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Motivation – Global Developments in the Aviation Sector
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Global greenhouse gas emissions by sector; 2024 [1]

Total: 53,2 Billion tons of CO2 eq.

Aviation: 1,0 Billion tons of CO2 eq.
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Worldwide development of the passengers carried in billions from 1970-2023; [2]

Total: 53,2 Billion tons of CO2 eq.

Aviation: 1,0 Billion tons of CO2 eq.

Air traffic doubles every 15 to 20 years

Recovery of air traffic to pre-COVID-19 levels

Reductions in other sectors



Motivation – Innovations for GHG reduction
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Strategies for Reducing CO2 Emissions in the Aviation Sector, [4]

No-intervention scenario
Energy Efficiency in 

Conventional Drives

Energy Efficiency + SAF Energy Efficiency + SAF + H2

a) Further development of conventional 

technologies

b) Optimization of traffic management

c) Minimizing non-CO2 effects

d) Sustainable aviation fuel (SAF)

e) Innovative aircraft designs based on 

alternative energy sources

75% reduction in CO₂ emissions per passenger
kilometer compared to year-2000 aircraft [3]

Decoupling air traffic growth from emissions



Motivation – DLR’s aviation strategy
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Komponententechnologien

Architektur und Integration des 

Antriebssystems

Luftfahrtanforderungen und 

Antriebsregelung

Versuchseinrichtungen und 

Infrastruktur

Umweltwirkungen und Sensorik

Low-emission aviation engines

Energy-efficient aircraft

Climate-friendly air transport system

Digitalization



State of the Art – Abstraction of an electric drive
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Schematic of an electric drive system using fuel cells [5]
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Jet engines generate energy via thermal cycle

Kerosin is used as fuel (high energy density)

Efficiency is limited by the carnot efficiency

Fuel cells convert chemical to electrical energy

Hydrogen is used as fuel (high specific energy)



State of the Art – High-temperature polymer electrolyte 
membrane fuel cells (HT-PEMFC)
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Schematic of a fuel cell [7]

Anode: 𝐻2 → 𝐻+ + 2𝑒−

Cathode:
1

2
𝑂2 + 𝐻+ + 2𝑒− → 𝐻2𝑂

Standard electromotive force is 1.229 V [6]

Operating temperatures between 130 - 180°C

Simplified thermal management

Higher power density 



State of the Art – Thermal Management of a HT-PEMFC
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Conventional thermal management system for HT-PEMFC

≈50% of         ’ energy converts to heat in
the catalyst layer [8]

Heat must be absorbed and rejected to the
environment

State-of-the-Art Concept

Liquid cooling channels are installed in the
bipolar plates



Methodology – Thermal Management of a HT-PEMFC
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MEA Hydrogen Air

           

              

    

     

         
          
        

       



Methodology – Analysis of the Geometry
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Condenser

Evaporator

Catalyst (Anode) Electrolyte Catalyst (Cathode)

Air Hydrogen



Methodology – Abstraction of a 2D Simulation
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Results – Abstraction of a 2D Simulation
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Results – Modification of the 1D model
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Condenser

Evaporator

Temperature distribution for 𝜆𝑒𝑞 = 3300
𝑊

𝑚𝐾
; [9]

External air speed 𝑣𝑎𝑖𝑟 = 3
𝑚

𝑠
, 𝑇𝑎𝑖𝑟 = 323.15𝐾



Conclusion – Assessment of the Geometry
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Concept to integrate PHP into fuel cells 

Potential for higher simplicity and efficiency

Single-pipe temperature distribution calculated

2D CFD for geometry-specific heat transfer

Higher Temp. via geometry-specific heat transfer

Thermal conditions confirm FC cooling feasibility



Outlook – Rapid prototyping
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Prototype design and iterative refinement

Evaluation of manufacturing and filling methods

Construction of a PHP test stand

Prototypes, operating conditions and 
measurement techniques varied 

Evaluation of thermal behavior in full PHP and
FC stack

Determination of impact on fuel cell operation
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Schematic of electric drive with proposed thermal management



References

17
Fabian Kramer, DLR-EL, iCCC2026, 07.05.2026

Thank you for listening!
Mail: fabian.kramer@dlr.de

[1]
Crippa, M., Guizzardi, D., Pagani, F., Banja, M., Muntean, M. et al., GHG emissions of all world countries - 2025 Report, Publications Office 

of the European Union, Luxembourg, 2025, doi:10.2760/9816914, JRC143227.

