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1 TECHNICAL CONVENTIONS 

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

1.1 ABBREVIATIONS AND SYMBOLS 

Symbol  Description  Unit  

ὅ Heat capacity rate W/K 

C Heat capacity ratio - 

C Capacitance F 

cp Specific heat capacity J/(g K) 

ctrl  Fraction of maximum mass flow - 

D Hydraulic diameter m 

F Frequency Hz 

fpower Power factor W/(g/s)  

fi Fugacity of  component i Pa 

G Total Gibbôs function J 

H Total Enthalpy J 

Ὄ Total Enthalpy flow J/s 

h Specific enthalpy J/kg 

hm Molar Enthalpy J/mol 

I Current A 

k Pressure Loss Factor Pa/(g/s)²  

k Thermal conductivity W/(m K) 

K Heat transfer coefficient W/(m²K)  

KA Heat transfer rate W/K 

L Moles of Liquid mol 
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Symbol  Description  Unit  

ά Total mass flow g/s 

ὲ Total molar flow mol/s 

N Number of Transfer Units - 

n Polytropic exponent - 

ni Amount of substance of species i  mol 

P Mechanical or Electrical Power W 

p Pressure Pa 

pc Critical Pressure Pa 

ɝÐ Pressure Loss Pa 

pos Valve Position - 

PR Pressure Ratio - 

ὗ Heat Flow W 

R Universal gas constant (= 8.3145 [J/mol.K] )  J/(mol K) 

R Resistance ǹ 

RPM Rounds per minute RPM 

S Total entropy J/K 

Ὓ Entropy flow J/(s K) 

s Specific entropy J/(K g) 

sm Molar entropy J/(K mol) 

SOC State of charge - 

T Absolute Temperature K 

Tc Critical temperature K 

U Voltage V 

U Total internal energy J 

UA Overall heat exchange coefficient W/K 
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Symbol  Description  Unit  

v Velocity m/s 

V Volume m³  

V 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 

yi Mole fraction of species i in gas phase mol/mol 

Z Compressibility factor - 

   

ʀ Effectiveness - 

ʂ Efficiency - 

ʍ Density g/m³  

ʐ Characteristic time s 

ɰi Mole fraction of the species i - 

ʖ Acentric factor - 

 

 

Subscripts: 

Symbol  Description  

0 State at reference temperature and reference pressure 

an Anode 

c Cold 

c Critical 

cath Cathode 
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Symbol  Description  

el Electric 

env Environment 

f Liquid phase 

f Formation  

fg Evaporation 

g Gas phase 

gas Gas phase 

h Hot 

ig Ideal gas 

in Incoming 

l Liquid 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 

TM Thermal mass 

 

1.2 THERMOLIB UNITS 

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

 



Thermolib ï User Manual  2 Media Representation in Simulink 

© 2016 EUtech Scientific Engineering GmbH  XV 

2 MEDIA REPRESENTATION IN SIMULINK 

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 FLOW BUS 

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 ὲ mol/s 

T Temperature Ὕ K 

p Pressure ὴ Pa 

Hdot Enthalpy flow Ὄ W 

Sdot Entropy flow Ὓ W/ K 

Gdot Gibbs energy rate Ὃ W 

Cpdot Heat capacity rate ὧ W/ K 

x 
Vapor fraction of all compounds 

(vector)  ὼ mol/mol 

psi 
Molar fractions of all compounds 

(vector)  

‪ mol/mol 

 

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.xls). 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.  

 

 

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 STATE BUS 

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 óState Busô in the mask. 

