#/KCE

JA e ——
ThermoFluidProperties

Library for Calculating
Operation Characteristics of
Heat Exchangers from
VDI Heat Atlas

FluidEXLGraphics
with LIbHeatEXx

for Excel®

Prof. Dr. Hans-Joachim Kretzschmar
Prof. Dr. Matthias Kunick

Dr. Sebastian Herrmann

M.Eng Martin Suender



Software for the Calculation of the Properties

of Heat Exchangers

Including DLL and Add-In for Excel®

FluidEXLGraphics
LibHeatEx

Contents

0.

o o ~ W

Package Contents

0.1 Zip-files for 32-bit Office®
0.2 Zip-files for 64-bit Office®

. Property Functions

. Application of FIUIdEXL in Excel®

2.1 Installing FIuidEXL

2.2 Registering FIUIdEXL as Add-In in Excel®
2.3 Licensing the LibHeatEx Property Library
2.4 Example calculation

2.5 The FluidEXL Help System

2.6 Removing FluidEXL

Program Documentation

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

Diagrams of Dimensionless Temperature Changes

Satisfied Customers

KCE-ThermoFluidProperties

Prof. Dr. Hans-Joachim Kretzschmar
Haager Weg 6, 92224 Amberg, Germany
Phone: +49-9621-1762047

Mobile: +49-172-7914607

Fax: +49-3222-1095810

Email: info@thermofluidprop.com
Internet: www.thermofluidprop.com

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



0 Package Contents

0.1  Zip files for 64-bit Office®

The following zip file has been delivered for your computer running a 64-bit Office® version:
CD_FluidEXL_Graphics_Eng_LibHeatEx_x64.zip
including the following folders an files:

\FLUFT\

\Formulation97\

FluidEXL Graphics_LibHeatEx_Docu_Eng.pdf
FluidEXL _Graphics_Eng.xla

LC.dll
LibHeatEx.dll

LibHeatEx.chm.

0.2  Zip files for 32-bit Office®

The following zip file has been delivered for your computer running a 32-bit Office® version:
CD_FluidEXL_Graphics_Eng_LibHeatEx.zip
including the following folders and files:

\FLUFT\

\Formulation97\

FluidEXL Graphics_LibHeatEx_Docu_Eng.pdf
FluidEXL_Graphics_Eng.xla

LC.dll
LibHeatEx.dll

LibHeatEx.chm.
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1. Property Functions
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1.1  Functions
Functional Function Name Call as Function from LibHeatEx DLL Function
Dependence
‘A C
oa="f ITYPE,k.—A,.—A,NSPEC , , ,
Cpn Cg Phi_HeatEx PHI_HeatEX(ITYPE, kaCA, CACB, NSPEC) | Dimensionless temperature changes

k-A Ca .
. =f ITYPE,CDA,C—,NSPEC kaCA_HeatEx kaCA_HeatEx (ITYPE, PHI, CACB, NSPEC) | Number of transfer units

A B
Ca k-A _ .
. =f ITYPE,cDA,C—,NSPEC CACB_HeatEx CACB_HeatEx (ITYPE, PHI, kaCA, NSPEC) | Heat capacity rate ratios

B A

Units: All quantities are dimensionless.

Equations:

Dimensionless temperature changes

@ = Phi = H1~tH2

Determination:

1~ A—  heating surface
CB CA Cc, — heat capacit
A B ..
k - heat transfer coefficient
Number of transfer units . .
k-A  Ada _k-A.C_B Indexing:
Ca 497, Cg Ca A-  flowA
‘ B- flowB
k,'A _ A% _k-ACa H—  heating medium

Cs

A,

Ca Cs
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Ratios of the heat capacity rate

CA - heat capacity rate flow A

Cg - heat capacity rate flow B
At, - temperature changes flow A

Atg - temperature changes flow B

C?A - mean isobaric heat capacity of
flow A

cg'B - mean isobaric heat capacity of
flow B

Ca_A% Cg _Ada
CB ASA CA ALQB

CA = mA 'CpA
CB =th 'CpB

Aty =tar —tar
Ag =1gg — gy

har —h
Cm _ A2 Al

PA T ¢ —t
tho —tar
approximation

1
CB]A = E|:CpA (tAl) + CpA (tAZ ):|

for pa =~ const.

omo hg —hgy

PB = —t
tg2 —t1

apprOXImatlon:

1
Cpp ~ E[CpB (tg1) +Ccpa (t2 )]

for pg = const.

