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CALCULATION OF THERMODYNAMIC PROPERTIES ON POCKET CALCULATORS,
SMART PHONES, TABLETS, NOTEBOOKS, AND ONLINE

ABSTRACT

Program libraries and software for calculating the
thermophysical properties for working fluids of heat
cycles, steam or gas turbines, boilers, heat pumps, or
other thermal or refrigeration processes are presented.
Thermodynamic properties, transport properties, ther-
modynamic derivatives and backward functions can be
calculated. Student versions of certain property librar-
ies and software are available.

INTRODUCTION

The program libraries and software developed for
calculating the thermodynamic and transport properties
for water and steam, mixtures with water and steam,
and other working fluids have been designed for very
convenient use by engineers who routinely calculate
heat cycles, steam or gas turbines, boilers, heat pumps,
or other thermal or refrigeration processes.

1. PROPERTY CALCULATION SOFTWARE
FOR POCKET CALCULATORS

The software for calculating fluid properties soft-
ware on Texas Instruments®, Hewlett Packard®, and
Casio”™ pocket calculators is particularly interesting for
students. Fig. 1 shows the programmable pocket calcu-
lators the software has been developed for.
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Fig. 1. Pocket calculators property calculation soft-
ware has been developed for

2. STEAM TABLES FOR SMART PHONES AND
TABLETS

Steam tables are available for iPhone, iPad, and
iPod touch, as well as for Android smart phones and
tablets. Fig. 2 shows the main menu of the "Internation-
al Steam Tables IAPWS-IF97" App on an iPhone, iPad,
and an Android smart phone or tablet.
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Fig. 2. iPhone, iPad, and Android smart phone with
the "International Steam Tables IAPWS-IF97" App
3. PROPERTY LIBRARIES FOR NOTEBOOKS
The following property libraries are presented:
— LibIF97 for water and steam,
— LibIF97 META for metastable steam,

— LibICE for ice including melting and sublima-
tion,

— LibSeaWa for seawater, also at high tempera-
tures and salinities, for desalination and cooling pro-
cesses,

— LibHuGas for humid combustion-gas mixtures,
also at high pressures,

— LibHuAir for humid air, also at high tempera-
tures and pressures,

— LibAmWa for ammonia/water mixtures in ab-
sorption processes and in the Kalina process,

— LibWalLi for water/lithium bromide mixtures in
absorption processes,

— LibIDGAS for combustion-gas mixtures,

— LibldGasMix for 25 ideal gases and their mix-
tures,

— LibRealAir for real dry air including liquid air,
— LibCO?2 for carbon dioxide including dry ice,
— LibNH3 for ammonia,

— LibR134a for the refrigerant R134a,



— LibPropane for propane, — Specific isochoric heat capacity c, ,

— LibButane Iso and LibButane n for isobutane — Isentropic exponent & and speed of sound w,
and normal butane,

— LibD4, LibD5, LibD6, LibMDM, LibMD2M,
LibMD3M, LibMD4M, and LibMM for siloxanes used — Thermal conductivity A and Prandtl number Pr.
as ORC working fluids,

— Dynamic viscosity 1 and kinematic viscosity v,

. In addition, backward functions which are used in
— LibC2H50H for ethanol, process simulations are calculable:

— LibH2 for hydrogen, SOPPrs(ph),
— LibN2 for nitrogen, ~ T,v,h(p,s)
— LibHe for helium,

p,T,v(h,s),

7T 7h b
In addition, property libraries for a number of hy- AL
drocarbons are available. - p,T(v,u).

— LibSecRef for secondary coolant mixtures.

The libraries contain the most recent and accurate
algorithms for calculating thermodynamic and transport
properties.

For non-stationary process modelling, partial deriva-
tives of the thermodynamic properties can be computed.

The property libraries can be used in user-specific
programs written in Fortran, C/C++, C#, Java, Pascal
(Delphi), Python, Visual Basic or other programmmg

— Vapor pressure ps , saturation temperature 7, languages under the operatmg systems Windows",
: Unix®/Linux® or Mac OS".

The following thermodynamic and transport proper-
ties can be computed:

-aliisiyng biedayotls SEW - The following add-ins and add-ons for the comfort-

able use of the property libraries in Windows applica-
tions have been developed:

1) Add-In FluidEXL*"" for Excel” (Fig. 3).

— Specific enthalpy 4 and internal energy u ,
— Specific entropy s,
— Specific exergy e,

— Specific isobaric heat capacity ¢, ,
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Fig. 3. Using FluldEXLG’“”'””“ in Excel
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2) Add-On FluidLAB for MATLAB® (Fig. 4).
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Fig. 4. Using FluidLAB in MATLAB®

3) Add-On FluidMAT for Mathcad® (Fig. 5).

Add-On FluidMAT for Mathcad ®
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Fig. 5. Using FluidMAT in Mathcad®

4) Add-On FluidDYM for Dymola® (Modelica) and
SimulationX® (Fig. 6).
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Fig. 6. Using FluidDYM in Dymola®
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5) Add-On FluidVIEW for LabVIEW™ (Fig.

Add-On FluidVIEW for LabVIEW®
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Fig. 7. Using FluidVIEW in LabVIEW™

6) Add-On FluidEES for the Engineering Equation
Solver™ (EES) (Fig. 8).
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Fig. 8.
Solver®

Using FluidEES in the Engineering Equation

4. ONLINE PROPERTY CALCULATION

The properties of several working fluids can be cal-
culated at the website:
www.fluid-property-calculator.com

Fig. 9 shows the main menu of the Zittau's Property
Calculator.



Online PropertyCalculator at
www.thermodynamics-zittau.de

inal size of the diagrams is A2. These diagrams can be
used by students in their studies on heat cycles, steam
turbines, and air conditioning systems.
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5. THERMODYNAMIC DIAGRAMS

For calculating and plotting large-size and camera-
ready thermodynamic charts, such as the Mollier A-s
diagram for steam and the s-x diagram for humid air,
the program FluidDIA was developed. Fig. 10 shows
the strongly reduced Mollier /-s diagram for steam and
Fig. 11 the Mollier s-x diagram for humid air. The orig-
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Fig. 11. Mollier A-x diagram for humid air (original size A2)

SUMMARY

The described property libraries, software solutions,
and diagrams are available at the website:
www.thermodynamics-zittau.de
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