
AVL Virtual 
Fuel Cell  
Development 
COMPONENTS AND  
SYSTEMS

The AVL eSUITE™ offers flexible, 
fully integrated simulation solutions 
for electrified powertrains and  
systems. One element of the  
AVL eSUITE™ is the scalable PEM 
fuel cell simulation solution, which  
is based on more than 20 years  
of AVL experience in this area. 

AVL supports the development  
and optimization of PEM fuel cells 
on both, cell/stack component and 
system levels, while enabling their 
virtual integration into the vehicle 
powertrain. The solution covers 
both, multi-physics 3D CFD and  
system level modelling and  
simulation.

Adopting consistent modelling 
approaches for the simulation of 
the cell/stack internal physical and 
electrochemical processes, models 
and simulation related data can 
be transferred seamlessly between 
component and system levels.

The open architecture and data 
exchange capabilities support PEM 
fuel cell development as well as 
FCEV integration tasks during all 
development phases. This ranges 
from concept design via detailed 
component development to com-
ponent and system integration.
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FCEV POWERTRAIN  
CONCEPT

During the early concept phase, 
AVL’s scalable simulation solution 
supports the overall powertrain 
architecture layout as well 
as the dimensioning of the 
major components and sub 
systems of the FCEV hybrid 
powertrain system. 

It helps defining the overall FCEV 
control strategy as well as the 
requirement specifications for the 
subsequent detailed component 
and system development phase.

CELL PERFORMANCE

The detailed physical and chemical 
models offer dedicated simulation 
capabilities to support the analysis 
and optimization of complex  
processes on cell and stack levels. 

Specifically, the multi-physics 
simulation approach enables the 
investigation and optimization of  
chemical species transport and  
conversion processes that govern 
cell/stack performance and  
degradation characteristics.

VIRTUAL FCEV  
INTEGRATION

Virtual FCEV integration of PEM  
fuel cell systems already in the  
development phase enables the 
early assessment of potential cross 

MEA COMPONENT  
SELECTION

Performance and durability  
of PEM fuel cells largely  
depend on the ideal  
matching of the bipolar  
plate flow field design and the 
membrane electrode assembly  
component properties. 

Multi-physics 3D CFD simulation 
provides detailed insights into  
the interplay of channel geometry,  
reactants transport across the 
gas-diffusion-layer (GDL) and the 

DYNAMIC SYSTEM  
OPERATION

The control strategy for ensuring 
proper load pick up characteristics,  
high system dynamics under transient  
operating conditions and smooth 
system behavior during start up and 
shut down can be pre-optimized in 
the office prior to the availability of 
hardware components.

BOP COMPONENT  
SELECTION

Technology and sizing of the  
Balance-of-Plant (BoP) components 
is decisive for achieving highest  
efficiency and longest possible  
lifetime of PEM fuel cell systems. 

The virtual assessment of the impact 
of BoP component characteristics 
on the PEM fuel cell system perfor-
mance under all relevant operating 
conditions is done by adopting fast 
system level simulation. This supports 
the proper technology selection and 
component dimensioning.

Fast system simulation of Fuel Cell 
Electric Vehicle (FCEV) powertrain 
concept and virtual integration, 
BoP component selection, thermal 
management and dynamic PEMFC 
system operation.

Multi-physics 3D CFD for PEMFC 
performance optimization and  
assessment of degradation phe-
nomena, MEA component selection 
and liquid water transport analysis.

THERMAL  
MANAGEMENT

An efficient and safe operation of 
stacks under all operating conditions 
requires dynamic temperature  
conditioning and overall system  
thermal management. 

System level simulation enables virtual 
cooling, system layout, selection and 
sizing of cooling system components, 
heat exchanger and radiator elements.  
Multi-physics 3D CFD modelling  
supports the detailed design of the 
cell/stack related cooling channels 
and flow paths.

conversion processes at the catalyst- 
layer (CL). This supports the flow 
field design to properly interact with 
the membrane, CL and GDL material 
characteristics. 

approach provides detailed insights 
into the governing processes at an 
unprecedented degree of model-
ling fidelity.

LIQUID WATER  
TRANSPORT

Water accumulation in the GDL and 
the media supply channels can result 
in severe performance loss and 
even cell damage by blocking the 
gas transport across certain areas in 
the cell and MEA components.

CFD simulation of liquid water 
formation and its transport across 
the GDL towards the gas channels 
based on AVL’s unique multi-phase 

influences of the adopted compo-
nent and sub-system technologies. 

This supports engineering teams  
in balancing energy efficiency, hydro-
gen consumption and driving attri-
butes like performance and range. 
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FIND OUT MORE
www.avl.com/simulation-solution-fuel-cell


