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Introduction (et

Electric Vehicles shows several peculiarities related to the Thermal Management of the powertrain that may require an optimization of the
energy flows of the powertrain.
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These challenges lead to a wide range of possible TMS architectures and Operating Fluids
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TECHNOLOGIES

Development of a comprehensive and
fully physical digital twin of a BEV
capable of supporting the design of its
thermal management system.
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Integrated Heat Pump Layout

At the core of the heat pump system, there is a device, the compact refrigeration unit, capable to generate
heat and cold.

Main elements of the compact

refrigeration unit are:

« Compressor

» Water-refrigerant heat exchangers
for condenser and evaporator

* Thermostatic expansion valve (TXV)

CONDENSER

=1 Thermostatic
expansion
valve (TXV)

OPTEMUS Newsletter Issue 2 (2017)

2 R290 mass flow
. rate sensor
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Temperature [C]
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Indirect Heat Pump Layout
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Indirect Heat Pump Layout
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Indirect Heat Pump Layout
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Direct Heat Pump Layout ___ ___
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V1 is a Three Way valve.
CV1, CV2, CV3 are one way
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TXV1, TXV2 and TXV3 are the
expansion valves.
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Direct Heat Pump Layout
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Direct Heat Pump Layout
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Direct Heat Pump Layout
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System Overviews
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* Modular concept
» Refrigerant enclosed in a single loop
« Simplified superheat control
 Limited volume resulting in lower refrigerant
charge
* Intermediate fluid > lower efficiency (partially
compensated by the superior properties of propane)

WV1isa 3 Way valve.
CvW1, CW2 and CV3 are
the one way ON/OFF
vahes .

TXV1, TXVZ and TXV3
are the expansion valves.
""""" Wehicle Heat
Pump Refrigerant Loop.
Wehicle
Coolant Loop.

* Integrated concept
 Efficiency ensured by the direct system
* Increased complexity in the refrigerant loop
» Control of the three TXVs is challenging
 Different operating modes need to be clearly
defined by operating on the TXVs
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Heat Pump: Compact Refrigeration Unit (CRU)
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Heat Exchangers

Physical model with 1D discretization
along fluid flow

Calibrated and validated with
experimental data

Volumetric Compressor
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Isentropic Efficiency Map

Volumetric Efficiency Map
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Heat Pump Modelling: Cabin System

: =
%%%% From GT-Suite Library
\ liquid-air heat exchangers

was used for the cabin side.
wa 0 |

"
O = Cabin template combined
ﬂ with literature data was used
O : to model the thermal comfort.
|E * a

O — ) A )
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Heat Pump Modelling: Battery ey
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\ Conductive Heat
= Convective Heat

Thermal Mass

al Dissipated Power

—MW—

Rpatt = f(Tpate, SOC)

— OCV = f(Thqet, SOC)

Electric Model

Thermal Model

Thermal lumped masses to obtain
a discretization within the pack

]
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Heat Pump Modelling
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Heat Pump Modelling
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Direct Heat Pump Modelling
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Pump Modelling: TXV
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Experimental Data

All quantities are ideally desired

to be known:

* Mass flow rates

* Pressure

* Temperatures

» Cell Temperatures in the
Battery Module
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“You can't always have what you want”

CONDENSER

R290 (PROPANE)

AFANASIE VINOGRADOV

A Digital Twin to support the development of Advanced Thermal management Solution for Battery Electric Vehicles

June 18,2024 |

1859 ‘.”‘
S e

W

AT e by

#

26



Experimental Data

All quantities are ideally desired

to be known: »
« Mass flow rates g,:j
e Pressure ~

RADIATOR

* Temperatures
» Cell Temperatures in the
Battery Module

“You can't always have what you want”

But if you try sometimes, you can get what you need.

o

/
®* Compressor Power

®* Cabin temperature
® Battery Temperature

Energetic
guantities

J

CONDENSER

& Ppg-

Recirculation Pumps G

R290 (PROPANE)

/

®* Propane high temperature
®* Propane high pressure line

Control
constrains
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CRU under Hot Environment (Bt
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CRU under Hot Environment
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CRU under Hot Environment
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« Cabin temperature dynamic is well predicted,
with the variation of compressor speed
« Slightly variation can be noticed at a constant
speed, which can be attributed to external factors
difficult to identify.
« Battery temperature increases when the cycle is
more demanding with good accuracy.
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CRU under Cold Environment
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CRU under Cold Environment
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CRU under Cold Environment
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Direct Heat Pump

Higher complexity and effort:
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Direct Heat Pump

Environment 35 °C
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Direct Heat Pump

Environment 35 °C
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Conclusion GAMMA
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During this activity the multiphysics approach provided by GT-Suite proved to
be fundament to the design, understanding and development of the system.
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