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1. Introduction

The output voltage of a polymer electrolyte membrane
(PEM) fuel cell is in the range of 1V. Several fuel cells
are connected in series to achieve the applicable voltage
and form a fuel cell stack. The output voltage of the stack
is equal to the sum of the output voltages of individual
fuel cells. Ideally, all fuel cells in the stack should have
the same voltage, which requires equal flow distribution
among the cells. Gas is distributed between the fuel cells
through the manifold in the stack. A small amount of flow
maldistribution in the stack is common, and with the
increase in the number of cells in the stack, the severity of
the maldistribution increases. Flow maldistribution can
cause the cells to be flooded and create a variable
temperature in the stack, which results in a decrease in the
voltage of the cells.

The researchers have presented methods to reduce the
flow maldistribution in the stack. In experimental and
numerical studies, the flow inside the manifold has been
investigated as a single phase. Proton conductivity of a
fuel cell membrane improves with increasing humidity. In
order to increase the efficiency of the stack, the relative
humidity of the reaction gases before entering the stack is
often increased. In this research, the effect of water vapor
condensation in the manifold on the flow distribution was
investigated and a method is proposed to improve the gas
flow distribution

2. Computational domain

Figure 1 illustrates the computational domain. The
cathode section of the stack includes 6 integrated
humidifiers, an inlet manifold, 52 fuel cells, and an outlet
manifold. One way of improving flow distribution is
gradually reducing the height of the manifold. The height
of end wall of the manifold is represented by H. The
simulation is done with two rectangular (H=10) and
trapezoidal (H=3) manifolds to see the effects of reducing
the height of the manifold on the single-phase and two-
phase flow distributions.
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3. Results

Figure 2 shows the gas flow distribution between the stack
cells obtained from the single-phase simulation with two
different manifolds. The gradual reduction of the height
of the manifold improved the flow distribution in the
stack.
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Figure 2. Gas flow distribution in fuel cell stack with
single phase simulation

The heat transfer of the stack with the surrounding
environment reduces the temperature of the gas inside the
manifold. The saturation pressure of water vapor changes
with the temperature, and decreasing the gas temperature
causes water vapor to condense. The mass rate of phase
change can be calculated from the following equation:
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The temperature changes in the manifold are small and

the phase change occurs slowly. Small water droplets are

formed on the upper wall of the manifold and are pushed

towards the end of the manifold by the force of the gas

flow. Figure 3 shows that a larger droplet is formed at the
end of the manifold by gathering small droplets.
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Figure 3. Contour of volume fraction of water at
t=50.2s

By gathering smaller droplets, the radius of the bigger
droplet increases, and due to the force of weight, it is
separated from the upper wall and enters the cells. Figure
4 shows the entrance of water into the end cells.
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Figure 4. Contour of volume fraction of water at
t=50.5s

With the gradual decrease in the height of the
manifold, in addition to the gas flow force, the weight
force also pushes the water drop towards the end of the
manifold. As a result, liquid water enters the end cell with
a smaller amount and at shorter time intervals. It was
suggested to consider a chamber at the end of the manifold
to collect liquid water. Figure 5 illustrates the proposed
scheme.
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Figure 5. Suggested geometry for the end part of the
manifold in order to remove liquid water from the
manifold

In the proposed geometry, some gas is discharged
from the water collection chamber and helps to transfer

liquid water into the chamber. Figure 6 shows that liquid
water is collected from the manifold and transferred into
the chamber. The two-phase simulation results showed
that with the proposed method, liquid water do not
penetrate the cells of the stack, and the gas flow
distribution in the stack will be according to the single-

phase simulation.
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Figure 6. Water drops entering the chamber
4. Conclusion

The most important results obtained from this research

are as follows:

e Single-phase simulation results showed that with the
gradual reduction of the manifold height, the gas flow
distribution among the cells of the stack improves;

e The results of the two-phase simulation showed that
the condensation of water vapor causes the formation
of water droplets on the manifold wall. The entry of
liquid water into the cells reduces the flow of gas
entering the cells. By gradually reducing the height
of the manifold, the condensed water enters the end
cell in shorter time intervals;

e It is suggested to install a chamber at the end of the
manifold to collect liquid water. With the entry of
liquid water into the chamber, the gas flow
distribution between the cells obtained in the two-
phase and single-phase simulations became almost
the same.




