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Conceptual design of expander—compressor unit for fuel cell systems

Jong Min Ahn®, Tae Hun Kwon®, Hyun Jin Kim', Si Won Yang™

ABSTRACT: This paper introduces conceptual design of scroll expander-compressor unit
for fuel cell. Since air discharged out of the fuel cell stack after reaction has still high
pressure energy, some power can be extracted out of it by directing it to pass through an
eXpanding device so that the extracted power can be used to drive an auxiliary compressor.

For this purpose, a scroll type expander coupled to a scroll type compressor was designed:

orbiting scroll of the expander and that of the compressor were made to share three of

common drive pins installed in the mid frame plate, and central cavity in the mid—-plate was

used as a back pressure chamber to provide axial compliance for both orbiting scrolls.
Performance analysis for the expander showed that the shaft power of the expander could
reduce the auxiliary power consumption in the fuel cell by about one third at the scroll

clearance of 10um.

Key words: A=A A (fuel cell), B%7)-%%7](expander—compressor), & &(shaft power)
PEM(polymer electrolyte membrane)
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Table 1 Application area for various fuel cell systems

PEMFC AFC PAFC MCFC SOFC
Typical 1 - -
ypical operating 173 174 1710 1710 1~ 15
pressure range (bar)
Typical i - -
ypical operaling 40790 | 607260 | 1807250| 5507700 800~ 1000
temperature (°C)
‘ TSr a;lcsgort, Transport,
Typical application area pace, Space, Stationary| Stationary| Stationary
Stationary,
Portable
Portable

Table 2 Operating conditions for side of air flow

Points Temperature Pressure Density Flowrate Enthalpy

(0) (MPa) (kg/m®) (L/min) (kJ/kg)

1 15.0 0.101325 1.2252 100 288.38

2 47.96 0.148 1.6056 100 321.48

3 507 60 0.23 2.1994 100 364.79

4 70 0.21 2.1051 89.5 347.70

5 542 0.101325 1.2519 89.5 282.11
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Fig. 1 Application of expander—compressor
unit in fuel cell systems
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Table 3 Change of mole fraction in air
on inlet and outlet of the stack

Air (Mole fraction)

Nz O Ar
Before | og10 | 0.2096 | 0.0092
reaction
After | g7012 | 0.1048 | 0.0092
reaction

Table 4 Main specifications of scroll expander
and compressor unit

Notation Expander Compressor

a (mm) 1.592 2.069

t (mm) 3.0 3.5

a(deg.) 54 48.5

¢.(deg.) 1066 1038

Pq(deg.) 383 496

h (mm) 22 28

r, (mm) 2.0 3.0

Vi (co) 14.53 27.8
V.R 1.683 1.310
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Fig. 2 Expander-compressor assembly
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Fig. 4 P-9 diagram for scroll expander
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efficiency and shaft power
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Fig. 8 Energy saving effect by using
expander—compressor unit
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