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Introduction

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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Abstract—Electr ic Vehicle (EV) optimization involves str ingent con-
straints on dr iving range and battery lifetime. Sophisticated embedded
systems and huge number of computing resources have enabled re-
searchers to implement advanced Battery Management Systems (BMS)
for optimizing the dr iving range and battery lifetime. However, the
Heating, Ventilation, and Air Conditioning (HVAC) control and BMShave
not been considered together in this optimization. This paper presents a
novel automotive climate control methodology that manages the HVAC
power consumption to improve the battery lifetime and dr iving range.
Our exper iments demonstrate that theHVAC consumption isconsiderable
and flexible in an EV which significantly influences the dr iving range and
battery lifetime. Hence, this influence on the above-mentioned constraints
has been modeled and analyzed precisely, then it has been considered
thoroughly in the EV optimization process. Our methodology provides
significant improvement in battery lifetime (on average 14%) and average
power consumption (on average 39% reduction) compared to the state-
of-the-ar t methodologies.

I . INTRODUCTION AND RELATED WORK

Electric Vehicles (EVs) havebeen accepted assustainable solution

and anew paradigm of transportation [1] to address the environmental

issues caused by greenhouse gases and other pollutants coming from

road transportation [2]. Despite the incentives provided by govern-

ments to promote EV deployment [3], EVs pose new challenges

in the trade-off between costs and performance [4]. The driving

range and battery lifetime are the challenges that have become major

design objectives for EVs. The cost, volume, and weight constraints

in battery pack design make them the major bottleneck restricting

the amount of energy stored for driving [5]. On the other hand, the

battery lifetime is directly related to the State-of-Health (SoH) which

represents the battery capability to store and deliver energy. The SoH

degrades over time according to the battery usage pattern and the

battery will become useless when it degrades for about 20% [6].

In order to alleviate the driving range and battery lifetime issue,

a Battery Management System (BMS) is typically implemented to

monitor and control the battery cells [1]. The BMS prevents over-

charging, overdischarging, overheating, and imbalance of battery cells

to improve their energy efficiency and lifetime. By presenting Hybrid

Energy Storage System (HESS) [3] that may consist of ultracapacitors

accompanied with battery cells, the BMS evolved to handle the

charge management for heterogeneous energy storage to improve

energy efficiency and battery lifetime. Other components inside EV,

e.g. power converters, inverters, electrical motor, etc. demonstrate

different efficiency in various conditions. Hence, the BMS may

optimize the battery or HESS usage based on the components’

efficiency map. Also, [3][7] have illustrated that the BMS may predict

and optimize the energy consumption more efficiently by having the

route information.

In the process of optimizing the energy efficiency and battery lifetime

by the BMS, the electrical motor power consumption has been
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considered in afine-grained level. While, up until now, thepower con-

sumption of the Heating, Ventilation, and Air Conditioning (HVAC)

has been assumed to be constant. On the other hand, controlling the

HVAC (automotive climate control) is mostly done using switching

On/Off the system or fuzzy-based methodologies implemented on

Proportional-Integral-Derivative (PID) controllers [8][9][10]. These

methodologies typically try to stabilize the temperature and humidity

inside the cabin within the comfort zone [11] without considering the

battery lifetime. Therefore, the HVAC and the BMS have not been

considered together in the optimization process. Recently, research

has been done to analyze the HVAC power consumption influence

on the driving range [12]. The HVAC in an EV may consume upto

6KW and reduce thedriving range upto 50% depending on theoutside

weather conditions [13]. Hence, the HVAC power consumption is a

significant factor affecting the driving range and battery lifetime, and

may be controlled more easily as opposed to the electrical motor.

In summary, the above-mentioned state-of-the-art methodologies suf-

fer from the following three major limitations:

1) The HVAC control has not been considered together with the

BMS for optimizing the driving range and/or battery lifetime.

2) They have all considered HVAC power consumption as a constant

for modeling and estimation.

3) The effect of the HVAC power consumption on the battery

lifetime has not been accounted.

Fig. 1. Percentages of Three Types of Power Consumption in EV [14] and
ICE Vehicle [15] for Different Ambient Temperatures.

