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History of NRL Fuel Cells R&D   
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Motivation for Fuel Cell in Unmanned 
Systems (UxVs) 

Fuel cell advantages: 
• Higher energy than batteries 
• Higher efficiency than engines 

Small engines ~10% efficient 
Fuel cells ~45-60% efficient 

• Better durability and reliability the small
engines 

Benefit to Navy: 
• Long endurance electric UxVs 
• For UAVs quiet flights for lower cost fo

longer times 
• Big UAV missions with a small UAV 

• “Nano-ization” of UAVs 
• Lower cost and maintenance 
• Less storage volume 

Advantages of electric 
propulsion 
• Near silent operation 
• Instant starting 
• Increased reliability 
• Ease of power control 
• Reduced thermal signature 
• Reduced vibration 
• No electric generator 
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Ion Tiger Design and Sizing – 26h in 2009 

• Cruise Power 267w 
– Propulsion 200 w 
– Avionics 20 w 
– Flight Controls 20 w 
– Payload 20 w 
– Conversion Losses 7 w 

Dimensions 
• Wing Area 16.9 ft2 

• Span 17.0 ft 
• Aspect Ratio 17 
• Length 7.9 ft 
• L/D 17 

• TOGW 35.5 lbs 
– Fuel Cell 2.2 lb 
– Fuel Tank 8.0 lb 

• Fuel 1.1 lb 
– Regulator 0.4 lb 
– Cooling System 1.5 lb 
– Propulsion System 0.9 lb 
– Avionics 1.0 lb 
– Airframe 15.5 lb 
– Payload 5.0 lb 

Key design point – POWER to WEIGHT!!! 4 



  

 
  

 

Status of Hydrogen Fuel Cells for UAVs 

• Fuel cells are good enough to support UAVs with real utility 
• H2 infrastructure is still a gap to fielding in larger quantities 

Numerous commercial offerings: 

Liquid cooled Air cooled Air cooled 
Closed cathode Open cathode Closed cathode 
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Issues with Commercial Fuel Cells 

• Inadequate cooling for hot conditions 
• Several vendors sell air cooled systems 

• Inadequate blower for high altitudes 
• Inadequate controls 

• Start-up and shut-down sequences 
• Inadequate power electronics 

• Components de-solder 
• Lack of CVM – cell voltage monitoring – for durability and 

control 
• Coolant issues 

• Glycol-based coolant can damage the catalyst 
• Vapor lock with DI water 

• Serviceability 

NRL is addressing through internal development 
and commercial partnership 
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Hydrogen Fuel Cell Research 

Bipolar plates (BPP) Gas diffusion media (GDM) Catalyst layer (CL) 

 

     

  
  

   
    

 

• Fuel cell design is a holistic problem 
• NRL’s fuel cell portfolio spans basic to applied (6.1  6.4) 
• A fuel cell is a “water production machine” 
• High power devices for unmanned systems requires water 

removal and oxygen transport to active sites 7 



 

      

      

 

    

  

Comparison Between Foils and AM 

Cell-to-cell variability at 1.0 A cm-2 

∆C
el

l V
ol

ta
ge

 (m
V)

 100 
50 
0 

-50 
-100 
-150 
-200 
-250 

50 

0 5 10 15 20 25 30 35 40 45 50 
Cell # 

AM BPP 

FOIL BBP 

∆C
el

l V
ol

ta
ge

 (m
V)

 

25 

0 

-25 

+/- 20 mV 

-50 
0 5 10 15 20 25 

Cell # 
30 35 40 45 50 

• Large cell-to-cell variability in stack with AM bipolar plates: +/- 53 mV, Max 222 mV 

• Good cell-to-cell variability in stack with metal foil bipolar plates: +/- 8 mV, Max 16 mV 
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Comparison Between Foils and AM 

• Cell-to-cell variability caused by manufacturing limits 

• Features sizes, resolution, and post processing are limiting with AM 

• Contact between interfaces is important! 

• Structure matters: proper channels to reject water, proper interfaces 9 



  

  

  

Now consider porosity of gas diffusion media 

Gas diffusion media (GDM) 
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Compression and Morphology Determine Power 

Computed tomography – with Prof. Iryna Zenyuk 
“Wet Laid” Gas Diffusion Media – SGL 29BC 

compression 

0% 

34% 

41% 

• Wet Laid GDM affected by compression – MPL pushed into GDL 

R. W. Atkinson III, Y. Garsany, B. D. Gould, K. E. Swider-Lyons, and I. V. Zenyuk, ACS Appl. Energy Mater., 
1(1), 191 (2018). 11 



 

   

    

    

Compression and Morphology Determine Power 

Dry Laid GDM - Freudenberg H2315 C2 (H23C2) 

