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Abstract
fuel cell (PEMFC) has been produced using Micro-electro-
mechanical systems (MEMS) technology with the active ,
area of 2.5crh and channel depth of about 506. A “
theoretical analysis is performed in this study for a novel Do
MEMS-based design of a micro PEMFC. The model consistsp
of the conservation equations of mass, momentum, specieg
and electric current in a fully integrated finite-volume solver Hc
using the CFD-ACE commercial code. The polarization Hg
curves of simulation are well correlated with experimental h
data. Three-dimensional simulations are carried out to treatlc"™
prediction and analysis of micro PEMFC temperature, cur- __
rent density and water distributions in twdidrent fuel flow I
rates (15 criymin and 40 criymin). Simulation results show

that temperature distribution within the micro PEMFC is af- J
fected by water distribution in the membrane and indicate ,\;
that low and uniform temperature distribution in the mem-
brane at low fuel flow rates leads to increased membrane waq
ter distribution and obtains superior micro PEMFC current R
density distribution under 0.4V operating voltage. Model S
predictions are well within those known for experimental Sh
mechanism phenomena.

A single micro proton exchange membrane Cgf
C
(&

<< CH

Keywords Micro PEMFC- MEMS - Simulation- Fuel flow
rate

Reference molar concentration (knmot?)
Molar concentration of hydrogen in
catalyst layer (kmoem)

Molar concentration of hydrogen

in channel (kmom~3)

Gas dfective difusivity (m?-s™)
Diffusivity (m?-s™1)

Faraday constant (&molt)

Flow channel height (m)

GDL thickness (m)

Mixture enthalpy (kg™)

The mass flow rate from channels
to GDL (kgs™)

The mass flow rate from GDL

to catalyst layer (kg™?)

Net current density (An2)
Exchange current density (#i2)
Molecular weight (kekmol2)
Absolute pressure (Pa)

Heat flux (Im-?)

Universal gas constant (kinol-K~1)
Surface area (R)

Sherwood number

Temperature (K)

Fluid velocity (ms™)

Volume (n¥)

Fluid mass fraction

Greek symbols

Nomenclature

A Thex-dir. position in channel (m)
B  They-dir. position in channel (m)
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Mass transfer cdcient

Kinetic constant

Porosity

Fluid density (kgm~3)
Overpotential (V)

Permeability (M)

Dynamics viscosity (kgnt-s71)
Electrical conductivity Q~*-m1)
Shear stress tensor (Pa)
Tortuosity

Concentration exponent
Production rate of water (kgn3-s7)
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Superscripts

were constructed using a structural photopolymer and had

conv Convection 500um, 100um, and 2Qum wide measures. Thedfects of
diff  Diffusion the channel size and the gasfdsion layer thickness were
K Reaction kinetics then examined. It was found that a high pressure drop in very

N Nerst small channels improved the convection of air into the gas
R Molar diffusion layer (GDL) and improved fuel cell performance
tot  Total at a low current density. The results signified that using a
; thin GDL improved the performance of the micro fuel cell.
Subscripts . . : )
Hsieh et al. [5] investigated the operational parameters of a
an  Anode Hy/air micro PEMFC with diferent flow configurations us-
C Flow channel Lo :
ca  Cathode ing |mpedance spectroscopy. The work considered a range of
con  Concentration loss oper_atlng parameters for the backpressure .and c.eII tempera-
e Exchange ture in order to determine how the flow configuratidteats
of  Effective value the performance of the micro fuel cells. Optimal operating
G GDL conditions were adopted to test the micro PEMFC stack [6].
in Inlet The results demonstrated that thigeet of the operational pa-
L Catalyst layer rameters on stack performance is similar to that on a single
micro PEMFC.
) For fuel cells with small dimensions, the influence on
1 Introduction the mass transport or electrical conductivity is significant.

