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The DLR Institute of Vehicle Concepts
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The Institute's fields of endeavour address the development of future
technology systems for sustainable, safe and affordable generations of
vehicles on road and ralil
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Motivation

The ,Next Generation Car (NGC)* Project

 Road research project within German Aerospace Center (DLR)
 Bundling DLR activities in the automotive field

¢ TeChnOIOQy Vehicle Concepts
demonstration in
structured 6 working o A% Vehicle Struoture
fields e
_ g
» Assignment of the
technologies to 3 NGC
vehicle concepts
— Safe nght Regiona| 2025 Thermal Management

Vehicle 1
— Urban Modular Vehicle Drive Train

— Interurban Vehicle ﬁ%
. .‘\
Joint usage of research o

hardware and test
infrastructure
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Methodology for the development of thermal management

concepts based on thermochemical heat storages

Complete ig |
vehicle
Integration
Integration
concepts

Thermochemical ‘
heat storages

Reference vehicle | :
and
operating co.nditions
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Methods and tools provided by the DLR Institute of Vehicle

Concepts for the overall system design

* Experimental analysis
— Real prototypes (test benches and
demonstration vehicles )

 Numerical methods

— Digital prototypes (1D and 3D
Simulation models)

HAT Heat Exchanger
> LT Heat Exchanger

= Condensor —

Cooling Fan

N

Battery

Power
Electronics

PTC

=  Compressor <=

Heating and air-conditioning of
the passenger compartment

Measurement data

A
v

Simulation results
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Methodology for the development of thermal management

Overall vehicle simulation model

e The overall vehicle simulation model
uses

— Modelica Standard Library
— AlternativeVehicles Library

Alternativeve hi

Cles FuskalabickmtCokgtros
n 1.0.

o

Modelica Library
yarbuted S
BAUSCH- GALL o

 The overall vehicle simulation model
consists of
— The powertrain E
— Coolant circuits !
— HVAC
— Cabin

— Control system

controlBus

 The model can extended to any ==/~
vehicle architecture Yoo w | g
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Reference Vehicle

The High-temperature Fuel Cell Vehicle (HT-PEFC-REX)

DLR's fuel cell demonstration vehicle, based on the battery electric
vehicle Smart Fortwo electric drive manufactured by Daimler AG

Maximum vehicle weight 1150 kg (2535 Ib)

Max. power 55 kW (73 hp)
Max. torque 130 Nm (95 ft Ib)
Battery type Lithium-ion battery
Battery capacity 17.6 kWh

Battery weight 174 kg (383 Ib)
Fuel cell type HT PEFC
Maximum electrical power 6 kW (8 hp)
Maximum current 130 A

Fuel cell total mass 68 kg (150 Ib)

H, tank storage capacity 0.9 kg (2 Ib)
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Reference Vehicle

Thermal management system of the HT-PEFC-REX

 Two systems are available

— Cooling and heating system [ vaporator =] "
for the powertrain m B =)
components o M l Eb Refrigerant circuit  c,moressor m

» Battery coolant circuit BamimN AN Q
with coolant temperature o Pressurew
<40 C (104" F) HT coolant circuit t’aiE

« EM und LE coolant circuit —— 5
with coolant temperature PUQP &pm e T
<100° C(212° F) B4

» Fuel cell coolant circuit
with coolant temperature ' T [chiter |
<180° C (356° F)

— Heating, Ventilation and Air- Battery > pump ;ﬂ"’
conditioning system (HVAC) S N/

for the cabin
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Reference vehicle

Comparison between measurements and simulations

Boundary conditions used for the validation of the simulation models for
the powertrain and low temperature coolant circuit