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

cooling medium

inlet of A and B
outlet of A and B

mass flow

isobaric heat capacity

specific enthalpy
temperature

pressure of flow A and flow B
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1.2 Range of Validity

The LibHeatEx property library has been developed to calculate different heat exchangers,
which have been taken from the VDI-Heat Atlas [3].

One of the two streams is referred to as heating medium and the other one as cooling
medium. The heating medium transfers thermal energy to the cooling medium.

Thermal losses to the surrounding are neglected, which means that the heat exchanger is
calculated adiabatically. The result of the first law of thermodynamics are functional
coherences between the dimensionless temperature changes Phi, the number of transfer

units kC—A which is also referred to as NTU or N, and the ratios of the heat capacity rate
A

C

=A or R. The basic functional dependency is @ =pPhi=f| 2 k-A CA . In most cases the

Cs Ca Cg

equation cannot be solved for the other two variables. These functions are kC.—A _f( EAJ
A B

and (?_A:f{@ k_A] they therefore have to be calculated iteratively. In order to select the
B A

correct type of the heat exchanger, please use Table 1 of this User's Guide or the help file
LibHeatEx.hlp. Each heat exchanger type is assigned to one number, which is specified as

the variable ltvpe. This is also the first input parameter for each function in Excel®.

There are also functions with a variable number of tube rows or passes which is indicated by
the parameter Nspec. Nspec is also given in Table 1 and in the help file LibHeatEXx.hlip.

The functional dependencies of flow A with Itvpe and Nspec are

oa=T|ITYPE—= K-A CA ,NSPEC |,
A Cg

K-A_¢ ITYPE, cpA,C.A NSPEC |, and
Ca Cg

C A _f ITYPE, (DA,k. ,NSPEC |.
Cs Ca

The dependencies for flow B are

¢g =f|ITYPE,—== K-A G ,NSPEC |,
s Ca

k-A_ f (ITYPE,Q)B,E—B,NSPEC , and

Cs A
Ce _t[ irvpPE, @g, X2 NSPEC |.
Ca Cg
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The range of validity for the different parameters are shown in the following Table 1

Table 1: Range of validity

1/4

Quantities Range of validity
Dimensionless temperature changes: 0<Phi<1
Number of transfer units: 0 < kaCA

Heat capacity rate ratios: 0<CACB

Type of Heat Exchanger: O<ITYPE=<24

Number of tube rows or passes:

0 = NSPEC for ITYPE 1-9; 12-19; 21-24
0 < NSPEC for ITYPE 10; 11, 20
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Table 2: List of heat exchanger types
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Itvre | Type Flow arrangement Nspec Itvre | Type Flow arrangement Nspec
1 Pure counter current flow Us2 0 5 Cross-flow, laterally mixed on TﬂA ) 0
i=AB both sides
19A,1 19A,z i=AB 193’1 19'3’2
— e
s T Al
2 Pure cocurrent flow Ts1 0 6 Counterdirected PN 0
i=AB countercurrent cross-flow with | 3, , Oy
Tas T two tube rows and two passes | +— < -
A
193,1 "193,2
19B,z
3 Pure cross-flow Ua,2 0 7 Counterdirected 9., 0
i=AB countercurrent cross-flow with 9 T g
Us1 T2 three tube rows and three ALl . A2
passes
Y l9B,Z
19A,1
4 Cross-flow with one tube TfJ‘A,z 0 8 Counterdirected Ins 45 |0
row, laterally mixed on countercurrent cross-flow with > >
one side Fs1 G four tube rows and four 9 ‘19
' passes a2 B,1
T Al
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Itvee | Type Flow arrangement Nspec Irvee | Type Flow arrangement Nspec
9 Counterdirected ﬁB,ZT /Em 0 13 |One-sided stirred tank U, U4 0
countercurrent cross- 9 9 ' —
flow with four tube rows A, , A2
and two passes 9
A2 23‘2
10 |Cross-flow with n tube |95 12, 14 | One shell-side and two tube- iﬁA 1 0
rows and one pass 1 n side passes | '
n=12,..., i=AB U,
U o Uz 52
( ?3,1
l9 |
B,2 @A’z l
11 |Codirected TﬁB'z lﬁs , |2 15 | One shell-side and three i VA 0
countercurrent cross- (T [ T tubeside passes, two ,382 |
flow with n tube rows VW Ui countercurrent .
and n passes : -
n=1.2,..., ‘95,1
1 n ‘ ‘
i 19A,z
12 | Two-sided stirred tank g | g 0 16 | One shell-side and two i 9 1,2..00
. Al B,1 . Al
i=AB 5 — tubeside passes, both o | "
countercurrent B.2
ﬁA,z ﬁB.Z 7 19B,1
|
i 19A,Z
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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 Steam from the LibHeatEx property program library.

