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ABSTRACT

Dynamic thrust is a Work done by a fan or a fan to deliver a forward motion. It is equivalent
to the result of mass / second flows and the difference between slip velocity and plane
speed. We need to study the effect of dynamic modeling using the appropriate procedures
required to compare the impact of the model with the fan and without the fan. The results
of this study will produce the coefficient of lift (CL), the coefficient of drag (CD) and
coefficient of moment (CM) graphs. Graph CL vs. AOA (angle of attack) shows the
maximum CL is at 8 degrees AOA (angle of attack) on both testing with propeller and
without the propeller. However, the CD graph shows coefficient when using the propeller
is slightly higher if compared with no propeller. Lastly, CM graph shows the value of the
coefficient when no propeller is slightly higher if compared with when there is a propeller.
I do this testing for the pitch angle -4° 0°, 4° 8°12°% and 16°. While the other setting for
yaw angle is 0°, 4°, 8°,12° and 16°, yaw angle will set by the computer. Forces and moments
sensed by the model were measured using JR3 Six Component Balance. This sensor is
capable of returning three aerodynamic forces and moments, and it placed under the test

section floor.
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ABSTRAK

Pertama, kita perlu tahu bahawa tujahan dinamik adalah Kerja yang dilakukan oleh peminat
atau kipas untuk menyampaikan gerakan ke hadapan. la bersamaan dengan hasil aliran
besar / kedua dan perbezaan antara halaju slip dan kelajuan satah. Tujuan kajian ini adalah
untuk mengukur kesan pemodelan dinamik dengan menggunakan prosedur yang sesuai
untuk membandingkan impak model dengan peminat dan tanpa peminat. Hasil kajian ini
akan dilihat dengan menghasilkan koefisien angkat (CL), pekali seret (CD) dan pekali
momen (CM) graf. Grafik CL vs AOA (sudut serangan) menunjukkan CL maksimum ialah
8 darjah AOA (sudut serangan) pada kedua-dua ujian dengan kipas dan tanpa kipas. Walau
bagaimanapun, graf CD menunjukkan pekali apabila menggunakan kipas sedikit lebih
tinggi jika dibandingkan dengan tiada kipas. Akhir sekali, graf CM menunjukkan nilai
pekali apabila tiada kipas sedikit lebih tinggi jika dibandingkan dengan apabila terdapat
kipas. Saya melakukan ujian ini untuk sudut pitch -4°, 0°, 4° 8°12° dan 16°. Sementara
tetapan lain untuk sudut curang adalah 0°, 4°, 8°,12° dan 16°. Sudut Yaw akan ditetapkan
oleh komputer. Angkatan dan momen yang dirasakan oleh model diukur menggunakan JR3
Six Component Balance. Sensor ini mampu mengembalikan tiga daya dan momen

aerodinamik dan diletakkan di bawah bahagian ujian.
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1.0 INTRODUCTION

1.1 Introduction to UAV

An unnamed aerial vehicle (UAV), commonly known as a drone, is an aircraft
without a human pilot aboard (Technopedia, 2017). Unnamed aircraft system (UAS) is a
recent development in the aviation field where it represents the cutting-edge and the
advancement of technologies in the aerospace industry. The system itself constituted of a
UAYV, a ground based-controller and a system of communications. According to ICAO
(2011), the flight of UAVs is built to be controlled by either remotely or autonomously
through the onboard computers which makes it convenient and advanced. Due to this,
UAYV is capable of being used for various purposes, from military equipment to domestic
surveillance (Technopedia, 2017). Although UAS received a controversial issue among
citizens, researchers such as Gupta, Ghonge, and Jawandhiya (2013) emphasized the
importance of UAS in many public and dangerous missions. The researchers also endorsed
the integration of UAS into aviation system while at the same time, stressing on the need
to consider its challenges and potential issues. Nonetheless, the integration and application

of UAV is a ground-breaking invention which is worthy to be researched and improved.

By definition, UAVs are fully autonomous or semi-autonomous aircraft that carry
cameras, communication equipment, sensors or another payload. In a research topic,
discussions on UAVs have been around since the 1950s. The aircraft used in their prototype
forms in World War I and Il. In the past decades, numerous researches were initiated by
the Defense Advanced Research Project Agency (DARPA) to increase the extent to which

UAYV adopted in military applications (Peter, 2009)). In recent years, numerous interests



have been coming from different federal, civilian and commercial applications, such as in

the case of monitoring traffics.

By classification, UAVs are either fixed-wing or rotary-wing. The fixed-wing
vehicles are easier to control, they have better endurance, and are the best when it comes
to wide-area surveillance and application tracking. Another advantage of the fixed-wing
vehicles is that they can be used to sense image from long distances. In any case, this form
of vehicles also come with the disadvantage of taking significant time for the machines to
react because colossal time and space required for turning a fixed-wing vehicle, which is
mandatory until the vehicle regains its course. On the other hand, the rotary-wing vehicles
known as Vertical Take-off and Landing (VTOL) vehicles (Shu and Gu, 2006). They come
with the advantage of minimum launching time, and they don't need big space for landing.
They also come with a higher level of hovering and maneuverability. Rotary-wing vehicles
come with cameras and short-range radars for detecting movement of traffic. However,

they have a disadvantage as the rotary motion results to vibration (Ota, 1983).



