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ABSTRACT
Solar Powered Unmanned Aerial Vehicle uses solar radiation as a source of energy for its propulsion. Major limiting
factor for UAV is its endurance. Energy efficient UAVs were developed and proved remarkable efforts towards
improving endurance of flight. The development in solar panels and energy storage systems has become a promising
solution for long endurance flights, since the solar energy is abundant and inexhaustible. Angle of incidence of sunrays
on solar panel changes with time of the day and with day of the year. The orientation of the panels should also be
changing to harness maximum sunlight. For particular latitude, there will be one tilt angle at which the solar panels will
receive maximum solar radiation. By increasing or decreasing Anhedral angle of the wing we can increase the energy
harvesting capability of the UAV. The aerodynamic performance of the wing gets affected with increase in tilt angle.
Therefore the Aerodynamic analysis has to be carried out to predict the aerodynamic parameters of the tilt wing and
optimum tilt angle has to be found. The analysis is numerically done by using ICEM CFD and ANSYS FLUENT.
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NOMENCLATURE
CL - Coefficient of Lift
CD - Coefficient of Drag
CM - Coefficient of Moment
Cp - Coefficient of Pressure
ρ - Density of Air (kg/m3)

V - Velocity (m/s)

INTRODUCTION
Solar Powered Unmanned Aerial Vehicle uses solar radiation as a source of energy for its propulsion. The
Unmanned Aerial Vehicles (UAVs) unleashed new dimension of Intelligence, Surveillance and
Reconnaissance (ISR) which replaced precious human pilot with on board computers.
Major limiting factor for UAV is its endurance. Many countries have focused their research on improving the
endurance and autonomy of the vehicle. Energy efficient UAVs were developed and proved remarkable
efforts towards improving endurance of flight. Source of energy becomes crucial since battery powered or
gasoline powered flight have limited endurance. The development in solar panels and energy storage systems
has become a promising solution for long endurance flights, since the solar energy is abundant and
inexhaustible. The design of solar powered UAV is more complicated. The endurance of the solar aircraft
depends on size of energy harvesting devices such as wings, tail plane over which solar panels are placed. In
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order to increase endurance of solar powered aircraft, it is mandate to increase the wing area thus increasing
the energy stored for flight. Increasing wing area imposes structural limitations and poor aerodynamic
performance.

Figure 1: Tilting of Solar panel

TILTING OF WING
To eliminate the limitations wing tilting as shown in figure 1 can be used to increase the energy

harvesting. Angle of incidence of sunrays on solar panel changes with time of the day and with day of the
year. The orientation of the panels should also be changing to harness maximum sunlight. For particular
latitude, there will be one tilt angle at which the solar panels will receive maximum solar radiation. The
aerodynamic performance of the wing will get affected by increasing the tilt angle. So, the optimum tilt angle
has to be found and a suitable compensating method has to be employed to compensate the reduction in
aerodynamic performance.

NUMERICAL ANALYSIS
Computational fluid dynamics, usually abbreviated as CFD, is a branch of fluid mechanics that uses numerical
analysis and algorithms to solve and analyze problems that involve fluid flows. Computers are used to
perform the calculations required to simulate the interaction of liquids and gases with surfaces defined by
boundary conditions ANSYS FLUENT is used for analysis and the Solution setup, Reference values are
given below

Solution setup
Table 1. Solution setup for Fluent

Type Pressure based

Time Steady

Viscous model Spalart Allmaras (1 eqn)

Fluid air
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Reference values (at sea level)

Table 2. Reference Values

Surface Area 0.60552 m2 (S/2)

Density 1.225 kg/m3

Pressure 101325 Pascal

Temperature 288 K

CAD GEOMETRY
The 3D wing is modeled using the ICEM CFD software for various tilt angles. For analysis only semi span of
the wing is taken because of symmetry. One of the modeled wings is shown below

Figure 2: Ten Degree Tilt

MESHING
The meshing software ICEM CFD is used to mesh the fluid domain with 3D Tetrahedral elements. The Fluid
Domain with the length of 3.48m(10 times Chord), breadth of 3.48 m (10 times Chord) and height of 1.74 m
(5 times Chord) is taken for analysis.

Figure 3: Mesh for Ten degree tilt angle
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Mesh information
• Total elements : 3883118(3.88 millions approximate)

• Total nodes : 659792 ( 0.65 millions approximate)

RESULTS AND DISCUSSION

Figure 4: Tilt Angle Versus Aerodynamic characteristics

COEFFICIENT OF PRESSURE VARIATION

Figure 5: Coefficient of pressure variation for Zero degree tilt angle



885 Dr. S. Thanigaiarasu, L. Sankaralingam

International Journal of Engineering Technology Science and Research
IJETSR

www.ijetsr.com
ISSN 2394 – 3386

Volume 4, Issue 12
December 2017

Figure 6: Coefficient of pressure variation for Two degree tilt angle

Figure 7: Coefficient of pressure variation for Four degree tilt angle
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Figure 8: Coefficient of pressure variation for Six degree tilt angle

Figure 9: Coefficient of pressure variation for Eight degree tilt angle
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Figure 10: Coefficient of pressure variation for Ten degree tilt angle

The variation of Lift, Drag and Moment with respect to tilt angle is given in Figure 4. From figure 4,
it is inferred that the changes in the tilt angle has direct effect on the Aerodynamic characteristics of the wing.
Figure 5 to 10 gives the co-efficient of pressure of variation at various locations of the wing along the chord.
From the figures 5 to 10 it is inferred that due to wing tilt the pressure over the top surface increases along the
span from root to tip of the wing and decreases from tip to root of the wing. This produces adverse effects on
the Aerodynamic characteristics of the wing.

The co-efficient of pressure variation over the suction side and pressure side of the wing without tilt
is given in Figure 5. The Cp variations along the chord are taken at two locations of the wing. First one is at
the root end and second one is at a distance of 1.5m from the root end. The Cp variations are differentiated
with various colored lines depending upon the location. The Figure 6 gives the Coefficient of pressure
variation over the wing for Two degree tilt angle. The Cp variations are taken at three locations along the
chord. First one is at the root end, second one is at a distance of 0.5m from the root end, and third one is at a
distance of 1.5m from the root end. The Figures 7 to 10 gives the Coefficient of pressure variation over the
wing for Four, Six, Eight and Ten degree tilt angles. The Cp variations are taken along the chord at the root
end, at a distance of 0.5m and at a distance of 1.5m.

The normal favorable condition of an effective wing is low pressure at the suction side and high
pressure at the pressure side. But the numerical analysis reveals that the tilt of wing affects the favorable
condition. By the pressure analysis at various locations along the span of the wing we have predicted the
behavior of the flow due to tilting. As the tilt angle increases the pressure is getting increased over the top
surface and decreased over the bottom surface. This produces an adverse pressure gradient. Due to the adverse
pressure gradient the lift (L) is getting decreased with increase in tilt angle. This decrease in lift decreases the
Drag (D) due to lift and the overall Drag is also decreased.

CONCLUSION
From the numerical analysis it is inferred that the lift and drag decreases with increasing tilt angles. The above
graphs show the variation of pressure coefficient (CP ) along the span at various locations. From Figure 5 to
Figure 10, it is observed that the wing tilt alters the Pressure distribution over the wing.
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The Pressure coefficient (CP ) decreases with increasing tilt angle in terms it reduces the Lift and Drag of the
wing. A suitable lift augmenting mechanism has to be implemented to compensate the lift decrement.
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