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1 TECHNICACONVENTIONS

This section gives some conventions about the symbols and units used in Thermolib.

1.1 ABBREVIATIONS AB¥MBOLS

Symbol Description Unit

o Heat capacity rate W/K

C Heat capacity ratio -

C Capacitance F

& Specific heat capacity J/(g K)
ctrl Fraction of maximum mass flow -

D Hydraulic diameter m

F Frequency Hz
Toower Power factor W/(g/s)
fi Fugacity of component / Pa

G Total Gibbo6s function J

H Total Enthalpy J

O Total Enthalpy flow JIs

h Specific enthalpy J/kg

hm Molar Enthalpy J/mol

/ Current A

k Pressure Loss Factor Pa/(g/s)?
k Thermal conductivity W/(m K)
K Heat transfer coefficient W/(m2K)
KA Heat transfer rate WI/K

L Moles of Liquid mol
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Symbol Description Unit

a Total mass flow als

€ Total molar flow mol/s
N Number of Transfer Units -

n Polytropic exponent -

n; Amount of substance of species i mol

P Mechanical or Electrical Power w

p Pressure Pa

Pe Critical Pressure Pa
3D Pressure Loss Pa
pos Valve Position -

PR Pressure Ratio -

0 Heat Flow W

R Universal gas constant (= 8.3145 [J/mol.K] ) J/(mol K)
R Resistance n
RPM Rounds per minute RPM
S Total entropy JIK

Y Entropy flow JI(s K)
s Specific entropy J/I(K g)
Sm Molar entropy J/(K mol)
SOoC State of charge -

T Absolute Temperature K

Tc Critical temperature K

U Voltage \%

U Total internal energy J

UA Overall heat exchange coefficient W/K
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Symbol Description Unit
v Velocity m/s
4 Volume m3
4 Moles of vapor mol
VisG Viscosity for gas Pa.s
VisL Viscosity for liquid Pa.s
X Vapor fraction -

Xi Mole fraction of species i in liquid phase mol/mol
Vi Mole fraction of species i in gas phase mol/mol
Z Compressibility factor -

R Effectiveness -

Efficiency -

M Density g/m3
Z Characteristic time S

uj Mole fraction of the species i -

J Acentric factor -
Subscripts:

Symbol Description

0 State at reference temperature and reference pressure

an Anode

c Cold

c Critical

cath Cathode

© 2086 EUtech Scientific Engineering GmbH
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Symbol Description

el Electric

env Environment

f Liquid phase

f Formation

g Evaporation

g Gas phase

gas Gas phase

h Hot

g Ideal gas

n Incoming

/ Liguid phase

m Molar

max Maximal

mch Mechanic

min Minimal

NASA Calculated with NASA Polynomials
out Outgoing

ref Reference state
s Isentropic state change
sat Saturated
stored Stored

™ Thermal mass

1.2 THERMOLIBNITS

Thermolib uses Sl units, where it is not stated or configured by the user for any special unit.

© 2086 EUtech Scientific Engineering GmbH
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Standard units are K, J, W, m, mol. The only exception is the mass, which is given in g,
rather than in kg.
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2 MNEDIAREPRESENTATIONSWIULINK

Simulink is signal orientated graphical programming environment for dynamic simulations.
Blocks are connected via signals. To represent all thermodynamic information in an easy to
access way, Thermolib uses Simulink Busses to represent media flows and thermodynamic
states.

2.1 HowBus

In models that are based on the Thermolib , the signal flow describing the medium flow
between the blocks is described by a so-called flow bus (FB).

The flow bus contains the primary information on the flowing media. Apart from the total
molar flow and the chemical composition, it contains the thermodynamic properties
temperature, pressure and vapor fraction.

The flow bus is structured as follows:

Signal Name Name Symbol Unit
ndot Total molar flow 3 mol/s
T Temperature Y K
p Pressure n Pa
Hdot Enthalpy flow O W
Sdot Entropy flow Y W/ K
Gdot Gibbs energyrate O W
Cpdot Heat capacity rate @ W/ K
« Vapor fraction of all compounds
(vector) () mol/mol

_ Molar fractions of all compounds [ mol/mol

ps! (vector)

The signals x and psi are vectors of the same length. The length is the same as the number
of selected compounds to work with. You can select the compounds in the Model Setup
block.

For all of these compounds, coefficients for calculating the heat capacity, enthalpy and
entropy are given in an Excel file (ChemicalMediaData.xIs). The user can easily extend this
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file or the resulting ChemicalMediaData.mat for simulations with other comp ounds. For more
details on how to define new compounds, see Chapter 4.

There are concepts of a complete flow bus (FB) and an incomplete flow bus (IFB). The
properties of a complete flow bus are thermodynamically consistent, e.g., calculating the
vapor fractions from T, p and H simply yields the vapor fractions x that are already present
in the FB.

An incomplete flow bus is more or less a vector of values, and no guarantee is given that
they are consistent in the above sense. On the contrary, in most cases they are not.

In a nutshell, a block that outputs a FB ensures that the result is a consistent flow bus and
that all properties are valid.

If you change a signal property on a FB, then this thermodynamic state becomes
inconsistent, so the FB becomes a IFB.Use then the blocks of section "Thermodynamic
States and Properties" to update the other signals on the bus as needed.

The following picture shows how that works.

mdot [kg/ts]

HZO Molar flow |—> Bus used input: FB Sdot [anik] O
Bus —m]IFE :
_/ |—> =T ndnt'T'p'prge'serued T [C]

T-p-5State T.s 1 [bar]

T

The source block on the left creates a consistent Flow Bus. The Bus assignment changes
only the temperature on the bus and makes the State "inconsistent", as e. g. the
temperature now does not longer corresponds with the enthalpy. Now a T -p-State block is
used to update the FB and make the values consistent using "ndot, T,p,psi" of the IFB.

The blocks on the right are sensor blocks, which are finally used to create a T-S diagram.

2.2 STATEBUS

Unlike the flow bus, the state bus describes a current state of a portion of media, e. g. a
control volume in a tank. The majority of flows in Thermolib are described with the flow
bus; the state bus is mainly used to describe the current state of tanks: mass, temperature
and pressure. To display the state bus, the flow display can be used as long as the user
selects 6State Busd in the mask.

The state bus is structured as follows:

Signal Name Name Symbol Unit
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n Total number of moles 3 mol

T Temperature Y K

P Pressure n Pa

H Enthalpy O J

S Entropy Y J/ K

G Gibbs energy O J

Cp Heat capacity @ J/ K

U Internal Energy % J

X Vapor fraction of all compounds () mol/mol
psi Molar fractions of all compounds r mol/mol
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3 THERMODYNAMBACKGROUND

This chapter gives a short introduction into the thermodynamic background of Thermolib. It
explains the main concepts used to model thermodynamic processes in Thermolib.

