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0 Package Contents

0.1  Zip file for 64-bit Office®

The following zip file is delivered for your computer running a 64 bit Office® version
"CD_FIuidEXL_Graphics_Eng_LibIF97_x64.zip"
including the following files and folders:

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

FluidEXL_Graphics_Eng_64 Setup.msi - Self-extracting and self-installing
program
FluidEXL_Graphics_Eng_LiblIF97_Docu.pdf - User’s Guide

0.2 Zip file for 32-bit Office®

The following zip file is delivered for your computer running a 32 bit Office® version
"CD_FIuidEXL_Graphics_Eng_LibIF97.zip"
including the following files:

setup.exe - Self-extracting and self-installing
program for FluidEXL Graphics

FluidEXL_Graphics_Eng_Setup.msi - Self-extracting and self-installing
program
FluidEXL_Graphics_Eng_LibIF97_Docu.pdf - User’s Guide
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1. Property Functions

Functional |Function Name Property or Unit
Dependance Function of the Result
¢, =f(p,t,x) |cp_ptx_NH3_stud Specific isobaric heat capacity | kJ/(kg K)
n=f(p,t,x) eta_ptx NH3 stud Dynamic viscosity Pas
h =f(p,t,x) h_ptx NH3 stud Specific enthalpy kJ/kg
2 =1f(p,t,x) lambda_ptx_NH3_stud | Thermal conductivity W/(m K)
ps = (1) ps_t NH3_stud Saturation pressure bar
s =f(p,t,x) |s_ptx NH3 stud Specific entropy kJ/(kg K)
t=1(p,h) t ph_NH3_stud Backward function: °C
Temperature from pressure
and enthalpy
t=1(p,s) t ps NH3 stud Backward function: °C
Temperature from pressure
and entropy
ty = f(p) ts p NH3 stud Saturation temperature °C
v = f(p,t,x) v_ptx_NH3_stud Specific volume m3/kg
x =f(p,h) x_ph_NH3_stud Backward function: Vapor kg/kg
fraction from pressure and
enthalpy
x =f(p,s) X_ps_NH3 stud Backward function: Vapor kg/kg

fraction from pressure and
entropy
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Units: tin°C
p in bar
x in kg saturated steam/kg wet steam

Range of Validity:

Temperature: from -70°C to 100 °C
Pressure: from 0.0609422 bar to 10 bar

Reference state:

Saturated liquid t =0 °C
h=h(t=0°C)=200kJ/kg, s =s’(t=0 °C) = 1 kd/(kg K)
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Details on the vapor fraction x:

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

Single-phase region

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

Wet-steam region

If the state point to be calculated is located in the wet steam region, a value for x between 0 and 1 (x = 0 for saturated liquid,
x = 1 for saturated steam) must be entered. In this case, the backward functions result in the appropriate value between 0 and 1
for x. When calculating wet steam either the given value for t and p = -1000 or the given value for p and t =-1000 and in both
cases the value for x between 0 and 1 must be entered.

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

Wet steam region: Temperature ranges from t =-77.65°C to t = 100°C

Pressure ranges from p = 0.0609422 bar to p = 10 bar

Note:

If the calculation results in —1000, the values entered represent a state point beyond the range of validity of LIbNH3. For
further information on each function and its range of validity see Chapter 3. The same information may also be accessed via
the online help pages.
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2. Application of FluidEXLGraphicsStud in Excel®

The FluidEXLGraphicsstuyd Add-In has been developed to calculate thermodynamic
properties in Excel® more conveniently. Within Excel®, it enables the direct call of functions
from the LibNH3_Stud property library.

2.1 Installing FluidEXLGraphicsStud

Complete the following steps for initial installation of FluidEXLGraphicsstud.
The installation routine for 32 bit and 64 bit versions of Excel is similar.
The following instructions are valid for both versions.

After you have downloaded and extracted the zip-file
for 64-bit version of Excel:
"CD_FIuidEXL_Graphics_Stud_LibNH3_64.zip"
for 32-bit version of Excel:
"CD_FIuidEXL_Graphics_Stud_LibNH3.zip"
you will see the folder
for 64-bit version of Excel:
\CD_FluidEXL_Graphics_Stud_LibNH3 64\
for 32-bit version of Excel:
\CD_FluidEXL_Graphics_Stud_LibNH3\
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 for 64 bit version of Excel

FluidEXL_Graphics_Stud_LibNH3_Docu
FluidEXL Graphics_Stud_Setup 64.msi
Setup_Stud_64.exe

or for 32-bit version of Excel

FluidEXL_Graphics_Stud_LibNH3_Docu
FluidEXL_Graphics_Stud_Setup.msi
Setup_Stud.exe.

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

Setup_Stud_64.exe (for 64 bit version of Excel)
or
Setup_Stud.exe. (for 32 bit version of Excel).