The state bus is structured as follows: 

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

T Temperature Ὕ K 

p Pressure ὴ Pa 

H Enthalpy  Ὄ J 

S Entropy Ὓ J/ K 

G Gibbs energy Ὃ J 

Cp Heat capacity ὧ J/ K 

U Internal Energy Ὗ J 

x Vapor fraction of all compounds ὼ mol/mol 

psi Molar fractions of all compounds  ‪ mol/mol 
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3 THERMODYNAMIC BACKGROUND 

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 MASS CONSERVATION 

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: 

Ὠά

Ὠὸ
 ά ά  

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

mass accumulation in the control volume, as in a steady state, steady flow process this 

simplifies to:  

ά ά π 

 

3.2 ENERGY CONSERVATION 

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:  

ὨὟ

Ὠὸ
Ὄ ȟ  Ὄ ȟ  ὗ  ὖ  

as the energy conservation law (1st 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 Ὄ ȟ is the enthalpy flow of the input flow i, Ὄ ȟ is the enthalpy flow of the output 

flow j, ὗ  is heat flow k, ὖ  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 PROPERTIES 

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  

ὤ Ὑ Ὕ ὴ ὺ 

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: 

Á Ideal Gas (Z=1) 

Á 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 are: 

ὧȟ

Ὑ
ὃ ὄ Ὕ ὅ Ὕ Ὀ Ὕ Ὁ Ὕ  

Pressure dependence of entropy is considered assuming reference pressure of ὴ

πȢρ -0Á as: 



Thermolib ï User Manual  3 Thermodynamic Background 

© 2016 EUtech Scientific Engineering GmbH  20 

ί ίȟ ὙÌÎ
ὴ

ὴ
 

We use total enthalpy and entropy, it means:  

È 4 ςωψ K) È 

Ó 4 π Kȟ ὴ   πȟρ -0Á) π 

Where Ὤ 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.xls). 

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

NASA_T_min or above NASA_T_max.  

Note the units:  

hm [J/mol]  

sm [J/ (mol*K)]  

gm [J/mol]  

cpm [J/ (mol* K)]  

R [J/(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 NASA_T_mid NASA_A2 é NASA_G2 

NASA_T_mid é NASA_T_max NASA_A1 é NASA_G1 

 

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 Database").  

3.3.1.2 Real Gas modeling using Peng-Robinson EOS 

The Peng-Robinson equation of state relates the three interdependent state properties 

pressure p, temperature T, and molar volume v : 

http://en.wikipedia.org/wiki/Equation_of_state#Peng-Robinson_equation_of_state
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ὴ
ὙὝ

ὺ ὦ

ὥ‌

ὺ ςὦὺὦ
 

where, ɤ is the acentric factor of the species, Tc  and pc 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):  

Ὤȟ Ὤȟ ὙὝ Ὕ ὤ ρ ςȢπχψρ ‖Ѝ‌ÌÎὤ
ὤ ςȢτρτὄ

ὤ πȢτρτὄ 
 

Where Ŭ is defined in the Peng-Robinson equation of state, Tr is the reduced temperature, 

pr is the reduced pressure, Z is the compressibility factor Z=pv/(RT), and 

ὄ πȢπχχψ
ὴ

Ὕ
 

The critical properties Tc, pc and Ȓ are contained in ChemicalMediaData.xls (see chapter "4 

Chemical Media Database").  

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:  

Á Steam Table correction  

Á IAPWS-IF97 

If choosen Ideal Gas in the Model Setup block, then for the species "H2O" 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 Peng-Robinson EOS to give more accurate results (especially outside 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 (IAPWS-IF97). These calculations are very 

accurate, but require some additional calculation time (may slow down simulation). IF97 is 

available as separate Thermolib Add-on. If you have licensed the IF97 -Modul and choose 

H2O-IF97 from species list, then the following calculations are based on IF97-functions: 

Á Enthalpy  

Á Entropy 

http://en.wikipedia.org/wiki/Acentric_factor


Thermolib ï User Manual  3 Thermodynamic Background 

© 2016 EUtech Scientific Engineering GmbH  22 

Á Density in gas phase (only if Ideal Gas is selected. For Peng-Robinson water is 

included into solving the PR-EOS with its critical values). 

Á 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. 