0% 

14% 

28% 

• Dry Laid GDM fairly unaffected by compression 

R. W. Atkinson III, et al, ACS Appl. Energy Mater., 1(1), 191 (2018). 
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NRL 

R. W. Atkinson III, et al, ACS Appl. Energy Mater., 1(1), 191 (2018). 13 



Now consider porosity of catalyst layer 

Catalyst layer (CL) 
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Spray coated catalyst coated membranes 

NRL creates by ultrasonic spray process 
Tutorial with videos and details: 

M. Sassin, Y. Garsany, B.D. Gould, K. Swider-Lyons, Anal. Chem., 89(1), 511 (2017). 
U.S. Naval Research Laboratory 14 



  
 

 
 

 
 

     
  

Approach to tune electrode structure by 
varying Carbon support 

• We previously optimized catalyst layer thickness and Pt loading 
• 8 layers, Pt loading = 0.30 mgPt cm-2 

• 2 layers Pt/VC and 6 Pt/KB 
• All CLs will be 8 layers. We vary the sub-layer thicknesses to total 8 

layers. 
• (a) sub-layer 1 = 6 layers, sub-layer 2 = 2 layers 
• (b) sub-layer 1 = 2 layers, sub-layer 2 = 6 layers 

Z-direction 

a) b)
2 layers – Pt/VC 
6 layers – Pt/KB 

PEM 

6 layers – Pt/KB 

PEM 

2 layers – Pt/VC 

What is the preferred orientation in the  Z-direction of sublayers? 
U.S. Naval Research Laboratory 15 



  

 

       

 

 
 

 

 
 

  

 

  

NRL Graded Cathode Electrodes: 
Ordered vs. Disordered 

Cathode Cathode 
Pt/KB 
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• Dry operation to examine water management 

• Baseline materials show OK performance 

• Pt/KB is higher performance than Pt/VC 
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NRL Graded Cathode Electrodes: 
Ordered vs. Disordered 

Cathode Cathode 
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8 layers 
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• Engineered electrode with ordered orientation of 
catalyst layers 13% better than either baseline 
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NRL Graded Cathode Electrodes: 
Ordered vs. Disordered 
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NRL Graded Cathode Electrodes: 
Ordered vs. Disordered 
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NRL Graded Cathode Electrodes: 
Ordered vs. Disordered 

Cathode Cathode 
Pt/KB 

8 layers 
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2:6 Blend of Pt/VC : Pt/KB 
8 layers • Let’s examine the influence of RH
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NRL Graded Cathode Electrodes: 
Ordered vs. Disordered 

U.S. Naval Research Laboratory 
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NRL Graded Cathode Electrodes: 
Ordered vs. Disordered 

U.S. Naval Research Laboratory 
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NRL Graded Cathode Electrodes: 
Ordered vs. Disordered 

• Rank order of structure is the same over a range of RH

• Benefit of structure diminishes as RH increases

• CLUE: Catalyst layer structure influences cell hydration

U.S. Naval Research Laboratory
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Manufacturing Development 

World-class S&T 

MRL 4 7 
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Conclusions 
• Structure (porosity) is really important! 
• Proper channel design in bipolar plates needed to reject water 

• Repeatable structure needed for good stack performance 
• Compression of gas diffusion media has very large impact on 

performance at 0.6 V 
• Affects water management through changes in pore sizes 
• The design of the GDM also has a profound affect. 

• Control of porosity in the catalyst layers is also really important 
• Controlled through the selection of ionomer 
• Fabrication process 
• Mixtures of porous catalysts 

• New methods such as computed tomography very useful 
• Holistic approached needs for high power systems 

U.S. Naval Research Laboratory 17 



  

The future of flight? 

https://www.skai.co/ 
U.S. Naval Research Laboratory 18 

https://www.skai.co


   

            
      

      
 

          

              
   

                 
             

   
        

         

  

NRL Research On Compression/MEA 
Optimization 

• C. Netwall, B. D. Gould, J. A. Rodgers, N. J. Nasello, K. Swider-
Lyons, J. Power Sources, 227, 137 (2013). 

• M. B. Sassin, Y. Garsany, B.D. Gould, K. Swider-Lyons, J. 
Electrochem. Soc., 163, F808 (2016). 

• M. Sassin, Y. Garsany, B.D. Gould, K. Swider-Lyons, Anal. Chem., 
89(1), 511 (2017). 

• R. W. Atkinson III ,M. W. Hazard, J. A. Rodgers, R. O. Stroman, B. 
D. Gould, ECS Trans., 75(14), 531 (2016). 

• JECS 2018, 165 (11), F1002. 
• R. W. Atkinson III, Y. Garsany, B. D. Gould, K. E. Swider-Lyons, I. V 

Zenyuk, ACS Appl. Energy Mater., 1(1), 191 (2018). 
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• Y. Garsany, et al, Journal of Power Sources 408 (2018) 38–45. 
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