If problems with Visual C++ runtime library appear then doubleclick the following

FluidEXL Graphics_Stud_Setup 64.msi (for 64 bit version of Excel)
FluidEXL_Graphics_Stud_Setup.msi (for 32 bit version of Excel)

to install FluidEXL Graphicsgtyd.

The installation of FluidEXLGraphicsstud starts with a window telling you that the installer will
guide you through the installation. Click the "Next >" button to continue.
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In the following dialog box, "Select Installation Folder," the default path offered automatically
for the installation of FluidEXLGraphicsstud is

C:\Program Files\FluidEXL_Graphics_Stud (for 64 bit version of Excel)
C:\Program Files (x86)\FIuidEXL_Graphics_Stud  (for 32 bit version of Excel)

By clicking the "Browse..." button, you can change the installation directory prior to
installation (see Figure 2.1).

#57 FluidEXL_Graphics_Stud — ®

Select Installation Folder

The installer will install FluidE=L_Graphics_Stud to the following folder.

Taingtall in thiz falder, click "Mest”. Toinstall to a different folder, enter it below or click “Browse'

Folder:
C:%Program FileshFluidEx<L_Graphics Studh, Browsze...

Dizk Cozt.

Install AuidEXL_Graphics_Stud for yoursel, or for anyone who uses this computer:

(®) Everyone
() dust me

Cancel ¢ Back

Figure 2.1: Choosing the Installation Folder of FluidEXLGraphicsstud

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

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

Note:

The standard file path for the 32 bit and the 64 bit versions of FluidEXLGraphicsstud is
different. In the following sections the standard path file from the 64 bit version is used.
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2.2 Registering FluidEXLGraphicsStud as Add-In in Excel®

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

- Click the "File" button in the upper left hand corner of Excel® (see Figure 2.2)

Insert Page Layout Farmulas Data Review View Q@ Tell me what you want to do

sy 6 Cut Calibri Ju - KA == & BewnpTe General . |:=—| B
— EE] Copy ~ o e s e = [l €0 0 Condina\ Forr:

€ o Format Painter B I U~ i - E == E=3= [ Merge & Center - % * o osn Formatting = Tat

Clipboard [F} Font ] Alignment [F} Mumber ]
Al = I
A B = D E F G H 1 ] K L M

1
2
3 —
4,
5 —
6 —
? —
8 —
9 —
10 |
11 |
12 |
13 |
14 |
13 |
16 |
17

Figure 2.2: Registering FIuidEXLGraphicsstud as Add-In in Excel®

- Click on the "Options" button in the menu which appears (see Figure 2.3)

Open
@ Recent

(‘.\' OneDrive - Personal

E;l This PC

Print = AddaPlace
Share

Browse

Export

Publish

Close

Account

Feedback

Options

Figure 2.3: Registering FluidEXLGraphicsstud as Add-In in Excel®
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- Click on "Add-Ins" in the next menu

Excel Cptions | ? =

General I : : i 3

=3 View and manage Microsoft Office Add-ins.
Formulas
Proofing Add-ins
Save Mame « | Location [ Type I[=]
Language Analysis ToclPak ChnalysistANALYS32 XL Excel Add-in

Analysis ToolPak - VBA Chlysis\ATPVBAEM XLAM  Excel Add-in
Ease of Access Date (XML) C\.N\Smart Tag\MOFL.DLL  Action
P Eure Currency Tools Chran \EUROTOOLXLAM  Excel Add-in —

Financial Symbaol (XML) CALASmart Tag\MOFLDLL  Action
Customize Ribbon Inguire CALAB\DCP\NativeShim.dll - COM Add-in

Microsoft Actions Pane 3 KML Expansion Pack

Microsoft Power Map for Excel C\LXCELPLUGINSHELL.DLL  COM Add-in

Microsoft Power Pivot for Excel ChivotExcelClientAddIndll COM Add-in

Microsoft Power View for Excel C\...ReportingExcelClient.dll  COM Add-in

Solver Add-in Ci\...SOLVERNSOLVERXLAM  Excel Add-in

Team Foundation Add-in "CALNTRSOfficeAdd-indll" - COM Add-in

Visual Studio Tools for Office Design-Time Adaptor for Excel  CALB\VSTOExcelAdaptor.dll  COM Add-in

Document Related Add-ins

Mo Document Related Add-ins
Disabled Application Add-ins =
N e ] L
Add-in: Analysis ToolPak
ublisher: Microsoft Corporation
patibility: Mo compatibility information available
3 C:\Program Files (x86)\Microsoft Office\root\Officel 6\Librany\ Analysis\ ANALYS32.XLL
ols for statistical and engineering analysis
oK | | Cancel

A

Figure 2.4: 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.
The dialog box shown in Figure 2.5 appears.

Add-inz

| R

Add-ins available:

Euro Currency Toaols
["] salver Add-in

W[ Analysis ToolPak N

[ | Analysis ToolPak - VBA

Automation...