— Drive cycle : NEDC

O 40 1040
— Ambient temperature: 25° C ~ Coolant temperature (PE exit) ~
o P T
o B . »
(77° F) 2 S0 g S
e 5 )
— Humldlty. 50 % 8_20 ----- Experiment data 68 &
= 200 P ' 124~ & | —simulation result S
= —Simulation result s 2 32 2
£ o : = o0 200 400 600 800 1000 =
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< A = Time (s)
> 100 62 > —~
£ va £ 040 1041
= = Py Coolant temperature (EM exit o
> 5 =
i % 200 400 600 800 1000 0 % S —— 86 %
S 50 ——— : 672 o : 5
X —Simulation result = Q Sl Experiment data 68 &
s Experiment data M g g —Simulation result 7‘ 32 qE)
z o‘#nﬁ*;,;ﬁﬁﬁ%% o & F o 200 400/ 600 800 1000 =
o ’{ = Time (s)
(0]
q.) - -
2. / &< The average absolute deviation values
50 67
=70 200 / 400 600 800 1000 =

Time (s ) 1,0Kat-10° C (14 ° F) Ambient Temp,
The average absolute deviation values 0,6 Kat 25° C (77 ° F) and
30 W (0.040 hp) 20Kat 35° C(95° F)
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Thermochemical heat storage

The principle of the reversible gas/solid-reactions

Discharging of the heat storage tank

exothermic
replaces a heater

A+ B — AB) + AH

\ -

Ag = =

: e
= Gas
o tank
- Heat

7 storage

L

S

(7))

S

O

v

Solid temperature (1/T)

Source: eberspaecher.com
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Thermochemical heat storage

The principle of the reversible gas/solid-reactions

Charging of the heat storage tank

endothermic replaces a cooler

A + B «AB() +AH

AB| ™

2 =

é Gas
< sink
- Heat

(7))

%) storage

L

Q

(7))

S
)

v

Solid temperature (1/T)

Wit vira=EEEECLEINES

S Source: The Cedar Workshop
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Integration concepts of the thermochemical heat storages (TCS)

The suggested concepts:
« Substitution of the HT-PEFC fuel cell pre-conditioning system
(Concept No. 1)

e Substitution of the HT-PEFC fuel cell and battery pre-conditioning systems
(Concept No. 2)

« Support of the continuous air-conditioning system (Concept No. 3)

Main function Component Temperature range
1 Preheating and N 150° C—-180° C
cooling A (302° F-356° F)
2 Preheating and \ : 150° C-180° C
cooling st (302° F-356° F)
5° C-40° C
(41° F-104° F)
3 Continuous 22° C-28° C
air-conditioning (71° F-82° F)
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Integration concepts of the thermochemical heat storages (TCS)

Substitution of the fuel cell pre-conditioning system

« Concept No. 1.
Integration into the HT coolant circuit

Cabin

imvg . . Evaporator air
« Function ”_ﬂ . sy Refrigerant circuit - @
— Fuel cell preheating M 2|0 Compressor . i
— Fuel cell cooling AN O Q
— Cabin preheating 8 HzPressure(;)
HT coolant circuit tf”k bt g
 Thermochemical system o - Hea%t =
— Typ: a high temperature metal i TN
hydride (LaNi, -sAl, »)
— Loading pressure: 35 bar | [Chiltr] |
( 507 psi)
— Unloading pressure: 5 bar SG-{PE_|y P prc Pume X
(72 psi) N
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Integration concepts of the thermochemical heat storages (TCS)

Substitution of the fuel cell and battery pre-conditioning systems

Concept No. 2:

Integration into the HT coolant circuit

and

Integration into the LT coolant circuit
Function

— Fuel cell preheating/cooling

— Cabin preheating

— Battery preheating/precooling

Thermochemical system

— Typ: a HT metal hydride
(LaNi, -5Al, »5) and LT metal
hydride (LmNi, ¢;SNg 15)

..:/ Evaporator
™y
5(0 o
= A Refrigerant circuit -
1 Compressor
N A g
<
H2 Pressure( )
. ., tank
HT coolant circuit |

Fuel cell

Pump

Heat storage
tank

K2

[MEH:[]

Heat storage tank
(MeH,)

