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Abstract ;

This paper explains the fabrication of a half wing (only right wing) UAV model of aerofoil shaped fuselage. NACA
4416 cambered aercfoil with chord length of 115 mm has been used for designing the right wing of the LAY model,
Open circuit subsonic wind tunnel has been used to test the fabricated LAY model and collection of data, The air
speed inside the wind tunnel could be controlled from O to 40 m/s by rotating a controd knob. Paoint surface
pressure of Aerofoill Shaped Fuselage L&V model at 255, 500, 5% and 90% from the root has been analyzed from
-30 to 150 angle of attack. The difference of pressure between the lower surface pressure (pressure side] and the
upper surface pressure (suction side) of the wings & fuselages determines the amount of maximum lift and drag
force produced by such model. This paper explains the design parameters and investigation of the point surface
pressure on the right wing surfaces of the “Aerofoil Shaped Fuselage™ LAY model. The aerofoil shaped fuselage
could be used for designing the future LAY to use many military and civil applications. The serodynamic character-
istics of Aercfoil Shaped Fuselage UAY model have been carried out at two different velocities (20 m/fs & 40 m/s
respectively]. Finally, some conclusions have been drawn on the basis of the experimental result for this design.

Keywords: Unmanned Air Vehicles [LAV), Aerofol Shaped Fuselage, Aerodynamic Characteristics, Point Surface
Pressure, Angle of Attack, Staling Angle.

1.0 INTRODUCTION:

An air vehicle having ne enboard pilot and capa-
ble of pre-programmed operation as well as
reception of intermittent commands either inde-
pendently or from a human operator at a distance
from the ground is called Unmanned Air Vehicle
(UAV], The piloted aircraft were predominantly
used for survelllance and reconnalssance
mistions but the vast technological improve-
ments in anti-aircraft weapons, interceptor
aircraft coupled with the high cost of state of the
art aircraft and crew training led to the develop-
ment of UAVS., Operation of UAY proved to be
easy and adaptable for a variety of tasks. UAWVs
can carry out both military and civil applications
like scientific data gathering, surveillance for law
enforcement & homeland security, precision
agriculture, forest fire monltoring, geological

survey etc [1] & [2].

LIAVYs mostly fly under low speed conditions. The
aerodynamic characteristics aof the UAVs have
many similarities than that of the monoplane
configuration. Due to the UAV's potential for
carmying out 50 many tasks without direct risk to
the crew or humans in general, they are [deal for
testing new concepts which have been put
forward as a means bto further increase the
vehicle's capability and performance [3] & [4].

This paper explains the design parameters for
fabrication of a half wing (only right wing) UAV
model having “Aerofoil Shaped Fuselage” using
MNACA 4416 profile. The wings of a conventional
LAY are producing the |ift and it's fuselage has
very little or no contribution on producing Iift, But
UAY requires higher lifting force with a smaller
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size [5]. As such, in order to maximize the efficien-
cy of an UAY, it is assumed that the basic design of
LAY could be changed and it should be such that
all components of an UAY should contribute to
the total lift. In such case, the concept of develop-
mient of all lifting vehicle technology would bring
good result for research on designing the future
Uay (6] & [7]. The difference of pressure between
the lower surface pressure (pressure side) and
the upper surface pressure (suction side) of the
wings & fuselages determines the amount of lift
and drag force produced by an UAV model. This
paper explains the imvestigation of the point
surface pressure on the right wing surface of the
“Aerofoil Shaped Fuselage LAY Model® at differ-
ent angles of attack wsing AF100 subsonic wind
tunnel,

2.0 EXPERIMENTAL MODEL DESIGN:

Four major parts of the half wing aerofoil shaped
fuselage LAY model are right wing, right fuselage,
horizontal stabllizer and vertical stabllizer. Up
wing type blended model has been chozen and
MACA 4416 cambered aerofoil has been used for
fabrication of different parts of the model. Table 1
shows the important features of experimental
deslgn of half wing aerofoll shaped fuselage UAY
model. Photograph of fabricated half wing aero-
foil shaped fuselage UAV model is shown in Figure
2.1,

Nomendature
Wing  Design
{Chord  length,
span and

maximum
thickness of
each wing)

Aerofoil Shaped Fuselage

115 mm, 250 mm (either left
or right wing) and 16 mm at
16% chord length from the
root

Aerofoil Shaped as suitable
Fuselage Design | for this design by
raintaining the scale factor

