ENDURANCE GLIDERS
ABOUT GLIDERS
A glider is a fixed-wing aircraft that is supported in flight by the lift forces of the air
acting on its lifting surfaces, and whose free flight does not depend on an engine.
They are aerodynamically streamlined such that they can fly a significant distance
forward for a small decrease in altitude. This aerodynamic efficiency benefits it by
producing very less drag but a high amount of lift, and this is best achieved
with long, thin wings and a slender fuselage. Aircrafts with these features can
climb efficiently in rising air produced by thermals or updrafts, which will be later
explained in the report. Often, gliders with engines/motors are used for extending
their flight and even, in some cases, for take-off or to even maintain their altitude.

____________________________________________________
OPERATIONAL CAPABILITIES
Gliders depending on their altitude of operation are also known as M.A.L.E
(Medium-Altitude

Long-Endurance)

Aircrafts

or

H.A.L.E

(High-Altitude

Long-Endurance) Aircrafts. Gliders are mostly used for purposes such as
geographical mapping, terrain surveys, pseudo satellites, telecommunications,
weather monitoring, or even monitoring of a particular area or region for activities
such as flood detection, seismic monitoring, and disaster management.
They are made very light weight and highly aerodynamic efficient, which helps
them stay airborne for a very long time, which could be 2 days or even as long as 25
days.
Most of the gliders are self-sustaining i.e., few gliders have solar panels over their
upper body surface which helps them recharge their batteries from solar energy
and they even use naturally moving air currents to generate lift. Naturally there
are three main methods with which gliders climb:

i. Thermals: Thermals are rising columns of warmer air created by the

heating of the Earth's surface. Certain types of terrain absorb the sun more
rapidly than others, like asphalt parking lots, dark fields, rocky terrain, etc.
Air near these types of terrain heats and expands by absorbing heat from the
sun, thus, the air rises up the atmosphere producing thermal air currents.
Hence, gliders are usually circulated in these regions until they reach their
desired altitude.

Fig. 1: Thermal Air Current [3]

ii. Updrafts: Updrafts are upward moving currents. They are also known as

ridge lifts. These upward moving currents are produced by winds blowing
against mountains, hills, or other ridges. Gliders fly over these currents to

increase their altitude and speed.

Fig. 2: Updrafts [3]

iii. Wave Lift: Wave Lift is similar to ridge lift in that it is created when wind
meets a mountain. However, wave lift is created on the downwind side of
ridges, by winds passing over top of the ridges. Wave lift can reach thousands
of feet high, and gliders riding on wave lift can reach altitudes of 35,000+
feet.

Fig. 3: Wave Lift [3]

If the pilot can locate these air currents that are rising faster than the glider is
descending, the glider can actually gain altitude, increasing its potential energy.
Also, the gliders can trade the potential energy difference from a higher altitude to
a lower altitude to produce kinetic energy i.e., to gain velocity, hence, using this
velocity the gliders increase their altitudes.
But these gliders have very less manoeuvrability due to their enormous wingspan
and high aspect ratio, which makes them bad at performing high rate of turns and
sharp turns as well.

____________________________________________________
FEATURES OF GLIDERS
Of the most promising features of gliders, is their ability to remain airborne for very
long duration; few gliders can even remain in flight for as long as 25days. This high
endurance of the flight is due to their unmatched aerodynamic efficiency.
Aerodynamically efficient basically means having a high lift to drag ratio i.e., high
lift but very less drag. So, gliders often have aerodynamic features seldom found in
other types of aircrafts.

Fig. 4: Advantages of Winglets [5]

The wings of a glider are designed by computers to create a low-drag laminar flow
aerofoil but also produce a very high amount of lift. The wing also has vertical
winglets at the ends of the wings which decrease drag and prevent loss of pressure
difference between its upper and lower surfaces which means loss of lift and
vortices are minimized as shown in fig. 4. Gliders also have high aspect ratio wings,
which means they are longer and narrower than wings on normal powered
airplanes as shown in fig. 5. High aspect ratio wings produce less induced drag,
which is what makes gliders so efficient. High aspect ratio wings decrease
manoeuvrability, but they provide better stability.

