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PEMFC Applications

Classification of PEMFC applications according to t he type of fuel and oxidant used
in a PEMFC stack

Fuel & Oxidant

Residential Commercial
Power Power

Unmanned Underwater Unmanned Aerial

Vehicle (UUV) Vehicle (UAV) Submarine
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Power Requirements
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Development Target

Development of a high-power PEM fuel cell stack for

Requirements
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Application

the AIP system

High Power (100kW ~)

Pressurized Stack

High Power Density

Pure Hydrogen & Oxygen

Low Emission of
Residual Gases

Dead-End Design
(Cascaded Structure)

Small System Volume

Compact Stack Design

Fast Startup

Highly Durable Parts
(MEA, BP, and Gasket)

Durability

Metallic Bipolar-Plate

Resistance to Shock

Modular Structure
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Development Scope

Design and fabrication of a PEMFC stack and develop

(MEA & BP)

ments of stack components

Stack Design

15 Stage

2" Stage

Bipolar-Plate &
Gasket
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Cell Stack

Stack Fabrication

Membrane Electrode
Assembly
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Cell Stack Design — Design Concept

Designed to minimize the emissions of residual hydro

Single Stage Cell Stack

gen and oxygen gases
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Cell Stack Design — Detail Design

Flow-field designs and stack structures were optimi zed using CFD and
computational structural analysis, respectively

Stack Structure Optimization

Flow-Field Optimization
(Computational Structural Analysis)

(CFD Simulations)

« Stack Structure Design

* Simulated vs. Measured
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Cell Stack Design — 3D Drawing

A cascade-type stack was designed where several fue | cell stacks are connected in
series in a single framework

3D Drawing of the Stack Assembly Drawing
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Highly durable MEA in terms of mechanical and chemi cal strengths was developed

Membrane Screening 7

Catalyst Screening

o Single Cell Test
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Component Developments — MEA (2/3)

GDL Screening Membrane Screening

Voltage(V)

0 500 1000 1500 2000 2500-
Current density{ma/scm™)
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Component Developments — MEA (3/3)

MEA Durability Test Test Condition

0.90 e Constant Current at 450 mA/cm 2

» Weekly Startup & Shutdown

WM « Stoichiometry: 1.25 (anode) / 1.25 (cathode)

0.80 » Humidification: 100%RH (anode & cathode)

0.85

< y = -1.28E-06x + 8.32E-01
T * Cell Temperature: 65
g 0.75
> Voltage Degradation Ratei= 1.28 ni/hr » Pressures: 2 ~ 2.5 bar (abs)

0.70

0.65 Test Result

* Test Period: > 14,000 hr
060 « Voltage Degradation Rate: 1.28 n¥ / hr
0 2000 4000 6000 8000 10000 12000 14000 16000

Time(hr)
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Component Developments —  Bipolar-Plate

Metallic bipolar-plate was developed and gold wasu  sed as coating material

Bipolar-Plate Durability Test

Single Cell Test
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Component Developments —  Gasket (1/2)

Gasket integrated with a bipolar-plate was designed

molding technology

Gasket

/

Sealing Test Results

and manufactured by injection
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Component Developments —  Gasket (2/2)

Sealing performance of the gasket was excellent aft

of the pressure swing

Sealing Test Apparatus

Pressure Swing

er finishing 2.5 million cycles

* The pressure inside the gasket had been
cyclically changed between 1.0 bar and
1.5 bar.

* The pressure swing continued to reach

2.5 million cycles

* After finishing the pressure swing,
sealing test was performed

Sealing test results after 2.5 million pressure swi ngs
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Cell Stack Fabrications

Starting from a short stack, a 100 kW- class PEM fue
which implements the cascade design concept

Scale-ur

Short Stack(10kW-class)

Scale-up

| cell stack was fabricated,

Full Stack(100kW-class)

Short Stack(50kW-class)
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Performance Evaluations (1/2)

The performance of the cell stack consisting of fou

Average Cell Voltage (V)
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Performance Evaluations (2/2)

Load Following Performance
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A cell stack was designed to meet the following des ign specifications:

Low emission of residual gases
High power output and power density
High durability

Bipolar-plate and membrane electrode assembly (MEA) were developed for the
stack design used in this study.

The bipolar -plate and MEA showed good performance in terms oft  he durability

To verify the cell stack design, a cell stack consi sting of four groups of cells in
series was fabricated by implementing the cascaded design structure and by using
the developed metallic bipolar-plate and MEAs.

A 100 kW-class cell stack showed excellent performa  nce at the static and dynamic
operation conditions
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