A. Motivational Case Study on HVAC Load Analysis

According to existing data, we have analyzed the power con-

sumption in an EV (Tesla Motor S 60KWh [14]) and an Internal

Combustion Engine (ICE) vehicle (Toyota Corolla [15]) when the

HVAC is powered on, for different ambient temperatures (Fig. 1).

Although the electrical motor efficiency in EVs and engine efficiency

in ICE vehicles change for different ambient temperatures, their

consumption is almost similar for different temperatures. Also, the

accessories (e.g. entertainment system) in EVs and ICE vehicles

consume the same small amount for different ambient temperatures.

However, the HVAC consumption demonstrates different behavior for

EVs and ICE vehicles. In lower temperatures, the HVAC in ICE

vehicles uses the heat generated from the engine to warm up the

cabin, resulting in almost no fuel consumption except for the fan.

While, in higher temperatures, the HVAC has to consume power/fuel

to cool down the air. On the other hand, in EVs, since almost no heat

is generated from the electrical motor, the HVAC has to consume

power in both cases to warm up or cool down the cabin. Moreover

the percentage, the HVAC contributes to the total power consumption

in EVs(upto 20%), ismoresignificant than in ICE vehicles (upto 9%).
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considered in afine-grained level. While, up until now, the power con-

sumption of the Heating, Ventilation, and Air Conditioning (HVAC)

has been assumed to be constant. On the other hand, controlling the

HVAC (automotive climate control) is mostly done using switching

On/Off the system or fuzzy-based methodologies implemented on

Proportional-Integral-Derivative (PID) controllers [8][9][10]. These

methodologies typically try to stabilize the temperature and humidity

inside the cabin within the comfort zone [11] without considering the

battery lifetime. Therefore, the HVAC and the BMS have not been

considered together in the optimization process. Recently, research

has been done to analyze the HVAC power consumption influence

on the driving range [12]. The HVAC in an EV may consume upto

6KW and reduce thedriving range upto 50% depending on theoutside

weather conditions [13]. Hence, the HVAC power consumption is a

significant factor affecting the driving range and battery lifetime, and

may be controlled more easily as opposed to the electrical motor.

In summary, the above-mentioned state-of-the-art methodologies suf-

fer from the following three major limitations:

1) The HVAC control has not been considered together with the

BMS for optimizing the driving range and/or battery lifetime.

2) They have all considered HVAC power consumption as a constant

for modeling and estimation.

3) The effect of the HVAC power consumption on the battery

lifetime has not been accounted.

Fig. 1. Percentages of Three Types of Power Consumption in EV [14] and
ICE Vehicle [15] for Different Ambient Temperatures.
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EVs and ICE vehicles. In lower temperatures, the HVAC in ICE

vehicles uses the heat generated from the engine to warm up the

cabin, resulting in almost no fuel consumption except for the fan.

While, in higher temperatures, the HVAC has to consume power/fuel

to cool down the air. On the other hand, in EVs, since almost no heat

is generated from the electrical motor, the HVAC has to consume

power in both cases to warm up or cool down the cabin. Moreover

the percentage, the HVAC contributes to the total power consumption

in EVs(upto 20%), ismoresignificant than in ICE vehicles (upto 9%).
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e.g. power converters, inverters, electrical motor, etc. demonstrate

different efficiency in various conditions. Hence, the BMS may

optimize the battery or HESS usage based on the components’

efficiency map. Also, [3][7] have illustrated that the BMS may predict

and optimize the energy consumption more efficiently by having the

route information.

In the process of optimizing the energy efficiency and battery lifetime

by the BMS, the electrical motor power consumption has been
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considered in afine-grained level. While, up until now, thepower con-

sumption of the Heating, Ventilation, and Air Conditioning (HVAC)

has been assumed to be constant. On the other hand, controlling the

HVAC (automotive climate control) is mostly done using switching

On/Off the system or fuzzy-based methodologies implemented on

Proportional-Integral-Derivative (PID) controllers [8][9][10]. These

methodologies typically try to stabilize the temperature and humidity

inside the cabin within the comfort zone [11] without considering the

battery lifetime. Therefore, the HVAC and the BMS have not been

considered together in the optimization process. Recently, research

has been done to analyze the HVAC power consumption influence

on the driving range [12]. The HVAC in an EV may consume upto

6KW and reduce thedriving range upto 50% depending on theoutside

weather conditions [13]. Hence, the HVAC power consumption is a

significant factor affecting the driving range and battery lifetime, and

may be controlled more easily as opposed to the electrical motor.