Chiang and Chu [7] found that the membrane electrical con-

The micro proton exchange membrane fuel cell (PEMFC) i uctivity increased when the aspect ratio channel was low.
) . himpalee and Van Zee [8] investigated how serpentine flow
expected to be a major source of portable electrical pow?Ir

elds with diferent channelsb cross-sectional areas af-

because of its low-temperature operation, quick start-u . NS
lightweight packing, small volume, and low pollution poten—%Cted. performan_ce and Species d|str|but|_ons fqr both au-
tomotive and stationary conditions. The simulation results

tial. Micro-electro- mechanical systems (MEMS) teChnOI_indicated that for a stationary condition, a narrow channel
ogy dfers advantages in manufacturing micro-scale mater{/_\/ith awide rib spacing im r0\)//ed erform,ance' however, the
als and is used to make miniaturized electronic devices. Con- P g1mp P ’ ’

sequently, micro PEMFCs can be fabricated using MEM pposite occurs when the automotive condition is applied.
technology for portable electronic power applications. A sil- atamoros and Bruggemann [9] adopted steady and three-

icon substrate is used as the major material for a flow ﬁelgmensmnal models to determine the influence of geomet-

plate. This study focuses on both MEMS fabrication and'® pa.\r_ameters on C?" perforn_]ance unddfaient humidity
numerical simulation, which employs a silicon-MEMS teCh_condltlons. According to their results, anode and cathode

nology to manufacture flow channels for use in a single mil-lqu'd water saturation mayféect species transport and the

o PEMFC, and deveoping a hee-Gimensional model 90751 SSELO'S weler Soment Thus one st sl
elucidate its electrochemical properties in the membrane. Y P P

Early in 2000, Lee et al. [1] used microfabrication tech-the polymer electrolyte and liquid water saturation in the an-

. . : ode and cathode porous media in order to obtain an actual
niques, such as deep silicon etching, photo masked electro-

plating, physical vapor deposition, anodic bonding, and S’piwew of the ohmic and concentration losses in PEMFC per-

. . formance.
coating, on a silicon wafer to create flow channels. They pro-

duced a milliwatt micro fuel cell using new techniques and ~ Shimpalee et al. [10] examinedfidirent channel path
materials that had a current density of 150/c#®. Mean- lengths to determine the impact of flow path length on the
while, Hsieh et al. [2] developed a new design and fabricalémperature and current density distributions on PEMFC
tion process for a micro fuel cell flow field plate with a crossPerformance.  According to their results, local tempera-
section of 5cr and a thickness of 8Qam. The novel de- ture, water content, and current density distributions be-
sign had a reported power density of 25 et at 0.65V, come increasingly uniform under serpentine flow field de-
and the results obtained from tests on this fuel cell indicate8igns with short path lengths or an increased number of
a reliable and stable power output at ambient temperature@iannels. Liu et al. [11] developed an isothermal, steady-
Hsieh et al. [3] used the SU-8 photoresist microfabricasState, three-dimensional multi-component transport model
tion process to fabricate micro PEMFC flow channels. Theifor @ PEMFC. Their results revealed the detailed distribution
work contributed to the low-cost mass-production of a smallcharacteristics of oxygen concentration, local current den-
flat single fuel cell with a power density of 30 miew? at  Sity, and cathode activation overpotential fefient current
0.35V. densities.
In 2006, Cha et al. [4] studied the transport phenom- Most previous simulation papers dealt with PEMFC

ena on flow channels in the micro fuel cell. The channelflow channel configurations or water and thermal issues.
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Experimental and numerical studies of micro PEM fuel cell 629

However, there are few complete computational models thaan help to further improve its performance.

consider the electrochemical properties of micro PEMFCs.

