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Digital twin for thermal systems simulation ofapourcompression
cycles. Focus oachievingfast, accurateand robust simulations
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Background 95

Vapour compression systems (Vare)used in large § | :
and complex heating + cooling architectures.

LOQa | yh&ErO&@ankcilg opingzthese
systems, while developingpntrol algorithms

For both, development of aystem DTWIIis a
crucial step.

A Lowsimulationtime
» A Numericalrobustness
A Goodaccuracy

VCS modas the most complex part of the
DTWIN (twephase flows involved)
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I\/Iodellinq VCS Dynamigystem

: @
Developed iri MODELICA .
P Condenser o fow
Particular the Reservoyr #": "
model is embedded at ECS or aircraft level for Tgiggggfgg“ ® Ll
overall energy and functionality optimization Valve : 1 | e
(Horizon Europe public/private Clean Sky projects )_j ] 7V ..
= [ * Bypass Compressor ® &l
. : i Valve
Also applied to application to f— .
shift to low GWP refrigerant (industrial project). == CO—
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Under progress a new project for optimal control of
a (industrial project) Modelicasystemstructure
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flowwir

M Od el I Ng HeatEXC h anNgers Two-phase flow: switching moving
boundary method
structure
A Combination of steadgtate and transient methods e M e ™

A Two-phase flow
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A Momentum equation:
steady state

A Energy equation: steady
state, includes phase zones

A Optional artificial
relaxation
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representative
A Transition mode
management
crucial to achieve
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HeatExchanqerModeI// Robustnes$ests

Test cases stop time intervals Mean CPU time failures failures
8 8 0 [%]
initialization 432 2000 2000 0.24 1* 0.2
switching 36 1000 500,/1000/2000 0.65 0 0.0
TAINPS 36 1000 500,/1000/2000 0.46 0 0.0
sines 36 1000 500,/1000/2000 2.97 0 0.0
heat reversed 36 1000 500,/1000/2000 0.26 0 0.0
flow (reversed/null) 72 3000 1500/3000 /6000 0.82 0 0.0
Total 648 1 0.15

*High CPU time needed (run not considered for mean CPU time calculation)
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HeatExchangerModel// Robustnes$o inlet conditions

Test characteristics — REFRIGERANT INLET ENTHALPY ----- AIR INLET TEMPERATURE
6 baseline cases (one for each operating mode) -
3
™ -
2 boundary layouts tested E
g PAIrOut
Stop time: 1000 (intervals 500/1000/2000) 2 ‘J‘E
Number of runs: 36 = . 1 . 1 . T . T EIJ’ :
0 200 400 600 800 L_JI 5l L. bemmos
Sinusoidal signals applied to inlet temp./enth. time [3] % ﬁ E
Mean execution time: 0.65 s i
RefBoundary RefBoundaryOut
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HeatExchanqerModeI// Calibration
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DETAILED TOOL REFERENCE

‘ EXPERIMENTS RESULTS Generation of

~ performance maps:
Ep=f(mode,
Gy, Giuid2:X9)

Epdry - data fit ()

Complete se .. L
of boundary on —
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RESULTS
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. . escription. Altitud Air Ambient Temperature
A Reference data available for 5 design number (26)
. 1 Ground, hot day 0 0 40
Condltlons 2 Ground, very hot day 0 0 55
A VCS condenser air conditions depend on: 3 Cruising altitude/speed 41000 0.8 -41.4
aircraft speed, altitude and ambient : round 0 0 -
5 Ascending (compressor 20000 0.63 0.4
tem peratu re forced to maximum Qoweri
A VCS cooling need depend on cabin and Mass flow rate Condenser heat Evaporator heat
cockpit cooling demand — _—
A Results obtainedvithout any
adjustment/calibration at the system
level (only individual components have
been calibrated) 2
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Resultd/ AircraftECSvith embeddedVCS

MODELICA allowg ; Incorporating for example
electric libraries to generate a fuil
s critical in electrified vehicles (aircraftoars).

Team work with other international partners for the electric side Start—&.:top. trans!ent therme
electric simulation
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