Fig. 5: Drag Due to Aspect Ratio [3]

Also, the fuselage of gliders is very slender since there are no engines taking up the
space, a glider is usually sized around the payload it carries, reducing the weight of
the fuselage and making it as small as possible. This reduces the parasitic drag
produced due to the fuselage to a great extent.
Also, the wing’s surfaces are mould to great accuracy and after which they are also

highly polished to make a very smooth surface, to minimize parasitic drag.
And great care is taken to cover the gaps at control surfaces i.e., ailerons, rudder,
and elevator with special aerodynamic seals to prevent the flow of air through
control surface gaps.
Few gliders are self-sustaining such that they have solar panels on their upper
surfaces which recharge their batteries from solar energy. Hence, they recharge
their batteries throughout the day and can run on motors at night.
One of the measures of a glider's performance is the glide ratio. Glide ratio is the
distance that the glider can fly for each meter it descends. Glide ratio of gliders can
typically range from 44:1 (for modern designs in the Standard Class) up to 70:1 (for
the largest aircraft), hence, a high aerodynamic efficiency is essential to achieve a
good glide ratio. In still air, gliders can glide long distances at high speed with a
minimum loss of height in between.
Few gliders have retractable motors or foldable propellers as shown below, which
are retracted while gliding in order to minimize drag. These motors/propellers are
extended out to only during take-off or to extend the flight or to ascend to a certain
altitude.

Fig. 6 Micro Jet-Engine Extended Out [4]

Fig. 7 Retracted Propellors [4]

Fig. 8: Motor folding inside the fuselage [4]

____________________________________________________
ADVANTAGES AND DISADVANTAGES
ADVANTAGES
● They can operate for really long
durations.
● They have a high glide ratio.

DISADVANTAGES
● They move at low speeds.
● They have a very huge wingspan
hence making it difficult to carry or

● They have very less drag.
● They are very light.

transport.
● They have very small payload

● They can cover large distances.

capacity.

● They can go on long-term missions.

● They have bad manoeuvrability.

● They are aerodynamically efficient.

● They are structurally weak.

● They can operate at various

● They need wider runways for

altitudes.

take-off and landing.

● Can even run without an engine.

● They need wider parking spaces.

● Requires low powered servos for

● Radius of turns is very big.

flight control surfaces.

● Can get easily disturbed due to
turbulent flows.

____________________________________________________TOP
MODELS IN THE MARKET [6]
Sl.
N
o

1

MODEL
NAME

Airbus
Zephyr

FEATURES

Wingspan- 25m
Weight- < 75kg
Payload Conditions-Zephyr is
payload agnostic.
Max. Altitude- 21.3 km
Endurance- >25 days

CAPABILITIES

Zephyr uses solar energy to charge
its secondary batteries in daylight to
power overnight flight.
It has a wide visual coverage of
20-30 km, hence, provides a wide
range of continuous surveillance.
It has a wide scope of applications,
ranging for example from maritime
surveillance and services, border
patrol missions, communications,
forest fire detection and monitoring,

or navigation.

Fig. 9 Airbus Zephyr [7]

Wingspan- 48.7 m
Empty Weigh- 159 kg
Max. Take-off Weight- 1805
kg
2

Global
Observer

Max. Cruise Speed- 42.5
km/h
Max. Altitude- 19 km
Endurance- 168 hours / 7
days

The GO is the first UAV to be fitted
with a liquid hydrogen fuelled
propulsion system, hence, has zero
carbon footprint.
Global Observer has been designed
to
execute
maritime
patrol,
hurricane
or
storm
tracking,
detection
and
location
of
electromagnetic interference, and
agriculture optimization operations.
The UAV will also perform aerial
imaging
and
mapping,
environmental monitoring, disaster
relief,
wildfire
sensing,
GPS
augmentation
and
weather

monitoring missions.