2.1 Installing FluidEXLGraphics

Complete the following steps for initial installation of FluidEXLGraphics,

Before you begin, it is best to uninstall any older version of FluidEXLGraphics,

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:

CD_FIuidEXL_Graphics_LibHeatEx x64 Eng.zip (for 64 bit version)
or
CD_FIuidEXL_Graphics_LibHeatEx_Eng.zip" (for 32 bit version).
you will see the folder
\CD_FluidEXL_Graphics_LibHeatEx_x64 Eng\ (for 64 bit version)
or
\CD_FluidEXL_Graphics_LibHeatEx_Eng\ (for 32 bit version)
in your Windows Explorer, Total Commander etc.
Now, open this folder by double-clicking on it.
Within this folder you will see the following folders and files:
\FLUFT\
\Formulation97\
FluidEXL_Graphics_Eng.xla
FluidEXL_Graphics_LibHeatEx Docu_Eng
LC.dll
LibHeatEx.dll
LibHeatEx.chm
Reg_.reg
Now, please copy the following folders and files
\FLUFT\
\Formulation97\
FluidEXL_Graphics_Eng.xla
LibHeatEx.dll
LibHeatEx.chm
LC.dll
into the folder
C:\Users\[your name]\AppData\Roaming\Microsoft\AddIns\,
where [your name] is your name in the Windows system.

If this folder is not found, follow the next section anyway.
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2.2 Registering FluidEXLGraphics as Add-In in Excel®

After installation in Windows®, FluidEXLGraphics myst 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 Fig. 2.1)

Bookl - Excel
Insert Page Layout Farmulas Data
e 36 Cut Calibri Cln <K == ®- SwapTe General - |:=—| H
Paste B Copy ~ === =3x= FH =2 €0 00 Condinal Forr:
ﬂv & Format Painter | B 1 M 7| - D-A- === =3 [EMerge&Center ~ =% * i osn Formatting - Tal
Clipboard ] Font [} Alignment [P} MNumber ]
Al 7 Fe
A B T D E F G H 1 ] K L il

1 —

2 —

3 —

4 —

5 —

6 —

? —

8 —

g —

10 |

11 |

12 |

13 |

14 |

15 |

16 |

17

Figure 2.1: Registering FluidEXLGraphics a5 Add-In in Excel® 2016

- Click on the "Options" button in the menu which appears (see Fig. 2.2)

Open
(1) Recent

(.\' OneDrive - Personal

E;l This PC

Print 4= AddaPlace

Share

Browse

Export

Publish

Close

Account

Feedback

Options

Figure 2.2: Registering FluidEXLGraphics as Add-In in Excel® 2016
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- Click on "Add-Ins" in the next menu (Fig. 2.3)

-

-
Excel Cptions | ? £ |
General . . ] .
[3 View and manage Microsoft Office Add-ins.
Formulas
Procfing Add-ins
Save MName = | Location | Type =]
Language Analysis ToolPak Choonalysis\ANALYS32.XLL  Excel Add-in
Analysis ToolPak - VBA Chlysis\ATPVBAEM.XLAM  Excel Add-in
Ease of Access Date (XML) CA.\Smart Tag\MOFL.DLL  Action
Advanced Euro Currency Tools Chran\EUROTOOLXLAM  Excel Add-in M
Financial Symbol (XML) ChASrmart Tag\MOFL.DLL  Action
Customize Ribbon Inquire ChLI6\DCRMativeShim.dll - COM Add-in
Microsoft Actions Pane 3 XML Expansion Pack
gss Toolbar Microsoft Power Map for Excel C:\.XCELPLUGINSHELLDLL ~ COM Add-in
Microsoft Power Pivot for Excel ChoivotExcelClientAddIndll - COM Add-in
Microsoft Power View for Excel C...ReportingExcelClient.dll  COM Add-in
Solver Add-in CA.WSOLVERNSOLVERXLAM - Excel Add-in
Team Foundation Add-in "CLEATRSOfficedd-indll® COM Add-in
Visual Studio Tools for Office Design-Time Adaptor for Excel  CA\.6\WSTOExcelAdaptor.dll  COM Add-in
Document Related Add-ins
No Document Related Add-ins
Disabled Application Add-ins =