Horizontal and | . _.iitable for this design by
Vertical

maintaining the scale factor
Stabilizer

Number of
Tapping points

Total thirty sk (36] tapping
points have been made on
the right wing upper and
lower surfaces for measuring
point surface pressures,

Sivteen (16) tapping holes
have been fabricated at 25%,
0%, 75% and 30% from the
root of both upper & lower
surfaces of the right wing.
Four (D4) tapping points
have besn made near the
stagnation point at  the
leading edge of right wing at
25%, 50%, 75% and 90%
from the root near the
stagnation polnt,

Positian of
Tapping points

The tapping points have
been fabricated
approximately 153, 37.5%,
&% and B2.5% of chord
length from the nose on
upper and lower surfaces of
the right wing.

Connection
with the Wind
Tunnel

All thirty six [36) tapping
points are connected with
the Pressure Display Unit of
the wind tunnel throwgh
flexible plastic tubes,

Table 1: Important Features of Experimental
Design of Half Wing Aercfoll Shaped Fuselage

LAY Model

Fig 2.1: Photograph of Fabricated Half Wing
Aerofoil Shaped Fuselage LAY Model
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3.0 EXPERIMENTAL METHODOLOGY:

The half wing aercfoll shaped fuselage UAY
model have been fised with the wind tunnel
through 3-Component Balance from one side.
The ather end of the medel has been connected
with Pressure display Unit of the wind tunnel
through flexible plastic tubes. Seme operating
conditions hawve been applied and maintained at
the wind tunnel during testing the fabricated
model and collection of data. Table 2 shows the
operating conditions which have been considered
during testing the fabricated aerofpil shaped
fuselage UAY model.

Table 2: Operating Conditions during Testing the
Fabricated LAY Model at the Wind Tunne|

Momenclature Operating Conditions
Incompressible and
Flow of air v
subsanic
Alr speed [v) 20 m/s and 40 m/s
Density of air 3
1.225 kg/m
(P e/
Operating 1.01 bar
pressure
Absolute 5
visoasity (1) 1.789 x10™ kg/m-s
Reynold’'s 1.37 x 10° and
Number (Re) 2.74 x 10°
Angles of attack
-3 to 15°
{a)
R o Neglected
temperature

4.0 SUBSONIC WIND TUNNEL MODEL AF100;

Open circuit subsonic wind tunnel model AF100
has been used to test the fabricated half wing
aerofoil shaped fuselage UAV madel. This wind
tunnel is incorporated with 2 computer based
data acquisition system to provide different
forces, moments and differential pressures auto-
matically from the computer. The dimensions of
the working section of AF 100 wind tunnel are 60
cm (lemgth) x 32 cm (width) = 30 cm [height).
Photograph of wind tunnel model AF 100 and it's
working section are shown in Figure 4.1 & 4.2
respectively. Air enters the wind tunnel through
an aerodynamically designed diffuser (cone) that
accelerates the air linearly, A control knob could

be rotated to control the speed of axial fan of the
wind tunnel from 0 to 40 m/s. Wind tunnel model
AF 100 15 associated with some special accesso-
ries like Versatile Dada Acquisition System
(VDAS), 3-Component Balance, differential pres-
sure transducers, Pressure display Unit, smoke
generator etc. Tapping pressures from different
experimental models could be measured either
from manometers or from the pressure transduc-
ers connected with the wind tunnel or directly
from the computer through Versatile Data Acqui-
sition System (VDAS). The fabricated models are
to be inserted through the 3-Component Balance
and the models could be rotated 3600 freely &
locked in the force plate to allow adjustment of
the angle of attack of the models. Photograph of
Right Wing of Aerofoil Shaped Fuselage LAV
Model fitted with the Wind Tunnel is shown In
Figure 4.3,

= =

(Y
-

Fig 4.1: Photograph of Wind Tunnel Maodel
AF 100

Fig 4.2: Photograph of Working Section of Wind
Tunnel Model AF 100
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Fig 4.3: Photograph of Right Wing of Aerofail
Shaped Fuselage LAV Model fitted with the Wind
Tunnel