3.1 MASSCONSERVATION

Mass is a conserved quantity (except in nuclear reactions), as is the mass of any individual
compound if there is no chemical reaction occurring in the system. Let us write the
conservation equation:

Qa
Qo
All components blocks in Thermolib except Tanks do not accumulate mass. If there is no

mass accumulatian in the control volume, as in a steady state, steady flow process this
simplifies to:

3.2 ENERGYCONSERVATION

Lot of components blocks in Thermolib have inputs and outputs like "Qdot" or "P_mch"
representing energy flows across the border of the block.

If such a signal has a value > 0 at a time, then currently the energy flow is from outside of
the block to inside of the block. The energy/power/heat is then added to the flow or to
internal energy storages.

If such a signal has a value < 0 at a time, then currently the energy flow is from inside of
the block to outside of the block. The energy/power/heat is drawn f rom the flow or from
internal energy storages.

In general it holds:
’Q TY "O . "O - ol 5
Q0 f f v v

as the energy conservation law (1* law of thermodynamics). Kinetic and potential energies
of the incoming and outgoing flows are neglected in T hermolib and in the equation above.
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Where "O j, is the enthalpy flow of the input flow i, "O | is the enthalpy flow of the output

flowj, O is heatflowk, 0 is mechanical power m and U is the internal energy of the
component.

That means for a compressor the P_mch will be usually positive, because the mechanical
energy at the shaft is added to the fluid, while for a turbine it is negative as the power is
released by the fluid.

For a hot component like a reactor the Qdot signal (heat exchange with environment) will
be usually negative, as this heat is leaving the reactor (suppose a cold environment is
configured).

In an adiabatic chemical reactor in steady state the input and output total enthalpies
(thermal + enthalpy of formation) are the s ame. But due to the different concentrations of
the compounds at inlet and outlet, there might be very different temperatures at inlet and
outlet.

3.3 THERMODYNAMIC PRORERT

This chapter describes how gas and liquid phase are modeled in Thermolib.

3.3.1 Gas Phase

For the gas phase, the modified ideal gas law

@Y Y no
is used to calculate density, enthalpy and entropy departure of real gases at a given
temperature and pressure.

In Model Setup block you can choose between two options:
A Ideal Gas (Z=1)

A Real Gas(Z calculated using Peng-Robinson equation of state)

3.3.1.1 Ideal Gas Model

In case of ideal gas selection in Model Setup block, enthalpy, entropy and heat capacity at a
constant pressure are calculated with the help of NASA polynomials.

The NASA polynomials ae:

h

<&

o 6 YOO Y O Y 0OV
Pressure dependence of entropy is considered assuming reference pressure off
- 0 As:
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, . wi 3 N
i (S YI [ —
" n
We use total enthalpy and entropy, it means:
E 4 cwl) E
0O 4 KA mp- 0A T
Where "Q is the enthalpy of formation of the species.

All coefficients A-G are fluid-dependent and can be taken from public thermophysical
databases (e.g. NIST Webbook[2] or the original NASA thermo data file in the \Data
folder). Two sets of coefficients are configurable in Thermolib species database. The validity
range of the coefficients is configurable (see variables NASA T _min, NASA T _mid,
NASA T _max in ChemicalMediaData.xIs).

For numerical purpose, we use constant Cp for extrapolation in temperature range below
NASA_T_minor above NASA_T_max

Note the units:
hy, [J/mol]

Sn [J/ (Mol*K)]
Om [J/mol]

Com [3/ (MOI* K]
R [3/(mol*K)]

In some sources of the NASA coefficients the left hand side of the equations is not written
relative to the absolute gas constant R. You have to keep that in mind and adjust the
parameters if necessary. For any gas component, the coefficients A-G of the NASA
polynomials have to be given for two temperature ranges:

Temperature Range NASA coefficients

NASA T _min é& NASNASAA2é NASAG2

NASA T _mid é NASNASAALé NASAGL

These coefficients and a user guide are available under Thermolib/Data/nasadat.html and
Thermolib/Data/NasaGuide. The coefficients have to be entered into ChemicalMediaData.xls
(see Chapter "4 Chemical Media Databasé).

3.3.1.2 Real Gas modeling using Pétapinson EOS

The Peng-Robinson equation of state relates the three interdependent state properties
pressure p, temperature T, and molar volume v :
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. Y'Y @]

"5 00 oo
where, ¥ is the acentric factor of the species, T, and p. are critical temperature and
pressure of each species.

From the state properties (p, v, T, one may compute the departure function for molar
enthalpy (denoted h) and molar entropy ( S):
Q05 YYYh po csixp Il ie = 9P

. W ™ pa
Where Uis defined in the Peng-Robinson equation of state, 7, is the reduced temperature,
pris the reduced pressure, Zis the compressibility factor Z=pv/(RT) and

0 T8ty x%p
The critical properties T, p. and R are contained in ChemicalMediaData.xls (see chapter 4
Chemical Media Databasé).

3.3.1.3 Calculations for Water

Water plays an important role in process engineering and thermodynamic calculations, but
ideal gas assumption has very large errors and even a Peng-Robinson EOS does not match
water experimental data sufficiently enough. In Thermolib there are implemented two ways
for improved water calculations:

A Steam Table correction
A 1APWSIF97

If choosen Ideal Gas in the Model Setup block, then for the species "H20" a steam table
correction is applied to the enthalpy data. The corresponding lookup-table is located in the
"SteamTable_dh_IG.mat" file in the \data subfolder of the Thermolib installation folder. This
table was generated from table data from [3].

If choosen Peng-Robinson for modeling the gas phase, then this correction is not applied, as
we assume PengRobinson EOS to give more accurate results (especiallyoutside of the valid
range of the steam table correction.

For applications where very precise steam properties are needed, Thermolib offers the
simulation of water using the industrial standard 97 formulated by the International
Association for Properties of Water and Steam (IAPWSIF97). These calculations are very
accurate, but require some additional calculation time (may slow down simulation). IF97 is
available as separate Thermolib Addon. If you have licensed the IF97 -Modul and choose
H2O-1IF97 from species list, then the following calculations are based on IF97-functions:

A Enthalpy

A Entropy
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A Density in gas phase (only if Ideal Gas is selected. For PengRobinson water is
included into solving the PR-EOS with its critical values).

A Density in liquid phase.
In contraire to the standard, the implementation of liquid density in Thermolib is

dependent to the pressure. Thermolib uses a linear interpolation of the densitiy
between critical pressure and saturation pressure.

A Saturation temperature and saturation pressure

3.3.2 Liquid Phase

Temperature dependency of the saturated liquid density is modeled using the following
equation:
"k Y 7 p B8t1 8t 81 Of!

where

t i

p "Y

If Real Gas calculation based on PREOS is activated in Model Setup bbck. The liquid
density is calculated using PREOS with an offset to match the liquid density at a reference
temperature (T_v_ref).