Table 1: characteristics and capabilities of UAVs present and discussed at the 2003 UAV

workshop (Source as adapted from Shu and Gu (2006)

Endurance Payload Weight Altitude Capacity
Vehicle (hours) (kg) (ft)
Aerosonde 40 1 20,000
Altus2 24 150 65,000
AV Black
Widow 5 0 1,000
AV Dragoneye 1 0.5 3,000
AV Pointer 15 09 3,000
AV Puma 4 0.9 3,000
AV Raven 1.25 0.2 3,000
BQM-34 1.25 214 60,000
Chiron 8 318 19,000
Darkstar 8 455 45,000
Exdrone 25 1 10,000
Global Hawk 42 891 65,000
Gnat 750 48 64 25,000
Helios 17+ 97,000
MLB Bat 6 1.8 9,000
MLB Volcano 10 9 9,000
Pathfinder 16 40 70,000
Pioneer 55 34 12,000
RMAX 1 28 500
Predator 29 318 40,000+
Shadow 200 4 23 15,000
Shadow 600 14 45 17,000

Different UAVs come with different payload weight carrying capabilities, and there is a

significant variation on their mission profile (regarding range, duration, attitude), their

accommodation (regarding the environment, volume), and their data acquisition

capabilities and command controls. i is as illustrated in the table (1) above.



1.2 Problem Statement

In recent days, there is a lot of research that has been done about designing the UAV
model. Firstly to experiment with the UAV model, the propulsion system has come to
attention. The propulsion system includes the motor used in the system and the propeller
efficiency. A suitable motor needs to choose to give more efficiency to the system whereas
propeller efficiency which consists of a number of the propeller, the size of the blade, the
pitch and the diameter used on the propeller is also essential as these will affect the UAV
performance. The selection of these two criteria is necessary to ensure the capability of the
system to give a better UAV performance.

By using a motor to rotate the propeller, it will also produce a torque force which
will turn the UAV in the opposite direction for the propeller. This torque force contributes
an essential effect on the dynamics of the UAV. For example, multicopters often rely on
varying the speed of their motors to produce a net torque that rotates the aircraft in the
desired direction.

Also, propeller efficiency also affects UAV performance. One of the factors of an
unbalanced propeller is the propeller produces excessive vibration. The vibration travels
through the entire airframe affecting the handling of the UAV, hence, produces inaccurate
readings by the sensors, and creates premature failure of motor bearings and parts.

The propulsion system consists of a motor, propeller, electronic speed controller,
and an electric battery. Combination selection of motor and propeller plays an important
aspect to ensure the capability of the UAV system. When we select the motor and propeller
combination, it is essential to determine the specific application area to generate the twice
flying weight of UAV. It is because both the motor and propeller combination produces

thrust and moves the vehicle.



1.3 The objective of the study

I.  To design measurement techniques to remotely quantify dynamic thrust
Il.  To measure the performance of the propulsion system powered by CAMAR UAV
model.
I1l.  To measure the impact of the dynamic scaling of the model using the appropriate

procedure

1.4 The scope of the study

I.  To do literature study on propulsion system V3 used in UTM UAV known as
CAMAR V1.
Il.  Need to experiment, and the experiment will be executed at wind speed 40m/s
I1l.  Will do other setting and nature of the experiment shall be relevant to CAMAR

V1.



1.5 Research Discussion

As mentioned by previous researchers, the difficulties in developing and applying
an optimal measurement method to quantify the dynamic thrust created by the propellers
are apparent and concrete. Since the dynamic thrust directly influences the performance
flight of a UAV, hence it is critical to measure the dynamic thrust beforehand. The
challenges lie on how this force can be remotely quantified and how its propulsion
performance can be measured simultaneously (Logen et al., 2005). A recent study by
Rutkay and Laliberté (2016) in measuring the performance of propulsion system concluded
that although the propeller performance can be improved over time, however, the potential
issues are with the efficiency and the power consumption of UAVSs. The researchers also
emphasized the importance of ground and wind tunnel testing in producing the feasibility
of producing propellers with desired performance. In 2015, a group of researchers in
Universiti Teknologi Malaysia (UTM) had successfully developed a UAV through the
Consolidated Advanced Model for Aeronautical Research (CAMAR) model. This
prototype is used to execute various mission which includes aerial monitoring and terrain
mapping (Hamzah, 2015). By using this prototype, this research hopes to measure its
dynamic thrust performance via an appropriate measurement. In doing so, the finding of
this study will be able to address the challenges on remotely quantify the dynamic thrust
and provide some practical solutions for future references. Also, this study could also act
and serve as a future reference on the performance of the propulsion system by CAMAR
model which is currently few and limited. Moreover, this study would also provide some
useful insight on the impact of dynamic scaling of the model using the designated
procedures. It could be another breakthrough in the field of aerospace since measuring the
effect of dynamic scaling of a new model can be both challenging and difficult (Abobaker,
Petrovi¢, Fotev, Toumi, & Ivanovié¢, 2017). Hence, it is relevant and worthy to measure the

dynamic thrust on CAMAR V1 developed by UTM.



20 LITERATURE REVIEW

2.1 Wind tunnel facilities

A wind tunnel testing is an essential tool used in aerodynamic research to study the
effects of air through solid objects. The wind tunnel consists of a tube path with the object
under the test mounted in the center. Air is made to move outside the object by a strong
fan system or other means. Test objects, often referred to as wind tunnel models, and are
equipped with sensors suitable for measuring aerodynamic strength, pressure distribution
or other aerodynamic-related features. (Going with the flow, Aerospace Engineering &
Manufacturing, March 2009, pp. 27-28)

A wind tunnel is a tool that allows researchers to travel through the air to simulate
flight and analyze aerodynamic properties of flow, such as elevation and drag. The wind
tunnel is designed to deliver continuous and continuous airflow to the test portion and
minimize the turbulence. In his article, Stathopoulos (1984) described and explained the
requirement needed to design and fabricate the wind tunnel. In his context, the wind tunnel
is built to explore the aerodynamic characteristics of a plane or an aircraft. The researcher
indicated that the geometry and flow characteristics of the wind tunnel had been based on
the commercial and space availability consideration. Over the years, however, the designs
of wind tunnel have drastically changed due to the advancement of technologies and the
innovation developed by other researchers. This development will be discussed in the later
section of this study.