Analysis ToolPak

engineering analysis

Provides data analysis tools for statistical and

"

W

Figure 2.5: Dialog window "Add-Ins available"
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Click "Browse" in this window and locate the destination folder, generally
C:\Program Files\FIuidEXL_Graphics_Stud\ (for Excel 64 bit) or
C:\Program Files (x86)\FIuidEXL_Graphics_Stud\ (for Excel 32 bit).

Now click on the file
"FluidEXL_Graphics_Stud.xla"

and then click "OK."

- Now, "FluidEXL Graphics Eng" will be shown in your list of Add-Ins; see Figure 2.6.
(If a checkmark is in the box next to the name "FluidEXL Graphics Eng®, this Add-In will
automatically be loaded whenever Excel starts. This will continue to occur unless the
checkmark is removed from the box by clicking on it.)

- In order to register the Add-In click the "OK" button in the "Add-Ins" window.

Add-ins

Add-ins available:

7%
- —

[~ | Analysis ToolPak - "
———

[C] Analysis ToolPak - VBA
Euro Currency Tools
| FluidEXL Graphics Eng

FluidEXL Graphics Eng

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

Figure 2.6: Dialog window "Add-Ins"

In order to use FluidEXLGraphicsstud in the following example, click on the menu item "Add-
Ins" shown in Figure 2.7.

Bookl - Excel
Insert Page Layout Formulas Data View Add-ins Q Tell me what you want to do

alla - - —

D Jb Cut Calibri -1 - A A == ®-  EfWapTet General - --: 7
Past B Copy - Py = ) C d' I F pt
aste ) B I U~ i+ - T EE=E EE=E Merge & Center ~ = - 95 » 50 % andrtional Format as
- ¥ Format Painter L 9 * Formatting~ Table~

Clipboard [F} Font [F} Alignment [F} Mumber [F}

Figure 2.7: Menu item "Add-Ins"

In the upper menu region of Excel®, the FluidEXLGraphicsStud menu bar will appear as
marked with the red circle in the next figure (Figure 2.8).

Bookl - Excel

File Home Insert Pane Layout Formulas Data Review View Add-ins @ Tell me what you want to do

alculate Diagrams~ Mumber Format 7~

tom Toolbg

Figure 2.8: FluidEXL Graphicsstud menu bar
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Installation of FluidEXLGraphicsstud in Excel® is now complete.

An example calculation of "LibNH3_Stud" DLL library property functions can be found in
chapter 2.3.
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2.3 Example calculation

Now we will calculate, step by step, the specific enthalpy h as a function of pressure p,
temperature t, and vapor fraction x, using FIUIdEXL®™®"*. Please carry out the following
steps:
- Start Excel®
- Enter a value for p in bar in a cell

(Range of validity: p =0.0609422 bar... 10000 bar)

= e. g.: Enter the value 1 into cell A2
- Enter a value for tin °C in a cell
(Range of validity: t=-77.65°C ... 446.85 °C)
= e. g.: Enter the value -30 into cell B2
- Enter a value for x in kg saturated steam/kg wet steam into a cell

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

Single-phase region

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

Wet-steam region

When calculating wet steam, a value between 0 and 1 (x = 0 for boiling liquid, x = 1 for
saturated steam) must be entered. In this case, the backward functions result in the
appropriate value between 0 and 1 for x. It is adequate to enter either the given value for
t and p = -1000, or the given value for p and t = —1000, plus the value for x between 0
and 1. When p and t and x are entered as given values, the program will consider p and
t to be appropriate to represent the saturation-pressure curve. If it is not the case the
calculation for the property of the chosen function to be calculated results in —1000.
(NHS3 saturation line: tt=-77.65°C ... 1, =132.36 °C

pt=0.0609422 bar ... p; = 113.6114 bar)
= e. g. Enter the value -1 into cell C2

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

- Click "Calculate” in the menu bar of FluidEXL ",
Now the "Insert Function" window appears (see Figure 2.14).
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A B C D E F G H
1 |pinbar tin°C x inkg/kg hinkl/k
2 1 -30 -1|= |
ol

3
4 Insert Function ? x
3 Search for a function:
6

Type a brief description of what you want to do and then Go
7 dick Go
g Qr select a category: | Ammonia LibMH3 - Stud ~
9

Select a function:

10 -
11 cp_pbe MH3_Stud ~

eta_pty NH3 Stud
12 p
13 lambda_pt:_MNH3_Stud

ps_t_MNH3_Stud
14 s_pt_MH3_Stud
15 t_ph_NH3_Stud v

h_ptx_MH3_Stud( p in bar; tin *C; x in kg/kg)
16 Specific enthalpy b in kl/kg.
17
18
19
20

Help on this function Cancel

21
22

Figure 2.14: Selecting library and function

L= = R B = T, B T R N R

el el el sl ==
RO RGO ERE LR ES

an

Search and click the "Ammonia LibNH3" library in the upper list box next to

"Or select a category:".

Search and click the "h_ptx_NH3" function in the lower list box under "Select a function:".

