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ABSTRACT:

One of the most significant handicaps and disadvantages for the proper operation of the polymer membrane in a
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PEMFC fuel cell energy system is the distribution of wakerthis paper, we propose a mathematical model for
defining the static andysiamic characteristics of energy behaviour (voltage, electricity, and relative humidity) for
various input operating parameters (hydrogen, oxygen, water flow rates, temperature and dunerdghergy
phenomenon is used in a wide range of operating tiondito ensure the exploitation of the energy produced, which
will be modeled by a recent practicable and achievable graphical formalisiMatitescopic Energy Representation
(MER), which is used because of its simplicity which feasibility, and is bageithe action/reaction principle and

controlled by a simple inversion methdchis behavior is designed to deduce and recommend an energy management

plan for the PEMFC system that takes into account the various states of flooding and drought and sdotritbute
optimal humidity level for the system's implementati®he simulation results show thiat operate correctlfor this
model, the Relative Humidity must be in the neighborhood of 100% for the device to be effective.

KEYWORDS: PEMFC,FC, WatemDistribution, Modding and ContrglRH, MER, MCS.

1. INTRODU CTION
The main goal of this paper is to view, investigate,
and exploit the energy management of a PEMFC fuel
cell that runs o hydrogen and oxygernwhich is
dependent on water delivery inside the cell to keep the
electrolyte membrane moisind prevent flooding and
drying, which can cause the FC to deteriorate in the
first place, and to ensure the FC's ldagm viability.
PEMFCs are excellent hydrogesnd oxygen to
electricalenergy convertersvhere they are made up of
[1-2-25]:
-Anode: an emitter of electrons in the reaction is:
2H, - 4H" +4e”
-Cathode: an electron receptor in the reaction is:
O, +4H" +#e” -2H,0
-In the reactionthe support membrane (electrolyte)
separates the anode from the cathode as follows:

H, +%O - H,O + Heat +electrical enery
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Sets of cells can be connected in series to raise the
voltage of an FC that can output from 0.8V to 154
A PEMFC consists dffig 1"
1-Fluidic domain:

-Oxygen enters the cathode from pure air.

-Hydrogen entry into the anode.

2-Water processing is the second area of water
management.
3-Thermodynamic domain:
nucleus of the cell).
4-Electrical domain: at a load, produce a constant aim
voltage Vcell.

5-Heat generation is the fifth thermal domain.

For the realization and implementation of the
PEMFC scheme, eh of these areas is needed[[25].

In order to keep the complexity of a thamatical
model of a mechanism as low as possible while
preserving the system's characteristics, different
simplifying assumptions must be made: Let us make
the following simplification assumptions to carry out
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Fig. 1. Synoptic diagramdr an operating fuel cell modg3]-[23].
-The simulation is about a cell. domainsThet MER modeling al te
-The temperature is assumed to be evenly distributed e x p| ai ned by t he fact t hat i
across the cell's components. synt hesi s of compl ex syst ems
-The hydrogen and oxygen in the cell are pure andfine. el ectr ochemi cal , fluid me c h a
This presumption eliminates the difficulties created elce rifc@&] . . . . )

by impurities accumulating (nitrogen). Since the
oxygen pressure accounts for 23% of the air pressure,
the model still holds true when using ain this
situation, the nitrogen effect may be underestimated.
-Pressure losses in gas delivery systemsnatetaken
into account (gas pressures are considered uniform in
the supply pipes)According to a thorough study, these
losses amount to around 3.5 percent of the supply
strain.

Since this modeling is based on the MER approach,
it is critical that we spefy the various input variables
on which we will operate, as well as the output
variables characterizing the evolution of the
mechanism, from the functional diagram mentioned in
"Fig 1" measurable or observable quantities on the
action of tension and relaé humidity [3-23].

The input variables argifc, R,,, R, , R, o, RHet
m S)@vecy S gs the heat flow.

The output variables aredqf, ,do, ,d0, Vcell
Pcell et Tfc).

2. MODEL OF PEMFC WITH MER

The basic model is changed to create the control
mechanism for a fuel cell design, which must have
certain characteristics (energy, modularisyu i t a b i
for -mo mp i e x
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The MER is a modern readable macroscopic
representation that is more usable and simple to use,
combining two graphical formalisms: the Informal
Causal Graph (ICG) and the Band Graph (B®)e
MER is made up of three pictograms-[6] (souce
components, transfer elements, and aggregation
elements) and is founded on the Action/Reaction theory
of energetic processes accorditay integral physical
causality Table 2.

The L2EP Laboratory at the University of Lille in
France first introducedhe MER in 2000.t's a good
method for making energy control systems like fuel
cells, electromechanical systems, electric cars,
tramways, metros, and wind turbines, among other
things.

T. Zhoul suggested a model fuel cell that is a
simpler version of Hisel's [7].As seen in "Fig. 2or
the proposed model of the PEMFC stack with various
couplings, our proposal consists of introducing the
restriction of humidification of the membrane by the
flow of water added into the air, as well as the effect of
relative humidity on the proper functioning of the
structure.