In summary, the above-mentioned state-of-the-art methodologies suf-

fer from the following three major limitations:

1) The HVAC control has not been considered together with the

BMS for optimizing the driving range and/or battery lifetime.

2) They have all considered HVAC power consumption as a constant

for modeling and estimation.

3) The effect of the HVAC power consumption on the battery

lifetime has not been accounted.

Fig. 1. Percentages of Three Types of Power Consumption in EV [14] and
ICE Vehicle [15] for Different Ambient Temperatures.

A. Motivational Case Study on HVAC Load Analysis

According to existing data, we have analyzed the power con-

sumption in an EV (Tesla Motor S 60KWh [14]) and an Internal

Combustion Engine (ICE) vehicle (Toyota Corolla [15]) when the

HVAC is powered on, for different ambient temperatures (Fig. 1).

Although the electrical motor efficiency in EVs and engine efficiency

in ICE vehicles change for different ambient temperatures, their

consumption is almost similar for different temperatures. Also, the

accessories (e.g. entertainment system) in EVs and ICE vehicles

consume the same small amount for different ambient temperatures.

However, the HVAC consumption demonstrates different behavior for

EVs and ICE vehicles. In lower temperatures, the HVAC in ICE

vehicles uses the heat generated from the engine to warm up the

cabin, resulting in almost no fuel consumption except for the fan.

While, in higher temperatures, the HVAC has to consume power/fuel

to cool down the air. On the other hand, in EVs, since almost no heat

is generated from the electrical motor, the HVAC has to consume

power in both cases to warm up or cool down the cabin. Moreover

the percentage, the HVAC contributes to the total power consumption

in EVs(upto 20%), ismoresignificant than in ICE vehicles (upto 9%).
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issues caused by greenhouse gases and other pollutants coming from

road transportation [2]. Despite the incentives provided by govern-

ments to promote EV deployment [3], EVs pose new challenges

in the trade-off between costs and performance [4]. The driving

range and battery lifetime are the challenges that have become major

design objectives for EVs. The cost, volume, and weight constraints

in battery pack design make them the major bottleneck restricting

the amount of energy stored for driving [5]. On the other hand, the

battery lifetime is directly related to the State-of-Health (SoH) which

represents the battery capability to store and deliver energy. The SoH

degrades over time according to the battery usage pattern and the

battery will become useless when it degrades for about 20% [6].

In order to alleviate the driving range and battery lifetime issue,

a Battery Management System (BMS) is typically implemented to

monitor and control the battery cells [1]. The BMS prevents over-

charging, overdischarging, overheating, and imbalance of battery cells

to improve their energy efficiency and lifetime. By presenting Hybrid

Energy Storage System (HESS) [3] that may consist of ultracapacitors

accompanied with battery cells, the BMS evolved to handle the

charge management for heterogeneous energy storage to improve

energy efficiency and battery lifetime. Other components inside EV,
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different efficiency in various conditions. Hence, the BMS may
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considered in afine-grained level. While, up until now, thepower con-

sumption of the Heating, Ventilation, and Air Conditioning (HVAC)

has been assumed to be constant. On the other hand, controlling the

HVAC (automotive climate control) is mostly done using switching

On/Off the system or fuzzy-based methodologies implemented on

Proportional-Integral-Derivative (PID) controllers [8][9][10]. These

methodologies typically try to stabilize the temperature and humidity

inside the cabin within the comfort zone [11] without considering the

battery lifetime. Therefore, the HVAC and the BMS have not been

considered together in the optimization process. Recently, research

has been done to analyze the HVAC power consumption influence

on the driving range [12]. The HVAC in an EV may consume upto

6KW and reduce thedriving range upto 50% depending on theoutside

weather conditions [13]. Hence, the HVAC power consumption is a

significant factor affecting the driving range and battery lifetime, and

may be controlled more easily as opposed to the electrical motor.

In summary, the above-mentioned state-of-the-art methodologies suf-

fer from the following three major limitations:

1) The HVAC control has not been considered together with the

BMS for optimizing the driving range and/or battery lifetime.

2) They have all considered HVAC power consumption as a constant

for modeling and estimation.

