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Motivation and Objective

Motivation
A Need for Investigation of the PEMFC System Performance over Various 
Parameters such as Material Parameters, Design Parameters, and Operating 
Parameters
A Need to Develop a Multi-Purpose Model for the Investigation of PEMFC System 
Based on Theoretical Understanding

Objective
To Develop High Fidelity Simulation Model for the Investigation of PEMFC 
Performance with Excellent Computational Efficiency
To Find the Proper Methodology to Evaluate PEMFC System Performance
To Optimize Operating Conditions of the PEMFC System by the Simulation Model
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Multi-disciplinary Physics of Unit PEMFC
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Electrochemical Reaction Model

Multi-Disciplinary Physics
Of PEMFC

Gas Diffusion Layer with
Catalyst Layer

Heat Transfer Physics
-Conduction and Convection 

Electrochemistry
And Mass Transfer

Molecular Structure 
Of Nafion Membrane

A Comprehensive Model
Capturing Multi-Disciplinary Physics
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Dynamic System Model of PEMFC
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Systematic Analysis of PEMFC Performance

Setup Technical Challenges
Thermal Management
Water Management
System Integration

Optimize Design Parameters
Offers Operating Criteria

Comprehensive MD Model
• Capability: Unit Fuel Cell Performance over 

Various Conditions
• Limitation: Long Computational Time

Transient System Model

Evaluate Control Algorithms
Evaluate Energy Savings

• Capability: Transient Performance Study of Fuel 
Cell System

• Limitation: Lumped Heat Transfer

Unit PEMFC Study
Design Optimization
Intuition to Operating Philosophy

PEMFC System Study
Operating Strategy Optimization
BOP Components Optimization
System Integrations

Information 
Transfer
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Control of Thermal Management System

340

342

344

346

348

350

0 0.5 1 1.5 2

O
pt

im
al

 C
oo

la
nt

 T
em

pe
ra

tu
re

 (K
)

Current Density (A/cm2)

0

500

1000

1500

2000

2500

0 200 400 600 800 1000 1200 1400

Feedback Control
Conventional Control

Fa
n 

Sp
ee

d 
(r

pm
)

Time (sec)

0

1000

2000

3000

4000

0 200 400 600 800 1000 1200 1400

Feedback Control
Conventional Control

Pu
m

p 
Sp

ee
d 

(r
pm

)

Time (sec)

0

0.2

0.4

0.6

0.8

1

1.2

0 200 400 600 800 1000 1200 1400

C
ur

re
nt

 D
en

si
ty

 (A
/c

m
2 )

Time (sec)

Current Density Profile

Coolant Temperature Control

60 % Reduction of Parasitic Loss & 
Improved 2% of System Efficiency by Control Algorithm
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Conclusion

A systematic analysis has been suggested to 
achieve the efficient numerical computation with 
high fidelity. 

A comprehensive multi-dimensional model 
determines the operating criteria of large active 
area unit PEMFC with water cooling system.
A dynamic system model of PEMFC evaluates 
control algorithms for supporting the operating 
criteria.
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On Going Works
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Thank you !!!