Here it is possible to get more information on range of validity, measuring units, error

responses, etc. by clicking the "Help on this function" button.

Click "OK".
The window shown in Figure 2.15 appears.
A B C D E F G H
pinbar tin®C x inkg/kg hinkJ/k,
1 -30 —1|B2;C2} -I
Function Arguments ? *
h_pbe NH3_Stud
pinbar A2 +* =1
tin*C |B2 * = 30
winkg/kg |C2 | = -1
= 1426.053784
Specific enthalpy h in ki/kg.
xin kgfkg Vapor fraction
Formula result = 1426.053734
oK Cancel

iteln on this function]

Figure 2.15: Entering the given values for the property calculation
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- The Cursor is now situated on the line next to "p in bar". You can now enter the value for p
either 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.: Click on the cell A2

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

= e. g.: Type B2 into the window next to "t in °C"

- 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.: Click on the cell C2
- Click the "OK" button.

The result for h in kd/kg appears in the chosen cell.

= The result of this example must be h = 1426.053784 kJ/kg.

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. The specific enthalpy is recalculated and updated every
time you change the data. This shows that the Excel® data flow and the DLL calculations are
working together successfully.

Now, we will calculate the specific entropy s = f(p,t,x) from the same values of p, t and x:
- Click the cell in which the enthalpy s in kJ/(kg K) is to be displayed.
= e. g. Click the cell E2

- Click "Calculate" in the menu bar of FluidEXLGraphics.
Now the "Insert Function" window appears .

- In the drop-down menu in the middle, next to "Or select a category:" the library "Ammonia
LibNH3" is marked because this library was already called when we previously calculated
the enthalpy.

- Choose and click the "s_ptx_NH3" function below.

- Click "OK"
The input menu of the s_ptx_NH3 function appears.

- The Cursor is now situated on the line next to "p in bar". You can now enter the value for p
either 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.

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

- 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.

- Click "OK"

The result for s in kd/kg K appears in the chosen cell.

= The result of this example must be s = 6.160660302 kJ/(kg K).
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The calculation of s = f(p,t,x) has thus been carried out. You can now arbitrarily change the
values for p, ¢, or x in the appropriate cells. The specific enthalpy is recalculated and updated
every time you change the data. 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 of LibNH3. 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.
Number Formats

When using FluidEXLGraphics you have the option of choosing special number formats in
advance.
Changes can be made as follows:

- Click the cell or select and click on the cells you wish to format.
(In empty cells the new format will be applied once a value has been entered.)

- Click "Number Format" in the FluidEXLGraphics menu bar.

- Select the desired number format in the dialog box which appears:

"STD - Standard™: Insignificant zeros behind the decimal point are not
shown.

"FIX — Fixed Number of Digits": All set decimal places are shown, including insignificant
Zeros.

"SCI — Scientific Format": Numbers are always shown in the exponential form with
the set number of decimal places.

- Set the "Number of decimal places" by entering the number into the appropriate window.

- Confirm this by clicking the "OK" button.

As an example, the table below shows the three formats for the number 1.230 adjusted for
three decimal places:

STD |1.23
FIX 11.230
SCl | 1.230E+00

This formatting can also be applied to cells which have already been calculated.
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2.4 Removing FluidEXLCGraPhicsgy, g

In order to unregister the FIuidEXLGraphicsStud Add-In in Excel® carry out the following
commands:

- Click the “File” button in the upper left corner of Excel®

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

Bookd - Excel
Insert Page Layout Formulas Data Review View @ Tell me what you want to do

"D ‘_x’c“t Calibri u c|a A == 8-  EwaepTe General - H
Paste 2 Copy - B I U ty === == - <0 .00 Conditional Forr:

. ¥ Format Painter =Tl=T A EEE = Merge & Center - T % 2|l Formatting - Tak

Clipboard ] Font F] Alignment [F] Mumber [F]
Al w2 fx
A B T D E F G H I J K L M

1 —
2 —
3 —
4 —
5 —
5 —
7 —
B —
g —
10 |
11 |
12 |
13 |
14 |
15 |
16 |
17

Figure 2.18: Unregistering FluidEXLGraphicsstud as Add-In in Excel®

6 OneDrive - Personal

L3 hispc
Prin #=  Add aPlace
Share
Browse

Export

Publish

Close

Account

Feedback

Options
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Figure 2.19 Unregistering FluidEXL GraphicsStud as Add-In in Excel®
- Click on "Add-Ins" in the next menu (Figure 2.19)

