
The in-house model, developed in Modelica, includes:
• LH2 Tank System:

• Hydrogen is withdrawn from the LH2 tank in liquid state.

• Heat loss of the FCS is reused to vaporize and heat LH2.

• Tank pressurization using an electric heater is modelled.

• Multi-modular PEMFC System:

• PEMFC System consists of 6 Fuel cell modules (FCM) á 100 kW

• Stack model:

• Integrated Thermal System

Simulations are conducted using load profiles based on realistic flight

scenarios to investigate the dynamic behavior of hydrogen supply and its

impact on fuel cell performance.
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The combination of using liquid hydrogen (LH2) and polymer electrolyte membrane fuel cells (PEMFC) have recently attracted attention in the aviation
industry especially for regional aircraft due to the potential of zero greenhouse gas and local pollutant emissions [1]. Proper preconditioning of the LH2 is
important for the performance and durability of the fuel cell system [2]. This study focuses on modeling and validating an integrated LH2-PEMFC system with
a net power output of 600 kW.

Introduction

Methodology

Fig.2: Model vs. Literature Data [1]: Validation of Polarization Curves at CRH 100%

The model's main components, including the PEMFC and LH2 tank, are

validated against experimental data of ref. [3].

• For well humidified cathode and anode inlet gas, the simulation results

show good agreement with literature values.

Validation

The integrated LH2-PEMFC system demonstrates robust dynamic behavior
suitable for aviation applications. Future work will focus on conducting flight
scenario tests to verify model accuracy under real conditions.

Conclusion
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Fig. 1: Simplified process flow diagram of the simulated system 
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Simulation results highlight several key findings:
• Heat Management: The fuel cell’s heat losses cover hydrogen evaporation

and heating needs, requiring minimal electrical energy during cold start.
• Pressure Stability: The LH2 tank pressure remains stable within 80 mbar

during anode purge procedures and load variations, aided by an internal
electrical heater. The influence of a change in the LH2 tank pressure on
the anode pressure is not significant.

• Hydrogen Supply Temperature & Humidity: H2 supply temperature
increases significantly during the first operating phase due to the reuse of
waste heat from fuel cells but does not improve RH at the anode inlet.
Under the current control strategy, hydrogen supply temperature has
minimal impact on fuel cell performance.

• Potential for improvement: The anode inlet humidity averages around
0.25, suggesting opportunities to enhance performance and durability
through improved humidification.

Results & Discussion

Fig. 3: a) Current demand for a single fuel cell module (green), variation of LH2
tank pressure (orange) and LH2 mass flow rate (blue) throughout the flight
mission. (b) Variation of GH2 gas supply temperature (green), anode inlet gas
relative humidity (orange) and corresponding membrane water content
throughout the flight mission (blue)
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