In this study, a number of simulations are carried out, witho \Model development

out considering the two-phase flofect, to compare with

the corresponding experimental results. We concentrate @imicro PEMFC has several components. These include the
investigating the fects of two diferent fuel flow rates, end plate, the gasket, the GDL, the membrane electrode as-
15 cn¥/min and 45 criymin, on the polarization curve, tem- sembly (MEA), the flow field plate, and the current collector.
perature, current density, and water distribution in the menmgigure 1a schematically depicts the micro PEMFC. Figure

brane. Better understanding of the distributions of temperath displays a single micro PEMFC that has been fabricated
ture, current density, and water content in the micro PEMFGith all of the components.

Acrylic resin plate
MEA Flow field plate l

Current collector | Gasket

W

28 mm

Fig. 1 aScheme of micro PEMFQ Picture of micro PEMFC

2.1 Basic assumptions 2.2.1 In the gas channel

) ) o o . Based on the above assumptions, the conservation equations
The following assumptions are utilized to simplify the sim- ¢ continuity, momentum, and species in the gas flow chan-
ulation conditions for this study. The simulations performed,| 4re follows:

are based on a steady state laminar flow, which neglects the )

effects of gravity. The gases are considered to behave like &Pntinuity equation

ideal gas with a uniform distribution in the inlet. The flows in dp +V-(U)=0 1)

the catalyst layer, gasftlision layer, and channel flow field ot ’
are in the gaseous phase, and tlieats of vaporization and Momentum conservation equations:

condensation are not considered. The Butler-Volmer equac_gyis

tion is used to describe the electrochemical reactions withi ap

the catalyst layer. The Nerst-Planck equation is used to dez— + V- (pUu) = otV (1Vu), 2)
scribe the transport of protons through the membrane. Tm?—axis

polarization curve is based on Ohm’s law. The GDL, cata-, op

lyst layer, and membrane are all isotropic porous media. The: +v. (oUV) = —— + V- (uVv), 3)
membrane is impermeable to gases and electrons. The phys- 9y

ical transport properties are considered to be constant in ea%rﬁX'S

domain. a‘(;;;"’ +V- (pUw) = —‘;—S +V - (VW) (4)
wherep is the fluid densityp is the pressure, and is the

2.2 Governing equations dynamic viscosity.

. . . . Species conservation equation
The three-dimensional mathematical model consists of th

conservation equations of mass, momentum, species, and(pY;) + V- (oUY;) = V - J;, (5)
current in a fully integrated finite-volume solver using the ) ) _ ) )
CFD-ACE+ commercial code. The conservation equationd/hereYi is the mass fraction of theth species, and; is the
used are listed below. Further details can be found in th@iffusive flux.

work of Mazumder and Cole [12]. The species diusion flux may be written as
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630 R.-G. Peng, et al.

J = pDiVY; + p—YiDiVM - pY; Z D;VY; These two reactions are driven by the potentidledence,
M 7 also called the activation over-potential, between the solid

AM phase and the electrolyte phase. The Butler—Volmer equa-
PV Z D;Y;, (6)  tion, which describes this phenomenon, is expressed as
i
whereM is the mixture molecular weight, afit] is the éfec- | = Je(cif)[ exp(ﬁgl:_: '7) - exp(ﬁgf:_: ;7)] (12)
re

tive mass diusion codficient of specieg The firstterm rep- ¢ ] ]

resents the Fickian flusion due to concentration gradients.WhereC is the reactant molar concentratides is the ref-

The last three terms are correction terms necessary to satiﬁ?ence molar concentratiofia) andpca are the kinetic con-

the Stefan-Maxwell equations for multicomponent spetiesS antg determined from.experlmentally gen'erated Tafel plots,

within the porous medium, and depend on the porosity, andy is the over-potential between the solid and electrolyte

and tortuosityz, of the medium phases of the electrode. _

D = D eeg ) During the electrochemical reaction, the'performance
PTELRSES _ . _ of the PEMFC drops when the reactant species concentra-

Dirs is the free stream fusion codicient of thei-th  ions are deficient on the reaction surfaces, especially when

species. It is common practice to use a tortuosity value Qfperating a PEMFC at a low operating voltage due to large