Liguid phase is modeled as compressiblewith a given bulk modul .

h n "y

For the liquid phase, a heat capacity dependent to temperature for all compounds is
assumed:

®. O 6°YdY OV

h

The coefficients A, B, C and D have to be given in Chemical Media Database. Also limits for
the validity of the polynomial can be given there. Outside o f the limits heat capacity is
assumed to be constant.

To ensure consistencywith gas phase calculation, enthalpy of liquid is calculated based on
gas enthalpy with transition to liquid enthalpy using an explicit given function for the
evaporation enthalpy.

To ensure consistency with the gas calculation also for paths in the dense state and

supercritical regions, pressure dependent liquid enthalpy is linear interpolated between
saturation pressure and critical pressure.
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" s . n "N w . . " .
Qrn Qri A Y —/———— Qarn Ma Qrr 7Y
Nr N n
In Thermolib releases before 5.1 the liquid enthalpy was modeled using a transition from
gas to liquid enthalpy at a given reference temperature. This option is still available. To
activate this, go to the Model Setup block and choose the corresponding option in section

AEnt hal py/ Entropy of |liquid phasebo.

The method works based on a gas enthalpy at a reference temperature (T.). This means,
that enthalpy for fluid is calculated using:

QR QY QY WFQ"Y
Where hy(Ter) is the enthalpy of evaporation at the reference temperature. Same

consistency rule applies for calculation of entropy, where:

w i

oY
oV

i r 0 Y i Y

is used. The calculation of Gibbs function is based on the entropy and enthalpy as:
Qr Qp 1 /Y
Note, that there are some blocks, which can only handle liquids (e.g. pump) and some,

which can only handle two phase mixtures or gases, but not pure liquids (e. g. Adiabatic
Tank). This is stated in the corresponding block documentation.

All coefficients for heat capacity, density, evaporation enthalpy and evaporation entropy as
well as the reference temperature (T,e) are given in the Chemical Media Database(see
Chapter 4. Chemical Media Databasg.

3.4 VAPORLIQUICEQUILIBRIUM

Thermolib can handle gas and liquid phase. Both phases are assumed to be in
thermodynamic equilibrium. It means that, pressure and temperature in both phases are
the same.

To calculate the concentrations of the compounds in the phases in phase equilibrium the
vapor pressurecurvesa nd Ra o udretuded. r ul e

The Antoine equation is used to calculate the saturation pressure (psa) as a function of the
saturation temperature 7., and vice versa.

The Antoine equation reads:

17 en p
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In which, psa has the dimension bar and T is in Kelvin. The coefficients A, B, Chave to be

given in Chemical MediaDatabase (see Chapter4. Chemical Media Databas¢.

If you would like to simulate a defined species always as liquid, you just have to set

constant A accordingly, that the compound keeps liquid for the complete temperature range

you use in the simulation, or you can simply use the values for a gas, that never condense

in validation range(e. g. Hy).

For calculating vapor | iquid equilibrium of

case of ideal solution. For liquid phase, we make two assumptions:

1. The fugacity of pure liquid at T and p is equal to the fugacity of saturated liquid or
vapor at the same T:

0 0
2. Pure saturated vapor behaves as an ideal gas:
"0 A
combining these two equations we get:

0 i

For the vapor phase, we assume that pure gases behave as ideal gas at T and p, so that:

o

We use also the ideal solution assumption, in which the fugacity of component i in a mixture

is expressed as the product of the mole fraction of i and the fugacity of pure i in the same
phase as the mixture and at the temperature and pressure of the mixture. So that for each

species iwe have:

w'Q wQ

Here x; is the mole fraction of species i within the liquid phase and y ; the mole fraction of
species i in gas phase.

With combination of these equations, we would have:
For each species i:
wn W

As the concentrations sum to 1 in each phase we have

for liquid phase: xx;=1
for gas phase: xy=1
For each species i zZ =x;L+vy;V

Here L and V are the moles of liquid and vapor in the flow.

At a given temperature and pressure, in a mixture with n components, we have 2+2n
equations and 2+2n unknowns (xi6 s aad &nd L and V). For
these equations become nonlinear and are solved by the TpVaporFraction block.

mor e
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3.5 MODELING OF MIXTURES

Thermolib assumes ideal liquid and gas mixtures.

Therefore the properties of mixtures are calculated from the properties of the pure
substances by simple summation:

Enthalpy of a mixture:

Entropy of a mixture:
Y £ErO0n £50wn 2 Tl €5
Summation is taken over all species.

Excess enthalpies or entropies are not calculated.

3.6 CHEMICAEQUILIBRIUM

One key component of Thermolib is the equilibrium reactor. It calculates the chemical
equilibrium for a given initial composition and temperature at a given pressure.

The thermodynamic equilibrium is defined by the minimum of the Gibbs free energy G.

For a given reaction:

aA+hBy cC+dD

the chemical equilibrium condition can be written as

1o 20
24
where :
Q ¢ 8¢ b
¢ 8¢ b

and ¢ is the mole fraction of species j, §G is the difference of Gibbs free energy between
products and reactants and R is the universal gas constant.

It is assumed that all products and reactants are in gaseous phase. All concentrations used,
are the overall concentrations of the compounds.
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3.7 SUPERCRITICAL STATES

If temperature is greater than critical temperature, it is assumed that there is only vapor
phase. Therefore the vapor fraction on the flow bus will be 1. Saturation pressure has no
meaning in this state and is simple extrapolation of the Antoine formula beyond the critical
temperature.

3.8 LIMITATONS

Thermolib is a software aimed for system level modeling for real time simulations. Therefore
Thermolib software is limited by the following:

no detailed geometries are modeled

no gravity nor potential energy are modeled

>

no kinetic energy is modeled

p>N

no solid state is modeled

>

no interactions between species like azeotrope, solutability (except explicit chemical
reaction modeling)

>

no supersonic flows

A no pressure waves / shock waves

© 201&Utech Scientific Engineering GmbH 26



Thermolib User Manual 4 Chemical Media Database

4 CHEMICAINEDIADATABASE

The database of the Thermophysical properties is called "Chemical Media Database" in
Thermolib. This chapter explains, how you can work with it.

4.1 WHAT ARE CHEMICAL MEDATAR

Chemical media are the chemical compounds that are available in Thermolib simulations.
Some of the default species available are: methane (6 O, water ("O 0), hydrogen gas ("O),
oxygen gas (0 ), carbon dioxide (6 0), among others. To be able to simulate the physical
changes that each of these substances goes through when flowing through different
thermodynamic components, Thermolib requires a set of thermo-physical properties that
describe each species. These are referred to as Chemical Media Data.

