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The Stack as Core Component of a PEFC-System

Characteristic differences in PEFC-
stack requirements are depending on 
the application

Light traction
Compact (high power)
Lightweight
Limited endurance
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Limited endurance
Backup power

Reliable
Low demand on BoP
Limited endurance

Combined heat and power
High efficiency, low parasitic load
High endurance
Limited power



Fuel Cell Stacks

From components to stacks

· Charakterization and 
simulation of fuel cell components

· Visualization of cells and stacks

· Cell- and stack modelling

· Stack development and assembly
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Different Applications Require Different Stacks

100 cm² high power 560 cm² high efficiency 130 cm² low pressure drop
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100 cm² high power 560 cm² high efficiency 130 cm² low pressure drop

100 cm² basic           100 cm 2 improved cooling         200 cm² basic



Design Cycle

Concept Design Model Validation
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Target: Stable Operation under two Phase Conditions  
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Consequences of Inadequate Condensate Removal 
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24 Zell-Stack
A: H 2 ; X 70%; DPT 33°C

C: Luft; X 25%, DPT 45°C
Tstack: 59°C

Mindestgasstrom äquivalent 0,1 A/cm²
Haltezeit 30 min
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- breakdown of c.v. curves at low current densities 
- unstable operation behaviour at humid operation conditions 
- degradation effects due to local fuel starvation



Cell Design (flowfield): Requirements for an Optimi zed Fuel Cell Stack

� high system efficiency

� high stack voltage

� high anodic utilization rates

� low pressure differences

� high dynamics level

�
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� high dynamics level

� good response on temperature switches

� two phase operations (operation with condensate)

� efficient condensate removal

current issue: optimization of condensate removal 

at low pressure differences

�



Simple flow field Design, 
active area: 50 cm2

Objective:
See flow field and optimize water
removal
Not normalized Radiograph:
Flow field and 

Flow Field Design
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removalFlow field and 
first water droplets visible

corrected Radiograph:
Normalization to dry cell
� Water accumulation



Gas flow

Neutron Radiography: Flow Field Design
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Water droplets
Inhomogeneous reactant supply of the electrochemically active area
� Optimization of flow field is required



Water Transport in GDLs
determination of water distribution in the GDL

Influence of hydrophobicity 
on water transport and 
water buffering

Black / grey: Water
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hydrophilic hydrophobic

� Transport properties are
Strongly influenced by
- Structure of the GDL
- hydrophobicity 



Cell Design: GDL Studies (C-V-Curves)

TStack: 48 °C
XAn: 91 %
XKa: 25 %

Air recirculation
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< 0,3 A/cm²: high PTFE content of the GDL 

> 0,4 A/cm²: low PTFE content of the GDL



GDL Studies: C.D.-Impedance Curves

TStack: 48 °C
XAn: 91 %
XKa: 25 %

Kathodenrezyklierung
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significantly increased humidity at high PTFE contents and low current densities,

insufficient removal of product water at high current densities



Fuel Cell Modelling at ZSW
· Modelling of Fuel Cells

· Simulation of fuel cell flowfields and components 
· Analysis of water balance in the fuel cell 
· Investigation of mass transfer phenomena within porous media 
· Analysis of components and assembly groups with CFD and FEM
· Simulation of fuel cell stack 

(media distribution among single cells, temperature distribution,…)

· Modelling of Fuel Cell Systems

· Analysis of system layout

· Sensitivity analysis with respect to component behaviour
· Optimization of operating parameters
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· Optimization of operating parameters
· Studies on layout optimization

· Equipment

· PC-Cluster with 8 CPUs 

· Software

· FLUENT/GAMBIT
· IPSEpro
· MATLAB, Simulink
· Solid Edge (FEMAP simulation tool)
· ICEM CFD 
· FEMLAB 



CFD- calculated PEM-FC

Current density:

400mA/cm²

0.5 mm

0.225 mm

1 mm

103 mm
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Flow direction

0.5 mm

1 mm

Cathode



Modelling Results 
(O2 concentration in cathodic channel, rib width 1 mm)
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Modelling Results 
(O2 concentration in cathodic channel, rib width 1 vs. 2 mm)
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• conclusions :

• rib width 1 mm performs significantly better than 2 mm

• channel depth 0,5 mm leads to maximum O2 concentration at GDL, but:

• intrusion of GDL in channels is not excluded 



Flow Field Design (II): Influence of Channel and Ri b Widths 
on Cell Performance (non-condensing) -Experimental-

Set up of test flow field
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Variation of channel depth (0,6 – 1,0 mm)



Flow Field Design (II): Influence of Channel and Ri b Widths 
on Cell Performance (non-condensing) -Experimental-
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Operating parameters: 3 cell stack
A: H2, u 70%, dry, Dp ~0,04 bar max.
C: air, u 25%, dew point ~45°C, Dp ~0,05 bar max.
Tcell 55°C (cooling water input)
ambient pressure at stack outlet
Igmin = 45A

Influence of channel depth on c.v. and utilization curves
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A: H2 , X 70%, dry