1.51in Eq. (7), resulting in the so-called Bruggeman modelgmounts of water that can cause clogging. A concentration

The same value is adopted in the simulations due to lack gbss happens due to water clogging and bending channels.

better information. The total concentration loss is expressed as

i RT 1y CR
2.2.2 In the porous media plon — f(l N —)Inc—ﬁ, (13)

a

The continuity equation and momentum conservation equa- ) L o
tions are as follows wherecg is the reactant molar concentration in flow chan-
9 neIs,Cf is the reactant molar concentration in catalyst layers,
a(gp) +V-(epU) =0, (8)  anda is the mass transfer cfiient expressing how varia-
9 £2uU tions in electrical potential across reaction interfaces change
a(spU) +V-(epUU) = -£Vp+V-(e7) + PR (9) the reaction rate. The value efdepends on the reaction and

electrode material.
One concentration loss, called the Nerst potential
change due to reactant species depletion in catalyst layers,

wheree is the porosityp is the fluid densityU is the fluid
velocity vector,p is the pressurer is the shear stress ten-
sor, u is the dynamic viscosity, and is the permeability X
(the square of féective volume to the surface area ratio ofhas the following form
a porous medium). The last term in Eq. (9) represents, ﬂ'lnC_S
Darcy’s drag force imposed by the pore walls on the fluid7con = oF cr’

which leads to a significant pressure drop across the porous The second form by which a concentration contributes

medium. . L7 . o
. . L . to concentration loss is via reaction kinetics. It has the fol-
The species conservation equation is estimated as lowing form

0 .
a(epYi) +V-(epUYi) = V- J + wi, (10)  RT | CR

whereY; is the mass fraction of thieth species); is the mass Teon 2aF an.
diffusion flux of thei-th species, and is the mass produc-
tion rate of tha-th species in the gas phasa.is due to the 2.3 Boundary conditions
heterogeneous electrochemical reactions within the porous
media. The governing equations for the present micro PEMFC
The temperature field of each domain is acquired bynodel are elliptic and partial fierential equations. Hence,
solving the energy conservation equation, which is writtefboundary conditions are required for all boundaries in the
as follows computational domain. The temperature of the outer sur-
B (S [j- ]l faces of flow patterns was maintained at 323 K. The condi-
V- (epUh) =V-q+er-VU - JE(V)eﬁcn " o (11) tions of the anode inlet included a temperature of 323 K and
whereh is the gas enthalpyg is the heat flux comprised a pressure of 300 kPa with a 1.2 stoichiometric flow rate of
of contributions due to thermal conductiof, is the ex- 100% H. The conditions of the cathode inlet included a
change current densit$ is the reaction surface ared,is  temperature of 323 K and a pressure of 300 kPa with a 2.0
the medium volumey is the electrode over-potentiglis the  stoichiometric rate of 100 % £ Each outer surface of the
transfer current density, andis the electrical conductivity. flow pattern in the-direction is assigned for a specific solid-
Reactant species undergo electrochemical reactions plhase overpotential. This value is set to zero on the anode
the electrode catalyst layers. Hydrogen is oxidized at the aiside, and the total over-potential is set on the cathode side. A
ode, and the corresponding proton is reduced at the cathodm-current flow direction is applied in this investigation.

(14)

(15)
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Experimental and numerical studies of micro PEM fuel cell 631

2.4 Solution strategy Table 2 Operating conditions for the numerical model
Simulations are solved using the commercial computational H, at fuel inlef(cmmin~) 15and 40
package CFD-ACE. The results are regarded to be con- Anode gas 100% k
verged, since the normalized residual of each parameter O; at fuel inlef(cm®-min™') 15and 40
(such as temperature, pressure, and gases velocity) is less  Cathode gas 100 %0
than 10“. The physical and chemical properties of the mem- Operating pressuf@a 1.0K10°
brane in this model are those determined by Mazumder and Operating temperatyfi¢ 323