Á Saturation temperature and saturation pressure 

3.3.2 Liquid Phase 

Temperature dependency of the saturated liquid density is modeled using the following 

equation: 

”ȟ Ὕ ” ρ ὃ †ϳ ὄ†ϳ  ὅ†Ὀ†ϳ  

where 

† ρ  
Ὕ

Ὕ
 

If Real Gas calculation based on PR-EOS is activated in Model Setup block. The liquid 

density is calculated using PR-EOS with an offset to match the liquid density at a reference 

temperature (T_v_ref).  

Liquid phase is modeled as compressible with a given bulk modul . 

” ὴȟὝ  
”ȟ

ρ
ὴ ὴ Ὕ

Ὁ

 

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

assumed: 

ὧ
ȟ
ὃ ὄὝ ὅὝ ὈὝ  

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 consistency with 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. 

Ὤ ȟȟ ȟὝ Ὤ ȟ Ὕ  Ὤ Ὕ  

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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Ὤ ȟȟὝȟὴ Ὤ ȟȟ ȟὝ
ὴ ὴ ȟ

ὴȟ ὴ ȟ
Ὤ ȟȟὝȟὴȟ Ὤ ȟȟ ȟὝ  

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 

ñEnthalpy/Entropy of liquid phaseò.  

The method works based on a gas enthalpy at a reference temperature ( Tref). This means, 

that enthalpy for fluid is calculated using:  

Ὤ ȟ Ὤ ȟ Ὕ Ὤ Ὕ ὧȟὨὝ  

Where hfg(Tref ) is the enthalpy of evaporation at the reference temperature. Same 

consistency rule applies for calculation of entropy, where:  

ίȟ ίȟ Ὕ ί Ὕ
ὧ

ȟ

Ὕ
ὨὝ 

is used. The calculation of Gibbs function is based on the entropy and enthalpy as: 

Ὣ ȟ Ὤ ȟ ίȟὝ 

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 (Tref) are given in the Chemical Media Database (see 

Chapter 4. Chemical Media Database).  

3.4 VAPOR-LIQUID EQUILIBRIUM 

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 pressure curves and Raoultôs rule are used. 

The Antoine equation is used to calculate the saturation pressure (psat) as a function of the 

saturation temperature Tsat and vice versa. 

The Antoine equation reads: 

ÌÏÇὴ ρ
ὄ

Ὕ ὅ
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In which, psat has the dimension bar and Tsat is in Kelvin. The coefficients A, B, C have to be 

given in Chemical Media Database (see Chapter 4. Chemical Media Database). 

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. H2). 

For calculating vapor liquid equilibrium of a mixture, Raoultôs rule is used, that is a special 
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:  

Ὢ Ὢ  

2. Pure saturated vapor behaves as an ideal gas: 

Ὢ ὴ  

combining these two equations we get:   

Ὢ ὴ  

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

Ὢ ὴ 

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 i we have: 

ὼὪ ώὪ  

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

With combination of these equations, we would have:  

For each species i: 

ὼὴ ώὴ 

As the concentrations sum to 1 in each phase we have 

for liquid phase:   ×xi = 1  

for gas phase:   ×yi= 1  

For each species i:  zi =x i L +  yi 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 (x i ós and yi ós and L and V). For more as two components, 

these equations become nonlinear and are solved by the TpVaporFraction block. 
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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:  

Ὄ ὲȟὬ ȟȟ ὲȟὬ ȟȟ  

Entropy of a mixture:  

Ὓ ὲȟÓȟȟ ὲȟÓȟȟ 2 ÎȟÌÎʕȟ  

Summation is taken over all species.  

Excess enthalpies or entropies are not calculated.  

3.6 CHEMICAL EQUILIBRIUM 

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: 

a A+b B ᵾ c C+ d D 

the chemical equilibrium condition can be written as  

ÌÎὯ
ῳὋ

24
 

where :  

Ὧ
ʕ   Ȣ   ʕ 

ʕ   Ȣ   ʕ
 Ȣ
Ð

Ð
 

and ʕ  is the mole fraction of species j, ǧG 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 LIMITATIONS 

Thermolib is a software aimed for system level modeling for real time simulations. Therefore 

Thermolib software is limited by the following:  

Á no detailed geometries are modeled 

Á no gravity nor potential energy are modeled  

Á no kinetic energy is modeled 

Á no solid state is modeled 

Á no interactions between species like azeotrope, solutability (except explicit chemical 

reaction modeling) 

Á no supersonic flows 

Á no pressure waves / shock waves 
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4 CHEMICAL MEDIA DATABASE 

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 MEDIA DATA? 