For instance, consider the simulation of a water stream flowing through a heater. The water

at the source will be of a certain temperature and pressure; however, once it enters the

heater, the temperature and pressure amongst other chemical properties of the water will

change according to the amount of heat provided. Using thermo-physical properties that
describe the substance fAwater o, Thermoli b can
pressure of the water at the outp ut of the heater.

Chemical Media Data are stored in a mat file that Thermolib loads into the workspace
whenever a simulation starts; this way the information is available to the Thermolib blocks
that require it.

The name of the mat-file is user-defined. Thermolib is delivered with a default chemical
media data file ChemicalMediaData.mat. For more information on how to create your own
chemical media data files using MATLAB or MS Excel, sedelow.

4.2 UNDERSTANDING TBHEEMICAINEDIADATABASE

For each medium avallable in Thermolib, e.g. water ("O 0), there is a set of thermo -physical
properties that describe it. Some of these properties are: molar mass, liquid density, heat
capacity, critical temperature, critical pressure, among many others.

The media availablet o a model are stored in the MATLAB w
cell array:
Species = { 6CH46 '"H2O' " CO' 'CO0o2'

Each property is also stored in a MATLAB workspace variable in array form. For instance,
the temperature atthe cr i t i c al points are stored in the va
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th_T_c =[190.6000 647.3000 132.9000 304.2000 33.2000
126.2000 154.6000 ]

To find the critical temperature of water ( "O 0), first note that water is the second entry in
the variable Species,s o it 6s critical temperature is the
Thermolib model that need this value can retrieve it from the MATLAB workspace.

This database structure of the species is stored in a MATLAB structure, SMediaData, to
facilitate the addition of new species or new properties. A Thermolib model automatically
loads the structure SMediaData, retrieves the species required for the current simulation
and creates the necessary variables (such as Species and th_T_c) in the MATLAB
workspace. All of this is transparent to the user. The next section explains the chemical
media data structure.

4.3 CHEMICAINEDIADATA INMATLABMORKSPACE

The chemical media data are stored in a mat file in the form of a structure SMediaData.
The default chemical media data file delivered with Thermolib is called
ChemicalMediaData.mat.

If you enter at the MATLAB command line:

load ChemicalMediaData

the structure SMediaData will be loaded into the base workspace where you can examine it.
SMediaData has two fields, SGlolal and SSpecies.

SSpecies is a structure array where each entry in the array describes one of the available
species. The first two entries under SMediaData.SSpecies are shown below:

>> SMediaData.SSpecies(1)

ans =

Species: 'CH4'

formula: NaN
full_name: 'methane'’
NASA_Al g:1.6355
NASA B1 g:0.0101
NASA C1 g: -3.3692e - 006

Cp_lig_A: 60
Cp_lig_B: 0
Cp_lig_C: 0
Cp_lig_ D:0
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Cp_lig_T_min: 200
Cp_lig_T_max: 6000

Each entry in SMediaData.SSpecies is identified by the name of the medium in the field
iSpeci eso. The rphysital peopediestthateesdrilbeehe medium; here
th_T_c is shown among other properties.

Constants

In addition to properties for each species, correct thermodynamic simulations require
several constants that are independent of any particular species. These are also stored in
the structure SMediaData under the field SGlobal:

SMediaData.SGlobal =
k: 1.3800e -023
N_A: 6.0220e+023
R: 8.3144
e: 1.6022e -019

Elements

For combustion it is necessary, in which stoichiometric way elements react to which
product. The field SElements specifies the available elements and the combustionproduct,
when used in LambdaBurner.

You can adjust the Chemical Media Database by adding new properties or new species. One
feature of Thermolib is that the chemical media data can be viewed and adjusted in

Microsoft Excel. Thermolib offers a tool where it automatically imports the chemical media
data from Excel into a structure SMediaData into MATLAB workspace You can find more on
this in section 4.4. If you do no t have Microsoft Excel available, you can adjust the
SMediaData structure in MATLABdirectly.

Adding a New Species

Start by loading the structure SMediaData into the Matlab workspace:

load ChemicalMediaData

To add a new compound:
SMediaData.SSpecies(end+1) .Species ='NEW_COMPOUND'
This creates a new entry at the end of the array SMediaData.SSpecies for the new

compound. Now you have to set the rest of the properties. For instance to set the critical
temperature:

SMediaData.SSpecies(end).th_T_c =700
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For a complete list of properties and their meanings, please refer to the Chemical Media
Excel File Adata\ChemicalMediaData.xlIs) in your Thermolib installation directory.

Once the changes are complete, save the structure SMediaData to a mat file of your choice:

save MyChemicalMediaData.mat SMediaData

To make the new species available to your model, use the file MyChemicalMediaData.mat in
Mo d el Setup (see help for fAModel Setupo bl ock)

Adding a New Property

You might find that in your simulation you need a thermo -physical property that is not
available by default in SMediaData. If this property is specific to a species, add it under
SMediaData.SSpecies. To add the propertyproperty y to the species MY COMPOUND

Find the index of MY _COMPOUNI/N the array SMediaData.SSpecies:
index = find(strcmp({SMediaData.SSpecies.Species}, ' MY_COMPOUNTJ,
SMediaData.SSpecies(index).property_y = 1234

Note that this will create a field property_y for all the other species and its value will be
empty. If you do not wish to set it for the other species, we recommend that you check that
this property is not used elsewhere.

To make the new species available to your model, first save the adjusted SMediaData in a
mat file of your choice:

save MyChemicalMediaData.ma t SMediaData
Then use that file in Model Setup (see help fo

Note that all fields from SMediaData.SSpecies will be exported to single workspace variables
with the prefix "th_". So for your new entry "property_y" a new workspace variab le
"th_property_xy" will be created, which contains the vector of all values of this property for

all Species selected in the Model Setup block of the current model.

To Add a New Constant

To add a new constant value (independent of a particular species) and make it available to
all your Thermolib models, simply add the value under SMediaData.SGlobal:

SMediaData.SGlobal.new_constant = 1234

To make the new species available to your model, first save the adjusted SMediaData in a
mat file of your choice:

save MyChemicalMediaData.mat SMediaData

Then use that file in Model Setup (see help fo

© 201@&Utech Scientific Engineering GmbH 30



Thermolib User Manual 4 Chemical Media Database

Note that all fields from SMediaData.SGlobal will be exported to single workspace variables
with the prefix "th_const_". So our new constant will also generate a workspace variable
"th_const_new_constant".

An easier and more user friendly way to view and adjust the ChemicalMediaData is to use a
Microsoft Excel sheet, if you have Microsoft Excel available.

4.4 CHEMICAMEDIADATA INMSEXCEL

Chemical Media [ata is also stored in the form of an MS Excel database. To open the
default Chemical Media Data Excel sheet, go to the Thermolib directory and then under the
directory Data, open the file ChemicalMediaData.xls. A clipped view of the database is
shown in Figure 1. The actual table is bigger and includes more species and more properties
than this clipped view.

