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ABSTRACT

To improve the overall lift to drag a new concept on fuselage of an Unmanned Aerial
Vehicle (UAV) is investigated where the fuselage also provides some lift. To
investigate the improvement of lift to drag two fuselages are considered, one is
conventional cylindrical cross-section and the other is aerofoil cross-section. A
number of fuselages models with a scale of 1:32 with aerofoil cross-section and with
conventional cylindrical cross section are manufactured in such a way that both
models have the same volume. Same set of wings is used in both types of models so
that the results can be used to show the comparison between the fuselages. To reduce
the induced drag winglets are used in aerofoiled fuselage. All the three fuselages i.c.,
circular cross-sectioned, aerofoil cross-sectioned and aerofoil cross-sectioned with
winglets are used for wind tunnel test. Lifts and drags are measured with the help of
spring balance system for different angle of attack of the fuselages to find out the best
fuselage corresponding to overall lift to drag ratio. From this result it is also found out
what should be the best angle of attack of the fuselage at different speed during take
off, flying and landing condition. Finally lifts and drags are also measured by pressure
tapping around the fuselages at different angles of attack to verify the results found in

spring balance system.
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Chapter 1

INTRODUCTION

1.1. Preamble

The major thrust in designing of an aircraft is to increase its lift along with the reduction
of drag From the early 20" century research works have continuously been carrying out
on these facts at different forms to develop the most efficient aerofoil section which
would produce the maximum lift corresponding to relatively small drag. For different
atrfoil profiles, coefficient of lift (C1) and that of drag (Cp) have been measured or
calculated. The aerofoil section used in conventional airplane wings which basically
produce the lift while its fuselage has little or no contribution in it. But the appreciable
portion of total drags is contributed by the fusclage. The total drag produced by each
exposed parts of the airplane should be minimum such that overall lift to drag ratio is
maximum. So the designing of an airplane should also include the reduction of drags of
all its exposed parts. On the other hand if it is possible to extract some lift from each

exposed parts then that would also maximize the overall lift to drag.

So in order to maximize the efficiency of an aircraft, the basic design premises should be

such that all elements/components of the aircraft must contribute to the aircraft lift. In
pursuit of this goal and to solve the present challenges and future goals of the air
transportation system of increased efficiency, passenger safety and productivity
* combined with greater personal mobility and expanded transportation capability, the
scientific ‘community is now turning there attention to the lifting-body aircraft. The
lifting-body aircraft design principle allows the designer both safe and fuel-efficient
aircraft for an efficient utilization of the air transportation system for the movement of
people and goods. This design would also provide increased payload and a dramatically
1mproved short take-off and landing (STOL) capability, over conventionally de51gned [1-
5] aircraft. In conventional design the aircraft, fuselages are generally circular and the
wings are aerofoiled shaped. Although the circular fuselage has less drag but it produces

no lift. Instead of circular fuselage if an aerofoiled section fuselage is incorporated in an

O,

o
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airplane then it will produce some lift and will be expected to increase overall lift to drag

ratio. The airplane with aerofoiled section fuselage is termed as all body lifting aircraft.

1.2. Background of the Work on Aerofoiled Fuselage

In carly 20" century a famous professional aircraft designer Vincent Justus Burnelli [6]
developed the concept of all body lifting aircraft where he used fuselages of aerofoil
cross section. But this fuselage aerofoil section had to be sufficiently thick such that man
could ride on it. So the scientific community had raised a number of technical concerns
related to the large fuselage and its impact on acrodynamics. Amongst these primary
concerns was the negative aerodynamic drag effects attributed to the lifting-body
fuselage due the increased fuselage frontal area and the fuselage wing interference.
Picture 1.1 shows the Burnelli’é designed first aerofoiled section fuselage bi-plane [6].

The bi-plane was very large, capable of carrying 26 passengers,

Figure 1.1: Burnelli’s all body lifting fuselage bi-plane, RB-1.

An analysis of the concept performed by Wertenson [7, 8] in 1931 showed that the
Burnelli’s design concept resulted in less frontal area than a conventional twin-engine
transport airplane and that the negative fuselage wing interference is more than
compensated by the increased lift of the fuselage. Subsequent analysis performed at that

time by some researchers [9-12] also supported the findings of Wertenson.



The primary focus of Burnelli’s research at Lawson Airplane Company of Green Bay and
Milwaukee, W1 at the end of the First World War was aimed at to build airplanes for

peace instead of war. As his research outcome Burnelli built American’s first twin engine

airplane. This basic element of the Burnelli design principle is just now being considered

and utilized by the aeronautical community for a variety of vehicle classes that vary from
personal air vehicles (PAVs) to jumbo transports. It is important to note that Burnelli was
not alone in the development of all-lifting vehicle technology, there were more than fifty
all-lifting aircraft developed during the last century {6, 13]. But all of these aircraft were
designed for large carrying capacity. But now-a-days small Unmanned Aerial Vehicle
(UAYV) concepts are developed and this UAV does not require thicker fuselage besides it
uses sophisticated electronic elements that are small in size but heavy. So UAV requires
higher lifting force with a smaller size. National Aeronautics Space Administration’s
(NASA) X-39, X-43B, X-45A and all Unmanned Combat Aerial vehicle (UCAV) aiso
uses all-lifting body fuselage but ali of these are designed for high-speed transport under
Future Aircraft Technology Enhancements (FATE) program [14,15], |

As some of the UAV for area reconnaissance or similar purposes have to operate in the
speed of 50km/hr to 100km/hr, the present investigation is carried out in this speed range.
On the other hand we should follow the design of nature and the practical aspects of
streamline form may be studied from the bodies of fishes and birds, the profiles of which
have gradually met the requirements of least resistance for motion through a fluid, water
or air, as the case may be [16]. In this context the gliding bird’s body shape could be a
good natural example for a UAV design and for most of the gliding birds like Harris’
hawk (Parabuteo unicinctus) have aerofoil body shape rather than conventional
cylindrical shape [17]. Picture 1.2 shows the body shape of a Harris” hawk during flying

condition.



Figure 1.2: All body lifting shape of a Harris’ hawk (Parabuteo unicinctus)

Again during their flights, birds continuously change their feathers position to improve
their maneuvering capability with minimum energy loss. For example the feathers at the
wing tips of most birds that soar over land separate both horizontally and vertically in

flight to form slotted tips as shown in picture 1.3 below.

Figure 1.3: The Harris’ hawk (Parabuteo unicinctus) is gliding with vertical separation
between the feathers in the slotted wing tips.

The individual feathers in the slotted tips resemble the winglets used on the wing tips of ‘

some aircraft to reduce induced drag.



V. A. Tuckerm {17] made an extensive research on the lift drag characteristics on wings
creating the similar conditions of birds’ wings. He found that a wing that produces lift
leaves a pair of vortex sheets in its wake which generates the induced drags. The feathers
at the wing tips of most birds that soar over land separate both horizontally and vertically
in flight to form slotted tips i.e. the winglets and the wing theory shows that winglets can
reduce the kinetic energy left in the vortex sheets, and hence the induced drag, by
spreading vorticity both horizontally and Vettically_f. He aiso found that the total drag of
the wing with the feathered tip was 12% less than that of a hypothetical wing with the
same lift and span, but with tip feathers that did not respond to upwash at the end of the
base wing. This value is consistent with wing theory predictions on drag reduction from
winglets and the Wings with the tip and the base wing locked together had lift and drag
that increased with increasing base wing angle of attack, as expected for conventional
wings without winglets. [18, 19, 20, 21, 22, 23, 24}

Eastman N. Jacobs and Albert Sherman [25] tests of wing-fuselage combinations
employing an aerofoil-type fuselage were made in the variable-density wind tunnei as a
part of the wing-fuselage interference program and the test results showed that the
aerofoil-type-fuselage combination should be well faired in such a way as to eliminaie
the discontinuity at the ends of the fuselage. The results show that the fuselage part of the
lifting surface, comprising 33 percent of the total lifting area (exposed wing area plus
fuselage érea) contributes 26 percent of the total lift.

