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• Problem

• Demand of shorter BEV charging time

• Fast Charge (FC)

20 to 80% State of Charge (SOC) in 20min
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Motivation

Irreversible losses of LG21700M50T at SOC=50%

scaled up to battery pack losses

50.4 kW

12.6 kW

FC

XFC

Solution

• External thermal management system to reduce in-vehicle cooling requirements

Irreversible

losses

Reversible

losses

• Problem

• Demand of shorter BEV charging time

• Fast Charge (FC)

20 to 80% State of Charge (SOC) in 20min

• Extreme Fast Charge (XFC) 

10 to 80% State of Charge (SOC) in 10min

→ Increased charging currents

• Increased battery waste heat
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Motivation

CoolEV
Charging power 

up to 500kW

Battery waste

heat losses

up to 40 kW

Decreased vehicle

mass

Decreased cooling

circuit space

Application at

highway rest area

Usage of battery

waste heat

Solution

• External thermal management system to reduce in-vehicle cooling requirements
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Source: Adapted from Hochschule Esslingen, Fakultät Mobilität und Technik 

(MT)‐Professur Fahrzeugkonzeption/Deininger

Heat Exchanger

Coupling Cooling
Refrigeration District Heating

External Thermal Management

External Thermal Management

Conceptualization: Overall Concept
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Vehicle

Cooling Circuit

→ Opticool

External

Cooling Circuit

→ Propylen-Glycol 50:50

External

Refrigeration Circuit

→ R454B

Hydraulic Hose

Pump

Tank

Quick Coupling

Heat Exchanger

Heat Exchanger/

Evaporator

Compressor

Condenser

Expansion Valve

Conceptualization: Overall Concept
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Conceptualization: Design-Process

Vehicle

Cooling Circuit

→ Opticool

External

Cooling Circuit

→ Propylen-Glycol 50:50

External

Refrigeration Circuit

→ R454B

• Inlet temperature oil 𝑇oil,in
• Battery waste heat ሶ𝑄HEX
• Volume flow rate oil ሶ𝑉oil
• Maximum pressure loss Δ𝑝𝑚𝑎𝑥

Define

• Inlet temperature PGL 𝑇PGL,in
• Volume flow rate PGL ሶ𝑉PGL
• Configuration heat exchanger

Heat exchanger

design

Pressure losses

Tank design

• Sizing thermal energy

storage tank 𝑉tank
• Determination

evaporator heat ሶ𝑄Eva

Refrigeration

circuit

• Sizing refrigeration

circuit components

• Pressure losses

components Δ𝑝PGL
• Required pump
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Conclusion

Developed concept

for external thermal 

management

Design process

for external

thermal management

Additional heat

inputs need to be

considered

Influence of

thermal energy

storage tank

on dynamic behavior

1D-simulation-model 

in Amesim

Control system

due to changing ambient

temperatures/vehicles

Vehicle

Cooling Circuit

→ Opticool

External

Cooling Circuit

→ Propylen-Glycol 50:50

External

Refrigeration Circuit

→ R454B

Hydraulic Hose

Pump

Tank

Quick Coupling

Heat Exchanger

Heat Exchanger/

Evaporator

Compressor

Conden-

ser

Expansion Valve

→Feasibility of external thermal management concept has been shown
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