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ABSTRACT

Dielectric barrier discharge (DBD) plasma actuator has become the well-known tools in the
aerodynamics flow control applications. DBD plasma actuator have no moving parts as it
only involves in ionizarion of flow stream, fast reaction, flexible and amazingly low in mass
making it a good alternative to hydraulic based control system. In vehicle spoilers,
mechanical designs were used which are heavy and adds noise on the airfoil. The mechanical
design are also complicated. Thus, DBD plasma application on vehicle spoiler was proposed
to replace the usage of mechanical design. The research in this thesis aims to investigate the
usage of low cost DBD plasma actuator on vehicle spoiler model. Both numerical and
experimental work were performed. Preliminary studies to investigate the characteristics of
DBD plasma were first conducted. The numerical simulation model were developed with
the DBD plasma is modelled as the source term using ANSYS-Fluent software. The
geometry domain of the vehicle spoiler is based on NACA 4418 airfoil. The numerical
results in terms of velocity pattern and aerodynamic performance were obtained with and
without DBD plasma effect. The simulation results suggest that there is 3.4% reduction of
coefficient of drag (Cp) with DBD plasma activated. The vehicle spoiler was fabricated
based on NACA 4418 airfoil with the aid of three dimensional (3-D printing). Performance
and visualization test of the fabricated vehicle spoiler were conducted in a wind tunnel. The
experimental results suggest that, by having plasma actuator at the bottom of the spoiler,
there is approximately 11.1 % decrease in the value coefficient of drag (Cp). The results
signifies the presence of DBD plasma actuator affects the airflow on a vehicle spoiler. As
such, DBD plasma actuator can be considered as the flow controller that can be installed in
automotive spoiler for better aerodynamic performance and able to substitute mechanical
designs.



PENYIASATAN MENGENAI PENGGERAK PLASMA DBD BERSKALA KECIL
PADA SPOILER KENDERAAN DALAM MENDORONG ALIRAN UDARA

ABSTRAK

Penggerak plasma pembuangan dielektrik (DBD) telah menjadi alat yang terkenal dalam
aplikasi kawalan aliran aerodinamik. Penggerak plasma DBD tidak mempunyai bahagian
yang bergerak kerana ia hanya melibatkan ionisasi arus aliran, tindak balas pantas,
fleksibel dan jisim yang rendah menjadikannya alternatif yang baik kepada sistem kawalan
berasaskan hidraulik. Dalam spoiler kenderaan, reka bentuk mekanikal digunakan adalah
berat dan menambah bunyi pada airfoil. Reka bentuk mekanikal juga rumit. Oleh itu,
aplikasi plasma DBD pada spoiler kenderaan dicadangkan untuk menggantikan
penggunaan reka bentuk mekanikal. Penyelidikan dalam tesis ini bertujuan untuk mengkaji
penggunaan penggerak plasma DBD kos rendah pada model spoiler kenderaan. Kerja
simulasi dan ujikaji telah dilakukan. Kajian awal pada mulanya untuk menyiasat ciri-ciri
yang ada pada penggerak plasma DBD. Penyelakuan berangka telah dibangunkan di mana
penggerak plasma DBD dimodelkan melalui punca terma menggunakan perisian ANSYS-
Fluent. Domain geometri yang digunakan dalam model penyelakuan tersebut adalah
berdasarkan geometri daripada kerajang udara NACA 4418. Hasil dapatan daripada
simulasi tersebut adalah dalam bentuk bentuk kelajuan serta prestasi aerodinamik. Didapati
bahawa terdapat pengurangan sebanyak 3.4% dari segi nilai pekali seretan (Cp) apabila
penggerak plasma DBD diaktifkan. Spoiler kenderaan pula dibikin berdasarkan kerajang
udara NACA 4418 dengan bantuan pencetakan tiga dimensi (3-D). Ujian visualisasi dan
prestasi aerodinamik terhadap spoiler kenderaan tersebut dilakukan melalui pelayaran
udara dalam terowong angin. Hasil dapatan daripada ujikaji terbabit menunjukkan bahawa,
dengan menggunakan penggerak plasma DBD di bahagian bawah spoiler sebut, terdapat
sekitar 11.1% penurunan nilai pekali seretan (Cp). Hasilnya menandakan kehadiran
penggerak plasma DBD mempengaruhi aliran udara pada spoiler kenderaan. Oleh itu,
penggerak plasma DBD dapat dianggap sebagai pengawal aliran yang boleh dipasang di
spoiler automotif untuk prestasi aerodinamik yang lebih baik dan boleh menggantikan reka
bentuk mekanikal.
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CHAPTER 1