Chemical media are the chemical compounds that are available in Thermolib simulations. 

Some of the default species available are: methane (ὅὌ), water (Ὄὕ), hydrogen gas (Ὄ ), 

oxygen gas (ὕ), carbon dioxide (ὅὕ), 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 ñwaterò, Thermolib can calculate the changes in temperature and 

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, see below. 

4.2 UNDERSTANDING THE CHEMICAL MEDIA DATABASE 

For each medium available in Thermolib, e.g. water (Ὄὕ), 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 available to a model are stored in the MATLAB workspace variable ñSpeciesò as a 

cell array: 

Species =   {óCH4ô    'H2O'    'CO'    'CO2'    'N2'    'O2'} 

Each property is also stored in a MATLAB workspace variable in array form. For instance, 

the temperature at the  critical points are stored in the variable ñth_T_cò: 
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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 ( Ὄὕ), first note that water is the second entry in 

the variable Species, so itôs critical temperature is the second element of th_T_c. Blocks in a 

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 CHEMICAL MEDIA DATA IN MATLAB WORKSPACE 

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, SGlobal 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_A1_g: 1.6355  

            NASA_B1_g: 0.0101  

            NASA_C1_g: - 3.3692e - 006  

...  

             Cp_liq_A: 60  

             Cp_liq_B: 0  

             Cp_liq_C: 0  

             Cp_liq_ D: 0  
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         Cp_liq_T_min: 200  

         Cp_liq_T_max: 6000  

 

Each entry in SMediaData.SSpecies is identified by the name of the medium in the field 

ñSpeciesò. The rest are the thermo-physical properties that describe the 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 combustion product, 

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 MATLAB directly. 

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 (\data\ChemicalMediaData.xls) 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 

Model Setup (see help for ñModel Setupò block). 

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 property property_y to the species MY_COMPOUND: 

Find the index of MY_COMPOUND in the array SMediaData.SSpecies: 

index = find(strcmp({SMediaData.SSpecies.Species}, ' MY_COMPOUND' ));  

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 for ñModel Setupò block). 

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 for ñModel Setupò block). 
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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  CHEMICAL MEDIA DATA IN MS EXCEL 

Chemical Media Data 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. 

In the first row under the title ñChemical Media Dataò, the species are listed, each taking a 

separate column. Here we see the first three entries: ὅὌ, Ὄὕ and ὅὕȢ The chemical and 

thermodynamic properties are listed in the dark blue column. The names appearing in this 

column are the variable names used in MATLAB and 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 (ὅὕ) is 28.010 kg/kmol, this 

value will be stored in MATLAB workspace under the variable name ñth_Mò. Also from the 

table, you will find that the liquid density of methane (  ὅὌ) is 422620 ὫȾά . 
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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): 

 

 

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:  

 

Figure 3: Adding a new Species to the database 

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

export this adjusted media data to MATLAB and 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 ent ry in the dark blue column and 

the corresponding values for each of the species: 
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Figure 4: Adding a new property to the database  

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

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

the sections below. 

To Add a New Constant  

To add a new constant, go to the sheet ñConstantsò and insert the new constant in a new 

row as such: 

 

Figure 5: Adding a new constant to the database 

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

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

refer to the sections below. 
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To Add a New Element  

To add a new element, two things are necessary. First, go to sheet ñElementsò and insert a 

new column with the desired element. Configure, if the element should be used as fuel in 

the component ñLambdaBurnerò. If this is true, the combustion product and combustion 

product coefficient per atom need to be specified.  

  

Figure 6: Adding a new element to the database 

As second step, go to sheet ñChemDataò and add a new row for the number of 

ñNEWELEMENTò atoms in the existing species. 