1. Kroo [26] from Stanford University, USA recently done some research work aiming to
increase the commercial aircraft efficiency. His findings shows that the vortex drag of
commercial aircraft accounts for a large fraction of airplane cruise drag (typically about
40%) and therefore concepts that result in reduction of vortex drag may have a significant
effect on fuel consumption. Vortex drag is even more significant at low speeds where
vortex drag typically accounts for 80%-90% of the aircraft’s climb drag at critical takes
off conditions [26]. Although take-off constitutes a very smali portion of the flight, but its
influence on the overall aircraft design is profound. Since conditions associated with
engine-out climb shortly after take-off are often critical constraints in the aircraft design,



changes in aircraft performance at these conditions influence the overall design and so
have an indirect, but powerful, effect on the aircraft cruise performance. While a 1%
reduction in drag due to lift might improve the cruise lift-to-drag ratio by 0.4% with a
similar effect on range, the improved low speed climb performance may make it possible
to achieve acceptable take-off and ¢limb with almost 1% greater take-off weight, leading
to an increase in range several times that dssociated with the simple cruise L/D
improvement {26, 27]. Furthermore, lower drag at high lift conditions leads to reduced
noise. He also noted that the induced drag may be easily reduced by increasing the span
of a planar wing. A 10% increase in wing span leads to a 17% reduction in vortex drag at
fixed speed and lift [26). But the primary reason that wing spans are not increased to
reduce drag is that the higher structural weight and cost make such efforts
counterproductive. To produce a large change in the vortex drag without a large increase
in wetted area, his low aspect ratio endplates were replaced with higher aspect ratio
winglets.

To increase the mancuvering capability of the modern fighter plane it’s also utilized the
all body lifting fuselage concept. For example from Bill Gunston's excellent encyclopedia
(page 224), the modem fighter jet MiG-29 has high maneuvering capability as it’s design
specifics are defined for 40% aerodynamic lift from the central structure component
comprising fuselage and inner wing between fins. This type of fighter plane is called
Blended Wing Body (BWB) aircraft. For a better understanding of the BWB shape
visually and practically a recent visit to Bangladesh Air Force (BAF) has arranged by
Mechanical Department, BUET under the guidance of Professor Dr. M. A Taher Ali. The
BAF engineers, pilots and the officers extensively describe different parts, body shape
and their aerodynamic function by dismantling a BAF owned MIG-29 fighter plane. The
visit helps this research works to understand the practical advantage of lifting body
fuselage. Picture 1.4 is showing the Blended Wing Body (BWB) outer shape of a MIG-29
fighter plane.



Figure 1.4: Photograph of a MIG-29 showing lifting body fuselage
(Source: http://commons.wikimedia.org/wiki/File:060610-SKP-MIG-29-01-1280x.jpg)
1.3. Overview of the present work

In this research aerofoil fuselage is introduced to produce some lift from the fuselages but
this finite width aerofoiled fuselages also generate induced drag due to tip vortices that
ultimately reduce the overall lift to drag. So winglets have been incorporated at both sides
of the fuselage to reduce the tip vortices and thereby reduce the induced drag. All the
three fuselages i.e. circular cross-sectioned, aerofoil cross-sectioned and aerofoil cross-
sectioned with winglets are used for wind tunnel test to measure the lifts and drags with
the help of spring balance system for different angle of attack of the fuselages and to find
out the best fuselage corresponding to overall lift to drag ratio. By comparing the results
it is also found out what should be the best angle of attack of the fuselage at different
speed during take off, flying and landing condition. Finally lifts and drags are also
measured by pressure tapping around the fuselages at different angles of attack to verify

the resuits found in spring balance system.
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Chapter 2

THEORETICAL CONSIDERA,TION

To be successful an aircraft must be capable of doing the job for which it is designed
economically and easily. Normally, this entails meeting at least the following
requirements:

» The air craft must have an adequate system for producing lift or sustention.
[ts structure must be adequate. |
It must have a satisfactory system

It must incorporate design features resulting in adequate stability.

vV V. WV V¥V

It must be provided with a satisfactory means for safety leaving or contacting

the gronnd.

» It must be capable of completing its mission as economically and as safely.

An aircraft deficient in respect to any one of these requirements cannot be considered
satisfactory, regardless of how well it meets all the others. It is difficult in one design
to meet perfectly all of the above requirements for a successful airplane. The designer
must be satisfied with excellence in as many as characteristics as possible and
adequate in the remainder. The designer must exercise his best judgment in deciding
what requirements may be considered of secondary importance without jeopardizing
the airplane utility. .

Aerodynamics:is nothing n_lbre than the study and application of those natural laws
that influence flight. Some of these laws are well defined and well understood,
whereas others are obscure and their presence is just beginning to be suspected.
Airplane design progress is directly dependent on our advances in understanding the
aerodynamics laws. Some of the theoretical consideration and the acrodynamics laws

are discussed below.



2.1 Boundary Layer

A boundary layer is a thin region of fluid near a wall where viscous effects are
important in determining the flow field. The boundary layer is a buffer region between
the wall betow and the inviscid free-stream above. The layer of air extending from the
surface of the object to the point where no dragging effect is discernible is known as the
boundary iayer. Mathematically, its main purpose is to allow an inviscid flow solution to
satisfy the no-slip condition at the wall.
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Figure 2.1: Boundary layer formation

Figure 2.1 shows the growth of boundary layer. Conventionally, the X-axis is parailel to
the wall, while the Y-axis is perpendicular to the wall and cuts right through the boundary
layer. At any given x-coordinate, we can draw the velocity distribution as a function of y.
This is the most common way to illustrate a boundary layer. Figure 2.1 also shows
velocity cross sections of two points in the boundary layer. The first is the cross section



for a laminar boundary layer; the second one is after the transition and represents a
turbulent boundary layer. It should be noted that, in a boundary layer, the velocity is
always zero at the wall, and asymptotically approaches the free-steam velocity (denoted
by U,) at infinity. The boundary layer typically grows in thickness in the stream-wise
direction. Turbulent boundary layers grow faster than laminar ones.

The nature of the boundary layer is a controlling factor in the determination of skin-
friction drag. More important than this, the nature of the boundary layer determines
maximum lift coefficient, stalling characteristics of a wing and, magnitude of the friction

and pressure drag and to some extent the high speed characteristics of any object.

Equation for boundary layer thickness and for skin friction drag of a boundary layer may
be obtained by dimensional analysis.

2.2 Flow Separation

When the air is unable to follow an object's shape it separates. This is shown in
the figure 2.2 for an aerofoil, which while being a streamlined shape, will cause flow
separation if it is tilted so that it is more oblique to the flow. This is known as aerofoil
stall. In order 1o prevent flow separation it is best to avoid sharp profile changes in flow
direction, but making a smooth. shape with slow changes in curvature sometimes not
possible due to physical limitations. Hence, the design of what we typically call
streamilined body shape is actually an attempt at eliminating flow separation. This is
usually possible, such as with an aerofoil with a sharp trailing edge, but practical
consideration do not always allow us the freedom to build the perfect shape.
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Figure 2.2: Flow separation on an aerofoil shape which is at high angle of attack

(Source: http://www.nationmaster.com/encyclopedia/Flow-separation)

There is another way to prevent flow separation though. This relates to boundary layers.
Turbulent boundary layers may cause more skin friction drag, but they tend to be thicker
and separate later. So for objects in which the pressure drag is dominant, it can be
beneficial to artificially trigger a boundary layer to go turbulent to reduce the flow
separation effect. This phenomenon is shown in figure 2.3 Laminar boundary layer on
smooth ball separate at half way causing a wide wake near pressure drag while the
roughness created by and dimples on the surface of a golf ball delays separation past half

way around the ball reducing significant pressure drag.
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Figure 2.3: Laminar and Turbulent boundary layer on smooth and rough surface
(Source: Aerospace web.org)

