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Abstract

The objective of this research paper is to analyze the effects of installing a separate Lift and Thrust vertical takeoff system
for fixed-wing solar powered UAVs in terms of flight performance changes. This research article uses a prototype aircraft in this
study, which is a fixed-wing aircraft powered by an electrical system and equipped with a solar system. There are 2 types of
designs, namely the type with installation and without installation of the Vertical Take-Off and Landing system which the vertical
take-off and landing aircraft compared to the normal configuration will weigh 42.48% more and have a zero-lift drag coefficient
of 67.1% more. The initial step involves creating an aircraft model in the XFLRS5 software to assess the lift and drag coefficients
and compare them with the wind tunnel test results. Subsequently, the software analysis findings are used to evaluate the flight
performance of both aircraft configuration, as well as to identify the performance changes that occur when the VTOL system is
installed. The outcomes align with expectations, installing a VTOL system leads to a significant reduce in flight performance, In
particular, the Endurance and maximum range of vertical take-off aircraft are only 41.55% and 43.43% of normal aircraft and for
solar-powered systems. The vertical takeoff has the Endurance and range is 31.46% and 32.06% of normal aircraft equipped with
solar systems. which can be distinctly contrasted with the performance of aircraft in various aspects. However, these compromises

are made in exchange for the capability to take off and land vertically.

Keywords: Vertical take-off and landing aircraft, Fixed wing aircraft, Flying performance, 3D aerodynamic coefficient

analysis, Solar powered aircraft
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No VTOL VTOL
Min Turn radius 1245 m 21.06 m
Max turn rate 4.60 degree/s | 2.72 degree/s
Max bank angle 70.86 degree 54.45 degree
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Performance List Non-VTOL VTOL Percentage Decrease %
Range (Km) 404.47 175.65 -56.57
Endurance (Hours) 8.40 3.49 -8.45
Solar-powered Range (Km) 731.18 234.47 -67.93
Solar-powered Endurance (Hours) 15.35 4.83 -68.53
Best angle of climb (degree) 18.97 10.84 -42.85
Best rate of climb (m/s) 4.67 2.72 -41.75
Min Turn radius (m) 12.45 21.06 +40.88
Maximum turn rate (m/s) 4.60 2.72 -40.86
Maximum bank angle (degree) 70.86 54.45 -23.15

Mmetinadaanuaitazfide K, Constant

Cp Drag coefficient w Weight (Kg)

Cp, Zero-lift drag coefficient L Lift (N)

C,, Lift coefficient p Fluid density (kg/m®)

Cr Skin friction coefficient 4 Airspeed (m/s)

K, Constant S Wing reference area (m?)
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Swet ~ Component wetted area (m?)

T, Thrust required (N)
D Drag (N) 2]
F Component form factor
P. Power required (Watt)
n Motor-propeller efficiency
C Battery energy capacity (amp-hour) [3]
Ps Average Solar power (Watt)
N Solar-cell efficiency
Rt Battery hour rating
Discharge parameter [4]
E Voltage (Volt)
Time before sunset after commencement of
flight in hours (Hour)
Vy Best angle of climb velocity (m/s)
v, Best rate of climb (m/s)
R Turn radius (m)
g Gravity (m/s 2) [5]
n Load Factor
Q Interference factor
w Turn rate (rad/s)
) Bank Angle (rad)

Crmax maximum lift coefficient
Vi Stall Velocity (m/s) [6]

Vsig Computed stall speed at 1g (m/s)

V4 Design maneuvering speed (m/s)

Vs—1g  Computed stall speed at -1g (m/s) [7]
Ve Design maneuvering speed (m/s)

Ve Design cruising (m/s)
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