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Nomenclature

A: Area (mz).
H,O: Water.

C: Molar concentration (n10Vm3).

Abstract >> A systematic, multicomponent model has been developed to inves-
tigate optimal water management for fuel cell electric vehicles. Water manage-
ment strategies focus on manipulating thermodynamic states to provide the ad-
equate requirements of fuel cells. A fuel cell water transfer model, a membrane
humidifier model, and a compressor model are mathematically developed and
solved using MATLAB to achieve an integrated thermodynamic approach based
on system piping and instrumental diagrams. Each component model is vali-
dated using published experimental data with good agreement. In the air supply
system, the required humidity at the fuel cell channel inlets is theoretically pre-
dicted under low heating value operating fuel cells. Subsequently, the optimal
conditions of the compressor and the bypass valves are suggested to control the
humidification levels of the humidifier. The results show the thermodynamic
states within system in accordance with the optimal operation conditions of the
component.

Key words : Fuel cell system(@&MX| A|AE), Vehicular application(XtZ£),
Water management(g & 2|), Optimal operating condition(%| & 2 X
X 7), Thermodynamic approach(@stX A 2)

0: Reference conditions.

¢p: Heat capacity (J/kg-K).
Channel: Gas flow channel.
D: Diffusion coefficient (mz/s).
CL: Catalyst layer.
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d: Diameter (m).

Comp.: Compressor.

F: Faraday constant (C/mol).

GDL: Gas diffusion layer.

h: Convective transfer coefficient (m/s).
h: Hydraulic.

h: Enthalpy (J/kg).

Humi.: Humidifier.

i: Current density (A/cmz).

in: Channel inlet.

J: Molar flux (mol/m™s).

Im: Logarithmic mean.

Le: Lewis number.

m: Membrane phase.

M: Equivalent molecular weight (g/mol).
Osmotic drag: Electro-osmotic drag.

m: Mass flow rate (kg/s).

out: Channel outlet.

Ndrag: Electro-osmotic drag coefficient.
real: Real case.

P: Pressure (Pa).

Sh: Sherwood number.

T: Temperature (K).

t. Thickness (m).

U: Rotational speed of compressor (RPM).
WT: Net water transfer coefficient.

o: Thermal diffusion coefficient (mz/s).
v: Ratio of specific heat.

e: Porosity.

A: Membrane water content (HO/SO3).
p: Density (kg/m’).

eff: Effective.
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Fig. 1. Fuel cell system piping and instrumental diagram (P&ID) for vehicular application
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Fig. 2. Fuel cell reactants supply system modeling diagram
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Table 1. Reference case of fuel cell stack operating conditions

Parameter Value Unit
Cell number 370" -

Active area 237" cm’

Current density 0.4 Alem’

Channel inlet temperature 338 K

Channel inlet pressure (absolute) 150 kPa
Anode stoichiometry ratio 1.5 -
Cathode stoichiometry ratio 2.0 -

Table 2. Calculated fuel cell system optimal operating conditions

Parameter Value Unit
Net water transfer coefficient 0.04 -
Fraction of mass flow rate from cathode
. 0.35 -
outlet to shell inlet (ff)
Fraction of mass flow rate from 031

compressor outlet to fuel cells stack (fc)

Compressor impeller angular speed | 69,266 | RPM
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