 

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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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 store 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 DO I GET THE DATA? 

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

public databases like 

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

Á Korea Thermophysical Properties Data base http://www.cheric.org/kdb/  

Á 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  

http://www.cheric.org/kdb/
ftp://ftp.technion.ac.il/pub/supported/aetdd/thermodynamics/
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 t he 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 composition 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_Dependency_StatesAndProperties.pdf 

4.6 HOW DO THE DATA COME INTO MY SIMULINK MODEL? 

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: 

file:///D:/User/ASa/Thermolib/trunk/01-Sources/Manuals/ChemicalMediaData_Dependency_StatesAndProperties.pdf
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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 ( ὅὌ) and water 

(Ὄὕ). 

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' 'H2O' }  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.SSpecies with a "th_" prefix . Also note that since the compound water is the 

second element in Species, itôs molar mass (or any other property) is stored in the second 

element of the propertyôs 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 MODELING PRESSURE FEEDBACK 

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 WHEN DO I NEED PRESSURE FEEDBACK? 

Suppose the following hydraulic network:  

 

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  

Á there is an effect of valve positions or downstream components on the flow at the 

beginning of the network, or  

Á 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 MODELS WITH PRESSURE FEEDBACK? 

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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low pressure 
environment
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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\PressureFeedback\DemoFlowSimple.mdl). 

 

Sometimes you want to simulate networks, where the flow is divided into two branches and 

they will come together after passing some elements.  

 

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 EQUATIONS ARE SOLVED BY THERMOLIB? 

Pressure information in the flow network is ga thered 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 fol lowing blocks: 

Á Tanks  

Á Splitter 
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Á 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: 

Á Maximum mass flow 

Á Initial mass flow 

Á 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:  

Á In Downstream block a downstream pressure is configured in mask.  

Á 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 system, 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 THERMODYNAMIC BALANCING 

This chapter explains how you can get thermodynamic balancing information after a 

simulation run of a Thermolib model.  

6.1 WHY DO YOU NEED MODEL BALANCING? 

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 Cl) 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.  

ςὌ ὕ ᴼςὌὕ 

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 ï 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 MODEL BALANCING BASICS 

Model-balancing 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. 

 

 

The balancing takes place over a defined time period between ὸ ὸ and ὸ  ὸ. 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:  

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

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

ά ͽ  : The total mass of hydrogen stored in the balance space at ὸ ὸ [g].  

ά ͽ  : The total mass of hydrogen stored in the balance space at ὸ ὸ [g].  

ά  Ὠὸ ά ͽ ά  Ὠὸ ά ͽ  

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 (Cl): 

ά  Ὠὸ ά ͽ ά  Ὠὸ ά ͽ  

ά  Ὠὸ ά ͽ ά  Ὠὸ ά ͽ  

ά  Ὠὸ ά ͽ ά  Ὠὸ ά ͽ  

ά  Ὠὸ ά ͽ ά  Ὠὸ ά ͽ  

ά  Ὠὸ ά ͽ ά  Ὠὸ ά ͽ  

This balancing is done automatically in Thermolib using the provided balance blocks. The 

remainder of this chapter will explain that in detail.  

6.3 THE BALANCE BLOCKS CONCEPT 

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 indicated by a second output ñTankò where the current state of the tank is given. 

 

 

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 case the ñinò input port, the ñoutò output port and the ñTankò output port. 

 

 

 

in 

out 

Tank

k 
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The balance blocks in Thermolib are the equivalent of these ñmeasurementò blocks. In 

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 XXX 

and XXX explain this in further detail. 

6.4 MODEL BALANCING IN THERMOLIB - HOW TO 

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.  

The balancing time period is defined in the ñModel Setupò block. The user enters the start 

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

 

Measure 

input mass 

Measure 

output 

mass 
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mass 
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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. Run the model 

5. Go to the MATLAB workspace. 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. 

xls_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.xls', '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 BALANCE RESULTS IN EXCEL 

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 of the blockôs ports along with the 


























































































































































































































































































































































































































































































































































