I'n the first row under t he peciedaledisted, Edctetakingaa | Me d
separate column. Here we see the first three entries: 6 'Q 'O0 and 6 BThe chemical and
thermodynamic properties are listed in the dark blue column. The names appearing in this

column are the variable names used in MATLABand Simulink by Thermolib. On the left of

the properties column, a description of the property and its unit are given. For instance,

according to the table, the molar mass of carbon monoxide (6 0 is 28.010 kg/kmol, this

value will be storedin MATLAB wor kspace under thtMoe VAdrsioalflreo m @
table, you will find that the liquid density of methane ( 6 O is 422620 "(¥& .
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Chemical media data

Molar Mass  [kg/kmol]

Liquid density (g/m]

Antonie equation_ A -]
Antonie equation_ B[]
Antonie equation_ C [-]
Reference temperaure for evap. properties [K]
Evaporation enthalpy [Joule/mole]
Evaporation entropy [Joule/mole-K]
Critical Temperatur (K]
Critical Pressure [Pa]
Critical Volume [m¥mol]
Acentric Factor [-]
Red. De-Broglie-Wavel. [-]
Critical Real-Factor [-]
Linear Molecule [-]
Dipole Moment [Debye]
Boiling Temperature [K]

Inner Rotation [-]
MNumber of C atoms [-]
MNumber of H atoms [-]
Mumber of O atoms [-]
Mumnber of N atoms [-]

Chemical MedJ;a Data

CH4 H20 Co
methane water

16,043 18,015 28,010
422620,0 1,00E+06 7,B9E+H05
3,9895 540221 3,54
443,028 1838,675 99,395
-0,49 -31,737 7,726
111,6 298 81,6
8183 43961,4 6042
73,32437276 147,5214765 74,04411765
150,600 647,300 132,900
4 60E+06 2 21E+07 3,60E+06
9.90E-05 5,60E-05 9.31E-05
0,288 0,344 0,049
999,000 999,000 999,000
0,288 0,229 0,295
1 0 1
0,0 1,8 0,1
111,7 373,2 8L7
999,0 -3,0 999,0
1 0 1
4 2 0
0 1 1
0 0 0

Figure 1: Detail of "ChemData" sheet in Chemical Media Database ChemicalMediaData.xls

In a second sheet in ChemicalMediaData.xls named "Constants" a set of nature constants

are listed (Figure 2):

Ennsinnt

Boltzmann-Constant [Nm/K]
Avogardo-Constant [1/mol]
1 Universal Gas Constant [Jfmol K]
_ Elementary electron charge [AS]

Chemical Media Data

Value

1,380E-23

6,022E+23

8,314

1,60E-19

Figure 2: Constants in Chemical Media Database

It is similar in form to the Chemical Media Data sheet. Here, the dark blue column contains
the names of the constants. The white column on the right contains the values for each
constant whereas the left column contains a description and the unit.

Changes to the Chemical Media Data can be done directly in the Excel sheet.

Note that these constants are not directly used. They have to be imported to a .mat file to
be used in a Simulink model using the "th_GetChemicalMediaData" command
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To Add a New Species

To add a new species, simply insert a new column next to the last listed Species and fill in

the rest of the properties:

Chemical Medil

n-Butane

i-Pentane

R12

NEW_COMPOUND

C4H10

C5H12

CCI2F2

add formula here

2-METHYLBUTANE

Dichlorodifluoromethane

add name here

9,4453583400E+00

1,2327787000E+01

1,0708248000E+01

add property here

NASA_B1_g 2,5785807300E-02

3,0613087000E-02

2,3232186000E-03

add property here

NASA_C1_g -9,2361912200E-06

-9,8415785000E-06

-9,0073223000E-07

add property here

1,4863275500E-09

1,3919776000E-09

1,5261702000E-10

add property here

NASA_E1_g -8,8789715800E-14

-7,0337345000E-14

-9,4434958000E-15

add property here

NASA_F1_g -2,0138216500E+04

-2,5037492000E+04

-6,3102602000E+04

add property here

-2,6347007600E+01

-4,1133494000E+01

-2,6622876500E+01

add property here

6,1474680600E+00

1,0832882000E+00

3,8134966000E+00

add property here

1,5594738900E-04

4,4571076000E-02

2,0036835000E-02

add property here

9,6791351700E-05

8,2389934000E-06

-9,8986693000E-06

add property here

NASA_D2_g

-1,2548391000E-07

-3,5258047000E-08

-8,7995353000E-09

add property here

4,9781655500E-11

1,5785762000E-11

7,1218552000E-12

add property here

-1,7599440200E+04

-2,0807535000E+04

-6,1253551000E+04

add property here

-1,0940987900E+00

2,1795155000E+01

8,9909711000E+00

add property here

Figure 3: Adding a new Species to the database

Save the adjusted Excel sheet under anew name: MyChemicalMediaData.xls .To
export this adjusted media data to MATLABand make it available to your model, use the
command "th_GetChemicalMediaData" described below

To Add a New Property

To add a new property to the species, simply add a new entry in the dark blue column and
the corresponding values for each of the species:
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Chemical Medibata
CH4 H20 co
methane water

0,288 0,229 0,295

1 0 1

0,0 1,8 0,1

111,7 373,2 81,7

999,0 -3,0 999,0

1 0 1

4 2 0

0 1 1

0 0 0

0 0 0

0 0 0

|New [ (o1 g s "Ml New property value New property value New property value

Figure 4: Adding a new property to the database

Save the adjusted Excel sheet under a new name: MyChemicalMediaData.xls
export this adjusted media data to MATLABand make it available to your model, refer to

the sections below.

To Add a New Constant

To add a new constant
row as such:

Chemical Media Data

go to

Value

.To

the sheet

1,380E-23

6,022E+23

8,314

1,60E-19

1234

Figure 5: Adding a new constant to the database

Save the adjusted Excel sheet under a new name: MyChemicalMediaData.xls

. To

fConst a

export this adjusted media data to MATLAB workspaceand make it available to your model,

refer to the sections below.
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To Add a New Element

Toaddanewel ement, two things are necessary. First
new column with the desired element. Configure, if the element should be used as fuel in
the component AfLambdaBurner 0. I f this is true,

product coefficient per atom need to be specified.

Elements

C NEWELEMENT
carbon ew_element

allowed in_fuel 1
combustion_product co2
combustion_product_coefficient_per_atom 1

Figure 6: Adding a new element to the database

As second step, go0 t adds hew et forfthe huembebadt a o and
INEWELEMENG at oms i n the existing species.