-The thermodynamic domain was linked to the
physical domain by introducing flow speeds of
r|1ycldr gen, oxygen, andater at the anode, cathode, and
membrane.

pmgshsalof dovarious
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- A thermalthermodynamic coupling: Since - A thermodynamieelectrical coupling is achieved
temperature changes have a direct effect on the system,by applying a Vcell voltage to the load, as seen in "Fig.
a constant temperature has been chosen in our case.  2."

- A relation between the thermodynamic and
humidification domains: This means a change in RH,
which is sanething we a& concerned with.

Table 1.The basic elements of MER][8] Energetic MacroscopiRepresentatio(EMR).

Author affiliation
Action and reaction CZ Energy source
— variables (system terminals)
—> —» )
B Y/ — Energy source Mono-physical converter
«— [— (system terminals) ' : ' (energy conversion)
—>
—
Multi-physical converter — — Mono-physical coupling
‘ (energy conversion) —> (energy distribution)
Multi-physical coupling
— (energy distribution)
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Fig. 2. The proposed PEMFC Representation by MER
The equations for the various domains in this  rule[1-3]
structure are as follows: Veell = Enerst Vact Yonm Vo
2.1.Domain of Thermodynamics Where, Enerst is the Nernst equationya is the

The voltage of a cell as determined by the ohm's  4ctivation loss, Veonis the concentration loss alghm
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is the Ohmic loss.

The below is the overall tension:
Vi =1.29 -0.85.10° { -298,15) -
e 1 @
4,31.10°T gm 6a, )+§In ®, )H_
(1)

&+ A +Mn(Co,) +lIKlgun) @

3 J 0 t
BiIngd- —— &l M Rc
%1 Jmax 2 Stack(s )

Ry, : is the partial pressures of hydrogen (atri, :
is the partial pressures of oxygen (atm) ani The

fuel cell temperature (°K).
Wherex; = 0.948

X, =0.00286 +0.0001 (A) ( 4.3.1%))|n c(,,)

X, =7.6.10° andx, = -1.93.10"

are experimentally defined parametric coefficients.
_RT
nF
depends on the celts is the operation stateand J
represents the actual current density of the cell (A/cm).
Jmax = 1.5A/cnt is the current density limit.
Rc=0.0000.q i s the stack
tmis the membrane thickness.
[14, 24] give the concentration okygen Co, :
Po,
5,08.1G et 498™M) @)

s,-Nafion conductivity is the basic conductivity of

the membrane proton (which is dependent on
membrane water activity) and can be calculated
experimentally using the equation [15]:

Sy =(0.00519/ - 0.00324)ex 126% 1 @
® 308 T

Alternatively, the following relatin [8] gives the
water content of the membrane.

$£.016/ /is a parametric cofifient, which

Co, =

| 80043+ 17.8BH - 30.8RH’) +36RF), ORH

, (4)
i 14+1.4(RH-1) 1RH 3
2.2. Humidification and Physical Domain
The following electrochemical relationships
formed by M. Y. EiSharkh characterize the partial
pressures of the three input gases and water at the
PEMFC cell, as well as the output rates. The state
equations become {3]:
d RT

— (P, =
dt( h2) Van(q

-, )

H,out  H,

- q (5)

H,in
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d _RT

E(Poz) —Tan(qo2in " 9 out 'C{Q) (6)
d

a(PHzo) = \T—T(QHzom - qH200ut _deo) (7)

an

0y, and do, are the flow rate inlet of each gas and
On,0 is the water inlet flow rate by air
Oh,out @Nd Go, oy @rethe outlet flow rates of each gas

and qHZOout representsvater vapor.

In "Fig. 2," the MER's previously depicted fuel cell
concept is clearly seen.

The inputvariables arelfc, Ry, R, R0, |

and RH).

The output variables af®'cell and Pcell).

Wherethe reaction rates of hydrogen, oxygen, and
water flow rates in the cathode, anode, and membrane
arein the electrochmical relationshipgelectrolyte):

stack

No.|
q{-l2 = ZOI’O2 = C{—QO :% = 2'Kr 'Istack (8)
Or N,: is the number of stacks in the PEMFC.

resigstance nd
) 0,9%.10 °©: s & Qofistant $h'kfnol / S.A

and F is the Faraday constant.

Ohout = K, B+ Go,out = Ko, Po,t Qoo™ Ky oPhy ¢ 9)
2.3. PEMFC Formula Water Activity

L. Boulon and all [3] created this method to
quantify the relative humidity of a fuel cell at the gas
outlet while researching the impact of air and water
treatment on humidification issues.

In our simulation, the temperature is kept constant
at T=363°K.

As aresult, RH does not mechanically reach 100%,
resulting in FC exhaust air saturation. This suggests
that PEMFC can help to save water in the atmosphere.
Furthermore, hot air contains more water than cold air,
as is well known.