5.0 EXPERIMENTAL RESULT:

5.1 Static Pressure at Different Percentage from
the Root of Aerofoll Shaped Fuselage UAV
Model at 20 m/s

Surface static pressure of Aerofoil Shaped Fuse-
lage LAV model at 25%, 50%, 75% and 90% from
the root has been analyzed from -30 to 150 angle
of attack at 20 m/fs. The varlation of static pres-
sure with chord length of said model at 25%, 50%,
75% and 30% from the root at different angle of
attack is shown in Figure-5.1 to 5.9, The differ-
ence in pressure produced by the lower surface
and upper surface of the wings & fuselages deter-
mines the amount of lift and drag force produced
by this model. The suction pressure mainly deter-
mines the amount of lift force to be produced by
this model. It [s seen that the difference of pres-
sure between the lower surface (pressure side)
and the upper surface (suction side) of the wings
& fuselages is more at 25%, followed by 50% and
next is 73% in all the cases. Pressure difference is
found least at 90% from the root. Flow separation
maostly starts after 90% from the root. The height
of the upper surface suction peak of the wings is
found maximum at 14° angle of attack. As such,
stall angle is found at 14" angle of attack for this
case. Afterwards, separation starts due to sudden
flattening of the upper surface pressure distribu-
tion (reduction of suction peak) with further
increase of angle of attack. Furthermore increase
of angle of attack will further reduce the pressure
differences which ultimately reduce the [ift,

Chard Leng in e
Fig 5.1: Point Surface Pressure at Different

Percentage of Chord Length of Half Wing Aerafail
Shaped Fuselage LAV Model at -3° ADA

Dovard Larghy bnman
Fig 5.2: Point Surface Pressure at Different

Percentage of Chord Length of Half Wing Aerofall
Shaped Fuselage UAY Model at 0° ADA
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Fig 5.3: Point Surface Pressure at Different
Percentage of Chord Length of Half Wing Aerofail
Shaped Fuselage LAY Model at 3° AQA
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Fig 5.4: Point Surface Pressure at Different

Percentage of Chord Length of Half Wing Aerofoil
Shaped Fuselage LAY Model at 6" A0A
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Fig 5.5: Point Surface Pressure at Different
Percentage of Chord Length of Half Wing Asrofail
Shaped Fuselage UAY Model at 9" ADA
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Fig 5.6: Point Surface Pressure at Different
Percentage of Chord Length of Half Wing Aerofail
Shaped Fuselage UAY Model at 12° ADA
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Fig 5.7: Point Surface Pressure at Different
Percentage of Chord Length of Half Wing Asrofoil
Shaped Fuselage VAV Medel at 13° ADA
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Fig 5.8: Foint Surface Pressure at Different

Percentage of Chord Length of Half Wing Asrafail
Shaped Fuselage UAV Model at 14" ADA
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Fig 5.9: Point Surface Pressure at Different

Percentage of Chord Length of Half Wing Aerofail
Shaped Fuselage UAV Model at 15® ADA
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5.2 Static Pressure at Different Percentage from
the Root of Aerofoil Shaped Fuselage UAV
Model at 40 m/s

Surface static pressure of Aerofoil Shaped Fuse-
lage LAY model at 25%, 50%, 75% and 0% from
the raot has been analyzed from -3o to 150 angle
of attack at 40 m/s. The variation of static pres-
sure with chord length of said model at 25%, 50%,
75% and 90% from the root at different angle of
attack is shown in Figure=5.10 to 5.18. The differ-
ence in pressure produced by the lower surface
and upper surface of the wings & fuselages deter-
mines the amount of lift and drag force produced
by this model. The suction pressure mainly deter-
mines the amount of lift force to be produced by
this model. It is seen that the difference of pres-
sure between the lower surface [pressure side)
and the upper surface (suction side) of the wings
& fuselages is more at 25%, followed by 50% and
next is 75% in all the cases. Pressure difference is
found least at 30% from the root. Flow separation
mostly starts after 30% from the root. The height
of the upper surface suction peak of the wings s
found maximum at 14° angle of attack. As such,
stall angle is found at 14" angle of attack for this
case. Afterwards, separation starts due to sudden
flattening of the upper surface pressure distribu-
tion (reduction of suction peak) with further
increase of angle of attack. Furthermore increase
of angle of attack will further reduce the pressure
differences which ultimately reduce lift,

