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� Many models address a specific component 
or process of the fuel cell

� Most models are designed to operate with 
fixed known and unknown variables

� Most models cannot be exchanged or 
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� Most models cannot be exchanged or 
interfaced because many different modeling 
platforms are used
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� Goals of FuelCellDynamic library
� Modelica/Dymola overview
� Fuel cell and supporting models
� Test scenarios
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� Flexibility

� Selectable levels of fidelity
� Capability to implement alternative fuel cell 

characterizations

� Dynamics
� Appropriate for the time scales of interest (�  50 ms)
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� Appropriate for the time scales of interest (�  50 ms)

� Usability
� Intuitive component boundaries and connections
� Run within a Modelica-based test rig
� Integrate and run within HNEI’s existing Simulink fuel 

cell system and vehicle model
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� Modelica is a modeling language

� Modelica Standard Library is a set of model components
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� Dymola is a modeling environment that uses Modelica
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� Causal
� Connectors contain inputs and/or outputs (unidirectional)
� Useful for controls, transfer functions, etc.

Component
1

Component
2
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� Non-causal
� Connectors contain flows and properties (non-directional)
� Useful for physical models of components and systems

Component
1

Component
2
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� Both equations are legitimate, and they are functionally 

identical:

� Explicit
//Mass balance
cath_outlet.m_flow = -(cath_inlet.m_flow -

oxygen_consumption_FR + water_production_FR);
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� Implicit
//Mass balance
cath_inlet.m_flow + cath_outlet.m_flow -

oxygen_consumption_FR  + water_production_FR = 0;
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� Modelica is object-oriented
� Models are typically built upon lower-level classes to 

fully describe the system
� A wide variety of free, open source model libraries is 

available:
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� Level 1: Fundamental Components

� e.g. media models, control volumes

� Level 2: Fuel Cell Components
� e.g. GDL, membrane, flow channel, ORR, 

HOR
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HOR

� Level 3: 1D Fuel Cell
� Dimensional from anode to cathode 

� Level 4: Quasi 2D Fuel Cell
� Additional dimension along flow channel
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� Two models:

� H2O_O2_N2
� H2O_CO_H2

� Independent of physical components
� Free choice of state variables 

Equations for:
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� Equations for:
� Saturation pressure
� Density
� Enthalpy
� Entropy
� Gibbs free energy
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Flow

Cathode Anode

Flow
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MembraneGDL

Catalyst 
layer

Flow

channel
GDL

Catalyst 
layer

Flow

channel
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Water flow by
electro-osmotic drag

Water content
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Water flow by 
diffusion

Protonic current

Voltage
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Water flow by
electro-osmotic drag

Water content

. . . 

. . . 

. . . 
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Water flow by 
diffusion

Protonic current

Voltage

. . . 

. . . 

. . . 
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Flow

Cathode Anode

Flow
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Flow

channel
Membrane

Catalyst 
layer

GDL
Flow

channel



�����

���!���
��
�%
����
H2O flow

O2 flow

H2O, O2 concentrations
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Electronic current

Voltage
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Flow

Cathode Anode

Flow
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Flow
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H2O, O2 
concentrations

H2O, O2 flows by 
binary diffusion
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Cathode Anode

Flow
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H2O, O2 flows

H2O, O2 flows

H2O, O2 concentrations
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H2O, O2 concentrations

H2O, O2 concentrations

H2O, O2 flows
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Component Characteristic Assumption Options

1D Fuel Cell
Open Circuit 
Voltage

Constant
Thermodynamic

Membrane
Resistance

Constant
Current Density Dependent
Water Content Dependent

Diffusion
Constant
Water Content Dependent

Overpotential
LANL Empirical
Tafel
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Oxygen 
Reduction 
Reaction

Butler-Volmer

Tafel Slope
Constant
Temperature Dependent

Partial O2 
Pressure

Direct
Backing Layer Limited

Gas Diffusion 
Layer

Binary Diffusion 
Coefficient

Constant
Temperature Dependent

Porosity
Constant
Bruggeman Corrected

Flow Channel
Media 
Concentrations

Outlet Concentration
Average Mass Fraction
Average Mole Fraction
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� Current, voltage, temperature, reactant flow rate, reactant 

composition, backpressure, flow direction
� Specified values or via system interaction
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Reactant co-flow
T_cell = 80 °C

Cathode supply:
Air, 1 atm, 80 °C, 
100% RH, 
2 stoich flow
(w/ min. flow of 
180 mA/cm2 equiv. 
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180 mA/cm2 equiv. 
cur. density)

Anode supply: 
1 atm, 80 °C, 
100% RH, 
1.2 stoich flow 
(w/ min. flow of 
180 mA/cm2 equiv. 
cur. density)
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Reactant counter-
flow
T_cell = 80 °C

Cathode supply:
Air, 1 atm, 80 °C, 
100% RH, 
2 stoich flow
(w/ min. flow of 
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(w/ min. flow of 
180 mA/cm2 equiv. 
cur. density)

Anode supply: 
1 atm, 80 °C, 
100% RH, 
1.2 stoich flow 
(w/ min. flow of 
180 mA/cm2 equiv. 
cur. density)
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Counter-flowCo-flow
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300

400  CPU time per interval (ms)
 Allometric1 fit

CPU Time for Simulation Interval

Equation: y = a*x^b
Chi^2/DoF = 2.00205
R^2 =  0.99994
  
a 0.08142 ±0.00831
b 2.85111 ±0.03422

T
im

e 
(m

s)

Number of 
Channel 
Segments

CPU 
Time/ 
Interval 
(ms)

1 0.45

2 2.47

1-May-2007 37Hawaii Natural Energy Institute
www.hnei.hawaii.edu

0 2 4 6 8 10 12 14 16 18 20
0

100

200

Number of Channel Segments

T
im

e 
(m

s)

2 2.47

3 3.84

5 8.54

10 57.40

20 417.00



	
��������
���������

� Goals of FuelCellDynamic library
� Modelica/Dymola overview
� Fuel cell and supporting models
� Test scenarios
� Results

1-May-2007 38Hawaii Natural Energy Institute
www.hnei.hawaii.edu

� Results
� Conclusions



�����������
� Current features & capabilities:

� Flexible w.r.t. model fidelity and assumptions
� Flexible w.r.t. usage scenarios and interfaces
� Additional media components
� Dynamics
� Physical schematic organization
� Shareable object-oriented structure
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� Standard Modelica connectors

� Future plans & possibilities:
� Publish and share library
� Compare results to dynamic tests
� Interface to fuel cell system and vehicle model
� Model liquid water transport
� Model anode poisoning
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� Baseline fuel cell model library has been 

created in Modelica
� Advantages:

� Flexibility
� Dynamics
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� Usability


