch

AVACON, Helmstedt

Compania Electrica, Bogota, Colombia

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

Steinhaus Informationssysteme, Datteln

(general license for process data software)
1999

Bayernwerk, Munich

DREWAG, Dresden (company license)

KEMA IEV, Dresden

Regensburg University of Applied Sciences

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

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

Ostendorf Engineering, Gummersbach

1998
Technical University of Cottbus, Chair in Power Plant Engineering

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

M&M Turbine Technology Bielefeld
B+H Software Engineering Stuttgart

Alfa Engineering, Switzerland

01/2000
01/2000
02/2000
03/2000
03/2000
03/2000
03/2000
04/2000
08/2000
05/2000
06/2000
08/2000
09/2000
10/2000
10/2000
11/2000

12/2000

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

07/1999
11/1999
12/1999

05/1998
05/1998

06/1998
08/1998
09/1998
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VEAG Berlin (group license)

NUTEC Engineering, Bisikon, Switzerland
SCA Hygiene Products, Munich

RWE Energie, Neurath

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

Energieversorgung, Offenbach

1997
Gerb, Dresden

Siemens Power Generation, Goerlitz

09/1998
10/1998
10/1998
10/1998
10/1998
11/1998
11/1998

06/1997
07/1997
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