2.3 Drag Coefficient
The drag coefficient encompasses the particular drag characteristics on an aerofoil

wing. The total drag is the summation of:

» Skin friction drag
« Form, or pressure drag

« Induced drag

The first two are particularly important for any object moving in a fluid including
airplane movement in air, while the third (induced drag) is only really important for

wings, and hence mainly the aircraft.
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2.3.1 Skin Friction Drag

Skin friction drag occurs due to the air having viscosity. Viscosity indicates how
thick the air is. Treacle has a high viscosity, water lower, and air lower still. The air all
around us tends to stick to objects when it is moving past, or if the object is moving
through still air. When air is moving past an object then the air in direct contact with 2
surface is actually brought to a stop (relative to the surface). Air slightly off the surface
moves slightly faster. If we go far enough from the surface then the air is moving at its
full (or free-stream) speed. The region just above the surface where the air is not moving
at its full speed is known as the boundary layer. _

Skin friction drag is not dependent on the particular material that an object is
made of, but it is affected by how rough the surface is. As one might expect, smoother
surfaces are better than rough surfaces. Also, the amount of surface in contact with the air

is a factor, so minimizing this is advantageous in reducing skin friction drag.

2.3.2 Form or Pressure Drag

While skin friction drag is a function of the surface roughness and the cord length
of wing in contact with the air, the form, or pressure drag, is dependent on the shape of
the wing. It is therefore the main way in which designers can reduce aerodynamic drag.
Depending on the shape of a body moving through the air concentrations of high and low
pressure can form, relative to the background (usually atmospheric) pressure. These can

act to pull the body backwards - i.e. causitig drag.

The picture in figure 2.4 shows the flow past a flat plate placed across the flow
direction. The diagram shows streamlines, which indicate the path of the air. Ahead of
the plate air moves to go around it. Half the flow goes above the plate, and half goes
below it. Along the centre of the plate the air actuaily comes to a stop (at what is known

as the stagnation point), and this is known as the separation stréamline.

According to Bernoulli's theory, when air is slowed down, its pressure increases
and vice-versa. As the air comes to a stop along the centre line, this creates a high
pressure region ahead of the plate - pushing it backwards. Behind the plate the air is not
able to follow the surface of the plate and so there forms large eddy, swirling around in a

13



random fashion. This is known as separated flow and creates a low pressure region

behind the plate. This acts like a vacuum cleaner, literally sucking the plate backwards. It

is this high pressure in front of the plate and low pressure behind it that 1s the pressure
drag. Thus we can see that pressure drag is mainly due to the flow separation behind the
object in the flow. The flow separation can be reduced by making the body streamlined.
The circular cylinder is a streamlined body with slenderness ration 1:1. The flow around

a cylinder is shown in the picture in figure 2.5

The high pressure in front of the cylinder and low pressure behind is similar to the
flat plate case discussed above. The flow (depicted by streamlines) manages to follow the
curve of the cylinder before it starts swirling around. The effect of this is that the low
pressure behind the cylinder is not as low as behind the flat plate. The drag is about half

that of the flat plate, so a big improvement.

Resistance,100%

Figure 2.4: Flow around vertical plate (Source: Mechanics of Flight, Kermode)
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Resistance, 50%

Figure 2.5: Flow around sphere (Source: Mechanics of Flight, Kermode)

The streamlines those are able to follow the curve of the upper and lower surfaces
and join up towards the trailing edge. In this case there is still a high pressure region at
the front, but the low pressure at the rear is much closer to atmospheric pressure. Hence
the drag is around 20 times less than the flat plate, and 10 times less than the cylinder.
Figure 2.6 shows the comparison of flow separation and drag on blunt and streamlined
shape. If the slenderness ratio in the aerofoil increases then the pressure drag decreases.
But in that case its length i.e. the contact area increases and the friction drag increases.
Also there is physical limitation in practical design to increase the length. The important
factor is to make sure that the flow around the body is smooth, and able to follow the

shape easily.

15



Relative drag

() Blunt body

(b Streamlined body Code
Skin friction drag
([ Pressurc drag. |

Figure 2.6: Comparison of flow separation and drag on blunt and streamlined shapes

(Source: Aerospace web.org)
2.3.3. Induced drag:

Lift is produced by accelerating airflow over the upper surface of a wing, creating
a pressure difference between the air flowing over the wing upper and lower surfaces. On
a wing of finite span, some air flows around the wingtip from the lower surface to the
upper surface producing wingtip vortices. The vortices change the speed and direction of
the airflow behind the trailing edge, deflecting it downwards, and thus inducing
downwash behind the wing. This effect cause the induced drag for a finite wing as shown

in figure 2.7.

Wingtip vortices also modify the airflow around a wing, compared to a wing of infinite
span, reducing the effectiveness of the wing to generate lift, thus requiring a higher angle
of attack to compensate, and tilting the total aerodynamic force rearwards. The angular

deflection is small and has little effect on the lift. However, there is an increase in the
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drag equal to the product of the lift force and the angle through which it is deflected.
Since the deflection is itself a function of the lift, the additional drag is proportional to the
square of the lift. Using the winglets at wing tip the significant amount of induced drag

can be checked.

[7 Pressure Proflle ST

High Pressure ailr

Spills Ovar Wing Tips
Into Low Pressure Space
| Above Wing

Figure 2.7: Wing tip vortices causes the induced drag
(source: www.centennialofflight.gov/ Theories_of_Flight)

2.3.4. Drag Crisis

The Reynolds number (R.), for a baseball is calculated using R.=vd/v. Where the
diameter (d) of the baseball is (7.32 cm), v is the velocity relative to air, and v is the
kinematic viscosity of air (about 0.000015 m¥/s at 20° C). So the greater the velocity
becomes the greater the Reynolds number. A drag crisis occurs when the laminar flow of
air in a boundary layer near the ball begins to separate and becomes turbulent. The effect
that the turbulence in the boundary layer causes will actually reduce the size of the
turbulent wake behind the ball, and reduce the drag force. The drag crisis produces a

regime where the aerodynamic drag force actually decreases as the velocity increases.
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From the graph of drag coefficient (Cp) verses Reynolds number (Re) it can be clearly

observe the drag crisis for an immaged body in a flowing fluid.

2.4 Lift Coefficient

Lift is the force that holds an aircraft in the air. Lift is generated by a pressure
difference across the wing. Airplanes fly as a result of Bernoulli’s principle, which says
that if air speeds up the pressure is lowered. When the air separates at the leading edge,
the part that goes over the top must converge at the trailing edge with the part that goes
under the bottom. This is the so-called "principle of equal transit times". Since the
distance over the top of the wing must be longer than under the bottom and thus the airs
goes faster over the top creating a region of low pressure. But the principle of equal
transit times is not practically true. Practically the air that goes over the top of the wing
gets to the trailing edge considerably before the air that goes under the wing. In fact,
close inspection shows that the air going under the wing is slowed down from the "free-
stream" velocity of the air. The fact is shown in figure 4.8. The pressure difference at the
upper and lower surface causes the wing to float in the air and so the wing observes lift

force.
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Figure 2.8: Flow over an acrofoil wing shows that the air going under the wing 1s slowed

down from the "free-stream” velocity of the air
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Lift coefficient is a non-dimensional value that changes with speed as well as the angle of
attack and is dependent on the aircraft aerofoil section. Lift coefficient (Ci) is usually

determined from the wind tunnel experiments.

Lift as a function of angle of attack

There are many types of wing: conventional, symmetric, conventional in inverted
flight, the early biplane wings that looked like warped boards, and even the proverbial
"barn door." In all cases, the wing is forcing the air down, or more accurately pulling air
down from above. What all of these wings have in common is an angle of attack with
respect to the oncoming air. It is this angle of attack that is the primary paramete{- in

determining lift.