Excel Options ? 1 = -
General I k i 5
= View and manage Microsoft Office Add-ins.
Formulas
Proofing Add-ins
Save Nar_ne = locaton ':.T_ir‘PE_ _ -
Language | Analysis ToolPak ChoonalysishAMALYS32. XKLL Excel Add-in
|Analysis ToolPak - VBA rsis\ATPVBAEN.XLAM  Excel Add-in
Ease of Access | Date (XML) Smart Tag\MOFL.DLL  Action
Aeiarea Euro Currency Tools anEUROTOOLXLAM  Excel Add-in
= |Financial Symbol (XML) Smart Tag\MOFL.DLL  Action
Custornize Ribbon |Inquire CA1B\DCPNativeShim.dil -~ COM Add-in
|Microsoft Actions Pane 3 XML Expansion Pack
ss Toolbar | Microsoft Power Map for Excel CA\LXCELPLUGINSHELLDLL  COM Add-in
Microsoft Power Pivot for Excel votExcelClientAddIn.dll  COM Add-in
|Microsoft Power View for Excel leportingExcelClient.dll  COM Add-in
| Solver Add-in OLVER\SOLVER.XLAM  Excel Add-in
| Team Foundation Add-in "CA\..s\TFSOfficeAdd-in.dll"  COM Add-in
Visual Studio Tools for Office Design-Time Adaptor for Excel  ChL6\VSTOExcelAdaptor.dll  COM Add-in
Document Related Add-ins
No Document Related Add-ins
| Disabled Application Add-ins o
N . N AP il mm
Add-in: Analysis ToolPak
Microsoft Corporation
Wnpatibility: Mo compatibility information available
N C\Program Files (x86)\Microsoft Office\root\Officel 8\Libran/\Analysis\ANALYS532. XLL
Descrip Provides data 3 ols for statistical and engineering analysis
Mana
oK Cancel

Figure 2.20: Dialog window "Add-Ins"

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

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

- Remove the checkmark in front of
"FluidEXL Graphics Stud"

in the window which now appears. Click the "OK" button to confirm your entry.
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[ =)

Add-ins available:

[] Analysis ToalPak
[] Analysis ToolPak -\
] i

[Wl| -1uidEXL Graphics Eng
™ Fluidex|_Graphics
[ salver Add-in LT

FluidEXL Graphics Eng

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

e

Figure 2.20: Dialog window "Add-Ins"

In order to remove FluidEXLGraphicsStyd 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 Stud"
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 FluidEXLGraphicsstud has been completely removed from your computer.

KCE-ThermoFluidProperties, Prof. Dr. Hans-Joachim Kretzschmar
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Property Libraries for Calculating Heat Cycles, Boilers, Turbines and Refrigerators

Water and Steam

Library LibIF97

* Industrial Formulation
IAPWS-IF97 (Revision 2007)

» Supplementary Standards
IAPWS-IF97-S01, -S03rev,
-S04, and -S05

* IAPWS Revised Advisory
Note No. 3 on Thermo-
dynamic Derivatives (2008)

Library LibIF97_META

* Industrial Formulation
IAPWS-IF97 (Revision 2007)
for metastable steam

Carbon Dioxide
Including Dry Ice
Library LibCO2
Formulation of Span and Wagner (1996)

Seawater

Library LibSeaWa
IAPWS Industrial Formulation 2013

Ice

Library LibICE

Ice from IAPWS-06, Melting and
sublimation pressures from IAPWS-08,
Water from IAPWS-IF97, Steam from
IAPWS-95 and -IF97

Refrigerants

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

Formulation of
Tillner-Roth and Baehr (1994)

Iso-Butane
Library LibButane_Iso

Formulation of
Biicker and Wagner (2006)

n-Butane
Library LibButane_n

Formulation of
Biicker and Wagner (2006)

Humid Combustion Gas Mixtures

Library LibHuGas
Model: Ideal mixture of the real fluids:

CO, - Span, Wagner
O, - Schmidt, Wagner N, - Span et al.

and of the ideal gases:

(Scientific Formulation of Blicker et al.)

 Dissociation from VDI 4670
» Poynting effect

H,O - IAPWS-95 the real fluids:

ST eoelen ey IAPWS-IF97 and

IAPWS-06

SO,, CO, Ne Consideration of:

Consideration of: of steam

Ideal Gas Mixtures

Library LibldGasMix

Model: Ideal mixture of the ideal gases:

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

Consideration of:
+ Dissociation from the VDI Guideline 4670

Library LibIDGAS

Model: Ideal gas mixture
from VDI Guideline 4670

Consideration of:
* Dissociation from the VDI Guideline 4670

Mixtures for Absorption Processes

Ammonia/Water Mixtures

Library LibAmWa

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

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

Water/Lithium Bromide Mixtures
Library LibWalLi

Formulation of Kim and Infante Ferreira (2004)

Gibbs energy equation for the mixing term

Humid Air

Library LibHuAir

Model: Ideal mixture of

* Dry air from Lemmon et al.
» Steam, water and ice from

» Condensation and freezing

* Dissociation from VDI 4670
 Poynting effect from
ASHRAE RP-1485

Extremely Fast
Property Calculations

Spline-Based Table
Look-up Method (SBTL)

Library LibSBTL_IF97
Library LibSBTL_95
Library LibSBTL_HuAir

For steam, water, humid air,
carbon dioxide and other fluids
and mixtures according
IAPWS Guideline 2015
for Computational Fluid
Dynamics (CFD), real-time and
non-stationary simulations