Add-in: Analysis ToolPak

Qublisher: Microsoft Corporation

patibility: Mo compatibility information available

i C\Program Files (x86)\Microsoft Office\root\ Officel 8\ Librany\ Analysis\ANALYS532. XLL

oK | | Cancel

A

Figure 2.3: Dialog window "Excel Options"

- Select "Excel Add-ins" next to "Manage:" in the lower area of the menu
- Then click the "Go..." button
- Click "Browse" in the following window (Fig. 2.4)

Add-ins (2] = |

Add-ins available:

] Analysis ToolPak P
:|Analy5|s ToolPak - VBA

:|Euro Currency Toaols
["| salver Add-in

Analysis ToolPak

Provides data analysis tools for statistical and
engineering analysis

. 4

Figure 2.4: Dialog window "Add-ins"
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- Excel opens the Addins folder. This is usually
C:\Users\[your name]\AppData\Roaming\Microsoft\AddIns\.

- If the FluidEXL files have already been copied to this directory in section 2.1, please skip

the following indented section. If not, follow the indented instructions to successful paste
the needed files for the FluidEXL Add-In:

In the upper part of the "Browse" window the correct Add-In path is displayed
(see Figure 2.5). Please note that not the entire path is displayed.

Browse X
u i <« AppData * Reaming » Microsoft » Addins ~ V] Search Addins
Organise « New folder == ~ [H 0
~ Mame Date modified Type Size
5 Quick access
FLUFT 10/01/2022 16:55 File folder
I Deskto
P Formulationd7 10/0 155 File folder
¥ Downloads B FluidEXL_Graphics_Eng.xla 10/01/2022 15:45 Microsoft Excel A..
= Documents
| Pictures
Microsoft Excel
OneDrive
3 This PC
L=l W TP A < >
File name: || v| Add-ins (*xlam:*xla:*xIl) ~
Tools - Cancel

Figure 2.5: "Browse"-Window

Please copy this path and paste it into your file manager.
Now, please copy the following directories and files:
\FLUFT\
\Formulation97\
LC.dll
FluidEXL_Graphics_Eng.xla
LibHeatEx.dll
LibHeatEx.chm
from the delivered CD-folder into this folder.

Click "FIuidEXL_Graphics_Eng.xla" in this folder (see Fig. 2.5) and click "OK."

Now, "FIuidEXL Graphics Eng" will be shown in the list of Add-ins (see Fig. 2.6).

(If a checkmark is 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
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 (see Fig. 2.6).

KCE-ThermoFluidProperties - Prof. Dr. Hans-Joachim Kretzschmar
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Add-ins P =

Add-ins available:

:‘AnalysisTooIPak -
("] Analysis ToolPak - VEA

Eura Currency Toals
| 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 FluidEXLGraphics in the following example, click on the menu item "Add-Ins"
shown in Fig. 2.7.

Bookl - Excel
Insert Page Layout Formulas Data Review View Add-ins Q Tell me what you want to do
L] . | =
B % Cut Calibri - - AN === ®-  EewapTed General - r 7]
ER Copy - )
Paste _ B I === == Merge & Center = | &= 0 » 8o Conditional Format as
- ~ Format Painter - — | == 9 e 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 FluidEXLGraphics menu bar will appear as marked
with the red circle in Fig. 2.8.

Bookl - Excel

View

File Review Q Tell me what you want to do

Home Insert Formulas Data

Pzne Layout

alculate Diagrams ~ Mumber Format 7+

tom Toolbg

Figure 2.8: FluidEXLGraphics menu bar

The Installation of FluidEXLGraphics jn Excel® is now complete.

An example calculation of "LibHeatEx" DLL library property functions can be found in chapter
2.4.

2.3 Licensing the LibHeatEx Property LibHeatExrary

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).

KCE-ThermoFluidProperties - Prof. Dr. Hans-Joachim Kretzschmar
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r -
== License Information ﬁ

Please type in pour license keyl ? \

|
Cancel |

Figure 2.12: "License Information” window

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

A Help 52

In order to obtain a license for this product

o
% E please contact us.