Wind tunnels are essential for aerodynamic studies. Since its inception in 1871.
(National Aeronautics and Space Administrations, 2015), they have undergone some

iterations regarding design; the two most common configurations it is an open circuit wind



tunnel and closed-circuit wind tunnel, shown below in Figure (2.1). Both have the same
essential components, but the design and construction are generally different.
Significantly. According to the previous researchers also, their design has also
considerably influenced their overall purposes which in turn, can be differentiated based
on their apparent differences and significant drawbacks.

An open circuit wind tunnel releases air from the environment and expels them to
the atmosphere after leaving the fan, while the closed circuit wind tunnel generates
circulating circuits with air circulating over the tunnel. The design of a closed circuit wind
tunnel offers better efficiency and produces some noise, but it’s more expensive and more
difficult to produce. Challenging to manufacture. According to Mat Bahari (2012), the
open-loop wind tunnel is one of the easiest ways to measure the aerodynamic
characteristics. However, depending on the model tested, he further commented that the
open-loop wind tunnel might not be the best approach to obtain an accurate and reliable
result.

Meanwhile, Calautit, Chaudhry, Hughes, and Sim (2014) argued that although
many types of research prefer open-looped wind tunnel due to its low power consumption,
closed-loop wind tunnel proven that the outcome is much desirable. To support this claim,
Kulkarni et al. (2012) relate the advantages of a closed circuit wind tunnel design with
superior control over flow quality. Figure (2.2) illustrated the design of both the open-

looped design wind tunnel and the closed-loop wind tunnel.
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Figure 2.1: Outlining differences in wind tunnel design. Courtesy of NASA

An open-loop wind tunnel consists of 5 primary components, listed from
left to right on Figure (2.2) below: a settling chamber, contraction section, test
section, diffusing section, and a fan (National Aeronautics and Space

Administrations, 2015).

Figure 2.2: Colour-coded of an open-loop wind tunnel

A wind tunnel is an object that used in aerodynamic research to study the effects
of air passing in front of a solid object. A wind tunnel has a tubular passage with the object
under test mounted in the middle. Air is made to run past the purpose by a powerful fan
system. The test object also called a wind tunnel model, is instrumented with suitable
sensors to measure aerodynamic forces, pressure distribution, or other aerodynamic

characteristics. Previous studies have used the wind tunnel test on UAVs to examine the
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aerodynamic characteristics of a UAV. Experiments conducted by both Jindeog, Jangyeon,
Bongzoo, and Samok (2003) and Moyer and Talbot (1994) have discovered that wind
tunnel is capable of calibration and model verification and testing on UAVs. Both studies
were able to explore and research the surface deflections, lift curve slope, pitching moment
variation with lift coefficients and drag polar of a UAVs. Since both of the studies did not
consider the power consumption in their construction expenditure, both concluded that the
open-looped wind tunnel appears to be more feasible and flexible as compared to the
closed-looped design. However, there are still some researchers that argue otherwise
(Calautit, Chaudhry, Hughes, & Sim, 2014; Kulkarni et al., 2012).

2.2  Wind tunnel model and its fabrication

The wind tunnels were invented towards the end of the 19th century, in the early
days of aeronautics research, when many attempted to develop successful heavier-than-air
flying machines. The wind tunnel has been conceived as a way of reversing the
conventional paradigm. Instead of standing still and letting the object pass at high speed,
the same effect will be obtained if the goal remains motionless and the air passes full speed.
In this way, motionless observers can learn flying objects in action and measure the
aerodynamic forces imposed on them.

The development of wind tunnels accompanies the development of the aircraft.
The Large wind tunnels were built during the Second World War. Wind tunnel tests are
considered important in the development of aircraft and supersonic missiles by the Cold
War. After that, the wind tunnel study became very important: the wind impact on human-
made structures or objects need to be studied when the building is high enough to present
a large surface to the wind, and the building's internal structure is forced to withstand the
resulting power. Determine, such effects were required before building codes could
specify the required strength of such buildings and such tests continue to you for large or

extraordinary buildings.
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However, then, wind tunnel testing is used for cars, not much to determine aerodynamic
power, identify means to decrease the energy required to move the vehicle on the road at
a certain speed. In this study, the interaction between road and vehicle plays an important
role, and this interaction must take into account when interpreting test results. In the real
situation, the road moves relative to the vehicle, but the air relies relatively on the vehicle
on. The way on, but in the wind tunnel, the air is moving relative to the roadway, while
the roadway is fixed compared to test vehicles. Some motor vehicle test booths have
incorporated a moving belt to approximate the actual condition, and very similar devices
you in wind tunnel testing of aircraft take-off and landing configurations. (Barlow, Pope,
& Rae, 1999).

The test of wind tunnel sports equipment has also been widespread throughout the
year, including golf clubs, golf balls, Olympic bobsleighs, Olympic bicyclists and racing
car helmets. Aerodynamic helmets are essential in open cockpit racing cars (Indycar,
Formula One). Excessive lifts on helmets can cause large tension on the driver's neck,
while the separation of the trunk on the back of the helmet can cause blurred and blurred
vision for drivers at high speed. (Racing Helmet Design, James C. Paul, P.E., Airflow
Sciences Corporation, 1993).

The design of the wind tunnel model is based on tradeoff and a combination of
many requirements like the cross-sectional areas economic and available wind tunnel. The
real shape and size of the missile that will be evaluated, the exact performance (regarding
speed) of the air vehicles, Reynolds number materials, the similarity of the loaded
parameters and the production process of the model together with other things. A version
of a model shown in the figure (2.3) below. This model is a scale at 1:7, featuring four
body sections as nose section, section-11, balance section or mid-section, and wing and tail
section. There is also wire tunnel in this model, and the tunnel divides into three parts, then

attached at section Il, 11l and IV to stimulate real-time flight situation. The section IV is
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where the wings located at four orthogonal positions. The tail panels having zero control

deflection can be attached with the wings.