Humid Air

Library ASHRAE LibHuAirProp

Model: Virial equation from ASHRAE
Report RP-1485 for real mixture of
the real fluids:

- Dry air
- Steam
Consideration of:

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

www.ashrae.org/bookstore

Dry Air
Including Liquid Air

Library LibRealAir

Formulation of Lemmon et al. (2000)

Liquid Coolants

Liquid Secondary Refrigerants
Library LibSecRef

Liquid solutions of water with

C,HsO,  Ethylene glycol
C3;HgO,  Propylene glycol
C,H;OH  Ethanol

CH;OH  Methanol

C;HgO;  Glycerol

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

C,H;KO, Potassium acetate

CHKO,  Potassium formate
LiCl Lithium chloride
NH, Ammonia

Formulation of the International Institute
of Refrigeration (IIR 2010)



Ethanol

Library LibC2H50H

Formulation of
Schroeder et al. (2014)

Methanol

Library LibCH30H

Formulation of
de Reuck and Craven (1993)

Propane

Library LibPropane

Formulation of
Lemmon et al. (2009)

Siloxanes as ORC Working Fluids

Octamethylcyclotetrasiloxane CgH,,0,Si, Library LibD4

Decamethylcyclopentasiloxane C4oH3905Si5; Library LibD5

Tetradecamethylhexasiloxane C44H4,05Sig Library LibMD4M

Hexamethyldisiloxane CgH4.5O0Si, Library LibMM

Formulation of Colonna et al. (2006)

Dodecamethylcyclohexasiloxane C,,H3¢0¢Sig Library LibD6

Decamethyltetrasiloxane C49H3903Si, Library LibMD2M

Dodecamethylpentasiloxane C4,H350,Si5; Library LibMD3M

Octamethyltrisiloxane  CgH,40,Si; Library LibMDM

Formulation of Colonna et al. (2008)

Hydrocarbons

Decane CoH,, Library LibC10H22
Isopentane CgH4, Library LibC5H12_Iso
Neopentane CsH4, Library LibC5H12_Neo
Isohexane CgH,, Library LibC6H14
Toluene C;Hg Library LibC7H8

Formulation of Lemmon and Span (2006)

Further Fluids

Carbon monoxide CO Library LibCO
Carbonyl sulfide COS Library LibCOS
Hydrogen sulfide H,S Library LibH2S
Nitrous oxide N,O Library LibN20
Sulfur dioxide SO, Library LibSO2
Acetone C3HgO Library LibC3H60

Formulation of Lemmon and Span (2006)

\
ThermoFluidPropert

Nitrogen and Oxygen

Libraries
LibN2 and LibO2

Formulations of Span et al. (2000)
and Schmidt and Wagner (1985)

Hydrogen

Library LibH2

Formulation of
Leachman et al. (2009)

Helium
Library LibHe

Formulation of
Arp et al. (1998)

UKCE

ies

For more information please contact:

KCE-ThermoFluidProperties UG & Co. KG
Prof. Dr. Hans-Joachim Kretzschmar

Wallotstr. 3

01307 Dresden, Germany

Internet: www.thermofluidprop.com

Email: info@thermoflui

dprop.com

Phone: +49-351-27597860

Mobile: +49-172-79146
Fax: +49-3222-1095810
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The following thermodynamic and transport properties can be calculated?:

Thermodynamic Properties

» Vapor pressure pg

Saturation temperature T
Density p

Specific volume v
Enthalpy h

Internal energy u

Entropy s

Exergy e

Isobaric heat capacity ¢,
Isochoric heat capacity c,
Isentropic exponent x
Speed of sound w
Surface tension o

Transport Properties

» Dynamic viscosity n

» Kinematic viscosity v
* Thermal conductivity A
* Prandtl number Pr

» Thermal diffusivity a

Backward Functions

* T,v, s(p,h) .
* T,v,h(p,s)

*p, T,v(h,s)

*p, T(v,h)

*p, T(v,u)

Thermodynamic Derivatives

Partial derivatives used in
process modeling can be
calculated.

a Not all of these property functions are available in all property libraries.