Fig. 10 Global Observer [8]

Wingspan- 20 m
Max. Take-off Weight1,500km
3

United 40 /
Smart Eye 2

Max. Speed- 220km/h
Max. Altitude- 7 km
Payload- 1,000kg
Endurance- 5 days

Unlike other UAVs. United 40 has a
tandem configuration i.e., two lifting
surfaces which accounts for total lift,
thus, reducing wingspan.
It is powered by a hybrid turbine
electric ROTAX 914 UL engine,
which develops an output power of
115hp. The propulsion system also
consists of an 80hp electric motor.
This unmanned aerial vehicle can
conduct near real-time assessment of
combat
and
battle
damage,
intelligence,
surveillance,
and
reconnaissance
(ISR),
communications
relay,
border

surveillance, humanitarian aid and
other special missions.

Fig. 11 United 40 / Smart Eye 2

Length: 11 m
Wingspan: 20 m
Empty weight: 2,223 kg

4

MQ-9
Reaper

Max take-off weight: 4,760
kg
Payload: 1,700 kg
Maximum speed: 482 km/h
Cruise speed: 313 km/h
Endurance: 14 hours fully
loaded

The
MQ-9
Reaper
is
a
long-endurance,
medium-altitude
unmanned aircraft system for
surveillance and reconnaissance
missions.
The vehicle carries electro-optical
and infrared cameras and a
synthetic aperture radar.
It can employ two laser-guided
Hellfire anti-armour missiles with
the MTS (multi-spectral targeting
system).

Max. Altitude: 15.4 km

Other payload options, which can be
selected
to
meet
mission
requirements,
include a laser
designator
and
rangefinder,
electronic
support
and
countermeasures and a moving
target indicator (MTI).

Fig. 12 MQ-9 Reaper [9]

Length- 8.3 m
Wingspan- 15 m
Max. Take-Off Weight- 970
kg
5

Hermes 900

Max. Payload- 300 kg
Max. Altitude- 33,000ft
Max. Speed- 222 km/h
Cruise Speed- 103 km/h
Max. Endurance- 40 hrs

Hermes 900 is a tactical M.A.L.E
UAV system designed to allow the
Israeli Defence Force to perform
intelligence, surveillance, target
acquisition
and
reconnaissance
operations.
It uses multiple sensors and
SATCOM for extended-range data
capture and transfer.
The Hermes 900 UAV is powered by
a single ROTAX 914 turbo aircraft
engine which produces 74.6kW of
output power.

Fig. 13 Hermes 900 [10]

____________________________________________________
DESIGN PROCESS
Designing an aircraft has no particular starting point. Some may think it starts
with a new airplane concept. And others think that nothing can begin until an
initial estimate of the weight is made. The customer, civilian or military, feels that
the design begins with requirements. Well, they are all correct. Design begins with
all of these parameters simultaneously, at a low level of complexity, then further
iterations bring about an accurate solution as the parameters are refined. This
iterative nature of design is shown in Figure 14.

Fig. 14: Design Wheel [1]

First, a mission profile is made for the aircraft after which the initial sizing and
weight estimation is done using the mission profile and requirements of the
aircraft. Henceforth, all the major things are selected such as the wing
configuration, fuselage design, component selection and material selection, which
could be later changed after further calculations, analysis and in future iterations.
Henceforth, the design cycle keeps on repeating itself up until the designer or the
customer is satisfied.

Figure 15 Three Phases of Design Process

This design of an aircraft can be divided into three major phases: Conceptual
design, Preliminary Design and Detailed Design as depicted in Figure 15. The
design process begins with Conceptual Design where the designers look at the
requirement of the aircraft, which includes mission profile and features of the
aircraft, and then looks at various aircraft configuration concepts of similar
requirements and performs a literature survey of various research papers, and then
performs trade studies of both the designs and the requirements, and ultimately
settle on a single best configuration and a well-balanced set of requirements. In
Preliminary Design, that selected concept is refined, analysed, and studied in
enough detail that the company can confidently commit to it, and in Detail Design

the actual parts, assembly and all other manufacturing details are added are
designed. These are then fabricated, assembled, and flown. For a very detailed
design process refer Aircraft Design: A Conceptual Design [1].
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