Cole [12]. The membrane permeability is 1818, the
porosity is 0.28, and the tortuosity is 5. Thefdsivity
of gases is calculated using Stefan Maxwell equations with 5 Experimental
a Bruggeman correction applied to account for the poros-
ity and tortuosity in the porous media GDL, catalyst layers, ) ) ) L
and membrane. Tables 1 and 2 show the dimensions aAy Micro PEMFC is set up to obtain the polarization
properties of the flow field plate, membrane, electrode macurves. The end plate is made of acrylic, and its size is
terial properties, and the initial operating conditions used if> MM<45mmMx13mm. The gasket isolates and prevents
the numerical simulation. The component parameters ar@fS €akage; it is made of silica gel and has a thickness
transport properties used in this study were obtained frorﬂf 1mm. The GDL used_hereln_ls a standard carbon pa-
Mazumder and Cole [12] and Springer et al. [13]. per (CARBEL CL GDL) with a thickness (_)f 0.4mm. The
MEA (thickness: 0.035mm, catalyst loading of the anode
a?nd cathode: 0.5 mign? Pt) is a commercial product. The

Table 1 Dimensions, properties and parameters for the numeric [ icro PEMEC reaction area is 2.5 ém

model
Channel lengtimm 12 Silicon is used as the material of the substrate in the an-
h | 'dg ode and cathode flow field plates. The flow field plates are
Channel widt}mm 03 formed using MEMS technology. Figure 2 depicts the pro-
Channel deptfum 500 cedure for fabricating the silicon wafer. A 4-inch diameter
Rib widthymm 0.7 silicon wafer is used as the substrate in the investigation.
Diffusion layer thicknegsxm 0.4
CataIySt layer thiCkneﬂﬂm 6. Post exposure baking
Anode 0.018
2. Deposit silicon nitride [ Silicon substrate 10. Etch silicon nitride
Cathode 0.026 Si.Ns ‘
. t T t T Silicon substrate
Membrane thicknegsim 0.035 Heating
Total reaction are‘amz 2.5 3. Spin coating resit Resist 7. Development 11. Etch silicon
gt s O O O |
Effective difusivity (Bruggeman model) =5 [-—Slicon substzale [ Sificon subsirate__|
For membrane Bruggeman model for =15 4. Soft baking 8. Hard baking 12. Remove resist
diffusion and catalyst layer [ Silicon substrate | ttrt %&ﬁm@m@
B [ EE ER
Membrane permeabilityn? 1.8x10°%8 t ”* t1 FEISISTEii] 13 e1ch silicon mitide
cating =
i i 5. Alignment and exposure [Silicbn Substrate -]
Diffusion and CatalySt Iayer 176)<10’11 Al | ¢ and e 9. Post-develop inspection
permeabilitym? Mook BB EL L L
Membrane porosity 0.28 s s
Diffusion and catalyst porosity 0.4
Air and fuel side pressufea 3.0x10° Fig. 2 Silicon wafer etching process
Transfer cofficient 05
(Tafel constants) at anode ' The contaminants on the surface of the silicon wafers at
Reference current density at 9,231 P the start of the MEMS process or those that are accumulated
anode ((Am3)(m?(kg-mol-H,)1)Y/2) ' in the middle of the process must be removed during process-
Transfer coficients (Tafel ing. The purpose is to obtqln hlgh-performa_nce and highly
15 reliable semiconductor devices as well afidiion and de-
constants) at cathode - .
.  density at position tubes. It also serves to prevent equipment contam-
Reference C“rreg esns' ya " 1.05¢10° ination, especially under a high temperature oxidation. Sil-
cathode ((Am~?)(m°(kg-mokHz)*)*?) icon wafers undergo Radio Corporation of America (RCA)
Diffusion and catalyst layer 53 cleaning as a standard procedure before they undergo high-
conductivity(Qm)t temperature processing steps (i.e., oxidatioffudion, and
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632 R.-G. Peng, et al.

chemical vapor deposition (CVD)) in semiconductor manu- " ---=ﬁ

facturing.

