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Two Phase Flow Simulation in a Polymer Electrolyte
Membrane Fuel Cell Channel Using the Lattice
Boltzmann Method
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Polymer electrolyte membrane (PEM) fuel cells, which convert the chemical energy stored in hy-
drogen fuel directly and efficiently to electrical energy with water as the only byproduct, have the
potential to reduce our energy use, pollutant emissions, and dependence on fossil fuels. The proper
operation of a PEM Fuel cell is guaranteed only if proper water management is achieved. Performance
depends on water transport mechanisms in each cell. In particular, the liquid water transport is strongly
affected by the air flow-water (vapor or liquid droplets) interaction at the interface between the porous
electrode and the gas flow channel. On the other hand, the water management is only practically
achievable through indirect control of the inlet flows properties, i.e. (flow rate, humidity, pressure, and
temperature) and gas channel wettability and channel-shape design.

In this work, challenge was made to establish a computational model which enables to analyze
the main water transport mechanisms through the PEM Fuel Cell gas-channel. A two-phase flow
scheme using the Lattice Boltzmann method (LBM), with large density difference, was developed. The
LBM is a powerful technique for simulating transport and fluid flows involving interfacial dynamics
and complex geometries. It is based on first principles and considers flows to be composed of a
collection of pseudo-particles residing on the nodes of an underlying lattice structure. However, there
were problems with the applicability of the simulation results, e.g. there remained the issue of non
conservation of the mass of liquid water. Improvements to the calculation process, the formulations for
the Successive Over Relaxation (SOR) method, the derivation method of density with steep gradients,
and other refinements, were made for stable and reliable simulations of two-phase flows with large
density differences. )

Using the LBM with large density difference scheme, we developed a model which links the wa-
ter flow inside the gas channel to the PEM fuel cell performance and the water-air interaction in the
cathode channel. First, the basic characteristics of a liquid water droplet placed on the gas channel,
having contact with the Gas Diffusion Layer (GDL), and moving under a Poiseuille like flow are de-
termined. It was shown that, after a certain time step, the droplet keeps moving at a constant velocity
and the pressure drop of air flow reaches a steady value. These two parameters, the droplet velocity
called *‘droplet terminal velocity’* and the pressure drop, were used to evaluate the effect of other
conditions on the droplet behavior. It is important for the best fuel cell performance to drain water
efficiently. So, we introduced a new dimensionless parameter ‘' ‘pumping efficiency’’ , which com-
bines the droplet terminal velocity, pressure drop, droplet mass, and air flow rate. The higher is the
pumping efficiency, the better is water droplet removal with less pump work and so a better fuel cell
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performance.

One of the important effects on the droplet behavior is its location. We compared the two cases; the

first one is when the droplet is initially placed at the center of the gas channel and having contact with
the GDL and the second one corresponded to the same conditions, but the droplet is initially placed at
the corner of the channel. The results showed a large difference scale of droplet terminal velocity due
to the higher contact wall resistance and the fact that the droplet at corner was far from the Poiseuille
flow mainstream (center of the channel where the velocity is the highest). In the corner case, droplet
is decelerated and the pumping efficiency was minimal.
Another parameter which affects the drainage performance is the channel geometry, such as the gas
channel height. Thus, simulations were done for various channels heights having the same width and
air flow rates conditions. In these special cases, the droplet is decelerated and the pressure drop is
significantly changed for shallower channels. Even though the pumping efficiency for deeper channels
is high, the GDL surface covered by water was more important, which will prevent the gas diffusion.
But, as far as the attaching behavior is considered, the shallower channels are superior in term of
performance and droplet velocity removal. This is due to the fact that for shallower channels the
pumping efficiency is less affected when the droplet attaches to the wall.

This model also studied the effect of channel wettability on the drain performance. The wettability

effect is considered by an index function of the solid wall. We compared the cases of hydrophobic
and hydrophilic channel walls for the same GDL surface wettability condition (hydrophobic). In the
hydrophobic condition, the droplet terminal velocity and pumping efficiency are higher. Another im-
portant result was that for the same conditions, in a shallower gas channel the droplet is able to maintain
a relatively high velocity and the pumping efficiency is less affected by the wettability.
Finally, a set of numerical simulations for a complex gas channel geometries i.e. rectangular, triangular
and trapezoidal channels were conducted for both conditions; same channel cross-section and same
channel width. The results showed that the optimum gas channel design was the rectangular channel,
which always gave the best results for pumping efficiency. The optimum gas channel design was about
0.5 mm height and 1.0 mm width. This design gave the best pumping efficiency and was able to
maintain relatively high droplet velocity which will result in a high * ‘drainage speed’’ .

