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Abstract— Research on Aileron and Flaps and all the parts of
the wing span is crucial as the need for fuel consumption is
increasing in modern era. Reduction of gas emissions (CO2,
NOX), noise and fuel consumption are becoming fundamental
design criteria for future aircraft, especially with the high
growth rate of air travel which is estimated to double in the
coming 20 years. Many airplane accidents have occurred in
past years due to improper opening of flaps and aileron during
the take-off, landing & rolling. This experiment will be
carried out to determine the pressure variations before air
striking wing span & after the air strike when the angle of
attack on aileron & flap is changed respectively. This will
help us to understand the force on the wing when there change
in angle of attack of aileron & flaps of wing span. All possible
angle of attacks on the parts of wing span will be analyzed.
The Reynolds number regime currently studied corresponds
to low Reynolds number, laminar and nominally two-
dimensional wake. The wing span used for experiment is
L=762 mm, C=150 mm with NACA 0012 airfoil type. To
control the Cd & CI on the wing will be the major goal of this
experiment. Results are presented for various X/C, Cd, CI
with different angle of attack.
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I. INTRODUCTION

Aerodynamics is the field that deals with interaction of air
with the moving bodies, is considered as the backbone of
design of aircrafts, space shuttles, high speed racing cars etc.
In any aircraft the wing plays vital role in its functioning. The
design and analysis of wings is often done to increase lift
characteristics and decrease the drag characteristics as much
as possible.

Understanding the parts of the wing like aileron and
flap has become challenge in modern aircraft design. These
elements are used for rolling, landing and take-off operations
of the aircraft. Consequently, reliable CFD prediction
capabilities are needed for this class of complex
configurations in industrial aerodynamic design [1]. NACA
0012 standard airfoil profile is selected for the wing span in
this analysis.

Flaps are a kind of high-lift device used to increase
the lift of an aircraft wing at a given airspeed. Flaps are
present at the trailing edge of the wing span in the aircraft.
They are used for extra lift on take - off. Flaps also cause an
increase in drag in mid-flight, so they are retracted when not
needed. An aileron is a hinged flight control surface usually
found at the end part of the wing span. They are used in pairs
i.e on both opposite side of wing span to control the aircraft
in movement on its longitudinal axis, which normally results
in a change in flight path due to the tilting of the lift vector.

The main objective of the analysis will be to
determine the pressure variations on wing span due to
opening of flaps and aileron. This will help us to understand
the generation of vortex when there change in angle of attack
on aileron & its effect on other parts & vice versa. To control
the coefficient of lift and coefficient of drag on the wing will
be the major goal of this analysis. Also, various forces acting
on the wing span can be calculated

A. Nomenclature

—  Cp: - Coefficient of Pressure

—  Cq: - Coefficient of Drag Force

— Ci: - Coefficient of Lift Force

—  Cy: - Coefficient of Normal Force

—  Ca: - Coefficient of Axial Force

— ¢ - Chord Length of Wing Span in ‘m’
— A - Area of Wing Span in ‘m’

— V:-Velocity of Air in ‘m/s’

—  p: - Density of Air in kg/m®

— a: -Angle of Attack

Il. LITERATURE REVIEW

Many researchers have experimented various airfoil wing
type for better lift force and minimizing the drag force. Also,
researchers search for the design of wing which can use
minimum force for lift.

Mertins et al. [1], This paper describes about the
comparison between double spoiler and spoiler aileron
configurations. Minor differences were observed for both
possibility for the flow regime. Other factors were not
calculated, and another parts combination was also not tested.
James and Vaughn [2], This paper provides information about
the material to be used for aileron which can serve for long
period of time. The design combines graphite/epoxy, Kevlar
49/epoxy and hybrids of graphite and Kevlar 49. A weight
saving of 28% is predicted with a cost saving of 20% based
on a production run of 200 aircraft.

Wu et al. [3], In this paper, effects of heavy rain on
the lateral/directional stability and control performance of a
DHC-6 Twin Otter aircraft are determined based on from the
numerical simulation data. Rain affects the aerodynamic and
mechanical performance of the aircraft. There is only 3%
change in the properties of dry and wet conditions. The
detoriation takes place during the rain. Heathcote et al. [4], In
this paper minitabs were applied on the upper surface to
measure the load on the body. Minitabs at trailing edge
produces significant lift reduction for small angle of attack
and produces larger lift reduction at x/c = 0.60 for wide range
of angle of attack. Rao et al. [5], This study models the NACA
0012 symmetric airfoil and analyses the impact of various
design modifications to enhance its lift-drag ratios. Lift
coefficient was around 1.78 times for airfoil with gurney flap
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& 1.87 times for flap with 15° and slot at trailing edge. With
this it is recommended to keep flap with 150 and slot at
trailing edge for higher lift and gurney flap for normal lift

I11. DATA ANALYSIS

Following equation is used to calculate the coefficient of
pressure for lower and upper surface.

A. Centre of Pressure:
C :p_pco
P 2pv%
Using C, formula values of C, and Cq can be calculated for
various angle of attack.

