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Abstract

The 3-rotor vertical take-off and landing (VTOL) unmanned aerial vehicle (UAV) has
been developed by the Defence Technology Institute (Public Organization), DTI, which
is found to have a problem about overheat engine. This leads to the reduction of the
VTOL performance during flight. From the preliminary study, it was found that the
VTOL engine is located inside the body covered by a shell. Also, there is no information
about the design whether the engine power is suitable for the UAV or not. In this
regard, this study aims to apply computational fluid dynamic (CFD) and conjugate heat
transfer simulation to study the possibility of improving an engine heat exchanger and
rotor aerodynamic analysis of the VTOL UAV. The study is divided into three parts; flow
analysis of the engine heat exchanger, conjugate heat transfer analysis of the engine
heat exchanger and rotor aerodynamic analysis. Initially, the analysis of air flow in the
engine heat exchanger is conducted by means of CFD. The results show that
distribution of the air flow at the channel which is connected to the engine is of low
quality. This could be one of the reasons for the overheat engine problem. Therefore,
the engine heat exchanger is redesigned by the research team and the result show
that the improved model gives better flow distribution. After performing conjugate
heat transfer analysis of the original heat exchanger and one proposed in this work, it
was found that the results obtained from the newly proposed heat exchanger gives
better thermal performance than the original design. This implies the better
performance of the new design. Next, the rotor aerodynamic is analysed at a rotor
speeds of 1400 rpm which is the operating speed as informed by DTI, and 2000 rpm.
The lift force, drag force and torque are calculated at 5-20 degrees angle of attack.
The results show that the increasing of angle of attack leads to the increasing of lift
force, drag force and torque for both rotor speed. After comparing the lift force and
torque required with VTOL mass and engine power, It was found that the VTOL can go
up at acceleration of 1g and 1.7¢ if the rotor speed is 1400 rpm at the angle of attack
5 and 10 degree, respectively, while the power required from the engine are 50% and
96% of the maximum engine power. In addition, the VTOL engine cannot operate the
flight at 2000 rpm. From this calculation, other friction and engine efficiency which

might affect the engine power are neglected. Thus, it can be said that the currently

used engine for the VTOL is not suitable.