Froduct:  Libee———

Contact,.  KCE-ThermoFluidProperties
Praf. Dr. Hanz-loachim Kretzzchmar,
Dr.- Ing. M. Kunick,
Dr.- Ing. 5. Hermann
Wallokstr, 3
01307 Dresden, Germary

Phiore: +43-351-27557860

Fau: +49-3222-10935810
E mail: infoiEthermofluidprop. com
LAILAIAY, ), thermofiuidprop. conm

Figure 2.13: "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 LibHeatEx 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 LibHeatEx property library, you have to delete the files
LibHeatEx.dll
LibHeatEx.chm
in the installation folder of FluidEXLGraphics (the standard being)
C:\Program Files\FluidEXL_Graphics_Eng
using an appropriate program such as Explorer® or Norton Commander.

Note:

_____ in Figure 2.12 and 2.13 stands for the LibHeatExrary
you are installing. In this case it is the LibHeatEXx library.

KCE-ThermoFluidProperties - Prof. Dr. Hans-Joachim Kretzschmar
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2.4  Example calculation

Now we will calculate, step by step, the dimensionless temperature changes ¢ of the
countercurrent flow heat exchanger as a function of Irype, Nnumber of transfer units, heat
capacity rate ratios and Nspec, using FluidEXLGraphics,

The following quantities are given:

K-A_100
Ca

C.—Az 0.5
Cg

I+vee and Nspec can be obtained from Table 1.
Type of heat exchanger: lrvee =1

Number of tube rows or passes: Nspec =0

- Start Excel®
- Enter the value for Itype in a cell

= e. g.: Enter the value 1 into cell A2

- Enter a value fork.'—A in a cell
Ca
= e. g.: Enter the value 1.00 into cell B2
Ca .
- Enter a value for == in a cell
Cs
= e. g.: Enter the value 0.50 into cell C2
- Enter a value for Nspec in a cell

= e. g.: Enter the value Ointo cell D2

- Click the cell in which the value of the dimensionless temperature changes ¢
is to be displayed.

= e.g.: Click the E2 cell.

- Click "Calculate" in the menu bar of FluidEXLGraphics,
Now the "Insert Function" window appears (see Figure 2.14).

KCE-ThermoFluidProperties, Prof. Dr. Hans-Joachim Kretzschmar
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Insert Function M

Search for a function:
Type a brief description of what you want to do and then dick

Go
Or select a category: | LibHeatEx -
) User Defined -
Select a function: Engineering
CACB_HeatEx Cube L
kaCA HeatEx Compatibility
PHI HeatEx Hum!d Air Lit?Hu.ﬁ.ir ]
Humid Gas LibHuGas s
Ideal Gas Mixtures LibIDGAS
Water IAPWS-IF9Y A
Siloxanes MDM = -

Dimensionless temp. jEmannl LibC2H50H S

Help on this function QK ] [ Cancel

Figure 2.14: Choice of library and function name

- Search and click the "LibHeatEx" library under "Or select a category:" in the upper part of
the window.

- Search and click the PHI_HeatEx 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 2.15 will now appear.
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SUM - K & fc| =PHI_HeatEx()

A B C D E F G

1 |ITYPE kaCA CACB MNSPEC PHI
2 1 1 0.5 Ul HeatExiE .|

3 il

4 Function Arguments [ 7 ﬁ,l
h

A PHI_HeatEx

7 ITYPE | =

g kaCA | =

10 CACB | =

1; NSPEC || | =

13 = -9995

14 Dimensionless temp. changes.

15 MNSPEC Mo. of tube rows resp. passe

16

17

18

19 Formula result = -9993

20 ) )

21 Help on this function 0K ] [ Cancel

Figure 2.15: Input menu for the function

- The Cursor is now situated on the line next to "ITYPE". You can now enter the value for
ITYPE either by clicking the cell with the value for ITYPE, by entering the name of the cell
with the value for ITYPE, or by entering the value for ITYPE directly.

= e. g.: Click on the cell A2

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

= e. g.: Type B2 into the window next to "kaCA"

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

= e. g.: Click on the cell C2

- The Cursor is now situated on the line next to "NSPEC". You can now enter the value for
NSPEC either by clicking the cell with the value for NSPEC, by entering the name of the
cell with the value for NSPEC, or by entering the value for NSPEC directly.

