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Toolbox for Thermodynamic Modeling
and Simulation with MATLAB®/Simulink®

OVERVIEW

[ Thermohb extends and expands MATLAB® /Simulink®

for modeling and simulation of thermodynamic systems.

Anyone developing thermodynamic system faces a multitude of
challenging tasks. Not only does a thermodynamic system consist
of dozens of components such as pumps, compressors valves, heat
exchangers, heaters, chemical reactors etc. It also exhibits highly
dynamic and nonlinear behavior making it difficult to find the
optimal design and control strateqgy. Modeling and simulation is
a powerful and effective way to address these issues. In addition,
thermodynamic balancing supports detailed system evaluation.

(] Key features:
Based on fundamental engineering thermodynamic principles
More than 40 thermodynamic process component blocks
including reactors, tanks, pumps, compressors, turbines,
valves,splitters, mixers, fuel cell stacks, dryers
Extensive thermodynamic balancing

Equilibrium and reaction chemistry

Customizable and expandable thermophysical database
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O Thermolib allows you <%+ <3et-ieteieatatetatasg
to design and optimize your complete thermodynamic system in a modular
way. Design changes are implemented and tested within minutes. You

can test, verify and optimize single components, groups of components
or the entire system. You can even simulate component failures to test

the robustness of your system design.

Thermolib can be used for all types of energy related areas such as power
generation, heating and air conditioning, automotive and aerospace
applications.

Beyond this, Thermolib allows you to make full use of the powerful
MathWorks family of software tools and supports modern development
strategies like rapid control prototyping (RCP) and hardware-in-the-
loop (HiL) simulation.
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Features and Functions

Thermolib contains a blockset with ready to use components commonly used
in thermodynamic systems. Thermolib provides blocks for heat exchangers,
pumps, compressors, turbines, valves, chemical reactors, fuel cell stacks etc.

The generic component blocks can be adapted to measurement data via
customized characterization curves of components, e.g. compressor maps,
valve characteristics or fuel cell polarization curves.

Thermolib helps you to create dynamic operational models for balance-of-
plant components using first principles and experimental data. You can fully
concentrate on modeling your key components using the fundamental
thermodynamic building blocks!
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To set up sources of media flows Thermolib has a set of source blocks to define
and configure pure or arbitrary mixtures of substances with predefined
thermodynamic states. Flow rates, temperatures, pressures etc. can be input
in different physical units as appropriate. Media flow can be defined as mass
flows, molar flow or volumetric flow.

Also, application-specific sources, e. g. air-vapor mixtures are available.
Thermolib provides virtual sensors to display all selected flow properties in
their carresponding units.
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All components are based on thermodynamic property and state calculations.  The thermophysical data for calculating the properties of the various species
Thermolib computes enthalpy, entropy, free Gibbs enthalpy and heat capacity  and their mixtures, including the vapor fractions, are provided through an

using the well documented JANAF thermophysical tables in the NASA extendable and expandable species database. Furthermare, Thermolib
polynomial representation. Condensable gases, liquids and their mixtures provides blocks for convenient conversions of state variables to other state
are adequately modeled. variables.
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Thermolib contains different blocks for modeling chemical reactions. The
user can choose between a chemical reactor with equilibrium chemistry or a
reactor with irreversible overall reaction and prescribed conversion. Reactions
can be configured to be adiabatic or non-adiabatic. The user can modify the
chemical reactions via parameter masks.

Thermolib provides predefined blocks for modeling reformer and water gas
shift reactions, combustion, preferential oxidation reactor etc.



Thermolib performs all computations in Sl-units (kg, mol, K, J, W, s, ...).
Conversions into other units (g, kmol, F, kWh, Ws, min, ...) can be
easily done by using the unit conversion block. A sensor block can

be attached anywhere to a flow inside a model to »measure« any
thermodynamical property of interest (e. g. mass flow, volume flow,
enthalpy flow, concentrations, vapor fractions, relative humidity)

in the desired physical units.

Each Thermolib block contains a balancing function. At the end of the
simulation, the balances of mass and enthalpy can either be viewed in
MATLAB® workspace or in Excel or ASCII files. Separate balancing blocks
permit individual boundary definition of the subsystems to be balanced.
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Thermolib supports computation of quasi stationary hydraulic networks. It
contains the most relevant blocks for handling hydraulics, e. g. a splitter,
a mixer, pressure valves, reservoirs, pumps and compressors as well as
auxiliary elements. Pressure feedback is explicitly modeled with separate
feedback signals. Automatic generation of feedback pressure connections
is supported via special integrated tools.
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Thermolib extends and expands MATLAB®/Simulink® for modeling and simulation
of thermodynamic systems. It is based on fundamental thermodynamic

properties and state calculations.

Thermolib seamlessly integrates with The MathWorks tools used for Model-Based Design,
rapid control prototyping and hardware-in-the-loop simulation.

Thermolib comes with an extensive user manual and numerous examples of various applications.

[J More information
about Thermolib

EUtech Scientific Engineering GmbH
DennewartstraBe 25 - 27
D-52068 Aachen, Germany

Fon: +49 / (0) 241 . 963 23 80
Fax: +49 / (0) 241 . 963 23 89
Email:  thermolib@eutech-scientific.de
Web: www.eutech-scientific.de
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Thermolib

System requirements
Operating System:
MS-Windows

Required Products
MATLAB, 7.1 (R14 SP3) or newer
Simulink, 6.3 (R14 SP3) or newer

Recommended
MS Excel 2003 or above

Related Products
HiL-Starter Kit

EUtech Scientific Engineering GmbH
is a MathWorks Connections Partner.