To better understand the role of the angle of attack it is useful to introduce an
"effective” angle of attack, defined such that the angle of the wing to the oncoming air
that gives zero lift is defined to be zero degrees. If one then changes the angle of attack
both up and down one finds that the lift is proportional to the angle. Figure 2.9 shows the
coefficient of lift (lift normalized for the size of the wing) for a typical wing as a function
of the effective angle of attack. A similar lift versus angle of attack relationship is found

for all wings, independent of their design.
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Fig 2.9: Coefficient of lift versus the effective angle of attack.

Typically, the lift begins to decrease at an angle of attack of about 15 degrees.
The forces necessary to bend the air to such a steep angle are greater than the viscosity of

the air will support, and the air begins to separate from the wing. This separation of the

airflow from the top of the wing is a stall.

2.5 Lift and Drag calculation

The equation for lift is:
L= 12pV' S CL

The equation for drag is:
D= 12pVSwes Cp

20



Where  is the density of air, V is the relative velocity between the wing and air, C is lift coefficient,
Cp is the drag coefficient and Sy is reference area, is the area of the wing when viewed from

overhead i.¢ the reference area is refer to chord length times the wing span.

2.6 Airfoil Geometry

Airfoil geometry can be characterized by the coordinates of the upper and lower
surface. It is often summarized by a few parameters such as: maximum thickness,
maximum camber, position of max thickness, position of max camber, and nose radius.
One can generate a reasonable airfoil section given these parameters. This was done by
Eastman Jacobs in the early 1930's to create a family of airfoils known as the NACA

Sections. To describe the geometry of airfoil sections, the following terms are used:

Leadin,g
Edgﬁi 1.

T Lower Camber ~ — Chord "C"

Figure 2.10: Airfoil section showing different geometrical terms.

e Mean line or mean chamber line is the line representing the locus of all points midway between
the upper and lower surface of an aerofoil as measured perpendicular to the mean line.

¢ Chord line is the line joining the ends of the mean camber line.

e  Thickness is the height of the profile measured perpendicular to the cord line.

e  Camber or the maximum camber is the maximum rise of the mean line from the cord line.

21



o Leading edge radius is the radius of a circle, tangent to the upper and lower surfaces, with its
centre located on a tangent to the mean-camber line drawn through the leading edge of this line.
The leading edge radius is also given in percent of the chord.

These definitions are illustrated in Figure 2.10. '
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Chapter 3

ABOUT THE MODELS

A number of fuselages models of 1:32 with aerofoil cross-section and with conventional
cylindrical cross section are manufactured in such a way that both the types of models
have the same volume.

For pressure measurements static holes are made along the longitudinal axis of the
fuselages and the pressure connections are made through small diameter tygon tubes and

are connected to the digital pressure transducer through the selector valve.

Wings:

As four digit sections are suitable for low speed aircraft so for both wings and aerofoiled
fuselage NACA four digit series aerofoil are considered in the present investigation.
‘Same set of wings are used in both the type of models so that the results would show the

comparison between the fuselages.

NACA Four-Digit Series:

The first family of airfoils designed using this approach became known as the NACA
Four-Digit Series. The first digit specifies the maximum camber (m) in pércentage of the
chord (airfoil length), the second indicates the position of the maximum camber (p) in
tenths of chord, and the last two numbers provide theé maximum thickness (t) of the airfoil
in percentage of chord. For example, the NACA 2412 thickness of 12% with a camber of
2% located 40% back from the airfoil leading edge (or 0.4c).

The NACA 2412 cambered aerofoil wings with a cord 80 mm and a total span of 200

mm are used for both the models. Figure 3.1 shows the cross-section of an NACA 2412

cambered aerofoil wing section.
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Figure 3.1: The real size cross-section of the model wings

The wings and all the fuselages are manufactured from a single piece of teak wood which

has a density of approximately 650 kg/m3 ‘
3.1. Model plane with circular fuselage

This mode! has a total length of 274 mm with 44 mm long nose section, 70 mm

long tail section and 160 mm long circular body with a diameter of 50 mm. The

detail section is shown below in Figure 3.2.

B -' C SECTION B-B

¢ a4mm p————  160mm  —— S| < 70mm —>

Figure 3.2: Cross section of the circular fuselage
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By using SOLID WORKS software it can be found out the total volume. of any 3D shape
and for this case it is found that total volume of the circular fuselage is 438400 mm’.

Figure 3.3 shows the real model with circular fuselage.

Figure 3.3: Photograph of the model plane with circular fuselage

After wings insertion the ultimate weight of the model plane with circular fuselages was
434 gm.

3.2. Model plane with aerofoil fuselage

In NACA acrofoil as 4 digit section are suitable for low speed aircraft so for aerofoiled
fuselage it’s also used NACA 2412 cambered aerofoil section with a cord length 238mm
and a span of 100mm so that the total volume would be same as circular fuselage i,e
438400 mm’.

In the next page Figure 3.4 shows the real size cross-section of the model aerofoiled
fuselage. Figure 3.5 shows the aerofoiled fuselage model without winglet while Figure
3.6 shows the aerofoiled fuselage model with winglets and both the models fitted with the

spring balance to measure lift and drag force.
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Figure 3.4: The real size cross section of the model aerofoiled fuselage, showing the wing position
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Figure 3.5: Photograph of the model plane with aerofoil fuselage without

winglets.
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Figure 3.6: Photograph of the model plane with aerofoil fuselage with winglets
at the fuselage.

After wings insertion the ultimate weight of the model plane with aerofoil
fuselages is 413 gm and after attaching winglets the weight become 509 gm.

27



Chapter 4

EXPERIMENTAL SETUP

A spring balance system specially designed and manufactured for the experiment is
inserted in a huge size closed circuit wind tunnel with the models to get the lift and drag
forces. So the tunnel section and the spring balance system are the main part of the test
setup. -

4.1. Wind tunnel:

The experiment is carried out in a 700mm>700mm closed circuit wind tunnel as
shown in Figure 4.1. The wind tunnel is powered by the two 700mmD counter
rotating Woods (U.K.) aerofoil fans. To minimize transmission of vibration generated
in the fans unit, it is mounted in a separated heavy foundation and is connected to the
rest of the wind tunnel by two vibration isolators made of heavy canvas cloth at both
side of the fan unit. At the discharge of the fans there is a silencer to reduce the sound
level. From the silencer air flow passes through the flow controlling butterfly valve,
diffuser and the plenum chamber to stabilize the flow to certain level. Air from the
plenum chamber passes over the cooling coil and through the air filter before entering
the parabolic contraction cone. In the contraction cone the dimension is reduced from
1525mmx1525mm to 700mmx700mm. at the delivery of the contraction cone where
there is a honey comb flow strainer to straighten out any flow diversity and break
down any large eddy before entering into the 9m long test section. Flow form the test
section goes back to the fan unit through the return duct. The fan motors are powered
by 400V-30-50Hz power supply through motor speed controller. Thus the wind
speed in the tunnel ¢an be varied both by controlling the fan motor speed as well as
by controiling the butterfly valve. For better understanding of the Wind Tunnel

details of some of its major components are illustrated below:

e  Fan Unit: The fan unit consists of two counter rotating axial flow fans powered
by centrally mounted 22 kw a.c. motors. The blades of the fans are adjustable to

minimize the power loss and sound generated in the fan blades; its angles are set
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such that the flow enters in both the fan blades tangentially without any shock.
By changing the blade angles of both the fans flow velocity range in the wind

tunnel can be changed.

s Air Speed: In the present setup of fan blade angle setting the maximum air
speed is 44.5 m/s (160km/hr) which can be increase to as high as 70m/s (250
km/hr) by changing the blade angles of the fans. The air speed can be varied by
two different ways; i) by using an electronicaily controlled butterfly valve and

_ ii) by controlling the motor speed by an electrical frequency converter. The later
one is more convenient to change the air speed smoothly and frequently from
zero to any required velocities. In this experiment the frequency converter is

used to vary the air speed.

e Air Temperature Controlling: In a close circuit wind tunnel as the same air
circulates inside the tunnel so the air temperature increases due to adiabatic
power transfer from the rotating blades to the flowing air and the friction loss in
the tunnel. A 16 ton DX cooling coil is used to control the air temperature to
the required level. However it does not require to control the air temperature as
in the present investigation test is carried out in the open section and the
velocities of air are comparatively low. Although at low speed it produces some
heat if the tunnel runs continuously for a long time, so to avoid this, the tunnel

was allowed to shutdown for a while after taking each set of data.