= e. g.: Click on the cell D2

The window should now look like the following figure:

KCE-ThermoFluidProperties, Prof. Dr. Hans-Joachim Kretzschmar
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SUM - ® « Jfx | =PHI_HeatEx(A2,B2,C2,D2)
A B C 0 E F 3
1 |ITYPE kaCA CACB EJ_SP_E_C____ PHI
2 1 1 05 1 032.c2D02) |
3 i
- Function Arguments @Iﬂ
5
g PHI_HeatEx
7 ITYPE (A2 | = 1
B [ ==
- kaCA |B2 =1
10 CACB |C2 = 0.5
11 NSPEC D2 Fe| = 0
12
13 = 0.564733402
14 Dimensionless temp. changes.
15 MSPEC Mo. of tube rows resp. passe
16
17
18
19 Formula result = 0.564733402
3[1] Help on this function Ok ]’ Cancel

Figure 2.16: Input menu showing the result
- Click the "OK" button.
The result for ¢ appears in the cell selected above.

= The result in our sample calculation here is:
dimensionless temperature changes ¢ = 0.564733402.

The calculation of Phi has thus been completed.
. . k-A CA . .
You can now arbitrarily change the values for lrveg, G and Nspec in the appropriate
A B
cells. The dimensionless temperatures changes are 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 —1, this indicates that the values entered are located outside the
range of validity of LibHeatHex. 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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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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2.5 The FluidEXLGraphics Help System

As mentioned earlier, FluidEXLGraphics also provides detailed help functions.
Information on individual property functions may be accessed via the following steps:

- Click "Calculate" in the FluidEXLGraphics meny bar.

- Click on the “LibHeatEX” 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.

| A =h EigS

Ausblenden Startseite Drucken Optionen
Inhatt ]guchen ] Eavoriten] F'HI_HeatEx HD I

] F‘HI_HeatEx k
KACA_HeatEx - AC ) |
CACS_HeatEx @=f| ITYP ——,=A NSPEC |
Dimensionless Temperature Changes: \ Cyn Cg /

3

Function Name: Phi_HeatEx
Declaration for DLL: PHI_HeatEx (ITYPE ,kaCA,CACB,NSPEC)
Fortran 77 Subprogram: REAL"8 FUNCTION

m

PHI_HeatEx (ITYPE, kaCA, CACB, NSPEC)
REAL"8 kaCA, CACB
INTEGER™ ITYPE, NSPEC

Input values
Type of heat ITYPE
exchanger
Number of transfer kaca KA A~ heating surface -
units Ca k - heat transfer coefficient
Heat capacity rate CACE - C_A Ca _heat capacity rate ratios stream A
ratios Cs

CB - heat capacity rate ratios stream B

Number of tube rows

Oor passes NSPEC

Result
Range of Validity

Mumber of tranefer ynite- 0

Figure 2.17: Help Window

If the LibHeatEx.chm function help cannot be found, you will be redirected to a Microsoft®
help website by your standard browser. In this case, the LibHeatEx.chm file has to be copied

into the folder of FluIdEXLGraphics in the standard case
C:\Program Files\FluidEXL_Graphics_Eng

to use the help system.
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2.6 Removing FluidEXLGraphics
2.6.1 Removing LibHeatEx Library
Should you wish to remove only the LibHeatEx library, delete the files

LibHeatEx.dll
LibHeatEx.chm

in the directory selected for the installation of FluidEXLGraphics in the standard case,

C:\Program Files\FluidEXL_Graphics_Eng
by using an appropriate program such as Explorer® or Norton Commander.

2.6.2 Unregistering and uninstalling FluidEXLGraphics as Add-In in versions of
Excel® from 2007 onwards (for earlier versions see 2.6.3)

In order to unregister the FluidEXLGraphics Add-In in versions of Excel® from 2007 onwards
start Excel® and 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

Formulas Data Review View Q@ Tell me what you want to do
L] - - =
% Cut Calibri i1 | A A === & ¢ Wrap Text General - =;: I:
P BB Copy - C d' I F 1
aste . FE e - - =S E= EE - 2. <8 oo Conditional Form
i, ~ Format Painter | B L U i O - A = = = 3= [ Merge & Center % * | TGo 3% Formatting = Tat
Clipboard ] Font ] Alignment [F] Mumber [F]
Al - 5
A B T D E F G H I J K L M
1
2
3
4
5
6
7
8