A spinner is used to dry the wafer after RCA cleaning.
Next, 200 nm silicon nitride is deposited by low-pressure
chemical vapor deposition (LPCVD); one side of the sili-
con wafer is polished, and the silicon substrate is then spin-
coated with a resistive layerufn thick at various rotating
speeds.

Next, the silicon substrate is soft baked. Soft baking
is a process where almost all of the solvents are removed e 7
from the photoresist coating. Ultraviolet light with a g line is TR
used for the exposure process. After exposure has been com-
pleted, heat is again applied for approximately 2—3 minutebig. 3 Silicon substrate after etching process

for post exposure baking. Development is done in the vitrics
to form micro flow channels.

3 Results and discussion

The photoresist is hard-baked for about 1minute, and
the silicon substrate is later examined development. The ca¥he results of our numerical simulations were validated with
ities of the flow structure are patterned by wet etching. Reexperimental data, and the governing equations were solved
active ion etching (RIE) is conducted to etch a silicon nitrideusing CFD-ACE- to obtain the polarization curves. The
layer of 30Qum width. RIE is an etching technology that is experimental micro PEMFC using MEMS technology was
used in microfabrication. It uses chemically reactive plasm&ased on a silicon substrate. A single micro PEMFC is as-
to remove material that is deposited on wafers. Plasma gembled to obtain the polarization curve. Twéfelient fuel
generated under low pressures in an electromagnetic fielliow rates were compared in this investigation. The polariza-
The silicon nitride layer, however, was too thin to enable thdion curves of hydrogen and oxygen were supplied at base
fuel to flow from the inlet to the outlet. Hence, the exposedperating conditions of fuel flow rates of 15#&min and
silicon wafer was etched to pattern micro PEMFC channel40 cné/min, respectively, as shown in Figs. 4 and 5.
in an aqueous solution of 45% KOH at“€Q The etching
depth of the channel is 5Q6n. The depth of the flow chan- 10
nels is expected to favor gas uniformity, water management,
and reduced flow resistance. The resist is then removed frorr
the silicon substrate. The final step employs phosphoric acid
to remove the remaining silicon nitride at T80

0.9 — ——a—— Simulation data

7 —— Experiment data

The shapes of the three serpentine channels, which haw
channel and rib widths of 0.3 mm and 0.7 mm, respectively,
are used for both the anode and cathode flow fields. The
channels are etched on the sides of the anode and cathod:
and the depth of each channel is 200. The holes for the
feeding fuel are made by drilling from the rear side. The
oversized flow field plates have an area of 2.5 camd a sil-
icon wafer 4 inches in diameter is used to make four such
flow field plates. Figure 3 shows the silicon substrate after
etching.

03 T T T T T I T T T T T T

Current collectors provide an electrical pad for electri- 0 | 2(|)o | 4(|)0 | 6(|)O | 8(‘)0 | 10‘00 | 1200
cal transmission to the external load. Unlike metal, the sil-
icon wafer is not considered to be an ideal current collector
material because of its high resistance. The silicon wafgfig. 4 Comparison of simulation with experiment polarization
is only used as a fuel carrier in this investigation. Therecurves (fuel flow rate at 15 chmin)
fore, the alternative design includes an MEA and GDL sand-
wiched between current collectors, which are made of brass  The relative diference of the current densities in the
foil. Consequently, the use of silicon substrates as flow fieldumerical data is better than that of the experimental data.
plates can be reduced since electrons do not pass througfhce the #ect of water flooding was neglected in the simu-
them. The advantage of this novel design is that no Au elegation of the cathode side in a single phase model, the numer-
troplate is required on top of the silicon wafer. ical values appear to be over-predicted. This explains why

