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Background
Vapour compression systems (VCS) are used in large 
and complex heating + cooling architectures.

LǘΩǎ ŀ ƴŜŎŜǎǎƛǘȅ ǘƻ thermodynamically optimize these 
systems, while developing control algorithms. 

For both, development of asystem DTWINis a 
crucial step.

VCS modelis the most complex part of the 
DTWIN (two-phase flows involved) 

ÅLow simulationtime
ÅNumericalrobustness
ÅGood accuracy
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Modelling: VCS Dynamic System

Modelicasystemstructure

Developed in Modelica

Particular synergies with the aircraft field:the 
model is embedded at ECS or aircraft level for 
overall energy and functionality optimization 
(Horizon Europe public/private Clean Sky projects ).

Also applied to refrigerated transport application to 
shift to low GWP refrigerant (industrial project).

Under progress a new project for optimal control of 
a geothermal heat pump(industrial project)
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Modelling: HeatExchangers

ÅLow CPU time
ÅTwo-phase flow 

representative
ÅTransition mode 

management 
crucial to achieve 
robustness

Two-phase flow: switching moving 
boundary method 

ÅMomentum equation: 
steady state

ÅEnergy equation: steady 
state, includes phase zones

ÅOptional artificial 
relaxation

ÅFlexiblestructure
ÅCombination of steady-state and transient methods
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HeatExchangersModel // Robustnesstests
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HeatExchangersModel // Robustnessto inlet conditions
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HeatExchangersModel // Calibration

Complete set 
of boundary 
conditions 
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Generation of 
performance maps:

Ep=f(mode,
Gfluid1,Gfluid2,xg) 

MODELMODEL
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Results// AircraftECS with embeddedVCS

Å Reference data available for 5 design 
conditions

Å VCS condenser air conditions depend on: 
aircraft speed, altitude and ambient 
temperature

Å VCS cooling need depend on cabin and 
cockpit cooling demand  

Å Results obtained without any 
adjustment/calibration at the system 
level (only individual components have 
been calibrated) 
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Results// AircraftECS with embeddedVCS
MODELICA allows Multiphysics, incorporating for example 
electric libraries to generate a full energy thermo-electric 
analysis, critical in electrified vehicles (aircraft, e-cars).

Start-stop transient thermo-
electric simulation

Team work with other international partners for the electric side