[t=}

10
11
12
13
14
15
16
17

Figure 2.18: Unregistering FluidEXLGraphics g5 Add-In in Excel® 2016
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Figure 2.19 Unregistering FluidEXLGraphics as Add-|

- Click on "Add-Ins" in the next menu (Figure 2.20)

n in Excel® 2016

-
Excel Cptions [ ? P
G | . . ) .
sners @ View and manage Microsoft Office Add-ins.
Fermulas
Proofing Add-ins
Save Name Location Type -
Language Analysis ToolPak alysis\AMNALYS32.XLL  Excel Add-in
Analysis ToolPak - VBA ATPVBAEN.XLAM  Excel Add-in
Ease of Access Date (XML) MoASmart Tag\MOFLDLL  Action
Advanced Euro Currency Tools M ran EUROTOOLXLAM  Excel Add-in
) Financial Symbel (XML} C Smart Tagh\MOFL.DLL Action
Customize Ribbon Inquire ADCRMativeShim.dll - COM Add-in
Microsoft Actions Pane 3 XML Expansien Pack
sc Toolbar Microsoft Power Map for Excel A.XCELPLUGINSHELLDLL ~ COM Add-in
Microsoft Power Pivot for Excel ivotExcelClientAddIndIl  COM Add-in
Microsoft Power View for Excel leportingExcelClient.dll  COM Add-in
Solver Add-in C\WSOLVERVSOLVER.XLAM - Excel Add-in
Team Foundation Add-in i A TFSOfficeAdd-indll"  COM Add-in
Visual Studio Tools for Office Design-Time Adaptor for Excel WWSTOExcelAdaptor.dll  COM Add-in
Document Related Add-ins
No Document Related Add-ins
Disabled Application Add-ins -
Add-in:
Rublisher: Microsoft Corporation
Nnpatibility: Mo compatibility information available
C\Program Files (x36)\Microsoft Office\rooth Officel 8\ Librany\Analysis\ANALYS32 XLL
gols for statistical and engineering analysis
Manad
oK Cancel

L

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
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- Afterwards click the "Go..." button

- Remove the checkmark in front of
"FluidEXL Graphics Eng"
in the window which now appears. Click the "OK" button to confirm your entry.

o EER )

Add-ins available:

DAnalysis ToaolPak
DAnalysis ToolPak - \Ed

=
N ——

s Gt
™1 Fluidex|_Graphics

[T solver Add-in EIENEES

FluidEXL Graphics Eng

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

e

Figure 2.20: 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"
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.

2.6.3 Unregistering and uninstalling 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
has to be cancelled in Excel®.

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

"FIuidEXL Graphics Eng"

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
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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"
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

LibHeatEx.dll

LibHeatEx.chm
in the directory selected for the installation of FluidEXLGraphics in the standard case,

C:\Program Files\FluidEXL_Graphics_Eng

using an appropriate program such as Explorer® or Norton Commander.
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/Remove Programs" window that appears

select
"FluidEXL Graphics Eng"

by clicking on it and click the "Add/Remove..." button. In the following dialog box, click
"Automatic" and then "Next >". Click "Finish" in the "Perform Uninstall" window. Answer the
guestion 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.
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3. Program Documentation

Dimensionless Temperature Changes: ¢=f(ITYP = ,NSPECJ

K-A Ca
Ca Cg

Function Name:
Declaration for DLL:

Fortran 77 Subprogram:

Input values

Type of heat ITYPE
exchanger

Number of transfer | ~a _K-
units

Heat capacity rate CACB = C_A

ratios

Number of tube rows
or passes

NSPEC

Result

Phi_HeatEx
PHI_HeatEx (ITYPE,kaCA,CACB,NSPEC)

REAL*8 FUNCTION

PHI_HeatEx (ITYPE, kaCA, CACB, NSPEC)
REAL*8 kaCA, CACB

INTEGER*4 ITYPE, NSPEC

A — heating surface

k - heat transfer coefficient

CA - heat capacity rate ratios stream A

CB - heat capacity rate ratios stream B

PHI_HeatEx — Dimensionless temperature changes

o_ppi-tartay _ Ada
tar—tB1  AGE™

Range of Validity

Number of transfer units:
Heat capacity rate ratios:
Type of heat exchanger:

Number of tube rows or passes:

Results for wrong input values
PHI_HeatEx = -9999

References: [1]

A — stream A 1 - Inlet of Aand B
B — stream B 2 —Outlet of Aand B
0 < kaCA
0 < CACB
O<ITYPE=<24