3) The effect of the HVAC power consumption on the battery

lifetime has not been accounted.

Fig. 1. Percentages of Three Types of Power Consumption in EV [14] and
ICE Vehicle [15] for Different Ambient Temperatures.
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HVAC is powered on, for different ambient temperatures (Fig. 1).

Although the electrical motor efficiency in EVs and engine efficiency

in ICE vehicles change for different ambient temperatures, their

consumption is almost similar for different temperatures. Also, the

accessories (e.g. entertainment system) in EVs and ICE vehicles

consume the same small amount for different ambient temperatures.

However, the HVAC consumption demonstrates different behavior for

EVs and ICE vehicles. In lower temperatures, the HVAC in ICE

vehicles uses the heat generated from the engine to warm up the

cabin, resulting in almost no fuel consumption except for the fan.

While, in higher temperatures, the HVAC has to consume power/fuel

to cool down the air. On the other hand, in EVs, since almost no heat

is generated from the electrical motor, the HVAC has to consume

power in both cases to warm up or cool down the cabin. Moreover

the percentage, the HVAC contributes to the total power consumption

in EVs(upto 20%), ismoresignificant than in ICE vehicles (upto 9%).
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issues caused by greenhouse gases and other pollutants coming from

road transportation [2]. Despite the incentives provided by govern-

ments to promote EV deployment [3], EVs pose new challenges

in the trade-off between costs and performance [4]. The driving

range and battery lifetime are the challenges that have become major

design objectives for EVs. The cost, volume, and weight constraints

in battery pack design make them the major bottleneck restricting

the amount of energy stored for driving [5]. On the other hand, the

battery lifetime is directly related to the State-of-Health (SoH) which

represents the battery capability to store and deliver energy. The SoH

degrades over time according to the battery usage pattern and the

battery will become useless when it degrades for about 20% [6].

In order to alleviate the driving range and battery lifetime issue,

a Battery Management System (BMS) is typically implemented to

monitor and control the battery cells [1]. The BMS prevents over-

charging, overdischarging, overheating, and imbalance of battery cells

to improve their energy efficiency and lifetime. By presenting Hybrid

Energy Storage System (HESS) [3] that may consist of ultracapacitors

accompanied with battery cells, the BMS evolved to handle the

charge management for heterogeneous energy storage to improve

energy efficiency and battery lifetime. Other components inside EV,

e.g. power converters, inverters, electrical motor, etc. demonstrate

different efficiency in various conditions. Hence, the BMS may

optimize the battery or HESS usage based on the components’

efficiency map. Also, [3][7] have illustrated that the BMS may predict

and optimize the energy consumption more efficiently by having the

route information.

In the process of optimizing the energy efficiency and battery lifetime

by the BMS, the electrical motor power consumption has been
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considered in afine-grained level. While, up until now, the power con-

sumption of the Heating, Ventilation, and Air Conditioning (HVAC)

has been assumed to be constant. On the other hand, controlling the

HVAC (automotive climate control) is mostly done using switching

On/Off the system or fuzzy-based methodologies implemented on

Proportional-Integral-Derivative (PID) controllers [8][9][10]. These

methodologies typically try to stabilize the temperature and humidity

inside the cabin within the comfort zone [11] without considering the

battery lifetime. Therefore, the HVAC and the BMS have not been

considered together in the optimization process. Recently, research

has been done to analyze the HVAC power consumption influence

on the driving range [12]. The HVAC in an EV may consume upto

6KW and reduce thedriving range upto 50% depending on the outside

weather conditions [13]. Hence, the HVAC power consumption is a

significant factor affecting the driving range and battery lifetime, and

may be controlled more easily as opposed to the electrical motor.

In summary, the above-mentioned state-of-the-art methodologies suf-

fer from the following three major limitations:

1) The HVAC control has not been considered together with the

BMS for optimizing the driving range and/or battery lifetime.

2) They have all considered HVAC power consumption as a constant

for modeling and estimation.

3) The effect of the HVAC power consumption on the battery

lifetime has not been accounted.