Figure 2.3: CAD wind tunnel model (Source as adapted from: Hemida and Krajnovic (2010))

2.3 Propeller Characteristic and mechanism

By definition, a propeller is a mechanical device used for propelling an
aircraft or a boat, consisting of a moving shaft and two or more broad, angled
blades are attaching to the shaft. Being initially invented for the radio controlled
(RC) model aircraft, the propeller has become one of the common propulsion
device used in UAVs. Rutkay and Laliberté (2016) explained that the rotary motion
created by a propeller developed a different air pressure between front and back
surfaces of its blades which then lead to lift or thrust but in the forwarding direction.
Its geometry determines Propeller's performance, and different propeller
geometries are optimized to produce thrust efficiently at given rotational and
forward flight speeds. When the propeller rotates, the blade will push the air in one

direction. because the propeller is pushing air in one way, the air also pushing the
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propeller to way contrary to the same power. This power is known as a thrust and
it’s used to move the aircraft.

A propeller is typically characterized by two or more blades that are attached
to a central hub with the hub mounted on an engine crankshaft, or in some cases to
the output shaft of a reduction gearbox. Typically, a spinner is used to guide the
center, and the spinner also plays the role of enhancing appearance and
aerodynamics. The propeller is to convert engine power into a useful thrust that
can be used to flight aircraft and keep them flying (Campso, 2008). The full

components of a propeller are as illustrated in the figure (2.4) below.

Trailing edge Leading edge
Tip > [
."I'o‘.'- ﬁ% [ 'l‘e"‘" ‘ ‘

Leading edge protection

Spinner

Shank

Figure (2.4): Propeller terms (Source as adapted from: Campso (2008))

Besides the components highlighted above, a propeller also has a control system.
Modern propellers being used on large turboprop aircraft have up to 6 blades. Other parts
of a propeller include a spinner that is used to create aerodynamic streaming over the hob
of a propeller. A bulkhead provides room for the spinner to be attached to the propeller.
The effect of the propeller model and motor simulation is an important part of wind tunnel
testing in an airplane. Both the complexity and the importance of this simulation are
because the aerodynamic phenomena linked to the propeller are very complex, which
include complexity on the way the propeller interacts with the airframe (Pope et al. 1999).
Most of the propellers have only two blades because a two-bladed propeller is more

efficient than a larger propeller that will produce the same thrust and airspeed. Cannot use
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single blade propeller because of dynamic unbalance. It also depends on the power
coefficient because lower RPM give better propeller efficiency. As Rutkay and Laliberté
(2016) mentioned in their research, the purpose of the propeller is to apply the mechanical
energy into the thrust. Given that both motor and battery drive the propeller at peak
efficiencies, the ideal design of a propeller is sometimes impossible an unrealistic to be
achieved.

A multi-bladed propeller does not have more induced drag which is due to tip
vortices. So, overall efficiency is lower. It also often has a larger total blade surface area
than the equivalent larger two-bladed propeller, For the best performance and efficiency,
reduced noise, and increased motor life, all propellers should be balanced before use.
Multi-bladed propellers can turn power into thrust and airspeed in less space than a larger
two-bladed propeller though, which makes them advantageous when ground clearance is
an issue (or fuselage clearance for wing or pylon mounted propellers). (Giinel & Ankarali,
2016). As reported by Logan et al. (2005), achieving the optimal performance for the
propeller is complicated, given that several factors such as poor methods of analyzing the
aircraft's performance at low Reynolds numbers are difficult to be investigated and
determined.

Dynamic thrust is the work done by the propeller or a fan to give forward motion,
it is equal to the product of mass flow/second and the difference between slipstream
velocity and aircraft speed. Wind tunnel experiments must be performed to analyse the
aerodynamic properties of an unmanned-aerial-vehicle (UAV), or system identification
can be made from experimental flights. Being able to predict the propeller thrust and rotor
drag can help identify other aerodynamic properties of a UAV, such as the drag of the
vehicle or the amount of lift a wing produces.

Propellers can be characterized into different types based on their systems. The
fixed pitch propeller is one of them it is it is the most widely adopted design for propellers

in aviation as a result of its simplicity. This form of propellers is common in light single-
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engine aircraft. The second type is ground adjustable propeller which is similar to the fixed
pitch propellers in the sense that it is not possible to change their blade in flight. In any
case, there is a major difference, which is that these propellers are designed in such a way
that the blade angles are possible to be changed while on the ground, which imply that the
propeller can be adjusted to offer the desired features necessary for a given flight. Two
position propellers are designed to allow pilots make a selection on one or two blade angle
while in flight, which means that it is possible to use a low blade angle for take-off and a
high blade angle for landing. It is somewhat like what is obtainable in the two-speed
transmission in an automobile (Hemida and Krajnovic, 2010).

Controllable pitch propeller is another example, and it is designed to allow the pilot
change blades into any angle of choices within the range covered by the propeller while in
flight, ensuring that the pilot has more control over propellers during flight. There is also
automatic pitch changing propeller which is designed to function independently of the
pilot. As against being controlled by the pilot from the cockpit, this propeller automatically
sets the blades to the most efficient angle as it reacts with the force the engine loads and
airspeed generates. Finally, constant speed propellers are adopted in the majority of the
medium and high-speed aircrafts available today. This propeller system is based on
controllable propeller that allows the pilot to directly control the system by adjusting to a
constant speed control unit, which is known as the governor. The propeller blade is then
adjusted by the governor to maintain the speed of the engine or rotations per minute as set
by the pilot on the governor (Hhemida, and Krajnovic, 2010).