0 = NSPEC for ITYPE 1-9; 12-19; 21-24
0 < NSPEC for ITYPE 10; 11; 20
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Number of Transfer Units: k.'—Azf |TYPE,¢,C?—A,NSPEC
Ca Cs
Function Name: kaCA_HeatEx
Declaration for DLL: kaCA_HeatEx (ITYPE,PHI,CACB,NSPEC)
Fortran 77 Subprogram: REAL*8 FUNCTION

kaCA_HeatEx(ITYPE,PHI,CACB,NSPEC)
REAL*8 PHI, CACB
INTEGER*4 ITYPE, NSPEC

Input values

Type of heat ITYPE
exchanger

A —stream A
o_ppi-ar—ta  Ada
tar—te1  AGES

B — stream B
1 —Inlet of Aand B
2 —Outlet of Aand B

Dimensionless
temperature changes

Heat capacity rate CACB — C_A Ca - heat capacity rate ratios stream A

ratios Cg CB - heat capacity rate ratios stream B

Number of tube rows
or passes

NSPEC
Result

kaCA_HeatEx— Number of transfer units

K-A A —  heating surface
kaCA=——
Ca Kk - heat transfer coefficient

Range of Validity

Dimensionless temperature changes: 0<Phi<1

Heat capacity rate ratios: 0<CACB

Type of heat exchanger: O<ITYPE<24

Number of tube rows or passes: 0 = NSPEC for ITYPE 1-9; 12-19; 21-24

0 < NSPEC for ITYPE 10; 11; 20

Results for wrong input values

kaCA_HeatEx = -9999
kaCA_HeatEx = -1 no result at iteration.

References: [1]
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Heat Capacity Rate Ratios: Ca _g |TYPE,¢,k.'—A,NSPEC
Cs Ca
Function Name: CACB_HeatEx
Declaration for DLL: CACB_HeatEx (ITYPE,PHI, kaCA,NSPEC)
Fortran 77 Subprogram: REAL*8 FUNCTION

CACB_HeatEx (ITYPE,PHI,kaCA,NSPEC)
REAL*8 PHI, kaCA
INTEGER*4 ITYPE, NSPEC

Input values
Type of heat ITYPE
exchanger
A — stream A
Dimensionless ® =Phi = = B — stream B

t —t max
temperature changes ALTBL Adpg 1 —Inlet of A and B

2 — Outlet of Aand B

. A-— heating surface
Number of transfer o0 _K-A 9
units Ca k - heat transfer coefficient
Number of tube rows NSPEC
or passes
Result

CACB_ HeatEx — Heat capacity rate ratios

CACE — ¢_A _ Atg C::A - heat capacity rate ratios stream A
Cg Atp Cg - heat capacity rate ratios stream B
Range of Validity
Dimensionless temperature changes: 0<Phi<1
Number of transfer units: 0 <kaCA
Type of Heat Exchanger: O<ITYPE =24
Number of tube rows or passes: 0 = NSPEC for ITYPE 1-9; 12-19; 21-24

0 < NSPEC for ITYPE 10; 11; 20

Results for wrong input values

CACB_HeatEx = -9999
CACB_HeatEx = -1 no result at iteration.

References: [1]
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KCE-ThermoFluidProperties
www.thermofluidprop.com

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

Water and Steam

Library LibIF97

* Industrial Formulation
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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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 /
& in kgfkg Vapor fraction Reech B ,A:— %(\/ E o)
" 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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5. Diagrams of Dimensionless Temperature Changes

Pure counter current flow
Calculated from VDI Heat Atlas 2010
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Figure 5.1: Pure counter current flow - ITYPE 1
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Pure cocurrent flow
Calculated from VDI Heat Atlas 2010
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Figure 5.2: Pure cocurrent flow - ITYPE 2
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Pure cross-flow
Calculated from VDI Heat Atlas 2010
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Figure 5.3: Pure cross-flow - ITYPE 3
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Cross-flow with one tube row,

laterally mixed on one side
Calculated from VDI Heat Atlas 2010
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Figure 5.4: Cross-flow with one tube row, laterally mixed on one side - ITYPE 4
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Cross-flow, laterally mixed on both sides
Calculated from VDI Heat Atlas 2010
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Figure 5.5: Cross-flow, laterally mixed on both sides - ITYPE 5
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