2 Chemical Media Data |

coz Hz2

hydrogen

Figure 7: Adding new element to species database

Import Chemical Media Data from Excel

Once you have saved the new Chemical Media Data in an MS Excel file, Thermolib can read
the file and import the new data into a SMediaData structure.

To do this, go to the Matlab command line and type:

th_GetChemicalMediaData

This will open the following dialog:
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Y th_GetChemicalldediaDat

— i=et Chemical Media Data from Databaze

This toal wil import chemical propetties and information akout chemical media from a specified
M= Excel file.

For the source file, select the MS Excel file which cortains the chemical media data information.
Far the destination file, specify a mat file where the data wil be stored in a Matlab structure.

For more information on howe a typical chemical media data file iz constructed and haw
the end structure is specified, please refer to the help zection.

— =elect Files

Source File: [ \Thermalibd0 -Sources DataiChemicalMediaData s

Destination File:  my\Thermalibi01 -Sources'DatatChemicalMedialata.mat]

Source File : select the MS Excel file where the new chemical media data is stored.

Destination File : Enter a name for a mat file where the imp orted SMediaData structure
will be stored.

Once you hit the OK button, Thermolib will read the constants, all of the Species and their
properties that are defined in the Excel sheet specified under Source File. It will create a
structure SMediaData and stare it in the mat file specified under Destination File.

To ensure that no loss of data happens, we recommend that the user do not overwrite the
default files (ChemicalMediaData.xls and ChemicalMediaData.mat) delivered with Thermolib.

To make the new species available to your model, use the newly created mat file
(Destination File) in Model Setup.

4.5 WHERE DOGET THE DAPA

Thermolib uses only well documented thermophysical properties. They can be looked up in
public databases like

A NIST webbook: http://webbook .nist.gov/chemistry/

A Korea Thermophysical Properties Data basehttp://www.cheric.org/kdb/

A Burcat's Thermodynamic Data at
ftp://ftp.technion.ac.il/pub/supported/aetdd/thermodynamics/ _ or its mirror
http://garfield.chem.elte.hu/Burcat/burcat.html
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For compounds, which are not contained in the public databases, you can use several
(payed) data services or use your own experimental data.

As a starting point for experimental data use the heat capacity function dependend on
temperature. Fit the experimental data with the NASA polynomial approach above (for
gases) or with the polynomial heat capacity for liquid phase.

You may then decide to use this compound only in one of the phases and adjust the
parameters of the vapor pressure curve accordingly.

If you are not interested in simulating chemical reactions with your speci es, then the
enthalpy of formation (offset in enthalpy) need not to be adjusted.

For complex synthetic fluids of unknown compaosition you may not have data for molar mass
available. For this case we recommend to use this as pure substance only and only use
mass sources and display mass flow instead of molar flows. Note that you have to calculate
your molar properties (heat capacity, enthalpy etc.) with respect to this molar mass to end
with the (mass) specific properties, which are more likely known.

You can look up which property values are used by the individual States-and-Property-
Blocks in the document ChemicalMediaData_Dependacy_StatesAndProperties.pdf

4.6 HOW DO THE DATA CONED MY SIMULINK NEOD

The Chemical Media Data are stored in the structure SMediaData, which is loaded into the
Matlab base workspace as soon a model is loaded or started. The question remains how
does the model retrieve the information it needs from this structure.

In Model Setup, the user defines the mat -file where SMediaData is stored, and also a list of
Species that will be available to the current Model. The Thermolib model will then use this
list of Species to extract the data it needs from SMediaData and store it in variables in the
base workspace. The example below illustrates how this works.

Example:

A Thermolib model requires the block Model Setup. Double clicking the Model Setup block
opens the following dialog:
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2 th_ModelSetupDialog

— Mlodel Setup

The Model Setup block prepares the Matlab workspace for models that use Thermolib blocks. | loads
thermodynamic properties of zelected Species from a databasze inta the workspace. These variables
will be used by the Thermolib blocks to simulste flowws and calculate thermodynamic information.

The source of the database is the chemical media data file, which iz a mat file with a predefined set
of wariakles. The default file iz 'ChemicalMediaData mat'. For uzing the Thermalib balancing
functionality you can give the time interval, which should be used far balancing. If & model uzes only
a fewy of the media in Species, then in the "Select Species' panel, the user can select fram the letft list
wehich media will be used in this model. YWhen loading/running the model, commands, if any, given
under "Load model command” will be executed.

— =etup Parameters
Chemical media data file:  cpemicaMediaData mat
Load model command: load ComponentData st
Constants File: Constants mat

Balancing start time [=]: 10

Balancing stop time [=]: a0

— =elect Species

CH4 , vapor allowed, liguid allovwed
H2O, wapor allowed, liguid allowed

— Model of gas phase

ECS:  |Real Gas (Peng Robinson) . Mixing ruale;  |Fo Interactions

— EnthalpyEntropy of liguid phasze

EDs; | explict evaporation properties (hfg=1{T), sfg = f(T1) (default)

— Density of liguid phaze

Mode:  |[rho_lig = fi'T 0] (default)

Figure 8: Model Setup dialog
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The defined Chemical Media Data file ChemicalMediaData.mat has the structure SMediaData
which includes information over 19 different Species.

The user indicated in Model Setup that this model will only use methane ( 6 'O and water
(0 0).

When the user clicks ok, Thermolib will extract the data only for methane and water and
save it in the base workspace variables in the following manner:

Species = {'CH4' 'H20'} Species tells the mod el which species are available
th_ M =[16.043 18.015] th_ M indicates what is the molar mass of each species
th _rho _liq =[422620 1000000] th _rho _liq indicates what is the liquid density

Note that the name of the variable corresponds to the name of the field under
SMediaData.SSpeciesvith a "th_" prefix . Also note that since the compound water is the
second el ement in Species, itds mol ar mass
el ement of the propertyodés vector.

This whole process is transparent to the user. Once the Model Setup block is set properly,
Thermolib will take care of creating the necessary variables.
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5 MODELIN®RESSUREEEDBACK

Modelling of mass flow rate based on pressure information in flow network is a feature of
Thermolib, but it is suitable for more experienced users. It should be used if mass flow rate
is unknown and should be determined using pressure conditions.

5.1 WHENDO I NEED PRESSURE FEEDEA

Suppose the following hydraulic network:

high
pressure % low pressure
air tank environment

V1

Figure 9: Simple air flow network

In this process the amount of air flowing from the high pressure tank to the low pressure
environment is unknown and ruled by the valve position. If the valve is closed, then no flow
will go through the valve.

Suppose we model the three elements in the figure with single blocks from Thermolib, than
obviously there have to be a way, how the valve position (or it's effects) have to be feed
back to the high pressure tank. This is because the outgoing flow of the hi gh pressure tank
has a mass flow assigned and the block "Tank" has to decide how much mass will flow.