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

Add-In FluidEXLCGraphics for Excel®

- Diagram for Water Industrial-Formulation APWS TF97 *— -

===

Ch . — pressure pin MPa — specific volume v in m¥ky
SUM ~(© X « fe| =h_pbx_97(AS5;B5;C5) : oosing a proper_ty —— enthalpy hin klikg —— vapor fraction x
=T & B c 5 E F library and a function
1 Calculating an isentropic expansion | - . J // /
5 s Le.mesw | Displaying the calculated T
i p N X s h T | r—— values in diagrams W | /]
4 _bar c kglkg kJ/kgK kJ/kg m3/ks Type 2 brief description of what you want to do and then dick =
s 20 | 400 4 ‘A5:B5:C5) & 7717!71511 [y
10 Or select a category: | Water IAPWS-IF97 =
v 5 | [Fncton e — o) | =] .
8 1 h_pbx_97 ~ /
s 05 pinbar a5 [ = o AVAWRY i
w0 01 t | (8] - w0 X \ /)
n xinkahg [cd s = - I iy l\l Y a ‘47% & |I
= 5 g 3 N
2 Spedific enthalpy h inkJkg. e h_pbx_97( p in bar; tin °C; x in kg/kg) I LTV o 5 /
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" T &
15 Formula result = 3243,23 £ ) 3 |I
16 ielp on ths function oK Cancel
17 s : . Hcoon s fcten o] (o | : T ?_ﬂo& 2 :
8
. . —_— ific ent in kJifkg K
Menu for the input of given property values p specific entropy s in k.itkg K
Add-On FluidMAT for Mathcad® Add-On FluidLAB for MATLAB® and SIMULINK®
N . . ®
Add-On FluidPRIME for Mathcad Prime' Using the Add-In FIidLAB the
The property libraries can be used in Mathcad® and Mathcad Prime®. property functions can be called in MATLAB® and SIMULINK®.
Wl File Edit View Inset Format Tools Symbolics Window Help
D-G0SRY| @0 ": mP=|Ge o]0 L e
varizble Insest Function h Fle Edit Debug Deskop MWindow Help
o B ¥ =
4 [ 13 2| runcoon categor Fancton tome D& B oo o | W B % | [coreganmeirucd abHuar_Exsmple =
Hyperbokc =1 [epom_o7 3 Shorteuts (2] How to Add (7] What's New
bar = 1-10°-Pa T o exediction prapece? Current Directory - C:\Programme\FluidLAB\LibHuir_Example 2 X || f] Editor - C:\Programme)\FluidLABALibHuAir_Example\Example_hl.. 7 X
_ LibHuGas | | IR EC @er | B - DEH| B[S dE ] "0 x
p = 10-bar tzgﬂ@d E:unnefmr\m :\%TDJ();,W l%‘l:llesmiw R l;:EE ;(y;; Description 2 (*BB 8| -fo |+t | x| &0 .
Number Theory/Combinatoric - | |p_hs_87 3 el hl| A 3 B i
Pt o A : PSR (=l S LinHuai I BLL File 21 ;%hliptxwil-[u).n:.m
El h_ptx_97(p, t, x) 2] libifaremdd. dil DLL File | ;% pressure in bar
Spechc sty 1 kg fom pramr p e, aTparare £ °C nd vapor g::mm;‘!” Btt E:Z B ;4 vemerature in %0 .
& mever 1d.dil DLL File 5 - ;% shzolute huwidity in g/kg air
@ oK [ mset || cancel [y Example_hl_ptew_HuAltm  N-file hi_ptsw_Huir.m &
T - hl=hl_ptxw Hulir (p,t,xw)
r T g B%
= < -
B 4 [Hx= [£ < 31 ap ®||[wysee | @ . - \
bar = 110°Pa  °Co= 1 &J = 1000- Warkspace | current Directory | Function call
kg Command History 2 x of FluidLAB
p = 10-bar x= _l'k_! %-- 20.06.07 10:50 --%
Command Window
h=h px_9
| 3o : 45,5084
\ke/ \ Function call -
of FluidMAT

4 start | ik and drag to move Command Histary...

OYR. 4

Add-On FluidVIEW for LabVIEW™
The property functions can be calculated in LabVIEW ™.

Path LibRealAir.dll

4 D:\Eigene Dateien, | &

Pressure p in bar

i
210

Specific isobaric heat capadi

[C:\..ib\ FluidVIEW \LibRealAir.Ib\ cp_ptx_air.vi] (4€

Path LibRealAir.dll [4]

Pressure p in bar [0] —f=Z (5] |
Temperature tin °C[1] -Ep e [6] 2

L Emperature tin °C Vapor fraction x in kg/kg [2]

20 Error in (no error) [3] ==

Vapor fraction x in kg/kg ERER |
-1

Specific isobaric heat capacity in K/(kaK)

| FluidvIEW
L LibRealair

=Examplel 1
+Parameter_x2
+/Parameter_x3
& Parameter_x1
=fluidD'YM_LibSeawa_|nput

Specfic iso

JscanRange
[[] FunctionMumber
Isobaric cu... Isothermal ... viz
Vapor fraction x in kg/kg =i s [
5] (4] e
Spedific iso... Spedific iso... | | [x3

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

Fle Edt Simulation Plot Anmation Commands  Window  Help
ZHQ8 W /OOCANS B¢ ) mEHEE 0 v
Packane Braowser x [@

Packages

€Y Modelica eference
® T Modelica

General | dd modfiers

© fluidDYM_LibSeaWa_Input in FluidDYM_SeaWa.TestMo... [2][X]