ONE) E ) P Sl s (Flwlons 5 (53,015 p 5lo

Swlo 43 (o g 59 2,1 poke

http://mechanic-ferdowsi.um.ac.ir

LT

Wsdnia S @l ST £9.5 b S youk (G55 S 0985 33 5 Uk > R3¢ s
o3l he oal il O Gls e O ol dex
DOI: 10.22067/jacsm.2022.76562.1118
& g a.’/q_’“ /..«L;‘://JJ C,Jj_()//,;u][éx e (SRe Cypo b L;jazué/ Q.b-j.wul::/ o.’ju“gg;j) uﬂ/uéféujf‘dw ‘)5/).3 Gv\&

)

03,8 e e Sl sl Do Ol w57 20 o (S14E503 M sdiia) Wsdiio pliiy] eyl dlS 2 5 0l (il LT
./L/_}.t};a‘).? Aoy Ve U ,UW é[é}/ﬁjyb"uiéL{.W/ ol a.&[é&w/‘j@j?- cf"fj.}"”“@ ij:"(‘J'/'U/d[;’ L/’:}{}'&J:‘; g‘_,:rjé'j‘;é&ﬂ J//,}u‘/
I S 5l Ol (g5l ss (gl @Lvyg;jfk/}g@ﬁ.a oo s bl jleo il (6l s NE 5 T/ 0 ppy g0 o ST4E 03
Flad TGS S g v 5 Oloj SIS Lot Wadio (slgtil 3 mile O szt Copl Wi oo Ll O ST > 292 g0 ol
O sl a3 M gdnia s 32,5 gt sladslo 3)l5 5 ok Il Wpdiio o jl 4S5 loj U asil ilisl Usdio sleti] o o fSiT o s
dj}/’c‘x}.-@& o Mo (slgzil 3 (slabiios 3wl L 3 S slgily 53,8 o olgnl Ssl 5515 GolsS Jloj folss 5 zaS llis bl
Jg 2 @C:v[d u/‘g_“,a/.m C,.ﬁL .,Lv[}.rl;a u/’djj/’c‘);— MJ/U/’C}FJ .’L/W e d.‘?LA/JKL;J/.Lio S99 ,)J;@bb"a}_}fj/j ol

,ﬂ)[eg/JL.‘UCAJ/JJJWM Q/j::.u“&:v/uj./b.a.bf%

A shie ol ads (3653 0L o o8 ey B Ol 8 SOl Sty

Improving the Gas Flow Distribution in a PEMFC Stack by Removing Liquid Water
from the Manifold

Ahmad Rezaei Sangtabi Ali Kianifar Ebrahim Alizadeh

Abstract This paper studied the oxygen flow distribution in a PEM fuel cell stack numerically. At first, the flow in the
stack was simulated as a single phase, and the effect of gradual reduction of manifold height (tapered manifold) on
improving the flow distribution between fuel cells was investigated. Standard deviation and non-uniformity coefficient
have been used to measure the flow maldistribution. Gradual reduction of manifold height up to 70% in the tapered
manifold improved standard deviation and non-uniformity coefficient by 6.9% and 8.4%, respectively. The results of the
two-phase simulation showed that the condensation of water vapor in the saturated oxygen could cause the accumulation
of liquid water at the end of the manifold. As the smaller droplets merged, the droplet radius formed at the end of the
manifold increased until it detached from the manifold wall and entered the last cells. Less liquid water entered the last
cell at shorter intervals in the tapered manifold. It was suggested that by creating a water chamber at the end of the
manifold, condensed water be collected from the manifold and discharged from the stack. Increasing the mass flow at the
manifold inlet and discharging the excess gas through the water collection chamber can push the liquid water into the
chamber without causing significant changes in pressure drop.

Key Words Flow distribution, PEM fuel cell, Two-phase Flow, Water removal, Manifold.
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