In such cases, where

A there is an effect of valve positions or downstream components on the flow at the
beginning of the network, or

A you do not know the m ass flow through you process, but you want to model this as
a result of pressures at the boundaries

you need to model your system with pressure feedback.

5.2 HOW TO CREATE MODRISH PRESSURE FEEDEA

To create models with pressure feedback, you can use the components from "Hydraulic with
pressure feedback” in Thermolib. Other blocks are the Tanks in the "Tanks" section of
Thermolib.
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In our example we will use an "Liquid Tank" with the "constant pressure" option to model
the high pressure tank. The valve is modeled by the "Valve" block. The outlet to constant
pressure is modeled by a "Downstream™ block. This block serves as boundary condition for
the pressure equations. The outlet pressure is here entered to the mask.

The blocks are connected in the forward direction as you would do without pressure
feedback. Then the PFout port of the Downstream block is connected to the PFin port of the
Valve and the PFout port of the Valve is feed back to the PFin port of the tank. Note that
you have to chose the "m.out = f(PF)" option in the tank to see the PFin port.

If you simulate this model with different valve positions, you can see how the mass flow will
be adjusted to match the boundary condition at the outlet (see example
\Examples PressureFeedbackDemoFlowSimplemdl).

Sometimes you want to simulate networks, where the flow is divided into two branches and
they will come together after passing some elements.

righ % V2 low pressure
pressure

air tank V1 environment

V3

Figure 10: Pressure network with two branches

For the point, where the flow spli ts into two branches, use a "Splitter" block to model this
situation. The point, where the branches join again can be simulated using a simple mixer
block.

5.3 HOw THE PRESSURE EQONS ARE SOLVED BYERMOLIB

Pressure information in the flow network is gathered using the PFin/PFout ports of the
blocks. Most blocks do not change this signals, but feed them simply back to their
predecessor in the flow network.

For solving the pressure equations, the key elements are iteration algorithms contained in
the following blocks:

A Tanks
A Splitter
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A Circulation Pump and Compressor

The iteration in the Tank adapts the outgoing mass flow to the pressure feedback
information it gets via the PFin port. Therefore you find some parameters for the pressure
feedback iteration in the Tank masks. There is:

A Maximum mass flow
A Initial mass flow
A Relaxation factor

The maximal mass flow limits the iteration algorithm at the upper end. The initial mass flow
serves as starting point at t=0. The relaxation factor controls how aggressive the iteration
changes the mass flow. If you increase this factor the iteration is fa ster, but may have
overshoots. If you decrease this factor the iteration is slower, but with less overshoot.

The tank block feeds a current candidate for the mass flow through the network. Then each
block in the network calculates the corresponding pressure drop and reduced the pressure
in the flow until reaching another tank or a downstream block. In both blocks the pressure
should reach a certain value, when it comes into this block:

A In Downstream block a downstream pressure is configured in mask.
A In a tank the current tank pressure should be reached.

The difference of this pressure, which it should be, and the incoming pressure (which is
function of the mass flow the upstream tank tried) is then feed back through the network.
The upstream tank then knows that he has to increase the mass flow to reach a lower
pressure at the end of the network (because of higher pressure drop) or to decrease mass
flow to reach a higher pressure at the end of the network.

The splitter has a different task from the tank. It does not influence the overall mass flow,
but only changes the partitioning of the incoming mass flow to the two outlets. This is the
free variable. In the case the two branches will come together in a mixer, the splitter tries
to modify the splitting s uch, that the pressures of the two branches will be the same at the
inlet of the mixer. In case the two branches will end in different Downstream blocks or
tanks, the splitter tries to manage the flow such that it solves the corresponding
downstream pressure condition. It will also create a corresponding feedback to its
predecessor to tell if the overall mass flow has to be adapted.

Additionally to the pressure drop information the PF signals also include a flag, which signals
if downstream any mass flow is accepted. If you place a valve there, which is completely
closed, then the mass flow from upstream is immediately stopped. Use the block "Valve"
from "Hydraulic with Pressure Feedback" for such cases.
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If you want to model flow circles like they occur o ften in cooling circuits and you want to
model them with pressure feedback, then you can use a "Circulation Pump". This block acts
as a boundary condition like the "Downstream" block and iterates the outgoing mass flow
like a Tank. This avoids the necessity for a Downstream block in hydraulic circuits.

Unfortunately there is no possibility to do the iteration with evaluating the complete
pressure network in one simulation time step (except the user would draw an iteration
subsystem around its complete sysem, which we find not appropriate). Therefore the
iteration takes place in time domain. This means it will take some time steps, until the
pressure equations are solved. Keep this in mind if you interpret the simulation results.
Note, that iterations are necessary, because the user defined compressor maps and pump
characteristics cannot be solved algebraic.

To get a better understanding of how complex pressure feedback networks can be modeled
we highly recommend to have a look to the examples provided in
\Examples PressureFeedback in your Thermolib installation folder.

6 THERMODYNAMBALANCING

This chapter explains how you can get thermodynamic balancing information after a
simulation run of a Thermolib model.

6.1 WHY DO YOU NEED MOBELANCIN®

In a typical thermodynamic model, flows are regularly split and merged, and compounds
inside the flows react with each other to create new ones or replace older compounds. But
throughout all these processes, the net total amount of the basic elements (H, C, O, N, F
and CI) cannot change inside a closed system. To illustrate through a simple example,
consider a reactor where hydrogen gas and oxygen gas react to produce water.

¢O 0 © ¢00U
If this system receives 20 moles of H-atoms and 10 moles of O-atoms in total, then the
output must contain also 20 moles of H-atoms and 10 moles of O-atoms in total, even if in a

different form 7 in this case they exit the reactor as water molecules instead of hydrogen
and oxygen gas molecules.
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When modeling a system as simple as this, one can easily keep track if the model is correct
by keeping track of the net input and output of hydrogen and oxygen atoms; however, as
the model becomes more complex with more reactions, pumps, valves and various other
components, the task of keeping track that the net total of elements is correct becomes
tedious.

6.2 MODELBALANCIN®ASICS

Modekbalancing aims to ensure that in a complex model the net total of all basic elements
remains correct: the mass of hydrogen (also carbon, oxygen, nitrogen, fluor ide and
chloride) inside a defined balance space remains the same, regardless of all the reactions,
splitting and merging taking place. Additionally, thermodynamic balancing gives you an
overview of where the main sinks and sources of energy and mass are, and where
important conversions take place.

Balance space

A balance space is a part of the modeled system that is completely defined by its borders
and the energy and mass flows crossing these borders. In a balance space, the net balance
of basic elements, as well as the net balance of energy, remains zero.