2.4 The position of the propulsion system at the tail of the fuselage

In many designs, the powerplant system is located within or on the fuselage, and
when this is the case, it requires primary consideration and may provide the starting point
for the layout. The fuselage is considered the main body of an aircraft. It generally includes
space for personnel, cargo, and control. In this case, in UAV, it provides space for control.

There are various accessories which are attached to the fuselage, namely wings, stabilizers,
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landing gears, and power plant. There are five basic fuselage-located powerplant
arrangements may be identified:
2.4.1 Nose mounting of the engine,

Figure (2.5). This arrangement is appropriate to both piston- and turbine-driven
propeller engines. The powerplant determines the geometry of the front fuselage, including
influencing the cross-section but has little another effect on the rest of the fuselage layout.
An exception to this generalization is when the exhaust gases from a nose-mounted turbine
engine are passed rearward through the fuselage rather than being ejected locally, but this
is unlikely to be necessary for a view of the relatively low exhaust gas temperature and

velocity associated with this class of engine.

Figure 2.5: Nose powerplant — Scottish Aviation Bulldog (Source as adapted from book Aircraft

conceptual design synthesis by DENIS HOWE)

& Wing box N
i 7

Figure 2.6: Central engine — Bae Hawk (Source as adapted from book Aircraft

conceptual design synthesis by DENIS HOWE)
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2.4.2 Central or central rear location.

Figure (2.6) and Figure (2.7) Show the location of the power plant system in the
center of the fuselage can be advantageous in some circumstances, particularly for jet-
powered military trainer/strike aircraft having wings of moderate aspect ratio. The
positioning of the engine just aft of the main wing structure implies that its relatively high
mass is near to the center of gravity of the aircraft. The intake system usually employs side
or ventral fuselage intakes and may pass through the region of the wing center structure.
A significant consideration is the means of engine removal. While there may be other
possibilities, however, the best approach is to provide sufficient ground clearance for the
engine to be removed downwards by removal of a lower surface access panel or through
doors. It is also usually preferable for the exhaust gases to take out from the rear of the
fuselage. The alternative of fuselage side exhausts is likely to give rise to acoustic fatigue

problems at the back of the aircraft.

Figure 2.7: Central engine —Bae (V/STOL) (Source as adapted from book Aircraft

conceptual design synthesis by DENIS HOWE)

A particular case of a centrally mounted powerplant is that of a V/STOL aircraft,
Figure 1.7 Regardless of the vertical lift system being used. It found that the main
cruise/lift powerplant has to be fix at, or close to, the centre of gravity. As a result, the

engine and centre wing structure occupy a similar fore and aft location in the fuselage. It
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would appear that the position of the wing above the powerplant is the only practical
solution, removal of the engine preferably being downwards. If one of the rationales for
downwards engine removal is due to inadequate ground clearance, then the removal of the
wing to enable engine withdrawal upwards may have to be considered as well. It is clear
that when the engine is located in the centre fuselage the total powerplant system of the air
intake, engine and jet pipes occupies a large part of the total fuselage volume and has a
significant effect upon the overall layout.

2.4.3 Rear fuselage location,

Figure (2.8) shows the It is usual for the powerplant to fix at the rear of the fuselage
in supersonic combat types which have wings of relatively low aspect ratio. An important
advantage in this setting is that high-velocity exhaust gases are emitted aft of all primary
structure without the need for a long exhaust pipe. It also means that because of the wide
root chord the wing structure can pass round the fuselage forward of the powerplant,
greatly facilitating engine removal. It is usually downwards or downward and aft. Against
this, it is necessary to consider how to arrange the attachment structure for the empennage,
but this difficulty lessened when the aircraft has a canard configuration. Occasionally there
may be a requirement to locate the third engine in the rear fuselage of a transport aircraft,
although this is less likely than was once the case due to improved engine reliability.
Dorsal intakes are usually used, but side intakes are a possibility. The influence of the

powerplant in this layout is limited to the rear of the fuselage.
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Figure 2.8: Rear fuselage located engine - Lockheed F 16 (Source as adapted from book Aircraft

conceptual design synthesis by DENIS HOWE)

2.4.4 Rear podded powerplant

(Figure 2.9) Is the arrangement has only a secondary effect upon the fuselage
layout. It is mainly restricted to the need to provide internal supporting structure and to

avoid the location of flight critical components in the fan/compressor/turbine burst zones.

Figure 2.9: REaytheon hawker 800XP (Source as adapted from book Aircraft conceptual design

synthesis by DENIS HOWE)
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2.4.5 Podded powerplant located above or below the fuselage

The design of a fuselage is based on the aerodynamics, payload requirement, and
structure of the UAV. The drag is affected by the overall dimension of the fuselage from
numerous angles. By Hemida and Krajnovic (2010), a fuselage that has smaller fineness
ration do have fewer areas wetted for enclosing a given volume, but the area is more wetted
if the length and diameter of the cabin are fixed. Improved aerodynamics for longer flights
is created by higher Reynolds number and increased tail length, but this also results in the
thin fuselage, generally at the expense of the structural weight. In the course of selecting
the best layout, it is required that these trade-offs be studied in detail, however, before the
engine process can be started, something must be chosen. Usually, this is done by selecting
a value that is not far from existing aircraft that have a similar requirement, for which a
much detailed study has been done. If such guidance doesn't exist, then, the choice should

be to select an initial layout that meets the requirement for the payloa
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3.0 CHAPTER3

METHODOLOGY

3.1  Methodology flow

Firstly, to start the experiment, we need to calculate the airspeed to be used for
wind tunnel testing. Second, we need to experiment to find the required thrust for UAV
Model. From that, we will calculate the propeller size for the third step. After we know the

propeller size, we need to do a few experiments to find a suitable motor.