Current density/(mA-cm )
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Experimental and numerical studies of micro PEM fuel cell 633

flow rates enable more fuel to permeate into the membrane

1.0 and increase cell electrochemical reaction. Thus, a low fuel
8 flow rate provides the ideal performance for the fuel cell.
0.9 —4 ———— Simulation data In addition, the temperature and water distributions of the
. —e— Experiment data membrane alsoffect micro fuel cell performance.
0.8
i 1.0
2 0.7 ]
;f : 0.9 4 —a— 15 cm’/min
S 0.6 i —&— 40 cm’/min
| 0.8
0.5 i
1 Z 0.7
5]
0.4 — %ﬁ |
. S 0.6
0.3 T | T | T ‘ | ‘ T ‘ T ‘ T ‘ T |
0 200 400 600 800 0.5 —
Current density/(mA-cm ™) .
Fig. 5 Comparison of simulation with experiment polarization 0.4 *
curves (fuel flow rate at 40 ctmin) i
0.3 \l[l\l\l\‘\‘\‘\‘\‘\‘\‘\

. . 1 1200
the numerical data are better than the experimental ones 0 e 40 S0 806 GDOO

. -2
However, the simulation results help to elucidate the phe- Current density/(mA-cm™)
nomena observed in the micro PEMFC. Fig. 6 Comparison of fuel flow rate polarization curves of experi-
When the fuel flow rate of HO, was provided at mentdata
15 cr?/min, the current density was 1 170 nffo? at 0.4V
in the simulation. When the fuel flow rate was provided at

40 cn?/min, the current density was 693 foh? at 0.4 V. 10 |

Figure 6 shows two polarization curves for each fuel flow 0.0 —&— 15cm’/min

rate. The experiment was performed at ambient pressure an ) —#— 40 cm’/min

temperature. Pure humidified hydrogen and dry oxygen are

fed into the micro PEMFC. As the fuel flow rate increases, 0.8

the cell performance worsened. Increasing the fuel tempera- i

ture accelerated the electrochemical reactions and increase %D 0.7

the amount of liquid water produced. The decreasing of £ 1

performance from the experimental results indicate that in- = 0.6 |

creasing the gas flow rate will easily degrade the humidity ]

of MEA in a cathode and the fliusion of the gas; besides, 0.5 —

it will carries away the heat generated by the micro fuel cell . \

more easily. Thus, internal flooding was not obvious. A low 0.4 —|

fuel flow rate yielded better performance than that obtained ,

withhighfuelflow_rates. o 03 |
These experimental results indicate that the fuel flow 0 200 400 600 800 1000 1200

rate markedly fiects cell performance. However, a high fuel
flow rate dries out the membrane, which increases electri-
cal resistance. A fuel flow rate of 15 émin generates the Fig. 7 Comparison of fuel flow rate polarization curves of simula-
worst performance. tion data

Figure 7 shows the polarization curves for the two fuel
flow rates. The results indicate that low fuel flow rates have  Figure 8 shows the distributions of the local current
higher limiting current densities, around half, compared withdensity in the membrane at an operation voltage of 0.4V
high fuel flow rates. This result demonstrates that the output fuel flow rates of 15 cAfmin and 40 criymin. For over-
current density is dictated by fuel flow rates, and a superiaall current density distributions, the local current density in-
performance is achieved when applying a low fuel flow ratereased from the inlet toward the outlet, leading to a low tem-
relative to the fuel permeability in the membrane. Low fuelperature distribution. The local current density distributions

Current density/(mA-cm )
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634 R.-G. Peng, et al.

relative to the temperature are shown in Figs. 9. The resulf®tential, the water concentration increased from the inlet to
show that uniform temperature distributions (Fig. 9a) leadhe outlet. The results show that a lower fuel flow rate can

to a higher current density (Fig. 8a) because the higher fuel
permeability enables fuel to reach the membrane faster anca
enhances the electrochemical reaction. Moreover, a more
uniform temperature distribution in micro PEMFC provides

lower proton conduction resistance and a more active elec-
trochemical reaction from midstream to downstream along
the flow channels. The phenomenon of a gradually increas-
ing local current density distribution appears to be significant
from the midstream to downstream. This leads to unifor-