Balance
Input Qutput
P 3 Space P 3

Stored media

The balancing takes place over a defined time period betweend ©0 and®6 0. This period
is referred to as the balancing period and is defined in Model Setup. We start with the
element hydrogen and define the following:

a : The total mass flow of hydrogen entering the balance space [g/s].

a : The total mass flow of hydrogen exiting the balance space [g/s].

a » . The total mass of hydrogen stored in the balance space at 6 0 [g].

a » . The total mass of hydrogen stored in the balance space at 6 0 [g].
a Qo a 5 a Qo «a 5

Essentially, the above formula says that within the balancing time period, the total mass of
hydrogen that entered the balance space must be equal to the total mass of hydrogen that
exited that balance space plus the change in hydrogen mass that remained within the
balance space.
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Similarly, the above is repeated for the five other basic elements: Carbon (C), Oxygen (O),
Nitrogen (N), Fluoride (F) and Chloride (CI):

a Qo & 5 a Qo & s
a Qo0 a s a Qo a s
a Qo0 « s a Qo0 « s
a Qo0 a s a Qo a s
a Qo a 5 a Qo «a 5

This balancing is done automatically in Thermolib using the provided balance blocks. The
remainder of this chapter will explain that in detail.

6.3 THEBALANCHLOCKSCONCEPT

To illustrate the balance block, we will consider that our balance space is a simplified liquid
tank. It has one input, one output and a storage area where excess inflow is stored. The
storage is indicatedbyasec ond out put fATanko where the curre

T

out p

Tank P

To keep track of the mass of elements entering the tank, exiting it and those that remain
within, we need a measurement device to the track the elements at the relevant inputs and
outputs, in this rctas e hteh el ofuitndd oiuntppwtt poort and
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Measure

output
Measure
input mass
out >
Tank >
Measure
stored
The balance blocks in Thermolib are the equiva

essence, define your balance space: what are the inputs, the outputs and the storage ports
then attach a balance block to these ports. During the simulation, the balance blocks will
track the needed mass flows without any further attention from the user. At the end of the
simulation, you can run the balancing command th_ExportBalance that will gather

information from all these measurement blocks, perform the balancing and save the results

in a MATLAB structure that can be easily exported to MS Excel or an ASCII file. Sections X
and XXX explain this in further detail.

6.4 MODELBALANCING ITHERMOLIBHOWTO

Defining the Balancing Period

The balancing is checked within a defined time period. For example, a user can decide to
check if the mass balance of the elements is correct between the start of the simulation up
till 10 seconds of simulation time. If the net mass during the first 10 secon ds comes out as
zero, he/she may decide that the model is correct.

XX

The balancing time period is defined in the

time (in seconds) and the end time (also in seconds).

Model Setup

start time: O
and time: 10

fodel Setup
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J th_MDdElSEtu nDialog

— Model Setup

The Model Setup block prepares the Matlab workspace for models that use Thermolib blocks. | loads
thermodynamic properies of selected Species from a database into the workspace. These variables
will be uzed by the Thermaolib blocks to zimulate floses and calculate thermody namic information.

The source of the database is the chemical media data file, which iz a .mat file with a predefined set
of variables. The default file is 'ChemicalMediaData mat'. For using the Thermolib balancing
functionality you can give the time interval, which should be uzed far balancing. If & model uzes only
a fewy of the media in Species, then inthe "Select Zpecies' panel, the user can select fram the letft list
which media will be used inthis model. When loading/running the model, commands, it any, given

under "Load model command" will be executed.

— Setup Parameters

Chemical media data file: ChemicalMediaData.maﬂ

Load maodel command: load ComponentData mat

Constants File: Conztants mat

Balancing start time [3]: 10

Ealancing stop time [s]; 20

— =elect Species

CH4, wapor allowed, liguid allowed
H20, vapar alloveed, liguid allowed

— Model of gas phasze

EQs: Real Gas (Peng Robinzon)

Mixing rule; | Mo Interactions

— Enthalpy Entropy of liguid phase

EQS: | explicit evaporation properies (hig=1(T), sty = f(T)1) (default)

— Dengity of liquid phasze

Mode:  |rho_lig = f{T pi (default)

What this means is, during the simulation between the start time and the end time, the
balance blocks actively measure the mass flow at their respective ports. Before the start
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time and after the end time, the balance blocks are inactive and do not store any
information. At the end of the simulation, the measurements collected are only those
measured between the start time and the end time.

How to Balance a Model
This tutorial will show you how to balance a Thermolib Model.

1. Start by opening the example DemoFlowSimple by typing DemoFlowSimple at the
Matlab command line.

2. Set the simulation stop time to 100 seconds.

3. Open the model setup block and set the start time to zero and end time to 100. In
this case we will balance the model for the entire runtime.

4. Runthe model

5. Go to the MATLABworkspace. You will see that a structure SModelBalance has been
created.

6. Call the command line function th_ExportBalance (see below).

The structure SModelBalance has a field SGlobal where information about the simulation is
stored: the name of the model, the simulation date and time, and which Species were used
in this particular run.

Note: Thermolib models always write the balance data to the structure
SModelBalance. So if you simulate a model and then simulate it a second time, the
SModelBalance created from the first run will be over-written. If you wish to do

the balancing at a later time, we recommend you save SModelBalance to a mat file
so that you can access it anytime.

th_ExportBalance

To do the balancing, Thermolib offers the following command line function:

SModelBalance_out =
th_ExportBalance(SModelBalance,xls_file,ascii_file)

where
SModelBalance: structure created by the model after simulation.
xlIs_file: Microsoft Excel file to which the balancing results are exported
ascii_file: Text file to which the balancing results are exported

SModelBalance_out: structure returned by the balance function that includes all of
the balancing results.

Note: if you do not wish to export to an Excel file or a text file, set the corres ponding entry
in the function call to NaN or empty ([]).

Example:
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After running the example DemoFlowSimple, we balance the model using the following
command:

SModelBalance_out = th_ExportBalance (SModelBalance,
'‘BalanceResults.xIs', 'BalanceResults.txt")

If you do not have Microsoft Excel installed, simply leave the entry for the xls_file empty:

SModelBalance_out = th_ExportBalance (SModelBalance, [],
'‘BalanceResults.txt")

This command will balance the model and export the results to the files BalanceResults.xls
and BalanceResults.txt in your working directory.

The output structure SModelBalance_out contains the results of the balancing.

6.5 BALANCHRESULTS IEEXCEL

If you open the Excel balance file created from the last example, you will see that two
sheets have been created: SMass and SEnergy. As the names indicate, SMass contains the
mass balance and SEnergy contains the energy balance.

The Balance Sheet

An example of what the mass balance sheet looks like is shown below:

Figure 11: Mass balance in Excel

Each balance space has its own entry under the column Balance Space Name. In this
example, the balance spaces are Thermolib blocks. For instance, the second block listed is
the Liquid Tank (1). Under the block name, each oftheblock 6 s ports al ong wi tf
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