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ABSTRACT 

A fuel cell powered airplane has been designed and 
constructed at the Georgia Insitute of Technology to 
develop an understanding of the design and 
implementation challenges of fuel cell-powered 
unmanned aerial vehicles (UAVs).  A custom 448W net 
output proton exchange membrane fuel cell powerplant 
has been constructed and tested.  A demonstrator 
aircraft was designed and built to accommodate this 
powerplant and the fuel cell powered aircraft has 
performed seven test flights to date.  Test data show that 
the aircraft performance validates the models used for 
design and optimization and that the fuel cell aircraft is 
capable of longer endurance, higher performance test 
flights.   

INTRODUCTION 

Fuel cells are an attractive technology for implementation 
as powerplants for aircraft because of their potential for 
rechargability and high energy density. Where advanced 
rechargeable batteries can reach energy densities of 150 
Wh/kg at the module level, [1] regenerative fuel cells can 
achieve >800 Wh/kg at the system level [2], and non-
regenerative fuel cells can achieve >1000Wh/kg [3].  
This study is concerned with the application of non-
regenerative polymer electrolyte membrane (PEM) fuel 
cells as the primary powerplant in a medium-scale 
unmanned aerial vehicle (UAV).  Implementation of non-
regenerative fuel cells in UAVs is viewed as a first step 
towards practical fuel cell-powered flight.   

A few researchers have used small-scale model aircraft 
to demonstrate fuel cell-powered UAVs [4-6].  Soban and 
Upton [7] have performed preliminary design studies but 
without hardware development or system-level 
validation.  AeroVironment has demonstrated a large 
scale fuel cell UAV [8], but the design and development 
challenges of fuel cell UAVs are still not well-understood 
by the general UAV community. 

In order to begin developing tools and technologies for 
the design and implementation of fuel cells as 
powerplants in aeronautical vehicles, a PEM fuel cell 
UAV demonstration program was started in the Summer 
of 2004 as a collaboration between the Georgia Institute 
of Technology Aerospace Systems Design Laboratory 
(ASDL) and the Georgia Tech Research Institute.  A 
portion of the design work is supported by the NASA 
University Research Engineering Technology Institute 
(URETI) grant to the Georgia Institute of Technology.  
The primary research objectives of this program are: the 
development of validated tools for fuel cell aircraft 
design, analysis of the design tradeoffs present in fuel 
cell aircraft, and the demonstration of a series of fuel cell 
UAVs.   

This paper presents a summary of the specifications of 
the aircraft and its fuel cell powerplant.  Laboratory and 
field testing results are analyzed and used to validate the 
aircraft propulsion model that was used for system 
design.  A summary of the flight tests completed to date 
is also presented.  A photograph of the fuel cell-powered 
demonstrator aircraft is shown in Figure 1.   

 

Figure 1. Fuel cell-powered demonstrator aircraft 

FUEL CELL POWER PLANT 

The powerplant for the fuel cell UAV is a 500W 32-cell 
PEM stack (BCS Fuel Cells, Bryan, TX) with a custom 
balance of plant.  The fuel cell balance of plant was 
designed for mobility, reliability and minimum weight.  
The balance of plant (BOP) includes the air management 
subsystem, hydrogen delivery subsystem, thermal 



management subsystem, and system controller.  The 
fuel cell is self-humidified and requires an air manifold 
pressure of 5 psig and a hydrogen manifold pressure of 
3 psig.  The fuel cell balance of plant provides a cathode 
stoichiometry of >2.0 and 90% peak hydrogen utilization.  
A schematic of the fuel cell powerplant system is shown 
in Figure 2.   

 

Figure 2. Schematic of fuel cell powerplant system 

AIR MANAGEMENT SUBSYSTEM 

The air management subsystem maintains constant 
pressure at the cathode of the fuel cell stack and 
provides variable flow rate control. Variable flow rate 
control is particularly important in a self-humidified fuel 
cell system because of the risk of under-humidification at 
low current densities.  The 5 psig cathode pressure is 
regulated with a calibrated ball valve (Microchek 
14B14B-5 psi, Lodi, CA).  Flow rate is closed-loop 
controlled by pulse-width modulation of two diaphragm 
compressors (T-Squared Manuf. T202, Lincoln Park, 
NJ).  These compressors are powered from the fuel cell 
bus voltage.  By using two compressors, and turning one 
of the compressors off when low flow is required, higher 
high flow rates and lower low flow rates are achievable 
than is possible with a single compressor.   

HYDROGEN DELIVERY SUBSYSTEM  

Hydrogen is stored on board the aircraft using 
compressed hydrogen stored within a composite tank 
(Luxfer Gas Cylinders P07A, Riverside, CA).  The 
hydrogen storage system provides roughly 66 standard 
liters (SL) of usable hydrogen.  Dual regulators regulate 
the hydrogen pressure to a manifold pressure of 3psi.  
Hydrogen is purged from the cathode manifold for 0.2 
seconds at roughly 8 second intervals.  Hydrogen purge 
is required to remove water and other contaminants from 
the anode manifolds.  

 

Figure 3. Fuel cell system hydrogen utilization 

THERMAL MANAGEMENT SUBSYSTEM 

A liquid cooling circuit provides temperature regulation 
for the fuel cell.  A water pump (Laing Thermotech DDC, 
Chula Vista, CA) circulates water through a custom 
radiator of aluminum and carbon foam (Poco Graphite, 
Decatur, TX) construction.  Carbon foam is an advanced, 
lightweight (0.56g/cc), thermally conductive material that 
allowed for the construction of a light weight water-to-air 
radiator.  A number of design iterations were performed 
to reduce the weight and power consumption of the 
radiator.   

In the final design iteration, the fuel cell radiator and fan 
weigh 578g and rejects 242W over a temperature 
difference of 20C with 6W of electrical power 
consumption.  Fuel cell product water is sprayed onto the 
fins of the radiator to allow for evaporative cooling.   

SYSTEM CONTROLLER 

The fuel cell system is controlled by an ATMEGA32, 8-bit 
AVR microcontroller (Atmega, San Jose, CA).  The 
functions of the fuel cell controller are: 

1. Thermostatic Fan Control – This function turns on 
the radiator fans when the fuel cell temperature is 
greater than 45 C. 

2. Closed-Loop Compressor Speed Control – An 
inductive current sensor measures the current output 
of the fuel cell.  This function reads the current 
sensor and calculates the required PWM conditions 
for the compressors.  The compressor speed is 
closed-loop controlled with a PI controller.   

3. Mode Control – There are three modes of fuel cell 
controller operation: Idle, Purge, and Fly.  In Idle 
mode the fuel cell system is not producing power.  
Purge mode allows the fuel cell controller to purge 
the cathode manifold of the fuel cell at startup or 
shutdown.  Fly mode is the normal mode of 