4.2. Test sections:

The tunnel has seven 700mmx700mm test sections. To facilitate the present
experiment to be carried out in the open air condition the diffuser connected at -
the end of the Jast test section is taken out and to avoid the buffer effect of the
discharge side of the test section is fitted with a 700mmx700mm discharge duct
and to provide a shock less éntry a 1000mmx=1000mm to 762mm>762mm bell
mouth entry is added at the return duct. Thus a 700mmx>700mmx>406mm open

29



flow field created between the discharge duct and the bell mouth entry become

the experimental space where desire velocity is obtained. Figure 4.1 shows the

detail out line of the Wind Tunnel.

N

N 036 A%0 710 203 pem  yo1s . 1002 2464 . 2464 2310

N f

N e

N ows | /

Q 8§ 21016 §

N L l—ZF ” I_ Lyave conyoller 76201143 & 11431524 diftusers 2

~ o g an u! Sile /
2 & 2 Vibratian lsofators encer Parabolic contraction [ —

~ B | rSately net Flowstraiiner

N \] 1500 1500 1500 1500 1500 i
8§ ] L &

f . s

N 700 762 diffuser L700x700 Test Sections N L

§ | _1220_ 1408 <000 uso__laoo! - L/

N a0 v

2400 $5500
N L
TN wat L
Wall

Figure 4.1: 700mm x 700mm closed circuit Wind Tunnel

Figure 4.2: Actual photograph of the 700mm x 700mm closed circuit Wind Tunnel
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Spring balance system

Alrplane Model

Figure 4.3: Test section photograph of the 700mm x 700mm closed circuit Wind

Tunnel

4.3. Spring Balance System:

Two springs in a balance condition are used to determine the lift and drag forces
simultaneously. The vertical spring provides the lift forces and the horizontal

spring indicates the drag forces.

The two components spring balance system (Figure- 4.4) specially made for the
experiment is mounted on the support bar of the mounting frame and is placed
in the experimental space. The balance is such that fuselage models can be
mounted on the holding bar which is supported by springs and is guided by
bearings so that by the action of the lift force it can move up against the spring
force with negligible friction. The holding bar is held in the vertical position by
a horizontal drag force balancing spring system mounted on the same support
bar. When the drag force deviate the holding bar from the vertical position; by
adjusting the drag spring the bar can be pushed back to its vertical position and

both the drag force and the lift force are found simultaneously from the
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deflections of the springs. Figure — 4.4 shows the different parts of the spring

balance system.
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Figure 4.4: Spring balance system to measure the lift and drag simultaneously
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Chapter 5

EXPERIMENTAL PROCEDURE

5.1. Working Principle

At first the models with its force balance system were placed in a open space in
between the test section elements of a 700mmx700mm wind tunnel. These
arrangements were made to get the desired wind speed at atmospheric pressure. Then
the tunnel started and the air velocity increased with the help of a simple knob attached
to the frequency inverter. The digital velocity transducer showed the air velocity in m/s.

For spring balance system at any air speed the drag spring have to adjust in such
a way that the rectangular stem became vertical. This is a balance condition. At this
position the deflection of the horizontal spring provides the drag force and the

deflection of the vertical spring provides the lift force.

There are two springs in the vertical stem. The small spring provides the lift
until the {ift overcomes the model self weight. When the smallet spring expands fully
the long spring began to compress. Then the long spring force combine with model self

weight give the actual lift.

The whole experiments were carried out for different angle of attack of the

fuselages and the wings as well as for different air speeds.

For pressure measurements the pressure connéctions were made through small
diameter tygon tubes and were connected to the digital pressure transducer through the
~ selector valve. There were eighteen pressure probes around the fuselages and all were
connected to the selector valve which acted like a multiplexer. So, to set 1 in the
selector valve means the digital pressure transducer are allowed to show the pressure on

the first probe. Before taking any data sufficient time were allowed to make the digital
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transducer become stable to a certain value. The corresponding pressures were recorded

in the computer and then applying proper equations the lifts and drags were calculated.

5.2. Flow field examination

Before starting the experiment with the models the flow field of the test section is
examined with the help of a transverse mechanism. As the whole expetiment was carried
out for different air velocities so the flow field was also examined for those velocities. The

following table shows the grid velocities at different air speeds.

34



Table 5.1: Flow field analysis (U/U, at different grid points in test section)

Distance Air velocity (km/hr)
from the
surface of the o | 6o 70 80 90 100 | 110 | 120
tunnel, mm
2 061] 069 | 067 | 065 | 068 | 068 | 069 | 072
10 076 | 084 | 082 | 079 | 078 | 081 | 079 0.8
20 083] 087 | 083 | 086 | 084 | 08 | 085 | 085
30 086 | 00 0.87 0.9 088 | 088 | 088 | 089
40 088 | 095 0.9 0.91 0.9 0.9 0.91 0.9
50 09 | 096 | 093 | 092 | 094 | 093 | 092 | 093
60 092 098 | 094 | 095 | 095 | 094 | 093 | 095
70 097 [ 099 [ 094 | 098 | 096 | 095 | 098 | 0.9
80 1‘““'\\1\ 0.98 0.99 0.97 0.97 0.98 0.97
90 1 1 1T | 098 [ 099 | 098 | 088
100 1 1 1 1Tt 1 0.99 >
110 1 1 1 1 1 1 1 1
120 1 1 1 1 1 1 1 1 >
210 1 1 1 1 1 1 1 1] N
300 1 1 1 1 1 1 1 1 Uniform
350 1 1 1 1 1 1 1 1 flow regime
400 1 1 1 1 ] 1 1 T E
490 1 1 1 1 1 1 1 1
580 1 1 1 1 1 1 1 I e o
590 1 1 1 1 1 11 1 >
600 1 1 I ) 1 1 0.99
610 1 1 1 098 | 099 | 099 | o098
620 g 1 098 | 089 | 097 | 097 | 098 | 097
630 097 | 099 | 094 | 098 | 096 | 095 |, 098 | 096
640 092 098 | 094 | 095 | 0905 | 094 | 093 | 095
650 09 | 096 | 093 | 092 | 094 | 093 | 092 | 003
660 088 | 0.95 0.9 0.91 09 0.9 0.91 0.9
670 086 | 09 0.87 0.9 08 | 088 | 088 | 089
680 083] 087 | 083 | 08 | 084 | 086 | 085 | 085
690 076 | 084 | 082 | 079 | 078 | 081 | 079 0.8
698 061 | 069 | 067 | 065 | 068 | 068 | 069 | 0.72
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Figure 5.1: Flow field showing all models are in uniform flow regime

So from figure 5.1 it found that the boundary layer increases as flow velocity
increase and at maximum air speed the boundary layer consume 100mm at one side i.e
200mm for both side along any axis. Since at test section the tunnel cross section is
700mmx700mm, so considering boundary layer the uniform flow regime become
300mm~>500mm. As the maximum width of the models is 500mm and maximum height is
50mm so the model is in uniform flow regime even when the air velocity is maximum, as

shown in figure 5.1.
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Chapter 6

RESULTS AND DISCUSSION

6.1 Introduction

The whole investigation is done in two different methods. At first the lifis and
drags are meésured for different angle of attack of the fuselage and as well as for different
angles of attack of the wings with the help of spring balance system specially
manufactured for this investigation. For each combination of angle of attack of the
fuselage and the wing Lift Coefficient vs. Reynolds No. curves, Drag CoefTicient vs.
Réynolds No. curves and L/D vs Reynolds No. curves are drawn. For comparison among
the models the curves at a particular angle of attack for all the three modes ar¢ drawn in a
single graph.

