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Introduction 

Waste heat recovery or 
renewable energies: solar, 
biomass, geothermal 

Electricity/
mechanical 
power 

Heat  
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Why dynamic modeling? 
Control aspects 

 

    Time-varying boundary conditions require optimal control strategies 

 

Exhaust gases from vehicles: 



4 

Why dynamic modeling? 
Control aspects 

 

    Time-varying boundary conditions require optimized control strategies 

 

 

Traditional Control: 
 

 

Optimized control 
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Why dynamic modeling? 
Control aspects 

 

    Start, stop or emergency procedures should be modeled and optimized!  
 

    Performance monitoring 

Micro-CHP units can undergo 
several ON/OFF cycles per day 

Typical questions: 
 Control sequence to connect the generator to the grid? 
 Overpressure in case of emergency opening of the by-pass 

valve? 



Challenges of dynamic modeling for 
ORC systems 

1. Thermodynamic properties of working fluids 

2. Computational efficiency (speed) 

3. Robustness 

– Initialization  

– Integration 
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The ThermoCycle Library 
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 Modelica: Open-source 
language for the modeling 
of complex multiphysics 
systems. 

 Acausal language 
 ThermoCycle => Open-

source Library for the 
modeling of thermal 
systems  

 Cross-Platform 
 Special focus on 

thermodynamic cycles 
 Computational efficiency 

and robustness are key 
aspects of the library 



Causal/acausal modeling 

Example:  Expander model 
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Inputs Outputs 

Mass flow rate 
Rotating speed 
Outlet pressure 
Inlet temperature 

Inlet pressure 
Torque 
Outlet temperature 

Inlet pressure 
Torque 
Outlet pressure 
Inlet temperature 

Mass flow rate 
Rotating speed 
Outlet temperature 
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Available Models: 
Expanders and pumps 

 Dynamics of the heat exchangers larger than that of the expansion machine 

 not necessary to use a detailed simulation model 

 an empirical model is sufficient 

Parameters identified based on 
experimental data 
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Available Models: 
Finite volumes models 

Cell model: Conservation of mass and energy: 

Counter flow heat exchangers 

- Evaporator 

- Recuperator 

- Peheater 

- … 

 

Cross-flow heat exchangers 

- Air condenser 

- Radiator (vehicles) 

- … 
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Available Models: 
Miscellaneous 

Solar collector models Moving boundaries heat exchanger model 

Tanks and liquid receiver Valves and 
Pressure drops 

Reciprocating expander 



Thermodynamic properties model: 
The CoolProp Library 

• Peculiarity of ORC/refrigeration cycles: require external 
thermophysical libraries to computes the properties. 

• Available in Modelica:  
– TILMedia + Refprop 
– ExternalMedia + FluidProp 
– CoolProp2Modelica + CoolProp 

• CoolProp is the only fully open-source solution 
• 110 fluids and pseudo-pure fluids 
• Transport properties 
• Incompressible fluids and brines 
• Mixtures: work in progress 
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Numerical Methods 
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Computational efficiency: 
Interpolation methods 

• Either TTSE or bicubic 
• Process: 

1. Build table (at the first 
property call) 

2. Cache table 
3. Re-use table for the 

following property 
calls 
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Elapsed time per property  
call from Modelica 
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Computational efficiency: 
Efficient exogenous inputs 
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Standard Modelica solution: CombiTimeTable 
• Highly innefficient 
• Generates events  

Proposed solution: Smooth Piecewise Polynomial Regression (SPPR): 



Robustness:  
Initialization 
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• Especially important for acausal solvers 

• Newton solver can fail to converge towards an initial 
solution, especially in complex models 

• Importance of start values 

• Initiate simulation with a simplified model 



Robustness:  
Chattering 

Implemented solutions: 
1. Truncation of density derivative 

2. Filtering of the density derivative 

3. Smoothing of the density 

4. Smoothing of the density derivative 

5. Mean densities 

6. Smooth reversal enthalpy 

7. Enthalpy limiter 

Non-physical flow reversals  
and simulation failures can 
occur if: 



Density smoothing 
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Test System: 

Boundary counditions before Failure: 



Simulation display 
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Conclusions 

 Open-source library of dynamic models 

 Open-source fluid properties library 

 Open-source language 

 Proprietary simulation platform 

  Goal: Use of OpenModelica 

 Ability to run complex ORC models, with very low CPU times and 

high robustness 

 However, not ready for an official release yet 
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Further information 
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Further information 
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