Cormponent leon
Unnamed

= (] FluidD'vM_Seaw'a

Name

fuidDYM_LibSeawia_lnput

e (Y
Jirteifaces e > .
" >
L kD YM_LbSesta_input b= | MO0
Path  FluidD'YM_Sesw's FluidDYM_LibSestwia_lnput
Parameters:
scarflange 00T Scanrangs

—t
2yOon @ 8EK O
H_piXi_Seawia
hs|_pstsisl_Seaw'a
hsy_pstsisl_Seaw'a
kappa_pixi_Seaw'a

——— fuidDYM_LibSeaWa_inpit

/a Intertaces. FunctionSelection h_ptd_Seawa v
m ~

»

Cancel

70 kappal_plxi_Seswa
Kappasl_pstsiisl_Sea/a
Kappasy_pstsiis_Sea/a
kappaTl_piXi_Sediwia
69 4 kappaT s|_psisKisl Seaa ~
a0 y
68 4 ‘ () Madeing ‘ P Simulation
[° FluidDYM_LibSeawa_lnput.z = 67.9239
67
slope =0
[ time = 1




Add-On FIuidEES for
Engineering Equation Solver®

21X
" Math functions (ol

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

= InternationaISteam Tables
IAPWS-IF97

Online Property Calculator at
www.thermofluidprop.com

Zittau’s Fluid Property Calculator

Fluid [Water and Steam IAPWSIFS7-LibIF97 =]

Function. [Specific enthalpy hip.x) =l

Unit System:  [SI =

" Fluid properties «
" Solid/liquid properties " |Boiling and Condensation ~
?" Function Info

EIGEN_EOS.DLL
©OFENG ROBINSONDLL
(SLIBHUAIRPROP_SLDLL]
EIMONTECARLO.DLL.

CILIBCO2DLL
ELIBR.DLL

B CURVEFITID

File Edit Search Options Calcul Tables Plots

& Equations Window
"Calculating the Enthalpy - h_ptWwHuAirProp”

P! ain |

EEES [ummer(lal D:\Dokumer tationen'Fuer_EES\HuAirProp_SI'\Beispielrechnung|
Windows Help Examples

Enthalpy
Entropy

Isobaric heat

=20

CAL

No unit problems were detected

Calculation time = .1 sec.

Unit Settings: [kJ)/[C)/[kPal/[kg)/[degrees]
W= = 454866 [kikg) p=101.3 [kPa] t =20 [C] W=0.01 [kokg]

apacity

Isochoric heat
capacity

RN

A
H '
=

Property Software for Pocket Calculators

3046.92981 kibg
3975.05844 kikg
650032283 kg K)

256333874 kUG K)

Enter given values: Range of validity

For further information on property libraries available for EXCEL®, MATLAB®, Mathcad®,
Engineering Equation Solver®, DYMOLA® (Modelica), SimulationX®, and LabView® click
here
An App far cal€ulating steam properties on iPhone, iPad, and jiPod touch can be found here
PDF with the description
© ZinadiGoerkz University of Applied Sciences
Faculty of Mechanical Engineering
Depantment of Technical Thermodynamics.
Prof. Hans-Joachim Kretzschmar
Dr Ines Stoecker
Programmer: Joachim Posseit

Tel: +49-3563-61-1846 or -1881
Fax +49-3583-61-1846

E-mall. Info@Mhermodwamics-zitay. de
W thermodinamics-Zitau de

Pressure p [100 [bar =]
Temperature t [400 [ =
Vapor fraction x [ [kgkg =]
Details on the vapor fraction x

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

FluidCasio

fx 9750 G Il

CFX 9850
fx-GG20

CFX 9860 G
Graph 85

ALGEBRA
FX 2.0

For more information please contact:

KCE-ThermoFluidProperties UG & Co. KG
Prof. Dr. Hans-Joachim Kretzschmar

\f
ThermoFluidProperties

KCE

Wallotstr. 3

01307 Dresden, Germany

FluidHP

HP 48

TI Nspire CX CAS TI 83
TI Nspire CAS

FluidTI

TI 84
TI 89

Internet: www.thermofluidprop.com
Email: info@thermofluidprop.com
Phone: +49-351-27597860

Mobile: +49-172-7914607

Fax: +49-3222-1095810

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

Thermodynamic Properties

» Vapor pressure pg

» Saturation temperature T,
* Density p

 Specific volume v

« Enthalpy h

* Internal energy u

* Entropy s

» Exergy e

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

» Speed of sound w
 Surface tension o

Transport Properties

» Dynamic viscosity n

» Kinematic viscosity v
* Thermal conductivity A
* Prandtl number Pr

» Thermal diffusivity a

Backward Functions

* T,v, s(p,h)
* T,v,h(p,s)
*p, T,v(h,s)
*p, T(v.h)
*p, T(v,u)

Thermodynamic Derivatives

« Partial derivatives used in
process modeling can be
calculated.

a Not all of these property functions are available in all property libraries.

www.thermofluidprop.com
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