[2]
International Civil Aviation Organization (ICAO) (2023): Air transport, passengers carried (IS.AIR.PSGR). In: World Bank: World 

Development Indicators (WB_WDI). Verfügbar unter: https://data.worldbank.org/indicator/IS.AIR.PSGR (Zugriff am: 14.04.2026).

[3]
Directorate-General for Research and Innovation und Directorate-General for Mobility and Transport, Flightpath 2050: Europe's vision for 

aviation: maintaining global leadership and serving society's needs (policy). Luxembourg: Publ. Off. of the Europ. Union, 2011. 

[4]
DLR (2021): Maximum technology potential for curbing carbon dioxide emissions. In: Towards zero-emission aviation. Verfügbar unter: 

https://www.dlr.de/en/latest/news/2021/04/20211215_towards-zero-emission-aviation (Zugriff am: 14.04.2026).

[5]
              k , „  2-Neutrales Regionales Fliegen - Die Herausforderungen des thermalen Managements von Brennstoffzellen“, 

Bundesverband der Energie- und Wasserwirtschaft Jahreskongress, Berlin, 2024

[6]
X.-Z. Yuan und H. Wang, "PEM Fuel Cell Fundamentals," in PEM Fuel Cell Electrocatalysts and Catalyst Layers, J. Zhang, Hg., London: 

Springer London, 2008, S. 1–87. 

[7]

S. Kazula, S. de Graaf und L. Enghardt, "Review of fuel cell technologies and evaluation of their potential and challenges for electrified 

propulsion systems in commercial aviation," Journal of the Global Power and Propulsion Society, Jg. 7, S. 43–57, 2023, doi: 

10.33737/jgpps/158036. 

[8]

S. G. Kandlikar und Z. Lu, "Fundamental Research Needs in Combined Water and Thermal Management Within a Proton Exchange 

Membrane Fuel Cell Stack Under Normal and Cold-Start Conditions," Journal of Fuel Cell Science and Technology, Jg. 6, Nr. 4, 2009, Art. 

Nr. 044001, doi: 10.1115/1.3008043. 

[9]
Ayel, Vincent; Slobodeniuk, Maksym; Bertossi, Rémi; Romestant, Cyril; Bertin, Yves: Flat plate pulsating heat pipes: A review on the 

thermohydraulic principles, thermal performances and open issues; DOI: 10.1016/j.applthermaleng.2021.117200

https://data.europa.eu/doi/10.2760/9816914
https://www.dlr.de/en/latest/news/2021/04/20211215_towards-zero-emission-aviation


Impressum

Thema: Modellierung einer Heat-Pipe-gestützten Thermalregulierung von HT-PEM-

Brennstoffzellen in der Luftfahrt - Numerische Bestimmung 

geometriespezifischer Wärmeübergangskoeffizienten

Datum: 2026-05-07

Autor: Fabian Kramer 

Institut: Elektrifizierte Luftfahrtantriebe

Bildquellen:      B      „ L      BY-NC-N  3.0 “,

sofern nicht anders angegeben

18
Fabian Kramer, DLR-EL, iCCC2026, 07.05.2026


	Folie 1: Heat Pipe–Assisted Thermal Management of Fuel Cells in Aviation
	Folie 2: Overview
	Folie 3: Motivation – Global Developments in the Aviation Sector
	Folie 4: Motivation – Global Developments in the Aviation Sector
	Folie 5: Motivation – Innovations for GHG reduction
	Folie 6: Motivation – DLR’s aviation strategy
	Folie 7: State of the Art – Abstraction of an electric drive
	Folie 8: State of the Art – High-temperature polymer electrolyte membrane fuel cells (HT-PEMFC)
	Folie 9: State of the Art – Thermal Management of a HT-PEMFC
	Folie 10: Methodology – Thermal Management of a HT-PEMFC
	Folie 11: Methodology – Analysis of the Geometry
	Folie 12: Methodology – Abstraction of a 2D Simulation
	Folie 13: Results – Abstraction of a 2D Simulation
	Folie 14: Results – Modification of the 1D model
	Folie 15: Conclusion – Assessment of the Geometry
	Folie 16: Outlook – Rapid prototyping
	Folie 17: References
	Folie 18: Impressum