C: air, X var, Tdp= 45°C 
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� low channel depths are preferred for parallel flow field geometries



Optimization Results: Utilization voltage curve (Anod e)
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Operating parameters: 10 cell stack
TStack 60°C
Anode: pure H2, u var, dry 
Cathode: Air, u 30%, DPT = 55°C
I :  0,5 A/cm²



Optimization Results: Utilization voltage curve (Cath ode)
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Operating parameters: 10 cell stack
TStack 60°C
Anode: pure H2, u 70%, DPT 50°C 
Cathode: Air, u var, DPT = 55°C
I :  0,5 A/cm²



Optimization Results

• Method used: Optimization of Parallelisation and Rib/Channel Geometries

Cathodic operation parameters Type 1 Type 2 Type 3

Pressure loss 
(0,5 A/cm², X = 0.25)
[mbar]

200 120 75

Min. gas flow rate 10 15 10
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Min. gas flow rate
[A@X=0.25]
Anode: H2

10 15 10

Min. gas flow rate
[A@X=0.25]
Anode: steam reformate

- (n.a.) 15-20 10-15

Data at 60 °C stack temperature, r.h. = 100 % (both  sides)



Stack Design: Influence of Gas Distribution Channel s on Single Cell Flow Rates
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Exemple:

• 50 cell stack

• 100 cm²active area 

• low Dp flowfield
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Conclusion:

Low low Dp in 
channels 
compared to cell 
pressure drop



100 cm² Design (PEMFC)

· Proven manufacturing of up 
to 90 cells

· Negligible scaling effects

· Operation with hydrogen 
or reformate

· Low pressure drop 0.90
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Operating parameters: 10 cell stack
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· Low pressure drop 
(customized designs 
available) 

· New compact design with 
low pressure difference and 
high min/max load ratio
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Operating parameters: 10 cell stack
TStack 60°C
Anode: pure H2, u 80%, DPT = 50°C
Cathode: Air, u 40%, DPT = 55°C
min gas flow äquivalent 5A



BZ-100 cm² (PEMFC) – Stamping Tools-

Endversion 2007 (gefräste Platten)
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· Tools for hydrogen/reformate and ambient/pressurized operation

· 10-cell-stack qualified 

· � Cost efficient manufacturability in higher quantities

60-cell-stack 10-cell-stack 
(2007, machined BP) (2009/10, stamped BP)



560 cm² Design (PEMFC)

· Proven manufacturing of up to 70 cells

· Negligible scaling effects

· Operation with hydrogen or reformate

· Low pressure drop (customized 
designs available) 
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System Design: Fuel Cell Hybrid System
Brass Board for Education & Training

• 19-cell Stack
- Active area:        130 cm2

- Nominal power:  250 W

• Battery-hybridization
- Lead-acid-battery
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- Lead-acid-battery
- Lithium-Ion battery

• DC/DC-converter to 24 V

• Microcontroller
- Fuel cell system operation
- Battery charging



System Design: e.g. Ulmer Stromschachtel
(Fuel Cell Module)

• PEFC-Stack
- 48 cells
- active area 130 cm2

- Power: 1.2 kWcont
1.8 kWpeak

- Stabilized DCout 24 V
- Water cooled
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- Water cooled
• Pressure

- Fuel: H2 @ 300 mbar
- Air: ambient

• Dimensions: 750 x 250 x 530 mm
• Weight: 31 kg



Georgetown University Bus-Projekt 4/4

Humidifier (gas to gas)

FC-Stack

Air flow control
(set of laval nozzles)

FPS below FC-Stack
(not diplayed here)
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Air-Module

Compressor for 
high pressure air supply

Coolant pump

(set of laval nozzles)



ZSW- 4 kW Fuel Cell System :
(using WS-FloxReformer)
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Optimized Stack for reformate operation (CHP)
-Proven lifetime of more than 14.000 h-
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y = -0,31 µV/h x + 0,9816

y = -3,84 µV/h x + 0,7318

y = -7,21 µV/h x + 0,6965
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degradation OCV with H2/air flow
degradation OCV with H2, without air flow
degradation 0.2 A/cm²
degradation 0.33 A/cm²
degradation 0.46 A/cm²

y = -10,19 µV/h x + 0,6693



Fuel Cell Assembling & Joining Technology

• Study of manufacturing processes

• Robot-based stack assembly

• Sealing technology

• Prefabrication of functional units
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• Prefabrication of functional units
(9-layer MEA)



Fuel Cell Test Centre
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Solar Test Field

Thank you for your attention
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Photovoltaics 
Stuttgart

Solar Test Field
Widderstall

Electrochemical Energy 
Technologies, Ulm



Employment Trends
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Revenue Trends
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References

Supply Industry
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OEM and User



Education and Training Centre for Fuel Cells
WeiterbildungszentrumB rennstoffz elle Ulm (WBZU)

eingetragener, gemeinnütziger Verein

• 7 fuel cell training labs

• Seminar rooms for up to 140 persons

• Seminars, training and information for 
- craftsmen & industry
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- universities & schools
- decision makers & general public