After comparison among the models and among the angle of attack the whole
investigation is done again where the lifts and drags are measured by pressure taping
arounid the aerofoiled fuselage. So in second investigation the lifts and drags only
generated by the fuselages are measured. In second case again the Lift Coefficient vs.
Reynolds No. curves, Drag CoefTicient vs. Reynolds No. curves and L/D vs Reynolds
No. curves are drawn for different angles of attack of the Fuselage. The curves for each

case and their findings are discussed in the following segments.
6.2. Lift and Drag measurement with spring balance mechanism

For all the models at first the angle of attack of the fuselage (8f) were fixed at 0°
and the relative angle between wings and fuselage (8w) was varied to 2°, 4° and 6°
(subsection 6.2.1). Similarly fixing the fuselage angle (8f) at 4°, 8° and 12° the wing
angle was also varied (given in subsections 6.2.2, 6.2.3 and 6.2.4 respectively). The

corresponding spring deflections were recorded in a computer and converted to forces.
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For convenience the following symbols are used in all the data tables:

Of => Fuselage angle of attack in degree

8w => Relative angle between wing and fuselage

So, actual wing angle of attack is (8f +8w) degree

L => Lift force in kg, C;, => Lift Coefficient

D => Drag force in kg, Cp => Drag Coefficient -

L/D => Lift to Drag ratio

6.2.1. Angle of attack of the fuselage, 6f = 0°

This section fixed for 8f = 0° and again subdivided in to three sections e 6.2.1.(a),
6.2.1.(b) and 6.2.1.(c) so that each section represent for 6w = 2°, Bw =4° and 8w = 6°
respectively.

6.2.1. (a). ©f = 0° and Ow = 2°

For different air velocities the lifts, drags and the lift to drag ratios for all the
three models are given in the table 6.2.1.(a). With the help of the table
corresponding graphs are plotted. To compare among the models the variation
of lift coefficients for all the models are drawn in a single graph. Similarly the
variation of drag coefficients and L/D’s are also drawn separately in single

graph.
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If it’s considered the weight of all the models is around 0.4 kg then from the
Figure 6.2.1. (a) (i) it can be found that the take of speeds are 75km/hr (Re =
1.54x10%) for circular fuselage model, 67km/hr (Re = 1.375x1 0°) for aerofoil
fuselage model and 63 km/hr (Re = 1.29x1 0%) for wingleted fuselage model.
From Figure 6.2.1. (a) (ii) it’s found that as air speed increases beyond 80
km/hr (Re = 1.64x10°) the drag suddenly reduces. This drag crisis is due to
instability of the flow around the fuselage causes immature separation of the
flow. But as the fuselage angle of attack is zero (8f = 0°) so this immature
separation of the flow apparently causes no lift crisis. Beyond this point the
flow become turbulent and the velocities beyond 100km/hr (Re = 2.05x 10%)
the model become unstable. At this point flattering of the model is clearly
observed.

From Figure 6.2.1. (a) (iii) we found the lower values of lift to drag ratio
(L/D) for aerofoil fuselage than circular fuselage although aerofoil fuselage
produce higher lifts. This is due to tip vortices formed at both side of the finite
aerofoil fuselage which generates induced drag and total drag increases to a
higher value. '

This induced drag can be reduces by using winglet at both sides of the aerofoil
fuselage which reduce the tip vortices. So for wingleted aerofoiled fuselages it

provides maximum lift to drag ratio.

6.2.1. (b). 6f = 0° and Bw = 4°

Table 6.2.1. (b). shows the data for 6f = 0° and Ow = 4°

As wings angle (Ow) increases from 2° to 4° similar pattern found in all the
curves but take-off speed reduced to 65, 57 and to 55 km/hr for circular,
aerofoil and wingleted fuselages respectively as shown in Figure 6.2.1. (b)
(i)., Figure 6.2.1. (b) (ii)., Figure 6.2.1. (b) (iii).

Here also drag crisis found after 90 km/hr (Re = 1.85x10°) but no unstable
point found up to 120 km/hr (Re = 1.246x10%) as total lift increased by the

wings.

39



6.2.1. (c). 6f = 0° and 6w = 6° .

Further increase of the wings angle to 6° also provides the similar curves but
here take-off speed for all the fuselages are same (from Figure 6.2.1. (¢) (i)).
This is due to the fact that most of the lifts are found from the wings whose
are same for all the models. So different fuselage has less effect on overall lift
and thereby lift to drag are similar for all the models although from 60 to 90
km/hr speed provide the maximum lift to drag for wingleted fuselage.

At this combination a little drag crisis occur for wingleted fuselage at 70 to 75
km/hr (Re = 1.44x10° to 1.538x 10%) air speed as indicates in Figure 6.2.1. (c)
(ii).

From the curves in Figure 6.2.1. (¢) (i), Figure 6.2.1. (c) (ii) and Figure
6.2.1. (¢) (iii) it can be concludes that 6f = 0°, Bw = 6° is not a good combination
for level flight.

6.2.2. Angle of attack of the fuselage, 0f = 4°

6.2.2. (a). 6f =4° and Bw = 2°

Now fuselage angle of attack is increased to 4° shows the drag crisis as well as
the lift crisis occurs earlier for wingleted fuselage at 60 km/hr (Re =
1.23x10°). Here the take-off speed reduced to 50 km/hr (Re = 1.03x10%) for
wingleted fuselage (from Figure 6.2.2. (a) (i)).

At this combination of angle of attack at lower speed an excellent lift to drag

ratio is found as shown in Figure 6.2.2. (a) (jii)).

6.2.2. (b). 0f = 4° and Ow = 4°

For this combination the data are shown in Table 6.2.2. (b).

In this combination high lift to drag ratio found at air speed up to 80 km/hr
(Re= 1.64><105). But beyond 80 km/hr a sudden reduction in lift i.e., lift crisis
found as shown in Figure 6.2.2. (b) (i) and Figure 6.2.2. (b) (ii). This is a

very good combination because lift to drag ratio is higher at low speed
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(Figure 6.2.2. (b) (iii)) and for wingleted fuselage the take-off speed is much
lower than 50 km/hr. So this combination requires short runway and low take-

off time at operational condition.

6.2.2. (c). 6f =4° and Bw = 6°

The data are shown in Table 6.2.2. (c).

Figure 6.2.2. (¢) (iii) also shows L/D is best for wingleted fuselage but not as
high as the combination of 8f = 4°, 6w = 4°. Between 70 to 80 km/hr (Re =
1.44x10° to 1.64x10°) drag crisis as well as a little lift crisis occur and the
take off speed is much lower than 50 km/hr (Re = 1.03x10%) for both
aerofoiled fuselages but for circular fuselage take-off speed is same as 6f = 4°,
8w = 4° i.e., 53 km/hr (Re = 1.44x10°). (Figure 6.2.2. (c) (i) Figure 6.2.2. (c)
(i)

Other investigated combinations are:

6.2.3. Angle of attack of the fuselage, 6f = 8°

6.2.3. (a). 8f =8°and Bw=2°
6.2.3. (b). 8f = 8° and Bw =4°
6.2.3. {c). 6f = 8° and OBw = 6°

6.2.4. Angle of attack of the fuselage, Of = 12°

6.2.4. (a). f = 12° and B = 2°
6.2.4. (b). 8f = 12° and Ow = 4°
6.2.4. (c). 6f = 12° and Bw = ¢°

All of the above combinations shows the similar pattern in the lift coefficient

and drag coefTicient curves but the lift to drag ratio is not better than the combination 0f

= 4° and Ow = 4°. And for all these curves it’s found that circular fuselage model has

the same take-off speed (approximately 53 km/hr) but wingleted fuselage has much
lower take-off speed than 50 km/hr.
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So after analyzing all the graphs we found that aero-foiled fuselages with
winglets provided maximum lift with respect to drag. So the wingleted fusclage model

is the best model amongst the three models.

