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Table 1. The experimental condition

Temperature, degree C 60
Current density, A cm-2 0.05
Anode SR, - 1
Anode RH, % 0
Pressure at anode outlet, kPa(gauge) 0
Cathode SR, - 3.5
Cathode RH, % 30
Pressure at cathode outlet, kPa(gauge) 0
SR4.5
110kPa(abs) 130kPa(abs)
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Fig. 7. Calculation results: the molar fraction change of the nitrogen under constant

pressure supply after dead-ended valve closed. In the figures of calculation results, the

horizontal direction is normalized by the channel length, and the height direction is

stretched 500 times just for showing. The velocity component in channel length

direction is also normalized by the moment maximum velocity at channel inlet.
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component in channel length direction is also normalized by the moment maximum
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75%vol

6%vol

(1)

(2)

(3)

(4) Buttler-Volmer

(5)
A, Chemical reaction constant of chemical reaction “n”
D Diffusion coefficient [m?2 / s]
Ji Molar flux [mol / m?2]
Kim Total gas permeability of the gas diffusion layer and the

membrane electrode assembly [m?2]
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L Half height of channel [m]

Re Reynolds number [-]

Ry Chemical reaction rate of reaction “n”

T Time period of one pressure swing cycle [s]

P Pressure [Pa]

Di Partial pressure of the gas species “i” [Pa]

u Velocity of the fluid [m / sl

Umax Moment maximum velocity of longitudinal direction at the
center of the channel [m /s ]

Wo Womersley number (-]

Yi Molar fraction of the gas species “i” [mol / m3]

Greek symbols
Total porosity of the GDL and MEA (-]
Gas permeability of the gas diffusion layer [m?2]

Coefficient of molecular viscosity [Pa sl

Y Kinetic viscosity of gas [m2/ s]
Density of the fluid [kg / m3]
Angular velocity of oscillating flow [1/s]
Generation term of the gas species “i” [mol / s

FCEV Fuel cell electric vehicle

GDL Gas diffusion layer

HRB Hydrogen recirculation blower

MEA Membrane electrode assembly (including the catalyst layer and
the polymer electrolyte membrane)

PC Pressure constant

PEM Polymer electrolyte membrane

PS Pressure swing

RH Relative humidity

SR Stoichiometric ratio
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Table 1

Wi

Inlet manifold [: Ihm

/ Outlet manifold Cross section
Cell1 ofa mamfold
Cell 2 lh I, B
Cell 3 - ‘ L ‘ Channels —
Cell Ne . Cross sections

A stack of many single cells Header for channels of channels

A single cell picked up from the stack

Fig. 2 Schematics of anode flow field construction: The left shows a sample fuel cell
stack, the middle shows a single cell picked up from the stack, the above shows detail of

manifold cross section and the right shows detail of channel cross sections.

Table 1 Characteristic dimensions normalized by the channel height

h, [ W Ie Iy diy b W

1.00 1530 2.50 5.00 37.5 15.0 22.5 57.5

[18, 20]

(Fig.3)
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Fig. 4 Calculation results: Molar fraction of He after 0.6 sec., respectively
the cases of Reino > 2450 (iii), (iv), (v), the area where helium doesn’t reach even near the
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(v)200cells: o = 4890 0.6

secC.

0.00 0.25 0.50 0.78 1.00

Fig. 5 Calculation results of molar fraction of He on in-plane direction case: (v)200cells,
o = 4890, time = 0.6 sec. : the front of He/Air is made asymmetric curve by the different

distance from inlet by channel, however helium gas flows into every channel.

( 0 " =100 200kPa/sec.

(Fig.6)
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(i) p = 100 kPa/s, Re,,, = 3670, Nc =150 cells (i) p = 200 kPa/s, Re;,, = 7340, Nc =150 cells

inp
He

0.00 0.25 0.50 0.756 1.00
Fig. 6 Calculation results of molar fraction of He in different inlet speed : left: ~ = 100
kPa/sec. in 0.6 sec. the same as case(iv) in Fig.4, right: = = 200 kPa/sec. in 0.3 sec., the
final pressure is both 60 kPa(G). In the case of higher Reino (right), the helium unreached

area increased.
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Fig. 7 Total volume of inflow in each characteristic cell: only lighter gas volume of

inflow decreases at around from cell #1 to #20 and far end cell #150 cell with

pressurizing speed increased.
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Fig. 9 Flow field in the inlet manifold in the case of pressurizing speed *~ = 100 kPa/sec: vortex

zone 1s made but not stable.
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Fig. 10 Flow field in the inlet manifold in the case of pressurizing speed

Range of vector: 0 BB 32m/s,

200 kPa/sec: vortex
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upstream of the inlet manifold is smaller than that in the case of standard pressurizing speed.
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(i) p = 100 kPa/s, Re;,, = 4890, (i) p = 100 kPa/s, Re,,, = 4890,
Nc =200 cells, T,, = 0.6 sec. Nc =200 cells, T, = 1.7 sec.

Fig. 12 Molar fraction of He in case of continued pressurizing: if once maldistribution

occurs, even pressurizing is continued, the maldistribution is not recovered.
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[19] Fig.13

Pressure limiter to Mass

Surge tank spectrometer

Pressure control
End

Pressure
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compressor Concentration measurement

urge lines at a sampling port

Helium
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Stack (acrylic plates)

Conc. of He gas

time

Fig. 13 Schematics of experiment system: sample-gas taken from both ends of the stack,

helium gas supplied by pressurized surge tank and pressure controlled by pressure limiter.
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a b C d © Detail of a gas sampling port

Fig. 14 Position of gas sampling port on each end cell: the left shows the position of gas sampling
port on a cell, the right shows the detail of a gas sampling port. To fix the capillary tube and the

end cell separator, epoxy based cement is used.
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Fig, 15 Pressure change in time at Fig. 16 Example results of
experiment case concentration change in time at

sampling port “a” on each end cell
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Fig. 17 Comparison of molar concentration of He between calculation and experiment on the
end cells in the case of 200 cells: Profiles of the concentration and gradient of air-helium front

almost matches between calculation and experiment.
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[1] H.A. Gasteiger, D.R. Baker, R.N. Cater, W. Gu, Y. Liu, FT. Wagner, PT. Yu,

"Electrocatalysis and Catalyst Degradation Challenges in Proton Exchange Membrane
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