Fig. 1. Percentages of Three Types of Power Consumption in EV [14] and
ICE Vehicle [15] for Different Ambient Temperatures.
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According to existing data, we have analyzed the power con-

sumption in an EV (Tesla Motor S 60KWh [14]) and an Internal

Combustion Engine (ICE) vehicle (Toyota Corolla [15]) when the

HVAC is powered on, for different ambient temperatures (Fig. 1).

Although the electrical motor efficiency in EVs and engine efficiency

in ICE vehicles change for different ambient temperatures, their

consumption is almost similar for different temperatures. Also, the

accessories (e.g. entertainment system) in EVs and ICE vehicles

consume the same small amount for different ambient temperatures.

However, the HVAC consumption demonstrates different behavior for

EVs and ICE vehicles. In lower temperatures, the HVAC in ICE

vehicles uses the heat generated from the engine to warm up the

cabin, resulting in almost no fuel consumption except for the fan.

While, in higher temperatures, the HVAC has to consume power/fuel

to cool down the air. On the other hand, in EVs, since almost no heat

is generated from the electrical motor, the HVAC has to consume

power in both cases to warm up or cool down the cabin. Moreover

the percentage, the HVAC contributes to the total power consumption

in EVs(upto 20%), ismoresignificant than in ICE vehicles (upto 9%).
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considered in afine-grained level. While, up until now, thepower con-

sumption of the Heating, Ventilation, and Air Conditioning (HVAC)

has been assumed to be constant. On the other hand, controlling the

HVAC (automotive climate control) is mostly done using switching

On/Off the system or fuzzy-based methodologies implemented on

Proportional-Integral-Derivative (PID) controllers [8][9][10]. These

methodologies typically try to stabilize the temperature and humidity

inside the cabin within the comfort zone [11] without considering the

battery lifetime. Therefore, the HVAC and the BMS have not been

considered together in the optimization process. Recently, research

has been done to analyze the HVAC power consumption influence

on the driving range [12]. The HVAC in an EV may consume upto

6KW and reduce thedriving rangeupto 50% depending on theoutside

weather conditions [13]. Hence, the HVAC power consumption is a

significant factor affecting the driving range and battery lifetime, and

may be controlled more easily as opposed to the electrical motor.

In summary, the above-mentioned state-of-the-art methodologies suf-

fer from the following three major limitations:

1) The HVAC control has not been considered together with the

BMS for optimizing the driving range and/or battery lifetime.

2) They have all considered HVAC power consumption as a constant

for modeling and estimation.

3) The effect of the HVAC power consumption on the battery

lifetime has not been accounted.

Fig. 1. Percentages of Three Types of Power Consumption in EV [14] and
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A. Motivational Case Study on HVAC Load Analysis

According to existing data, we have analyzed the power con-

sumption in an EV (Tesla Motor S 60KWh [14]) and an Internal

Combustion Engine (ICE) vehicle (Toyota Corolla [15]) when the

HVAC is powered on, for different ambient temperatures (Fig. 1).

Although the electrical motor efficiency in EVs and engine efficiency

in ICE vehicles change for different ambient temperatures, their

consumption is almost similar for different temperatures. Also, the

accessories (e.g. entertainment system) in EVs and ICE vehicles

consume the same small amount for different ambient temperatures.

However, the HVAC consumption demonstrates different behavior for

EVs and ICE vehicles. In lower temperatures, the HVAC in ICE

vehicles uses the heat generated from the engine to warm up the

cabin, resulting in almost no fuel consumption except for the fan.

While, in higher temperatures, the HVAC has to consume power/fuel

to cool down the air. On the other hand, in EVs, since almost no heat

is generated from the electrical motor, the HVAC has to consume

power in both cases to warm up or cool down the cabin. Moreover

the percentage, the HVAC contributes to the total power consumption

in EVs(upto 20%), ismoresignificant than in ICE vehicles (upto 9%).
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cooling is requested

V1 is a Three Way valve.

CV1, CV2, CV3 are one way 

ON/OFF valves. 

TXV1, TXV2 and TXV3 are the 

expansion valves. 

Refrigerant Loop

Coolant Loop   
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Direct Heat Pump Layout
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Cabin Heating

V1 is a Three Way valve.

CV1, CV2, CV3 are one way 

ON/OFF valves. 

TXV1, TXV2 and TXV3 are the 

expansion valves. 