After we know the motor size, we will fix the motor and propeller to the UAV
Model. Finally, we do testing inside a wind tunnel to take reading for force and moment.
After we get the data, we will analyze to come out with the graph coefficient of lift,

coefficient of drag, coefficient of pitching moment and coefficient of the yawing moment.
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3.2 How to set speed for wind tunnel testing

Air speed / RPM vs Reynold number
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Figure 3.0: Graph to determine model air speed

By using the Reynolds number calculation and we use the different length of tip
chord for CAMAR and MODEL. The variable value here is airspeed which is we change
from 10m/s to 80m/s. After complete do the calculation, we will get a graph as above.

From that graph (blue colour) we already know the cruising airspeed for CAMAR,
and from there we do a horizontal line to see the Reynolds number. Then from that
Reynolds number we will draw a straight line to know the cruising speed for MODEL.
From that graph, we know that the cruising time for MODEL is 40m/s.

Below is the Reynolds number formula for this calculation

Re=P¥! L)

y7,
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Figure 3.1: flow chart to determine the model thrust

From the above flowchart, we need to find the thrust value for MODEL. So we
need to make a comparison until we know the UAV MODEL thrust value. Firstly we need
to compare with the weight; we understand that the CAMAR model only 5kg but the
MODEL weight is about 7kg because the UAV MODEL is made by fibre and CAMAR is
made by Styrofoam and fibre, so the weight is not same. We cannot use to find the MODEL
thrust.

The second option, we have to use CAMAR size and MODEL size and found that
the size is scaled down is about 1:5 ratio (refer to the above graph for Reynolds number).
So we can find the thrust by using the reduction factor. Reduction factor here is length,
frontal area, and volume. After we get the reduction factor, we need to divide the CAMAR

thrust with that reduction factor. So we know the MODEL thrust value.
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After we know the thrust value, we need to do a lot of experiment to match the motor and

propeller. Below is the flowchart to find the best motor and propeller.

Running the

Motor 50%
of the full + = (X) Thrust

Battery + propeller = Experiment
running

speed

Figure 3.2: flow chart to determine the motor and propeller size for model

From the above chart, we will test the motor only for 50% of throttle because we assume
that 50% of throttle is the time for MODEL cruising time. We will do a few experiments
until we get the best motor and propeller to use for testing inside the UTM closed loop low-

speed wind tunnel.

3.4  Blockage Ratio

The blockage ratio is the ratio of frontal/projected/cross-section area (2D area seen from
the front view) upon the cross-section area of the test section.

Blockage Ratio = Frontal Area of Model / Cross-section area of the test section  (2)
Generally, a blockage of less than 5% should be preferred (Blockage effects are less). But
for blockage more than 5%, blockage correction should be done to get good/valid results
from experiments.

For this experiment already calculated the blockage ratio is 0.2230%. So the blockage is

less than 5%.
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Using advance ratio formula, we can calculate to estimate the model propeller size which

will be used for wind tunnel testing.

Advance Ratio Formula:

Vs _ Vm
nsds nmdm
Nm rotational speed in rps (rotation per second)
Vm wind tunnel speed model (refer sheet 1)40m/s
Ns 4700 rpm change to rps (78.33rps)
Ds Diameter full scale propeller (13 inch)
Vs speed full-scale airplane (22sm/s)
Dm diameter propeller in (inch)

the propeller size to be used for wind tunnel testing.

©)

From this formula, we can calculate the size of the propeller. Below is the graph to show
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Figure 3.3: Graph for estimation of propeller size

From this graph, show that the propeller size to be used for wind tunnel testing is
6 inch, and we need brushless DC motor speed till 16000 rpm. For motor selection, we
need to do a few an experiment to find a suitable motor for this propeller. Below is the

testing to find the best motor.

Table 2: experimental to find a suitable motor for required propeller

Motor GT2826/04
Propeller 8 x 5 9500RPM
13.4A(11.1V)
Propeller 6 x 4 11000RPM

55A (11.1V)

Propeller 6 x 4 15600RPM
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10.8A(14.8V)

From this table (experiment), we know that we will use motor GT2826/04 with propeller

size 6 x 4 for wind tunnel testing.

3.6 How the propeller will be balanced

Before final balancing, the propeller will be horizontally and vertically balanced.
For horizontal balancing, the propeller’s blade will be aligned horizontally along the
balancer shaft. Plastics will be removed from the blade until the propeller stays propeller
aligned in the horizontal position. For vertical balancing, the propeller will be vertically
aligned along the balancer shaft. Once vertical balancing is done, the propeller will be
turned back to the horizontal position to ensure that the propeller still maintains the
horizontal balance. The propeller will continually be rotated between the vertical and
horizontal position to ensure that removing material brings about improved balance.
Finally, once the horizontal and vertical balancing is successful, the propeller will be turned

to the angles along the balancer shaft (Richard, 2011).

3.7  Equipment used
Below are the Flowchart and block diagram for equipment used.

Motor (Brushless
Motor)

ESC (electronic
speed controller)

Battery LI-PO

Figure 3.4: equipment flowchart
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Block diagram (how to connect wire)

Battery (LiPo) EsC (eclzﬁtrrzlr::r)speed |-m Brushless DC motor

Figure 3.5: Block Diagram for wire connection

Before to perform an experimental setup, need to identify the equipment and components
required. The component need is as below.

a. Motor

b. Esc (electronic speed controller)

c. Li-Po battery

3.8 DESCRIPTION OF COMPONENTS
3.8.1 Motor specification

e Brand: Grand turbo

e Model: GT2826/04

o Propeller size to be fixed in the motor: 6 inch x 4inch
e Power rating: 11.1V to 14.8V

e Made by Emax
3.8.2 Motor description

Brushless DC motor can be explained as an electronically commuted motor which
doesn't have brushes. This motor very efficient in producing a large amount of torque over

a speed range.
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Advantages of Brushless DC Motor

The BLDC motor is more efficient as its velocity is determined by the frequency
at which the current is supplied, not the voltage.