1 Am® <107

0
-0.2
-0.4
-0.6
-028
-1.0
1.2
-1.4
-1.6
-1.8
-2.0

-2.15
mity of the temperature distribution as well as an increase !

in the cell current density. In this regard, we used a micr@ig g pistributions of current density in the membrane at oper-

PEMFC that had a small dimension of MEA (only 2.59M ation voltage 0.4Va Fuel flow rates at 15 ciymin; b Fuel flow
in this study. Owing to this, the worst performance caused by,es at 40 ctimin

higher fuel flow rates could result in an increase in hot spots
in the membrane that can damage the membrane structure

Consequently, a uniform temperature distribution is impor- » _t
tant to membrane proton conductivity and an increase in cell
performance. This is verified by the experimental results in
Fig. 6.

The uniformity of temperature distribution is important
for minimizing the material stresses on MEA so that its life-
time could be extended. We tried to discover how the inside
temperature of a micro PEMFC ifected by electrochemi- 3
cal reaction. The temperature distributions in the membrane
surface of the micro PEMFC at the nominal operating conFig. 9 Distributions of temperature in the membrane at operation
dition, 0.4V, are shown in Fig. 9. Figure 9 displays the disvoltage 0.4 V:a Fuel flow rates at 15 cimin; b Fuel flow rates at

)
360
355
350
345
340
335
330

A
t

tributions of temperature in the membrane at fuel flow rate4© c/min
of 15 cn?/min and 40 criymin. Figure 9a shows a more uni-

form temperature distribution in the membrane at a fuel flow a
rate of 15 cny/min. The temperature slightly decreased with | o
an increase in the current density because the higher elec
trochemical reaction rate can produce more water, thus wet-
ting the membrane and increasing proton conduction. An
enhanced cell performance is observed. The simulations
showed in Fig. 9b illustrate a high and non-uniform tem-
perature distribution in the membrane at a fuel flow rate of
40 cn?/min. The temperature approaches 360 K from the in-

1

let region to the midstream of the membrane, and then dropsg, 10 Distributions of water in the membrane at operation volt-
to around 350 K along the flow path. High temperatures mayge 0.4\:a Fuel flow rates at 15c¥min; b Fuel flow rates at

dry the membrane and increase proton conduction resistancg).cn#/min
The lowest temperature is distributed in the middle of the
flow channels. This could be due to the existence of low 5

H.O
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temperatures, as a result of water accumulation, at the exil =

region. We thus find that the uniformity of temperature dis-

tribution indeed influences the electrochemical reaction rate.
Low fuel flow rates can cause uniform temperature distri-

butions, from which we can obtain a better micro PEMFC

performance.

Water management alsffects the performance of mi-
cro PEMFCs. To study theffects of water distribution

1

6.2

6
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3-
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0

on a micro PEMFC, Fig. 10 presents the water distributionfrig. 11 Distributions of water content in the membrane at oper-
in the membrane at an operation voltage of 0.4V at fuehtion voltage 0.4 Va Fuel flow rates at 15 cfymin; b Fuel flow
flow rates of 15 cri/min and 40 cri/min. At a fixed over- rates at 40 cfimin
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increase the electrochemical reaction and the quantity of wamatical model. The model simulates temperature, current

ter produced. The results also indicate that the concentratiatensity, and water distributions at twofldirent fuel flow

of water is at a maximum at the outlet gas channel region adates. The simulation results show that a low and uniform

jacent to the membrane because the consumption of oxygé&mperature distribution in the membrane at low fuel flow

produces water via an electrochemical reaction. The oxygemtes can increase membrane water distribution and increase

concentration is the lowest in this region. When the watemicro PEMFC performance.
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