Pump

7

N\

— Loading pressure: 35 bar (507 psi) for MeH, and 5 bar (72 psi) for MeH,
— Unloading pressure: 5 bar (72 psi) for the HT- TCS and 1.5 bar (21 psi) for

the NT-TCS

M=

Cabin
air

&

PTC

SAE INTERNATIONAL

20



Integration concepts of the thermochemical heat storages (TCS)

Support of the air-conditioning system

e Concept No. 3:
Integration into the cabin
and LT coolant circuit

* Function

AT Hex | |

L/
0
b
N

Refrigerant circuit compressor
N

Cabin Hex Cabin

Evaporator
el
L1111
L1
L

— Continous cabin heating

— Continous cabin cooling

— battery heating and cooling
— LE and EM cooling

 Thermochemical system
— Typ: 2 low temperature metal
hydrides
(T0.99Zr0.01V0.43F€0.09Cr0.0sMN; 5)

= Q

Oals T
‘ - pch " e o

— Loading pressure: 50-80 bar (725-1160 psi )
— Unloading pressure: 1.5-5 bar (21-72 psi)

Fuel cell
HT coolant2Pressure| | e e
. . tank S {';; __________________
circuit
MeH, $
= |
Pump
B N P ——
%
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Overall vehicle simulation

Discharging and Charging of the heat storage systems in NEDC

: Discharging Disch . ::
e Concept 1 (Typey=-20° C/-4°F) 4 e Bt b R
g 2{,\,‘\ ..... Db T é
40 % of the HT-PEFC-REX waste Ez — ' el Cabin heater 18 §
o 1 C:h H :' Unused FC waste heat| |='- lo
heat can be stored for the «LT | Chaing i vl
. 7Y SRSt TTTTIISTIISISETSSSSSSISITISTC. 0 FC heat loss used .56
p re h € atl n g % 50 100 1 ;o ::; comm heat nzgso s
Time ( min)
3 T 2.8
| Discharging
e Concept 2 (Typen= -20° C/-4° F) 2 19
-1 5 i 09 7
40 % of the HT-PEFC-REX waste £ | 2
heat and 50 % of the EMand LE ¢ | A= : | 00k
waste heat can be stored for the N  Charging R
pre heatl ng '36 5:10 150 - 1-;0‘ ;;}]Electric mota;rsa 28
8 , '! ; ! .' 7S
e« Concept 3 (Tymen= 40° C/104° F)
MeH cooling energy corresponds 2 S E—— 1 A - l;aé
to 20 % of the HT-PEFC-REX I 4 ;
waste heat A e ettt pover
---MeH, thermal power : !
Y4 76 78 80 82 8 8
Time ( min )
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Overall vehicle simulation

Assessment and comparison of the integration concepts

— The Reference case is the NEDC cycle with the conditioning system switched on
— The NEDC cycle is repeated several times in sequence until the battery SOC and H,
tank are depleted

80
0) - - —_
e Atleast 20 % of the HT-PEFC L & 0 s Concept No. 1
REX waste heat can be =28 40 Concept No.2
=
recovered by the 28 4 Concept No.3
thermochemical systems “Te

 The increase in mass caused by
the metal hydride systems does
not exceed 8 %

mConcept No. 1
m Concept No.2
Concept No.3

« Arangeincrease by upto 17 %
In comparison to the HT-PEFC-
REX vehicle is possible

N

Weight increase [%)]
© Co N A O 0o

[EEN

mConcept No. 1
Concept No.2
Concept No.3

[%]
|

B~
I I

Range Extension
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Summary

Integration

_ concepts
Thermochemical

heat storages

Complete
vehicle
Integration |z T/
= [Cimseisr g
R ] -

Reference vehicle
and
operating co.nditions

The thermal management system is
measured and modelled

A range increase by up
to 17 % is possible

3 Integration concepts
are developed

b7 The reaction system is selected
e and a simulation model is created
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Thanks for your attention!

Questions?

# Deutsches Zentrum
DLR flr Luft- und Raumfahrt

German Aerospace Center

Mounir Nasri
Institute of Vehicle Concepts
Mounir.Nasri@dlr.de
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