Due to the absence of the brush, the loss of mechanical energy due to friction is
less that increases the efficiency.

BLDC motors can operate at high speed under any circumstances.

No noise and noise less during operation.

More electromagnetic can be used on the stator for more precise control.

BLDC motors are very easy to accelerate and decelerate because they have low
rotor inertia.

It is a high-performance motor that provides large torque per cubic inch on a wide
round.

The Brushless DC motor doesn't have a brush that makes it more reliable, high
expectations, and maintenance-free operation.

There is no ionic splash of the commutator, and electromagnetic interference can
also be reduced.

A motor like this is cooled by conduction, and no airflow is required for cooling

in it.

Disadvantages of Brushless DC Motors

BLDC motor costs more than motor without DC brushless.
Limited high power can be supplied to BLDC motor. If not too much heat weakens

the magnet and the winding insulation may be damaged.
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3.8.3 ESC specification

e Brand: Budget
e Current rated: 30A
e BEC: 2A/5v

3.8.4 ESC description

Electronic speed control or ESC is an electronic circuit with the aim of changing
servo-motor speed, its direction and may also act as a dynamic brake. ESC is often used
on motors providing three-phase phase electricity generated by low energy for the motor.
It also allows for a finer and more accurate motor speed variation in a much more efficient
way than the mechanical type with resistance coils and moving arms once used together.
ESC can be a separate unit transmitted to the receiver throttle control channel or included
in the receiver itself, as happens in most R / C toy class vehicles.

3.8.5 Li-Po battery specification

e Battery Capacity = 5000mAh=3Amp/hour
o Voltage = 14.8V

e Min Discharge rate 20C continuous

e Max discharge rate = 25C maximum

3.8.6 Li-Po battery description

The lithium-polymer battery (Li-Po, LIP or Li-Poly) is a rechargeable battery type
that uses a soft polymer casing so that the lithium-ion batteries are located on a soft "outer
pocket.” It can also refer to lithium-ion batteries using gelled polymers as electrolytes.

However, this term usually refers to the type of lithium-ion battery in the pocket format.
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3.9  Experimental Setup inside Wind Tunnel

struts

Figure 3.6: UAV model experimental setup inside wind tunnel for testing

Wind Tunnel Testing (WT) The static wind tunnel tests were conducted in the 1.5
m x 2 m x 5.8 m closed circuit Universiti Teknologi Malaysia Low-Speed Tunnel (UTM-
LST). This facility is capable of providing maximum wind speed of 80 m/s with maximum
turbulence intensity approximately 0.01 % across the test section. The model was mounted
on single strut support while the model angle of attack was fixed to zero degrees. Forces
and moments sensed by the model were measured using JR3 Six Component Balance. This
sensor is capable of returning three aerodynamic forces and moments, and it is placed under
the test section floor. The Balance Moment Center (BMC) is located at the center of this
sensor. The sideslip angles were changed by rotating the tunnel, and all data have been

corrected for tares caused by model strut support.
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This experiment will include the test for:

a. To test the different pitch angles (-4°, 0°, 4°, 8°, 12° and 16°).

Universit Teknologt alepsa
Low Speed Wind Tunnel

Figure 3.7: wind tunnel testing for pitch angle

b. To test the different yaw angles (0°, 4°, 8°, 12°, and 16°)

Figure 3.8: Wind tunnel testing for yaw angle

All above experiment will be done inside UTM (University Technology Malaysia) low

speed wind tunnel.
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40 CHAPTERA4

RESULTS AND DISSCUSSIONS

41  GRAPH COEFFICIENT OF LIFT VERSUS ANGLE OF ATTACK
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Figure 4.1: graph CL vs AOA

Figure 4.0.1 shows the two testing that has been done inside the wind tunnel. The
red color was tested with the motor running at 15600 rpm, and the blue color was tested
without the motor running. The results of this experiment show the starting coefficient of

lift value at -40 angles of attack (aoa) is 0.07278. The highest amount of CL at 80 AOA.
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The testing run inside the low-speed wind tunnel (UTM) with the airspeed 40m/s took one
and half hours to complete.

From the figure 4.0.2, we can see the graph slightly different from figure 4.0.1. The
lift coefficient (CL) varies significantly, steadily increasing until the stall occurs. (Kumar
etal., J Aeronaut Aerospace Eng. 2016, 5:2). At the high angle of attack, it will cause the
UAV loss to lift.

The coefficient of lift formula to generate the above graph is:
Fz

Cl=—? 4
0.5pv:C @
CL Vs Alpha
1.5
1
0.5 &
0
0 5 10 15

Figure 4.2: CL Vs AOA (source adapted from Kumar et al., J Aeronaut Aerospace Eng. 2016, 5:2)
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4.2  Graph coefficient of drag vs angle of attack (aoa)
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Figure 4.3: CD VS ACA

Figure 4.0.3 shows the cd vs. aoa. The red color line is testing with a motor (15600
rpm) and blue color testing without a motor as expected the drag increases with increase
in AoA. Both experiment values increase exponentially with increasing AoA. When the
motor is run at 15600 rpm, the lowest CD is -0.23329121. While the highest CD is
0.378698661, while the testing without the motor running, the lowest CD at -0.131843591
and the most top CD at 0.339953444.