In conclusion, this work presents a basic understanding for the liquid water droplet behavior in a
single PEM fuel cell gas channel and elucidates the effect of important parameters on the fuel cell
performance from the drainage point of view. This paper provides the basic work for the extension to

more complex and larger scale fuel cell simulation.
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Two Phase Flow Simulation in a Polymer Electrolyte
Membrane Fuel Cell Channel Using the Lattice
Boltzmann Method
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E#ET FEAREMEXEREFERRERADOIY 2 X L—va e LTHEINTED.
RLGHAERMREN R ENTWS, ThEOBEDOULOE LT, MEEHMATERT B/KERISH
ADFEHENH S, ThbLE, EOBERHFICBEVTREEMATRET 5/KkEMBICHNT S
—A. EREROTIKEEHEEICROI S REBRBEEZHLMNCT R LN, Y AT LOMELE
HBOME L 2EB ETROENT VS, BRBEHMOKEEMBEDO—D L LT, HAFBADRNK
2B 5, —MICKEERCENIC BRI DOREK LS 2 ERIICAS M TS T
LIRMLLS, BRNTRERIZLA LAV, AMTICBVTLERNTRBEZRBIEETES
HRZHBBHICRES Do, £ TAME TITEMNOEM T EIKEH 2 HEHETERRT S
TSDFERZETHREL., RICENEMAVCTERVKERBICER T H ARROBREZHSMCTSB S
LRI,

RNMTZEEEB LN S BMABRAORKK AR EZY 2 2 L— T3 EMAFEL LTHRF
Ry (LBM) EZHAVWST L LTz, LA L, ¥ LBM HKIZEEHO/NE & T E
KAWSNZLDHB L, BRKLEROE 51T 1000 REDOEELLORICH L TEDE £

C TR LRBEYIERVALV, FCT, AME TR S LEGBELLRGICBOTERERWLHT
KDL SIC, MELDOFHEFEE—RIC, Successive Over Relaxation (SOR) & PEEFA 15
DRF v VARDREEICHBEMA, BELUIABEMTA B L3I Ui, i, BERRED
BERTBATNTRIEROREENMRINE B IBENELRELEDOT, TORBEITo, T
5 LTBIERINA 7o 70 % BV T Bk a4 O Bs O liis s D FoE 2 it L7/ R, 11E
BYHTHEPRENTWB T LR L,

RICAFEFEZ AV TREEN R FBRANOBRRKRROS HS I RIFTHREE T BL UK
HREDOL B DOV TR ZRIT o7z, HRBRHEFMT 338 LT, WRAEE LN
TRY THREHIICER LI, TOXRY THRABBEHOWHICHYT ZERTRTHD, D
BNAYT Ly —LETEROBRKEHH LIBARENZELTWVS, HEDRKR. BRIk
BARICH B0 L RBARICH B AT, BIRFEC R THRHPKE R 53D, KiEH
fueee FREmICEM L B RICE ThONHBICEILT AR FEERMICRI C LN TR, £
oo ENGZBELELVRHETNT VAL EREHE T 2 BEXHEE X125 0.5mm B
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& ZORR. HAMBEREOBKY A\~EEEPZ LEBB T EARENT,

BigiC, BRICIZ TEEPZARMELE T 2 MBHRICDVT, BHKOSHMEOLEE
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OOV WGEHHLERE . By THRB LU BBEGOBH/KA N —EEOEATERNTH S T LARE
hlz,

PLE. ARZEIC & b BRORSBETEEIC 5135 8N X RER IO EEE/KHEH 28 % BRAT ol HE
HEBEATER R L 2h. BREAHBERREEYIONCT BT e K, T35 LM
BB OMBRUET B DO EHERH 21T LTERTHS. ERAMAEIIE OICHME
TR G U T OEATTEETH b . RARBAEVE B 2 4k BB N Rk 2 B DRRRAIC
HUTEERICEZEDEEZLND,

ChEETZIC, ZEiIZ. BRES FESREROBIKESRICAEREBNIMRERF LD
THO. TRINF—THORBICHLTERTBLTAKEZLDONH B, Ko THHA, AL
KEEL (T%) DR EREINZIBERHIEDOLED S,
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