6.2.5. Analyzing the graphs for only the wingleted aero-foiled fuselage for different
angle of attack of the fuselages (0f) as well as for different wing angle with

fuselage (Ow).

Now it is analyzed only the graphs for the wingleted aero-foiled fuselage for
different angle of attack of the fuselages (6f) as well as for different wing angle with
fuselage (0w) to sort out the best angle combination.

To do that it first analyzed different L/D curves for particular 6w with different
of. The data for only wingleted aerofoiled fuselage model are¢ shown in Table 6.2.5.
(a), Table 6.2.5. (b) and Table 6.2.5. (c).

So in case of wingleted aerofoiled fuselage for any angle betweeén wings and
fuselages (i.e. 8w = 2°, 4° or 6°) we found that at iow speed (below 80 km/hr, i.e. Re =
1.64x10%) amongst all the angles of attack for 6f = 4° provide the maximum lift
corresponding to a drag. (From Figure 6.2.5. (a) (iii), Figure 6.2.5. (b) (jii) and Figure
6.2.5. (c) (iii))

6.2.6 Analyzing the graphs for the wingleted aero-foiled fuselage for fixing angle
of attack of the fuselages (0f =4 °) but varying the wing angle (Ow).

Now for the same model for a fixed angle of attack of the fuselages at 6f =4 ° it
is found that the curves (Figure 6.2.6.(i)., Figure 6.2.6.(ii)., Figure 6.2.6.(iii)) for
different wing angles (0w) to sort out best Ow. The data for fixed fuselage angle, 6f =
4° is shown in Table 6.2.6.
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Here it is found that for particular angle of attack of the fuselages at 8f = 4°, the

relative wing angle 8w = 4 ° dominating the lift corresponding to a drag.

So from the whole analysis it can be concluded that 0f = 4 ° and 6w = 4 ° is the

best combination during level flight.
6.3. Lift and Drag measurement by pressure taping

From above data and graphs it is found that during flight of an UAV with
wingleted aerofoil fuselages maintaining the fuselages angle at 6f = 4° provide the
maximum lift corresponding to a drag. The all above data were taken by spring balance
system. To verify the above data finally lift and drag were measured by pressure taping

around the aerofoiled fuselage.

To do that an internally grooved aerofoiled fuselage were manufactured with
inserting metallic tubes inside the fuselage along the grove such that the external holes
were perpendicular to the local surface. Then tygon tubes connecting the metallic tubes
were drawn out from the fuselage through side holes to the selector switch to measure

the pressures around the fuselage.

The whole experiments were carried out for differeént angle of attack of the
fuselage and for different air speed and the data were recorded in a computer. From this
data necessary lifts and drags were calculated. The pressure taping Systems for

calculating lifts and drags are shown in the following figures.
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Figure 6.1: Pressure taping system for calculating lifts and drags
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Figure 6:3: Madsl photopsph showing the pressure taps




The corresponding measuring pressures are given in tables 6.3 (a), 6.3 (b), 6.3
(c) and 6.3 (d). From these tables the lifts and drag can be calculated by the following

equation - (i) and equation - (ii).

Figure 6.3: Showing angles for calculating lifts and drags by pressure taping.

Here for both upper and lower surface 6i = Bi-a
L = {XPisin 0i x/i (i=11-18) - ¥'Pi sin 0i /i (i=1-10)} x100 x10° kg —-----n---- (i)
D = {>'Pi cos 6i x/i (i=11-18) - ¥'Pi cos 0i x/i (i=1-10)} x100 x10° kg ----nemmv (ii)

Where 100 is the width of the fuselage in mm and /i is the corresponding length
in mm represent by a single pressure tap. So ¥, fi x 100 x10°® is the total outer surface

area of the fuselage in m?.

Values of i and /i are given in Table 6.3 (e) and the calculated lifts and drags
are given in table 6.3 (f). From this lift and drag forces corresponding lift and drag
coefficients are calculated. Then from these calculated data corresponding lift
coefficient, drag coefficient and L/D curves are drawn with the change of Reynolds
Number. Figure 6.3 (i), Figure 6.3 (ii) and Figure 6.3 (iii) shows the variation of lift

coefficient and drag coefficient on the fuselage with the change of Reynolds Number.
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From these curves it’s clear that fuselage angle of attack, 6f = 4° provide the maximum
lift to drag ratio (Figure 6.3 (iii)) which is also found from spring balance system. So

spring balance system is verified by pressure tapping system.

46



CURVES

0.5
—o— Circuler Fuselage

—— Aerofoiled Fuselage

pf\E-——\m &— Aerofoiled Fuselage

o: / \: with Winglets

0.2 T T v T T T T T T T T T v T

Reynolds Number
{(Re)x10e-5

Figure 6.2.1. (a) (i).: Lift Coefficient vs. Reynolds No. curves for 6f = 0°, ow = 2°

0.125

0.1125 /ﬂ\

i\
E
>

™

A
| ANAL S

- C}-\j/ \'9-/
\S/\ /—e—CircuIerFuselage

Drag Coefficient

0.0625
A —a— Aerofoiled Fuselage|
—8— Aerofoiled Fuselage
0.05 . . . ‘ ] Wl'th nglc.?ts
1.03 1.23 1.44 1.64 1.85 2.05 2.26 2.46
Reynolds Number
(Re)*10e-5

Figure 6.2.1. (a) (ii).: Drag Coefficient vs. Reynolds No. curves for 6f = 0° Bw = 2°



—5— Aerofoiled Fuselage
with Winglets

] —g— Circuler Fusetage
] —a— Aerofciled Fuselage
? \

L/D
\\
L

AN
L NS Ny

103 123 144 164 185 205 226 246

Reynolds Number
(Re)x10e-5

Figure 6.2.1. (a) (iii).: L/D vs. Reynolds No. curves for 6f = 0°, 6w = 2°

0.6

A s
N
BEIAN \o
N4 s\

0.35 Z \A/
0.3 / \\
] G\ / —o—Circuler Fuselage \x
0.25 —a— Aercfoiled Fuselage

\,J —8— Aerofoiled Fuselage

with Winglets

Lift Coefficient

0.2 T T T T v T T T T T T T T T T -
1.03 1.23 1.44 1.64 1.85 2.05 2.26 2.48
Reynolds Number
{Re)x10e-5}

Figure 6.2.1. (b) (i).: Lift Coefficient vs. Reynolds No.curves for 6f = 0°, 6w = 4°



0.145

—o— Circuler Fuselage
_A— Aerofoiled Fuselage 73

—=— Aerofoiled Fuselage
0.135 with Winglets

0.125

A~
e /‘\Q

{

Drag Coefficient

0.105

E\\g/%
0.085 v - T . T T T T T v r T T -
1.03 1.23 1.44 1.64 1.85 2.05 2.26 2.46
Reynolds Number
{Re)x10e-5

Figure 6.2.1. (b) (ii).: Drag Coefficient vs. Reynolds No. curves for 6f = 0°, 6w = 4°

6.5

—o— Circuler Fuselage

8 —aA— Aerofoiled Fuselage
5 1 / \ - Aerofoiled Fuselage
5 / W with Winglets
25 u\ // \xﬁ
2 < Q
1 .5 T T T T T T T T T T T T
1.03 1.23 144 1.64 1.85 205 226 246