1) Normal Coefficient:
Cr= < Jy (CorCpu)dx
2) Axial Coefficient: -
Ca= %foc(cp,u %— Col %)dx
3) Coefficient of Lift:
Ci=Chcos « - Casin
4) Coefficient of Pressure Drag: -
Ca,pressure= Cnsin o + Cycos o«
5) Lift Force:
L=(CixAxVZxp)2
6) Drag Force:
D = (Cax A X V2xp)/2

IV.  WING SPAN FABRICATION

Teak wood is used fabricate the wing span due to its high acid
resistance, decay resistance, hard, straight grain coarse
property. NACA 0012 airfoil type is used in fabrication. The
total length of the wing span was 762 mm with chord length
of 150 mm. First take wooden block of 3ft. X 0.16 ft. X 0.656
ft. long. Draw centre line through all faces of the block. Make
a template of airfoil shape of any material mainly aluminium.
Put the template of airfoil shape on the wooden block with
parallel to the centre line on the block. Try and remove the
unwanted material as per the template and the desired airfoil
shape is produced. Now make slots for flap and aileron on the
wing span. Add wooden part to the cut parts to make it fit
again with the main wing span to enable it to change its angle.

Fig. 1: Full Assembly of wing span with movable flap and
aileron
Multiple pressure ports are made with the help of
grooves on wing span to determine the pressure of lower and
upper surface of the wing span for different angle of attack.

Average reading of pressure is considered for flap and aileron
part. Digital manometer is used to measure the pressure
difference between airfoil pressure and stagnation pressure.
Copper tubes are used along with stainless steel tube for
pressure measurement at different points on the surface of the
wing span.

V. EXPERIMENT INVESTIGATION

Wind Tunnel design and constructed at 1T Bombay is used
for the experiment. It is closed type of wind tunnel with open
end. Firstly, the temperature of the room is measured every
day along with the thermometer. With the help of temperature
air density is calculated at that day using ideal gas equation.
By using air density pressure difference is calculated using
formula for coefficient of pressure.

Now the wind tunnel is started till the pressure
difference between total pressure and stagnation pressure is
achieved as per calculated. Digital manometer is used
measure the pressure difference.

All the ports are connected to the pressure scanner
which displays the pressure of the selected port. The pressure
difference is displayed on digital manometer which is
connected between airfoil port pressure and the stagnation
pressure.

All the results are noted in tabular form and further
calculations are carried out using the formulas for Cl and Cd.

VI. EXPERIMENT OUTCOMES

Experiment was carried out at 15 m/s of air velocity at
Aerospace department, IIT — Bombay. Temperature on the
day of experiment was around 26.0°C. Air density was
calculated and relatively pressure difference was calculated.
Results for pressure difference between airfoil port and
stagnation point were taken for various angle of attack on
aileron and flap. Values of Cp, Cl was calculated using
pressure difference formula for the same. Also lift force and
drag force was calculated. Body angle was changed from +6
to -6.

Body Angle | 0 2 4 6 -2 -4 | -6
Flap Angle
4 13.8 |1 125|197 |77 111|197 |79
-6 121 1.3 |9.2|80 12189 |53

Table 1: Lift force for various AoA on flap for AoA in Body
Lift Force v/s Angle of
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Fig. 2: Lift force v/s different angle of attack on flap.
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Fig 2. Depicts the plot of Lift force against the
various angle of attack on flap of the wing span. Colour lines
shows the angle of flap during experiment. Angle of flap is
changed from +6° to -8° with difference two degree. It is
observed that -6° and 4° gives maximum lift force but it is
preferred to use 4° because of less variation in force through
different angle of attack of the body.

Body Angle | 0 2 4 6 -2 -4 | -6
Flap Angle
-4 95(118 10696107 | 77|52
6 99(128|104 |88 | 95 |88 |84
Table 2: Drag force for various AoA on flap for AoA in

Body
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Fig. 3: Drag force v/s different angle of attack on flap.
Above fig. shows the calculation of drag force on the
flap for different angle of attack. It is observed 6° and -4°
gives maximum drag force.

Body Angle | 0 2 4 6 | -2 | -4 -6
Ailer. Angle
4 5715344 |44)|120|29]|43
-6 82|87|86|84|67/|42]|28
Table 3: Lift force for various AoA on aileron for AoA in

Body

Lift Force v/s Angle of

Attack —0

10.00000 —

4

o 5.00000 —

o Fa

—_

= —_—
£ 0.00000

= 6

— -5.00000 —_
-10.00000

AoA

Fig. 4: Lift force v/s different angle of attack on aileron.
Fig 4. Depicts the plot of Lift force against the
various angle of attack on aileron of the wing span. Colour
lines shows the angle of aileron during experiment. Angle of
aileron is changed from +4° to -8° with difference two degree.

-6° gives the maximum lift force on the aileron for all angle
of attack of body.

Body Angle | 0 2 4 6 | -2 | 4| -6
Ailer. Angle
4 1.0/10/08]08]03|05]0.38
-4 8085898469 ]42]3.0
Table 4: Drag force for various AoA on aileron for AoA in
Body
Drag Force v/s Angle of
Attack
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Fig. 5: Drag force v/s different angle of attack on aileron.
Above fig. shows the calculation of drag force on the
aileron for different angle of attack. It is observed -40 gives
maximum drag force.

VII. DISCUSSIONS

Many Conclusion can be drawn from experimental results
carried out on the flap and aileron of the wing span. When the
airplane in its take - off mode maximum lift force is required
and minimum drag force. Many angles of attack on flap and
aileron are being experimented along with change in angle of
attack on main body wing span. Flap angle is changed from
+6° to -8° and aileron angle is changed from +4° to -8°. Angle
of Attack on main body of wing span was also changed from
+6° to -6°.

To get maximum force from the flap is expected to
keep angle of attack as 4°. As it produces maximum lift force
for almost all angle of attack on the body. Aileron is needed
to be kept at -6° for maximum lift force. When the airplane in
its landing mode flap should be kept at 6° and aileron at -4°
to get maximum drag force from the parts.
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