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Subject Introduction ﬂ(l'l'
System, Stack and Cell Level of PEMFCs in mobile Applications

Karlsruhe Institute of Technology

Stack Level

Fuel cell stack
Sealing concept
Compression concept
Insulation
Current collector
Media modules

Cell Level

Fuel cell

. Bipolar plates

. Polymer
membrane
Subgasket
Gas diffusion

layer

Power electronics

. Voltage converter

. Battery system
. Control and

regulation technology
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Subject Introduction
Driving cycles, load profiles and system interactions in FCEV

Environment/ weather &
road situations

Driving distance/ long vs.
short

Sytem startup/ start of the

driving cycle

System shut down / end of

the driving cyde

Variabl e gas flow rates

No fuel flow rates

Overtaking maneuver/
ascent

Increasing pow er demand

Run ning system with out
pow er outpu t/ descent

Decreasing power demand

Dyn amicd riving situation/
usu ally city miles

Dyn amicp owerd emand
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Long distance/ usually
highway miles

Con stant pow er demand

High gas flow rates

Lowgas flow raes [5]

Variable gasflowrates

Constant gasflowrates

Variabl e H,0 pro duction

Low H,0 produdion [3]

HighH,0 production [1]

HighH,0 (I) production [1]

Variable H,0 production [3]

Con stant H,0 pro duction

Variabl e thermal output

Noth ermal outp ut

Highth ermal outp ut [1]

Lowther mal output

Variable thermal output [3]

Inconsistent gas supply

Severe gas crosso ver[3]

High cathode potential [3]

Gasstarvation

Severe gas crossover

Gasstarvation [3]

Highowerall cell w ltage [1]

Con stant thermal output

Optimalload profile [1]

Stack level

System level

Cell level |
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Subject Introduction ﬂ(l'l'
Driving cycles, load profiles and system interactions in FCEV

Karlsruhe Institute of Technology

Variabl e gas flow rates No fuel flow rates High gas flow rates Lowgas flow rates [5] Variable gasflowrates Constant gasflowrates
Variabl e H,0 pro duction Low H,0 production [3] HighH,0 production [1] HighH,0 (I) production [1] Variable H,0 production [3] Constant H,0 production
Variabl e thermal output No th ermal outp ut Highthermal outp ut [1] Lowther mal output Variable thermal output [3] Con stant thermal output
Inconsistent gas supply Severe gas crosso ver[3] Gasstarvation Severe gas Crosso ver Gasstarvation [3] Consistent gas supply
High cathode potential [3] Highowerall cell w ltage [1] Optimalload profile [1]
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Subject Introduction

Driving cycles, load profiles and system interactions in FCEV
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Driving cycles, load profiles and system
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interactions in FCEV

Position ing and dislocation

Dependent ontemperature

Stack breathing

Force distribution

Fluid distrib ution

Connectioninterface stack/ system lewel

Internal conductivity

Bridging el ectron flow with ext system

Hyd rogen tank and choke valve

An ode recirculationand purge valve

Air compression

Air pu rification

Coo lant supply and heat exchanger

Air hu midifier

Voltage converterand battery system

Controland regulatio n unit

Certain frequencies and Ocaurs atlow current

amplitudes have an effect
on watertransportand can
cause flooding [8] (decrease
in current density )

Causesshearstresses
between BP, GDL and MEA
and leads to MEA thin ning
[9] (increase in hydrogen
crosso\er rate)

Increased membrane
resistance and d ecreased
proton co nductivity [6, 7]
(reducing owerallefficieny)

Membrane thinning [4]

Formation of pin holes in
membrane [4] (enhance
membrane degradation)

Found a high current
densities, where more water
is created anda higher
eloctro-os mosis flux ocaurs
[1] (lo cal gas starvation)

(increment of gas crossover )

densities, where fuelflow
ratesare insuffiden tto
prevent the accumulation of
liquid water [5] (lo cal gas
starvation)

Insufficient hydrogen supply
leads to aw ltage drop due
toimbalanced electo-
chemicl reactions [10]