INTRODUCTION

1.1  Background

The prime motivation for researching new designs for airflow assisted devices are
due to the limited energy resources and the strong demand for better performance in
aerodynamic forces with less complicated designs. In designing a vehicle, the aerodynamic
performance are taken into significant consideration as it affects stability and efficiency of
the vehicle. The airflow recurring surrounding the vehicle are especially important.
Essentially, a flow control is refered to any activity occurring within the boundary layer that
alters the behaviour of a fluid flow. Flow control enables the manipulation of flow in
boundary layer, to enhance or decrease turbulence and able to encourage flow separation.
Flow control devices are beneficial in many fields of study because it is able to increase or
decrease the lift and drag forces, to increase the heat transfer and reduction in flow noise
suppression. Flow controls are divided into active and passive types of control. An active
flow control type typically needs a specific amount of energy to be introduced into the flow,
which causes this type of method to be very adaptable and can be used and deactivated at
any time. Meanwhile, a passive flow control type is changed without the need of any external
energy. These is resulting to the development of active control approaches has been more in
the focus in recent years (Abdollahzadeh et al., 2018; Dalvand E et al., 2018; Mukut and
Abedin, 2019).

Recently, microflow control devices came into focus as it is able to control large

scale of flow control through addition of local momentum. Dielectric barrier discharge



(DBD) plasma actuator (PA) is proposed (De Giorgi et al., 2017; Mazaheri et al., 2016;
Moralev et al., 2018). DBD PA is proposed to act as a replacement for flow control device
as compared to the traditional flow control devices for instance vortex generators, slats and
flaps. DBD PA happen to be more applied in the field of aerospace on aircraft aerofoil but
DBD PA is still advantages as it is light and has low power consumption (Mazaheri et al.,
2016; Nakai et al.; Phan and Shin, 2016). Currently, plasma actuator are broadly used as a
flow control in aeronautical field of study. DBD plasma actuator are capable of converting
electrical energy to kinetic and is simple and small enough to be applied in airfoils, cylinders
and wind turbines (Jukes and Choi, 2009; Nelson et al., 2008). By referring to many research
results on airfoils, it is demonstrated that DBD plasma actuator is able to improve flow
conditions, able to lift and decrease the drag and lift forces (Zainuddin et al., 2018). Due to
these features of DBD plasma actuator, while it is applied on airfoil for aeronautical study,
it is possible to be applied on an inverse spoiler or in another worlds spoilers for land
vehicles.

This research studies the potential of utilizing DBD-PA to control airflow in vehicle
spoiler model. An alternating current (A/C) DBD-PA will be utilized to induce airflow on
vehicle spoiler model. Experimental works to investigate the effect of induced airflow using
DBD plasma actuator on an inverse airfoil model NACA 4418 via experimental assessment
and simulation. In the experimental phase, DBD plasma actuator will be assessed via wind
tunnel in order to investigate the usage of DBD plasma actuator to control airflow on spoiler
model. The drag coefficient were also assessed at 10 m/s and 15 m/s. In the simulation
experimentation, the effect of induced airflow velocity generated from DBD plasma actuator
on the vehicle spoiler based on the lift coefficient (CL) and drag coefficient (Cp) were
evaluated. The effect of DBD plasma actuator in influencing aerodynamics characteristics

of the vehicle spoiler were observed and comparison between the performance of vehicle
2



spoiler with and without a plasma actuator based on the lift coefficient (C.) and drag
coefficient (Cp) were compared with one another. DBD plasma actuator has the potential to
be the next generation flow control device that can surpass the traditional conventional flow
control techniques which allows a great opportunity for this device to produce a better

performance compared with other mechanical devices.

1.2 Problem Statement

In designing a vehicle, the aerodynamic performance are taken into a significant
consideration as it can affect the stability of the vehicle. Spoilers in shapes of inverse airfoils
are one of the designs that are applied during vehicle creation as the shape and size of spoilers
affects the aerodynamics, stability and efficiency of the vehicle. When drag force on a
vehicle increase, the fuel consumption will also increase as more energy needed to move the
vehicle whereas when lift force increase, the stability of vehicle will decrease. Hence, spoiler
design acts as a stability factor where it can affect the lift and drag forces of a vehicle.

In previous designs of airfoils, flaps and slats were used to improve the performance
of aerodynamic but these mechanical design will cause a noise and add weight on the airfoil.
Dielectic Barrier Discharge (DBD) plasma actuator was proposed to substitute the
mechanical devices as its unique property where it can response quickly, has no moving
elements and is very light. DBD plasma actuator is capable of controlling airflow and
enhancing the aerodynamic performance of a body. While many studies are focus on
aeronautical studies, the principle can be applied on vehicle aerodynamic to affect the lift
and drag force of a vehicle to produce stability. This study research on the characteristics of
DBD plasma actuator to control airflow on a vehicle spoiler model and implements the DBD

plasma actuator on spoilers to study the behaviour of aerodynamic performance of spoiler