At low angles, the drag is nearly constant and if the angle increase, drag will also
increasing. The drag coefficient contains not only the complex dependencies of object
shape and inclination but also the effects of air viscosity (James E. Brunk, 2015)

From the figure 4.0.4, we can see graph slightly different with diagram 4.0.3.
Mueller and co-workers™ give results of extensive studies of flow over two-dimensional
airfoils at Reynolds numbers as low as 40,000 based on the chord. We show data for
Reynolds numbers of 130,000 and 400,000 in Figures 17.2 and 17.3. At RN = 40,000 the

lift curve for a NACA 663-018 from negative to positive stall is in three distinct pieces.
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Two parts are near the stall, and at a = &80, there is a linear region with a shallow slope
(Kumar et al., 2016)

The coefficient of lift formula to generate the below graph is:

Cd=— X ©)
0.5pvec
- Note: No drog meosured
°"°] at Ry = 40 000
R, =130000
e Ry = 400000
~Tost
i 1 ||
=10 0 o] 20
a (degree)

Figure 4.4: Drag curves for a smooth NACA 66-018 airfoil at two low Reynolds numbers. (Source from

J.B.BarloW.H.RaeJrApope-LowSpeedWindTunnelTesting, 1999.)
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4.3 Graph coefficient of pitching moment vs angle of attack (AOA)
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Figure 4.5: CM VS AOA

The coefficient of pitching moment formula to generate the above graph is:

My

Cm=——-—
0.5pv?c?

(6)

Figure 4.0.5 show CM vs. AOA. The orange color is testing with a motor (15600
rpm) and blue color testing without a motor. The highest CM for 15600 rpm is at -
0.177487775 and the lowest coefficient at -1.30004. We may conclude that value CM
without motor running is slightly higher than testing with the motor.

From the figure 4.0.5, we can see the graph decrease and the same scenario occur
with the figure 4.0.6 which the graph decreasing as well. The chart show that the negative
slope for positive a indicates stability in pitching due to low Reynolds number (Ira H.

Abbott, and Albert E. Von Doenhoff (1959)).
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Figure 4.6: CM vs AOA for low Reynolds number

4.4  Graph coefficient of yawing moment vs yaw angle
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Figure 4.7: Yawing Moment Vs Yaw Angle
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Coefficient of yawing moment formula to generate the above graph is:

Mz

T AE 202 7
0.5pv?c? ")

Cyaw

From the figure 4.0.6 show yawing moment vs. yaw angle. The positive yaw angle
generates a positive moment while negative yaw angle generates a negative moment. The
highest yawing moment at 0.03 (using motor) and 0.0255 (without motor). This graph to
show that the yaw moment about the z-axis and it is positive if he moves the nose of the
plane to the right. The significant contributor to the yaw moment is the vertical tail.

If we compare the figure 4.0.6 with figure 4.0.7, V-Tail contributes to strong
directional stability. Beside that v-tail also generates a higher rolling moment and this will

lead to the cross-coupling problem with aircraft. (nur amalina, and suhaimi, 2009).

0.045 ~

0.04 —&— CFD Conventional tal

—— CFD V-Tal

]

=]

L¥5]

L
1

0.03 Wind Tunnel V-Tail

0.025 +
0.02 -
0.015 -

O E/l T T T T T T 1
5 10 15 20 25 30 35 40
-0.005

Sideslip angle (Deg)

Yawing Moment Coefficient, Cn

Figure 4.8: yawing moment vs sideslip angle (source from effect of tail dihedral angle on lateral directional

stability due to sideslip angle by nur amelina, and suhaimi, 2015)
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5.0 CONCLUSION

This research works and shows a good result for the coefficient of lift graph which
the data found from testing with and without motor does not have much different. To
quantify dynamic thrust, the testing run at the outside of wind tunnel due to know the
required thrust so that from essential thrust it is easier to identify the correct BLDC motor
that need to be used for wind tunnel testing. After run few testing, the required BLDC

motor speed to get 6.2237 N thrust is at 15,600 rpm was obtained.

When the motor running by 15600 rpm at wind tunnel speed 40m/s, found that watt
meter show the ampere at O (zero). It shows that the motor does not need much power to

turn the propeller. The wind tunnel speed helps this to happened.

As a conclusion, there are not much different towards the coefficient of lift, the
coefficient of drag and coefficient of the moment if we run with and without motor during
wind tunnel testing. The scenario presented from the plotted graph. From lift graph, only

2.17% lift coefficient different while testing with and without a motor.
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S/ (THEORY)

Discussion and | 4
conclusion

Discussion with

Y

Do few testing to
find suitable motor

and propeller
(EXPERIMENT)

Fabricate support
—(for motor to attach
at UAV

!

tunnel testing data

Draft report Presentation

Observation table

supervisor on wind

Table 3: Observation during wind tunnel testing

Collect data from |
wind tunnel testing -

Setup testing inside
wind tunnel
(EXPERIMENT)

PITCH YAW
ANGLE | OBSERVATION ANGLE OBSERVATION
-4 At 0 rpm motor, 29m/s wind 0 0 ampere at 40m/s wind
tunnel speed propeller start tunnel speed and wing
running itself. not vibrate
0 Propeller not running. 4 0 ampere at 40m/s wind
tunnel speed and wing
not vibrate
4 At 0 rpm motor, 33m/s wind 8 0 ampere at 40m/s wind
tunnel speed propeller start tunnel speed and wing
running itself. not vibrate
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8 At 0 rpm motor, 28m/s wind 12 wing vibrate at 24m/s
tunnel speed propeller start and stop vibrate at 36m/s
running itself. wind tunnel speed

12 Propeller not running. 16 0 ampere at 40m/s wind

tunnel speed and wing

not vibrate

16 Propeller not running and
wing vibrate at wind tunnel

speed 26m/s.
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