Refrigerant Loop

Coolant Loop   
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Direct Heat Pump Layout

OUTDOOR HEAT EXCHANGER (OHX)

PTC

PTC

POWERTRAIN RADIATOR

BATTERY

POWERTRAIN

CHILLERBATTERY PUMP

COMPRESSOR

CV1

CV2

POWERTRAIN

PUMP

V1

TXV2

TXV1

TXV3

Powertrain Recovery Heat

V1 is a Three Way valve.

CV1, CV2, CV3 are one way 

ON/OFF valves. 

TXV1, TXV2 and TXV3 are the 

expansion valves. 

Refrigerant Loop

Coolant Loop   
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System Overviews 

• 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)

• 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)

Propane 

Thermal Expansion Valve (TXV):

A simplified model based on

superheat at the inlet of the

compressor was used.

Volumetric Compressor

Isentropic Efficiency Map Volumetric Efficiency Map

Heat Exchangers
• Physical model with 1D discretization 

along fluid flow

• Calibrated and validated with 

experimental data

Evaporator

Condenser
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Heat Pump Modelling: Cabin System 

Cabin template combined 

with literature data  was used 

to model the thermal comfort. 

From GT-Suite Library 

liquid-air heat exchangers 

was used for the cabin side.
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Heat Pump Modelling: Battery 

Thevenin Equivalent Circuit Model

Thermal lumped masses to obtain 

a discretization within the pack
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Heat Pump Modelling 

Powertrain

Performance maps
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Heat Pump Modelling 
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Direct Heat Pump Modelling

• Evaporator

• Condenser

Outdoor Heat 

Exchanger

condenser

evaporator
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Direct Heat Pump Modelling: TXV
Thermal Expansion Valve (TXV)

• Sub Cooling → Cabin Heating 

• Super Heat → Cabin and Battery Cooling 
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Experimental Data 

18

21.2

21.2 21.2

21.2

21.2

241

21

21.2

45

17

21.230

42

32

321

21.2

21.2

15

All quantities are ideally desired 

to be known:

• Mass flow rates

• Pressure

• Temperatures 

• Cell Temperatures in the 

Battery Module

“You can't always have what you want”

22
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Experimental Data 

“You can't always have what you want”

21.2

21.2

21.2

21.2

21.2

21.2

21.2

21.2

21.2

21.2

All quantities are ideally desired 

to be known:

• Mass flow rates

• Pressure 

• Temperatures 

• Cell Temperatures in the 

Battery Module

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

Control 

constrains

• Propane high temperature

• Propane high pressure line

Energetic

quantities

• Compressor Power

• Cabin temperature    

• Battery Temperature
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CRU under Hot Environment 
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CRU under Hot Environment 

P
re

s
s
u

re
 [
b

a
r]

V
e

h
ic

le
 S

p
e

e
d

 [
k
m

/h
]

T
e

m
p
e

ra
tu

re
 [
°C

]

V
e

h
ic

le
 S

p
e

e
d

 [
k
m

/h
]

Condenser InletCondenser Out

Evaporator Out

5 bar

20 °C



AFANASIE VINOGRADOV

A Digital Twin to support the development of Advanced Thermal management Solution for Battery Electric Vehicles June 18, 2024 30

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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• Cabin temperature after 1000 seconds deviate 

from experimental data, possible explanation:

• Cabin Blower actuation 

• Battery temperature is underestimated during 

cold operation → Underestimate of battery losses 

at low temperatures.

2°C5°C
Max error 2°C
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Direct Heat Pump 

Higher complexity and effort:

• Refrigerant loop has a higher number of paths

• Three thermal expansion valve to be controlled 

according the different requests.

• Fewer experimental data points compared to 

the previous case.

In this context, the focus was kept once again on 

some relevant physical quantities.

Control 

constrains
• R123yf temperature

• R123yf pressure 

Energetic

quantities

• Compressor Power

• Cabin temperature    

• Battery Temperature
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Direct Heat Pump 

Environment 35 °C

R1234yf Temperature

R1234yf Discharge Pressure

Compressor Power Consumption
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Direct Heat Pump 

Environment 35 °C
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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.

40

Conclusion

Model Development
• Layout investigation and troubleshooting

• Components modelling

• Refrigerant exploration (CO2) 

• Investigation on battery management 

strategies: precondition/fast charging.

Control Development
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