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ABSTRACT

The design of a long-range unmanned aircraft
system powered by fuel cells is investigated,
with the study focusing on the feasibility of
crossing the Atlantic Ocean. The motivation be-
hind this aircraft is to demonstrate the capabil-
ity of hydrogen fuel cells as an alternative fuel
source and to create a case for future commercial
and civilian aircraft. Existing hydrogen powered
UAS are benchmarked and an in-depth analysis
of the mission environment is conducted to ul-
timately determine reasonable requirements for
the aircraft. The requirements of a 3000 km
range, a maximum mass of 25 kg and being pri-
marily powered by fuel cells, are used as inputs
for the conceptual design phase. A classical de-
sign approach is conducted but modified appro-
priately for a fuel cell powered UAS. The air-
craft mass, lift-to-drag ratio, wing loading and
thrust-to-weight ratio are iterated until a baseline
configuration that can feasibly cross the Atlantic
Ocean is achieved. Some additional aspects ori-
ented towards exploitation of atmospheric phe-
nomena in the purpose of performance improve-
ment will also be exposed.

1 INTRODUCTION

Unmanned aircraft systems (UAS) have become instru-
mental tools for missions in various military, civil and com-
mercial fields. Current generation electrical powered un-
manned aircraft systems are limited in terms of range and en-
durance due to the low energy density of their lithium-based
batteries. However, many UAS applications require high
range and endurance capabilities for intelligence, surveillance
and reconnaissance. This demand for flights which last for
considerable periods of time without the need to frequently
land coupled with efforts to minimize environmental impact
and the benefits of a low thermal and noise signature, make
long range electrical aircraft desirable. An emerging source
of electrical energy with the potential to solve the limitations
of batteries is hydrogen fuel cells. They offer compelling
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value for unmanned aircraft systems due to the ability to pro-
vide approximately five times more power per flight hour for
the same weight as lithium based batteries, as well as offer-
ing improved reliability and reduced maintenance when com-
pared to small internal combustion engines.

This project aims to analyze the feasibility of an un-
manned aircraft system powered by hydrogen fuel cells that
has the capability of crossing the Atlantic Ocean, as detailed
in Figure 1. This route has been selected as it has histori-
cal significance; it was used by the French aviation company,
”Aéropostale“ in the 1930’s and to date has only been crossed
by UAS powered with internal combustion engines. The ob-
jectives of this project are to design a long range UAS fea-
turing hydrogen fuel cell based propulsion, capable of flying
from Dakar to Natal and being sufficiently light-weight to be
within the certification category allowing beyond line of vi-
sual sight.

Figure 1: Route from Dakar to Natal 3000 km. Source:
Google Maps, 2019.

2 STATE OF THE ART

Hydrogen fuel cells generate energy through catalysis; a
process that separates the electrons and protons of the reactant
fuel and forces the electrons to travel through a circuit which
generates an electric current as explained by Gundlach [1].
Another catalytic process then takes the electrons and com-
bines them back with protons and oxygen from the ambient
air to form water as a waste product. It is seen that a fuel cell
resembles a battery because it provides a direct electrical cur-
rent, however, it uses a separate fuel and oxidant that are not
stored together. According to Osenar et al. [2] this makes a
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fuel cell system inherently safer than other advanced high en-
ergy density battery technologies. The fuel cell itself is a way
to convert the fuel and oxidant but does not store any energy.
In general, because air is used as the oxidant and not stored
with the fuel, the energy density of the fuel system is able to
exceed traditional battery systems. Additionally, this allows
of the system to be scaled up easier, as only larger hydrogen
fuel tanks need to be installed and not a larger fuel cell. In
comparison, to increase the range of a battery powered UAS,
additional batteries will need to be added which significantly
increases the mass. The high electrochemical conversion ef-
ficiency of fuel cells combined with the high specific energy
of H2 fuel makes them suited to extending the endurance of
small UAS.

A state of the art evaluation of existing unmanned air-
craft systems revealed several hydrogen fuel cell powered
UAS which have been successfully designed and built. It also
serves as a means to benchmark the project’s objectives to a
reasonable standard, ensuring a feasible project with worth-
while applications.

2.1 Sparkle Tech: Eagle Plus

The Eagle Plus is a small, VTOL, unmanned aircraft sys-
tem built by Sparkle Tech based in Hong Kong and is shown
in Figure 2. This UAS is a new generation hybrid fix wing
and multi-rotor configuration which allows it to be versatile
due to not requiring a runway and also have high endurance as
the cruise phase occurs with the fixed wing. The length of the
UAS is approximately 2m with the airframe made from com-
posite carbon fibre. The Eagle Plus has a 3.5 m wingspan, a
wing area of 0.7 m2 and its maximum take off mass is 21 kg.
It utilizes a 500 W electric engine that is powered by a 9L liq-
uid hydrogen fuel cell and also is equipped with a 10000mAh
lithium polymer battery as a redundancy for flight safety. The
total weight of the fuel tank, battery and equipment is 10 kg,
which enables an endurance of 5 hours at a cruise speed of 28
m/s.

Figure 2: Eagle Plus VTOL UAS. Source: Sparkle Tech [3].

2.2 US Naval Research Laboratory: Ion Tiger

The United States Naval Research Laboratory’s Ion Tiger
features a conventional wing and stabilizer layout, as shown
in Figure 3. The cruise velocity for the Ion Tiger is 13.9 m/s,
features a wingspan of 5.2 m, a wing area of 1.57 m2 and has
a length of 2.4 m. The maximum take of mass of Ion Tiger is
16.1 kg, with a structural mass percentage of approximately
44% and cruise power of 300 W. The energy is provided by
550 W hydrogen fuel cells, stored at at pressure of 34.5 MPa.
The Ion Tiger accomplished a 26 hour flight with a payload
mass of 2.5 kg.

Figure 3: Ion Tiger UAS. Source: Swider-Lyons et al. [4].

2.3 H3 Dynamics: Hywings

The Hywings UAS, as shown in Figure 4, is developed
by H3 Dynamics based in Singapore. It features a similar
conventional wing and stabilizer layout to the Ion Tiger and
has the same cruise velocity of 13.9 m/s. The maximum take
off mass of Hywings is 7 kg and it features a 200 W hydrogen
fuel cell system, pressurized between 30 and 35 MPa, that
allows for quick hydrogen bottle refuelling. The UAS does
not require a runway and can take-off via a hand launch and
can achieve a range of up to 500 km and an endurance of up
to 10 hours.

2.4 Insitu: Scan Eagle

Scan Eagle is developed is by Insitu, a subsidiary of Boe-
ing, and is a small, long-endurance, low-altitude UAS that
is used for reconnaissance. The original variant as shown in
Figure 5, is powered by a petrol engine, however, there are
currently efforts to incorporate a hydrogen fuel cell power
system to drive the UAS. As the 1200 W fuel cell module fits
within the existing airframe without modification, the Scan
Eagle fuel cell variant aims to be a technology demonstrator
with a flight time of 9 hours. The UAS maximum take off
mass is 22 kg, with a length of 1.55 m and a wingspan of
3.11 m. In addition, it takes off using a runway independent
launcher and lands via a hook recovery system so it does not
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