Causesthe anode to
undergo undesirable
oxidation reactions [3, 11]
(results in carbon corro sio n)

Lowers output woltage due
toabruptdecreaseof
catho de potential [3]
(overall air stanation can
lead to ceell reversal)

Due to high potential
difference, hydrogencan
diffuse to cathode side and
react directly with o xygen
[3] (caussing the formation of
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Certain frequencies and
amplitudes hawe an effect
on watertransportand can
cause flooding [8] (decrease
in current density )

Causesshearstresses
between BP, GDL and MEA
and leads to MEA thin ning
[9] (in crease in hydro gen
crosso\er rate)

Resu lts from improper
hydrogen fuel or ar
oo ntami nation

CO, CO;,, NHs, H,S, SO; can
lead todegradation [2]

Subject Introduction
Driving cycles, load profiles and system interactions in FCEV

Increased membrane
resistance and d ecreased
proton co nductivity [6, 7]
(reducing owerallefficieny)

Membrane thinning [4]
(increment of gas crossover )

Formation of pin holes in
membrane [4] (enhance
membrane degradation)

lce formation leads to
expansionand mechanical
stress

25.06.2024

Found a high current
densities, where more water
is created anda higher

elo ctro-os mosis flux occu rs
[1] (lo cal gas starvation)

Pressure plays a pivotal role,
influend ng el ectrochemicd
reactionrates, cell wltage,
gasdiffusion, water
management, membrane
hydration and mech anicd
stress.

Occaurs atlow current
densities, where fuelflow
ratesare insuffidentto
prevent the accumulation of
liquid water [5] (lo cal gas
starvation)

Temperature exerts a
significant in fluence on the
water b dance andthe
diffusion rates of H, and O,.

Insufficient hydrogen supply
leads to awoltage drop due
toimbalanced electo-
chemical reactions [10]

Causesthe anode to
undergo undesirable
oxidation reactions [3, 11]
(results in carbon corro sio n)
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Lowers output woltage due
to abrupt decrease of
ctho de potential [3]
(overall air stanvatio ncan
lead to ceell reversal)

Due to high potential
difference, hydrogencan
diffus e to cathode side and
react directly with oxygen
[3] (causing the formation of
hot spots)
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Subject Introduction ﬂ(IT

Research areas of PEMFCs for mobile applications
- Research objectives — state of research
® Performance improvement ® Extension of service life ® Reduction of costs
.
® Material research [1-24 ® System integration and ® Operating strategies and
optimization [26-43] management [51-62]
J

- Research gap: Research tends to focus on one of these areas

® Holistic view often falls by the wayside
@ Interactions between balance of plant components are often not considered

@ No consistent external framework

- Research requirements:

A validation environment is required that emulates all balance-of-plant components relevant to the operation of the
PEMFC, allowing the analysis of a complete PEMFC system with all its subsystems.

® Long-term value
®  Analysis of interactions between subsystems and their impact on the system-in-development

@ Research focus across subsystems and levels )
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PEMFC System Evaluation

Validation environment ﬂ(IT
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Base

ng;%?é 71;96'2627& Research Research Research
e requirement A requirement B requirement C
priorities
\ 4
Addition and e . . e . . e . .
extension of Validation configuration Validation configuration Validation configuration
the base A B C
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PEMFC System Evaluation

Model of the architecture of the base validation configuration — IPEK XilL ﬂ(IT
System in Development

physical

Karlsruhe Institute of Technology
Connected Systems
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1 Battery Driver Environment
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PEMFC System Evaluation
Validation configuration

® Validation configuration A

® Emulating thermal management of a complete fuel cell stack =2 virtual
System in Development

® PEMFC Stack through heating elements as “Koppelsystems”

® Interactions of thermal distribution between neighboring cells and
their impact on thermal management as physical connected system

heating plates '

bipolar plates

MEA

Temperature (K)

41 347 353
| e

3
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virtual

PEMFC System Evaluation
Model of the architecture of the validation configuration A — IPEK XiL

System in Development

Connected Systems
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