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Performance Analysis on the Zigzag Turn Angle of PEMFC Cathode
Serpentine Flow Path
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ybkim@hanyang.ac.kr Abstract >> Liquid water generated at the cathode catalyst layer in polymer elec-

trolyte membrane fuel cells (PEMFCs) blocks oxygen access, reducing cell
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Revised 7 May, 2025 performance. This study numerically investigates the effect of turn angle in zig-

Accepted 4 June, 2025 zag flow fields, a key design factor. Larger turn angles enhance under-rib con-
vection, improve water removal, and increase oxygen concentration, resulting in
better performance based on current density. However, they also cause higher
pressure drops, raising pumping power. To assess overall efficiency, net power
density was introduced by considering pressure loss. The results show that in-
creasing the turn angle improves both water management and energy efficiency,
offering valuable insights for flow field design in PEMFCs.
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Table 1. Geometric parameter of serpentine channel and zig-
zag flow field PEMFCs

Parameter Description Value (mm)

Length L 16
Width w 7
Cathode/an.ode bipolar H L5

plate height ¥
Cathode/anodf: f, |

channel height
Cathpde/gnode gas . H, 03

diffusion layer thickness 4
Cathode/al?ode catalyst i, 01

layer thickness
Membrane thickness H, .. 0.2
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Table 2. Material properties and analysis parameters

A
=

Property Value Unit
GDL porosity'? 0.8 -
Catalyst layer porosity'® 0.2 -
Catalyst layer permeability'® 10713 m?
Electrical conductivity of catalyst layer, GDL, bipolar plate'” 2,000, 5,000, and 20,000 S/m
Thermal conductivity of membrane, catalyst layer, GDL, bipolar plate‘z) 2,8,1.6,and 210 W/ (m « K)
Dry membrane density'? 1,980 kg/m?
Membrane equivalent weight'? 1,100 kg/kmol
Anode transfer coefficient'® 0.5 -
Cathode transfer coefficient'® 1 -
Contact angle at GDL, catalyst layer'” 95/110 0
Surface tenstion'” 0.0625 N/m

Table 3. PEMFC working conditions

Description Symbol Value Unit
Cell temperature T 353.15 K
Anode Pressure P, 1 atm
Cathode Pressure P 1 atm
Anode stoichiometry &n 1.5 (14/em?
Cathode stoichiometry Eeat 2 71%)
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Table 4. Parasitic loss due to pressure drop and net power density of serpentine, zigzag flow field turn angle 10°, 20°, and 30°
Description serpentine 10° 20° 30°
Pressure drop (Pa) 29.5573 31.063 37.8688 51.5173
Vigier (07/5) 1502610 ¢
w, (W) 0.7516 0.7628 0.7803 0.7921
Wwa (W) 4.4413x10°° 4.6675x10°° 5690210 ° 7.7410<10°°
Net power (W) 0.7516 0.7628 0.7802 0.7920
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