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Evaluation of Voltage Stability of PEMFCs under Tilting Conditions for Aviation
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"Corresponding author : Abstract >> The Polymer Electrolyte Membrane Fuel Cell (PEMFC) is a promising
hyoh@kier.re.kr

sangseok@cnu.ac.kr technology for aviation due to its high efficiency and zero emissions. However,
aviation tilting affects water management and thus, voltage stability. This study

Eec_eivzd ;g :eptembef, 2025 evaluates the voltage stability of a PEMFC unit cell under static 45° X- and Y-axis

A:;/:;ed 0 OCE,TZ?SEZSO% tilts. We monitored voltage and inlet pressures, quantifying voltage stability us-
ing the Central Quartile Variation (CQV). At high current densities (1.6 A/cm?2),
tilting that hinders water drainage significantly decreases voltage stability.
Conversely, tilting that facilitates drainage improves voltage stability. At lower
current densities (1.2 A/cm?), the effect of tilting is minor. Cathode inlet pres-
sure analysis confirmed that voltage fluctuations are closely linked to water ac-
cumulation, while anode analysis showed that some water buildup can improve
membrane hydration, enhancing performance. These findings are crucial for de-
veloping robust fuel cell systems for Aviation, with future work focusing on dy-
namic tilting conditions and stack-level optimization.

Key words : Polymer electrolyte membrane fuel cell 1 2X}MsfE A2 MX]),
Voltage stability(£2 Q14 4), Central quartile variation(ZYAHE ¢
H 57| 4), Flooding(&l4), Tilting effect(7|-2% 2.3}), Inlet pressure
analysis(M T f 3 2 A1)
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YL YE 71E 9% 7189 A4
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Fig. 1. Front view of the PEMFC unit cell (cathode side)

Table 1. Specifications of PEMFC unit cell with defined
cathode outlet location

Item Specification
5 cm*5 cm (25 cm?)
serpentine flow field
VINAtech (VFP-A4025-G00)
bottom left of visible face in Fig. 3

active area

separator plate type
MEA (Model No.)

cathode outlet

; ot
i Air Line

>> A SR S| =2

S e 7 dubA oz AREE= 4 channel
Serpentine F/2] F25 2-gstlon, A - Stk
Akl sl 714 f-5o] Aste o] i 429 HiE
o] Hluw A Ygksles HA = QIc. 12 Serpentine
29| B4 Y telAE X8 5 viEo]
ol ool g 4= lom, oegt 574 A4
A A Ao 71&Q) A SO JFgFS B

Fig. 3. Flow field pattern of bipolar plate used in the experi-
ment (serpentine type)

angle

. Left 45°
axis

Right 45°

Fig. 4. Experiment setup for PEMFC tilting test under fixed
tilt angles of 45° in the X- and Y-axis directions
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Table 2. Operating condition of tilting test

Parameter Value
hydrogen stoichiometry 1.5
oxygen stoichiometry 2.0
hydrogen relative humidity (%) 80
oxygen relative humidity (%) 80
cell temperature (°C) 65
tilting angle (°) 45
constant current operating 30 40
current (A) (1.2 Alem?) | (1.6 Alem?)
time (min) 30 10
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Fig. 5. Experimental procedure for evaluating voltage stability
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showing expected water accumulation under tilting conditions
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Fig. 7. Cross-sectional schematic of a unit PEMFC cell under
different tilting conditions (a) horizontal condition, (b) tilting
condition: YL, (c) tilting condition: YR
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Fig. 8. Comparison of cell performance and gas pressures
under constant current operation (40 A) between horizontal
and 45° rotation along the X-axis: (a) Cell voltage, (b) Anode
inlet pressure, and (c) Cathode inlet pressure

Table 3. Voltage stability metrics (CQV, standard deviation,
average voltage) under 40 A constant current operation in
X-axis tilting conditions (Day 1)

Test condition HZ Dayl | XL Dayl | XR Dayl
CQV [%] 0.0995 0.0412 0.1951
standard deviation [mV] 0.69 6.75 1.32
average voltage [mV] 503 503 493
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Table 4. Voltage stability metrics (CQV, standard deviation,
average voltage) under 40 A constant current operation in
Y-axis tilting conditions (Day 2)
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Fig. 10. Comparison of cell performance and gas pressures
under constant current operation (30 A) between horizon-
tal and 45° rotation along the X-axis: (a) cell voltage, (b)
anode inlet pressure, and (c) cathode inlet pressure

Table 5. Voltage stability metrics (CQV, standard deviation,
average voltage) under 30 A constant current operation in
X-axis tilting conditions (Day 3)

Test condition HZ Day2 | YL Day2 | YR Day2 Test condition HZ Day3 | XL Day3 | XR Day3
CQV [%] 0.0776 0.0322 0.0956 CQV [%] 0.0597 0.0391 | 0.0814
standard deviation [mV] 4.72 0.4 0.69 standard deviation [mV] 2.52 0.37 0.95
average voltage [mV] 503 504 502 average voltage [mV] 578 582 578
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Fig. 11. Comparison of cell performance and gas pressures
under constant current operation (30 A) between horizontal
and 45° rotation along the X-axis: (a) cell voltage, (b) anode
inlet pressure, and (c) cathode inlet pressure

Table 6. Voltage stability metrics (CQV, standard deviation,
average voltage) under 30 A constant current operation in
X-axis tilting conditions (Day 4)

Test condition HZ Day4 | YL Day4 | YR Day4
CQV [%] 0.0614 0.0683 0.0787
standard deviation [mV]| 2.18 0.66 1.92
average voltage [mV] 575 577 574
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