This research looks athé impact of the wet
domain on the PEMFC model, using Rankine's
experimental method, which is dependent on the
temperature of the incoming air and has a saturation
pressure that ranges from 0% (dry air) to 100% (humid
air), which is the case we want [3].

— Pi,0
Pear(Talir)
With PHZO : The partial pressure of water vapor

(10)

and
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& 5120 &
T +273.15 ¢

P, : The saturated vapor pressure.

To calculate relative humidity, the water content of

the outgoing air is measured.
_ a 0.420+/,y

I:)HZO - exit33/

¢/ 1+ ) #©.210

Whereg R,,;; is the pressure at the output of the
stack, for an atmospheric fuel cell/5 (atmospheric).

/, = 2. The air stoichiometry is determined as a

function of the incoming air molar floand the moist
air molar flow using the following equation:

a
Poa = 10° expegl 3.7 (11)
¢

12)

y :5 AH,0in (13)
@Ozin * Orest
/4
T (14)
And
Orest = 3-76(1qm (15)

Oeest IS the remaining molar oxygen flux.

Finally, relative humidity is give by the following
equation [3]

& 0420+/,y
o]

it
_ Rio _ oS (1+ y) 0.210 2 16)
Pear(T) a & 5120 ©
10° expeel 3.7 5
‘?1 Ty +273.15

Veell [V]
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Table 2 Model Parameters [8,9,10,12,24].

Parameters

Values

Parametric coefficient, B

0.016 V

Faradays Constant, F

9684600 C/Kmol

Universal gas Constant H

8314.47 j/IKmol.K

Number ofcells, Ny

100

Hydrogen valve constant 4

4.22*10° Kmol/S.A

Oxygen valve constantd¢ | 2.11*10° Kmol/ S.A

Stack internal resistance | 0. 00003
K, constant 0.996*10% Kmol /
S.A
Surface, A 50.6 cn?
tm membrane thickness 178 &em
Jn 1.2 Alen?
Istackn 60 A
R 8314.47Kmol.K

3. MODEL VALIDATION AND TESTING

The objective of this report is to better understand
the effect of operating variables on the action of the
FC voltage and to suggest a regulation to improve the
efficiency of the PEMFC celinodel. With this goal in
mind, we used MATLAB/SIMULINK tools to model
our method using ser@impirical equations and the
parameters mentioned in Table 2, as well as to
simulate and evaluate our 3D figures. The following
are the simulation results:

3.1. APEMFC's Static Characteristics

a) As seen in "Fig. 3," the FC voltage is directly
affected by the current density and oxygen pressure.
Voltage reduces at low oxygen concentrations and
quickly rises at elevated pressures, resulting in a
saturated voltage pssure characteristic.

Fig. 3. Variation of PEMFC cell voltage as a function of current density and oxygen pressure with
(Ph2=PH20-1(atm),RH=100% and T=90°C).
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b) The range of the power relative to the same variables as in "Fig. 3" can also be seen in "Fig. 4."

Cell Power [W]

0.5

Current Density [A/cm2] 0 0
PO2 [atm]

Fig. 4. Variation of PEMFC cell Power as a Function of Current Density and Oxygen Pressure with
(PH2=Pr20=1(atm),RH=100% and T=90°C).

¢) In terms of the effect of relative humidity RH on increases by this value, and power drops rapidly for
the action of the power displayed in "Fig. 8,5hould high current densities. As a result, a relativentdity
be observed that when relative humidity exceeds of 100 percent is needéar proper fuel cell service.
100%, cell power is at its peakelative humidity

0.6
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Fig. 5. Changes in cell power as a function of current density and relative humidity ovéPtisnBo,-1(atm) and
T=90°C).
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d) "Fig. 6" depicts the voltage differem as a
function of both the current density and the relative
humidity RH. The voltage reaches its limit when RH =
100% and three distinct sections can be distinguished:
1- Drought period: when the relative humidity (RH) is
less than 100. This is a n@ssential component that
can cause membrane damage due to the dryness
created by the incoming air.

2- Flooding of the fuel cell occurs when the relative
humidity (RH) is grear than 100 (excess water

Vol. 15, No. 3, September2021

management); in this section, the incoming and
generating water are not evenly dispersed, resulting in
flooding of the fuel cell.

3- Saturation part: this is the aim of this work, where
the flow of water from the inlet (from thed¢oming air
and the electrochemical reaction) equals that from the
outlet, resulting in a RH of 100 percent and, of course,
a perfectly maximal voltage [25].

Fig. 6. Variation of cell voltage with respect to current dgnaind relative humidityPn2-Po2-1(atm) and T=90°C).

e) The variance of power as a function of current
density and temperature is depicted in "Fig. 7." For

high current densities, power rises as a function of
temperature in this diagram.

Fig. 7. Changes in cell power as arkction of current density and temperature over {ife- Poz- 1(atm)and
RH=100% ).
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