-
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Fig 5.10: Point Surface Pressure at Different
Percentage of Chord Length of Half Wing Aerofoil
Shaped Fuselage UAY Mode! at -3° ADA
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Fig 5.11: Point Surface Pressure at Different
Percentage of Chord Length of Half Wing Aerofoil
Shaped Fuselage UAV Model at 07 ADA
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Fig 5.12: Point Surface Pressure at Different
Percentage of Chord Length of Half Wing Aerofoil
Shaped Fuselage UAYV Model at 3° ADA
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Fig 5.13: Point Surface Pressure at Different
Percentage of Chord Length of Half Wing Aerofoil
Shaped Fuselage UAY Model at 6° ADA
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Fig 5.14: Point Surface Pressure at Different
Percentage of Chord Length of Half Wing Aerofoil
Shaped Fuselage UAV Model at 3° ADA

Fig 5.15: Point Surface Pressure at Different
Percentage of Chord Length of Half Wing Aerofoil
Shaped Fuselage UAY Model at 12" ADA
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Fig 5.16: Point Surface Pressure at Different
Percentage of Chord Length of Half Wing Aerofoil
Shaped Fuselage UAY Model at 13" AQA
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Fig 5.17: Point Surface Pressure at Different
Percentage of Chord Length of Half Wing Aerofoil
Shaped Fuselage UAY Model at 14" ADA
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Fig 5.1B: Point Surface Pressure at Different
Percentage of Chord Length of Half Wing Aerofoil
Shaped Fuselage UAY Model at 15" ADA

6.0 RESULT AND DISCUSSION:

The upper surface pressure of *Half Wing Aercfoil
Shaped Fuselage UAY Model” is found more than
that of the lower surface pressure from all the
fabricated tapping points at 25%, 50%, 75% and
50% from the root at -3% angle of attack. As such,
no lift has been produced at -32 angle of attack for
this LAY model. However, lift has been started
producing approximately from -22 angle of attack
[7]. The difference in pressure between the upper
and lower surfaces has been gradually increased
up to 149 angle of attack [Figure-5.1 to 5.8 and
5.10 to 5.17]. Furthermore increase of angle of
attack ie at 152 angle of attack, the pressure
differences has been reduced which ultimately
reduce the lift [Figure-5.9 and 5.18). 5o, the stall
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angle for both the cases is found at 142 angle of
attack. The difference in pressure developed
between the lower surface and upper surfaces of
the fabricated aerofoil shaped fuselage UAV
model determines the amount of lift and drag
force produced by this UAV model. Out of four
parameters (25%, 50%, 75% & 90% from the root
of the wing), the maximum difference in suction
and positive pressure is found for both the cases
at 25% from the root of the wing. The difference
in suction and positive pressure has been found
less in the subsequent tapping holes produced at
50%, 75% and 90% respectively for both the
cases. It is also observed from both the study that
the difference in suction and positive pressure is
found maximum within 12 to 15% of chord length
from the root [Figure-5.1 to 5.18|. The pressure
difference of “Half Wing Aerofoil Shaped Fuselage
UAV Model at 40 m/s” is found approximately
two times greater than that of the “Half Wing
Aerofoil Shaped Fuselage UAV Model at 20 m/s”,

7.0 CONCLUSION:

Operation of UAV proved to be easy and adapt-
able for versatile tasks including military as well
as many civil applications in the recent years. But
UAV requires higher lifting force with a smaller
size. To acquire more lift force, the difference in
pressure between the upper and lower surfaces
should be more from an objective. As such, the
concept of development of all lifting vehicle tech-
nology might bring good result for research on
designing future UAV to gain more lift force due
to more difference in pressure between upper
and lower surfaces. For this reason, the aerofoil
shaped fuselage would be a good option for
carrying out research in this field.

This paper explains the design parameters for
fabrication of a half wing UAV model having “Aer-
ofoil Shaped Fuselage” using NACA 4416 profile.
This paper also explains the investigation of the
point surface pressure on the right wing surfaces
of the same UAV model at two different velocities
(20m/s and 40 m/s respectively) and different
angles of attack using AF 100 subsonic wind
tunnel, The difference in pressure between the
upper and lower surfaces has been gradually
increased approximately from -22 up to 142 angle
of attack. The pressure difference has been
reduced with furthermore increase of angle of

attack ie the stall angle is found at 142 angle of
attack for “Aerofoil Shaped Fuselage UAV Model”.
The pressure difference of Aerofoil Shaped Fuse-
lage UAV Model at 40 m/s is found approximately
two times greater than that of the Aerofoil
Shaped Fuselage UAV Model at 20 m/s.
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