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ABSTRACT

Proton exchange membrane fuel cell is the most promising, especially for the
applications of spaceflight, military affairs, electric vehicle, communication and
decentralized power station, because of high energy efficiency, low operating
temperature, capable of quick start-up, clean and quiet, simplicity in design and
operation. Thus, its applied foreground is very wide. But the detailed distributions of
temperature, pressure, velocity, molar concentration and current density cannot be easily
get by the experiment. So the simulations of flow and mass transfer processes for
PEMFC is very important.

Using universal Darcy law discribes the momentum conservation in the porous
medium and non-porous medium. For the first time, derivative distribution of velocity
in cell is presented and some new conclusions are obtained. The results of this paper
provide theoretical evidence for the design of PEMFC.

First, a two-dimension, steady-state, multi-component transport model is presented
to investigate the cathode flow and mass transfer processes in proton exchange
membrane fuel cell with an interdigitated gas distributor. The model can predict the
pressure, velocity, mass fraction distributions in the electrode and the current density
generated at the electrode and membrane interface. This paper discusses the effects of
operating conditions, including differential pressure between the inlet and the outlet and
mass fraction of inlet oxygen, on the performance of fuel cell. This paper also discusses
the effects of electrode structure parameters, including electrode thickness, rib width,
porosity and channel number, on the performance of fuel cell. Results from the model
show that: (1) the current density increases with higher differential pressure between the
inlet and outlet, but the increment is diminishing; differential pressure has an optimum
value; (2) the local current density increases with higher mass fraction of inlet oxygen,
but its distribution is going to heterogeneous; the relation of average current density and
mass fraction of inlet oxygen is linear; (3) electrode thickness has an optimum value
which depends on the electrode morphology and the gas distributor design parameters;
(4) using narrower electrode rib can improve the performance of fuel cell; (5) in
summary, the optimum value of electrode porosity is about 0.4; (6) with channel
number increasing, the gas velocity, the molar concentration of oxygen at the reaction

interface and the local current density are increscent; but the molar concentration of
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water vapor at the reaction interface is reduced; (7) according to the derivative
distribution of velocity in electrode, the velocity gradient in electrode is very small; in
this zone, inertia force can be ignored; this conclusion provides theoretical evidence for
the using of Darcy equation in porous medium.

Next, a two-dimension, steady-state, multi-component transport model is presented
to investigate the anode flow and mass transfer processes in proton exchange membrane
fuel cell with a traditional gas distributor. The model can predict the change of mass
components in the direction of flow. This paper discussed the effects of inlet veloctiy,
inlet hydrogen content and catalyst layer thickness on mass transfer of hydrogen. The
results show that: (1) the velocity profile is a parabola in the gas channel; the gas
velocity sharply reduces and is close to zero in porous medium; (2) the velocity in the
middle of channel is not maximal; the maximal velocity leans to the interface between
channel and diffusion layer; the velocity at the interface between channel and diffusion
layer is not equal to zero; (3) with inlet velocity, inlet hydrogen content increasing and
catalyst layer thickness decreasing, the mass transfer velocity of hydrogen and the
concentration of hydrogen at the reaction interface is higher, thus the performance of
fuel cell is improved; (4) the change of velocity derivatives in inlet is big; in channel
and electrode Ou/ox,0v/0x,0v/0y are very small, but near the channel wall and
interface between channel and diffusion layer ou/dy is very large, so inertia force

cannot be ignored in these zones.

Keywords: Proton Exchange Membrane, Fuel Cell, Numerical Simulation, CFD
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Fig.1.1 Schematic diagram of fuel cell

EFBATTH R A3 P DL 1 24 Tl B et o n) 7 R R AR A S A 2R AL, R
ol F v ) A D B AR A I LA SN R A S i R A A FLRE, X AR
WA 1) BRI SR, AESEBR R FH b, 30 F v 2 K A 2 BB A A 7 PR P T
A i, it TAER, I 26 KR 040 TR Bl A B 8 (1 e A2 T 2 k2>
e U — A BRI A s (Rl siftify (Bith) 258 . sk
AR, 25 RN 2= CEIAnEAN4ED, 43 i) R it &0 0 (4 BBk it A7 3R
gefeflt. B, PR b, HZRpEALS PRORLA AR, BRRH F it s 1% S A W
PR, (HSZPR b, TR AR AN, PR AT — s I
1.1.2 B Ay 4 2R

BREHI R RIR 2, KRR 20 28 hR e, AARIATR. & 1-1 a5
MRS T BT A (R et 0okl mi b 5 T ) 3 bt RIS . BRRER
FERLR T o 1% AR R 2y, A% (25-100°C ) FHiEL (100-500°C ) ¥ (500-1000
C) A mEE CKTF 1000°C) BRI HE . F2BARIRIE, w0 A HEA . A
FRAERUBRRL F it . BRIt (9 I S Bl L PR ORIt D, BT FH R REEAS
T ELTIAL S, EEEANBRREFth; (RISl b B B A AR
SR, TABRRE R TR Rt R R R 1 — 1 VR R N A
A RN, FEFEANBRR R AR, H TSR FH B9 2R T VEE 2 DA LA K
RI5% o FELRR TR ph e TR 0 AR . AR TR R R DL R K
A RN A 0o 4 WA TR 43, SRORE I RS Bn] 2 0 T2 Bl EARRL it



LI DN s A8 1 %4 #®
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Fig.1-2 Polarization curve of fuel cell
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Fig.1-3 Schematic diagram of PEMFC
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Fig.1-4 Structural formula of Nafion and Dow membrane
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Fig.3-1 Schematic diagram of PEMFs with an interdigitated gas distributor
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Table 3-1 Physical parameters and properties

HAR R h/m 2.4x10*
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SARF B R/(J/mol-K) 8.314
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R fLBR e 0.4
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HE PSR L W 0.233
KRBT 73 5w 0.000

O ET) pu/pa 1.04X 101325
ST pour/pa 1.00X 101325
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Fig.3-4 Pressure distribution in the electrode
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Fig.3-5 X-Directional velocity distribution in the electrode
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Fig.3-6 Y-Directional velocity distribution in the electrode
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Fig.3-7 O, mass fraction distribution in the electrode
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Fig.3-8 H,0 mass fraction distribution in the electrode
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Fig.3-9 Effect of differential pressure between the inlet and the outlet on the local current density
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Fig.3-10 Effect of differential pressure between the inlet and

the outlet on the average current density
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Fig.3-11 Effect of inlet O, mass fraction on the local current density
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Fig.3-12 Effect of inlet O, mass fraction on the average current density
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Fig.3-13 Effect of electrode thickness on the local current density
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Fig.3-14 Effect of electrode thickness on the average current density
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Fig.3-15 Effect of electrode rib width on the local current density
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Fig.3-16 Effect of electrode rib width on the average current density
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Fig.3-17 Effect of electrode porosity on the local current density
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Fig.3-18 Effect of electrode porosity on the average current density
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Fig.3-21 Effect of channel number on the molar concentration of oxygen at the reaction interface
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Fig.3-23 Effect of channel number on the local current density
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5 HORB B RE K/’
WK B EH x, /m

BE LU 7
BE K R 7
Bt OIERE U/m/s)
HI T AR T/K

R B F/(C/mol)
WALV

7.112%X107
7.62x10™
2.54x10™
2.87X107

8.314
2.63x10°
1.2X107
0.4

1.76 X 10"
1.8X10™"8

0.9
0.000
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96487
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Fig.4-10 Effect of inlet hydrogen content on mass transfer
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Fig.4-11 Effect of catalyst layer thickness on mass transfer
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