T T T

Reynolds Number
{Re)x10e-5

Figure 6.2.1. (b) (iii)..L/D vs. Reynolds No. curves for 6f = 0°, ow = 4°

49



T A
AN

FAce
nw/ JANG
N
I B -

T T T T T T T T T T T

1.03 1.23 1.44 1.64 1.85 2.05 2.26 2.46

-—&— Circuler Fuselage

—&— Aerofoiled Fuselage| |

—=— Aerofoiled Fuselage
with Winglets

Lift Coefficient

Reynolds Number
(Re)x10e-5

Figure 6.2.1. (c) (i).: Lift Coefficient vs. Reynolds No. curves for 6f = 0°, 8w = 6°

—&— Circuler Fuselage
l\ ] —a— Aerofoiled Fuselage|
—o— Aerofviled Fuselage] |
with Winglets

0.186

0.14

- \

Drag Coefficient

0.1

B ——H

0.08 T T T T T T v T T T r T T T r
1.03 1.23 1.44 1.64 1.85 2.05 2.26 2.48

Reynolds Number
{Re)*10e-5

Figure 6.2.1. (¢) (ii).: Drag Coefficient vs. Reynolds No. curves for 6f = 0°, 8w = 6°



Nl N

TN N TR

(o)
my/s — Y
35 @ / \
3 oh —o-- Girculer Fuselage A
/ -~ Agrofoiled Fuselage
25 —8— Aerofoiled Fuselage with
) Winglets

2 T T d T T T T T T T T T T

1.03 1.23 1.44 1.64 1.85 2.05 226 2.48
Reynolds Number
(Re)x10e-5

Figure 6.2.1. (¢) (iii).:L/D vs. Reynolds No. curves for 6f = 0°, 6w = 6°

0.95

—o—Circuler Fuselage

0.85 / \ —a— Aerofoiled Fuselage| |

—5 Aerofoiled Fuselage
with Winglets

0.75

0.65 —

-
/ NVARRN

cient

Lift Coeffi

N N
R S

1.03 1.23 1.44 1.64 1.85 2.05 2.26 2.46

Reynolds Number
{Re)x10e-5

Figure 6.2.2. (a) (i).: Lift Coefficient vs. Reynolds No. curves for 8f = 4°, w = 2°



ot

/ DX —o— Circuler Fuselage
0.145

\ —— Aerofoiled Fuselage

—8— Acerofoiled Fuselage
with Winglets

0.135

| \
= A
1N AN 4

Drag Coefficient

T \Z/é/\ N

o

0.085

1.03 1.23 1.44 1.64 1.85 2.05 2.26 2.46
Reynolds Number
{Re)x10e-5

9 - .
1 E/—S\ —o— Circuler Fuselage
8 1 —a—Aemfailed Fuselage
] \ —a—Aerofviled Fuselage
7 with Winglets o

=i/ N\
/S

2 ] T 1 T T T T T T T T T T T

1.03 1.23 1.44 164 1.85 205 2.26 246

Reynolds Number
{Re)x10e-5

Figure 6.2.2. (a) (iii).:L/D vs. Reynolds No. curves for 8f = 4°, ow =2°

Figure 6.2.2. (a) (ii).: Drag Coefficient vs. Reynolds No. curves for 6f= 4° ow=2°

52



0.95

0.85

0.75

0.65

Lift Coefficient

0.55

0.45

0.35

0.25

- Figure 6.2.2. (b) (i).: Lift Coefficient vs. Reynolds No. curves for 6f = 4°, 6w = 4°

0.155
0.145
0.135
g 0.125
gons

0.105

I

\ —o— Circuler Fuselage

A Aercfoiled Fuselage|

—=— Aercfoiled Fuselage
with Winglets

1.03 1.23 1.44 1.64 1.85 205 2.26 2.46

Reynolds Number
(Re)x10e-5

—o— Circuler Fuselage

—A— Aerofoiled Fuselage,

K

—=— Aercfoiled Fuselage|
with Winglets

\;\A{Q\

,A/
N

0.085

N
e

0.085

s

Figure 6.2.2. (b) (ii).: Drag Coefficient vs. Reynolds No. curves for 6f=4°, 6w =4°

1.03 1.23 1.44 1.64 1.85 2.05 2.26 2.46

Reynolds Number
{Re)x10e-5



10 1

L/D
(=2

—g-Circuter Fuselage

—A— Aerofoiled Fuselage|

—2— Aerofoiled Fuselage! |

with Winglets

N
/A

X/ S

1.03

1.23

L3 T T ¥ T T T T T T T

1.44 1.64 1.86 205 226 2.46

Reynolds Number
{Re)}x10e-5

Figure 6.2.2. (b) (iii).: L/D vs. Reynolds No. curves for 6f = 4°, 6w = 4°

1

0.8

0.8

0.7

Lift Coefficient

0.5

04

Figure 6.2.2. (¢) (i).: Lift Coefficient vs. Reynolds No. curves for 6f=4°, éw=6°

T

—a

—o— Circuler Fuselage
/g\ —a— Aerofoiled Fuselage|
—&=— Aercfoiled Fuselage|

with Winglets

N\, B

086
1 (/

N

1.23

1.44 1.64 1.85 2.05 226 2.46

Reynolds Number
(Re)jx10e-5

54



e Aerofoiled Fuselage—|
/ —=— Aarofoiled Fuselage
with Winglets -
. R\@/ }2‘\\
0.15 Z§ 1=

N
0.125 E/ \\\i

0.1 T T v T T T T T T T T T T T T
1.03 1.23 1.44 1.64 1.85 205 2.26 2.48

/&\ —e— Circuler Fuselage
02 =

Drag Coefficient

Reynolds Number
(Re)x10e-5

Figure 6.2.2. (¢) (ii).: Drag Coefficient vs. Reynolds No. curves for6f=4°, ow=6°

7
J \ —o— Circuler Fuselage
65 “-“‘n\

——Aercfoiled Fuselage

6 —a—Aercfolled Fuselage| |
1 with Wingtets

25 T L1 T T T T T T T T T T T T T
1.03 123 1.44 1.64 1.85 206 2.26 246
Reynolds Number

(Re)x10e-5

Figure 6.2.2. (¢) (iii).: L/D vs. Reynolds No. curves for 8f = 4°, éw=6°

55



—&— Circuler Fuselage
E—__-B\G»\& —A— Aerofoiled Fuselage
—=— Aerofoiled Fuselage| |
with Winglets

09

0.8- \

0.7- \x__éﬂ

LA

i e

0.4 e pomeee——— —r ——A
1.03 1.23. 1.44 1.64

Lift Coefficient

1.85 2.05 2.26 2.46
Reynolds Number
{Re)*10e-5

Figure 6.2.3. (a) (i).: Lift Coefficient vs. Reynolds No. curves for 6f=8° 8w =2°

] ﬁ\‘\ —o-- Circuler Fuselage
. 019 s —a— Aerofoiled Fuselage| |
] —tFee Acrofoiled Fuselage
0.1775 , \M with Winglets ]
- / \E/\W
0.1525
)

NN

0.00 —_— — K:_—‘.,

1.03 1.23 1.44 1.64 1.85 2,05 2.26 2.46

Drag Coefficient
[o]
Iy
¢
/
o

/

1

Reynolds Number
(Re)x10e-5

Figure 6.2.3. (a) (ii).: Drag Coefficient vs. Reynolds No. curves for f=8°, ow=2°

56



85

—6— Circuler Fuselage
—a— Aerofoiled Fuselage f\‘

7.5 e
1 —8- Aerofoiled Fuselage
] with Winglets '
6.5
Q.1 B/ i /

45 AT
| N
35 | - \ﬁ\/&/ e

2.5 ¥ T T T M T T T
1.03 1.23 1.44 1.64 1.85 2.05 2.26 2.46

T ¥ T ¥ T M T

Reynolds Number
{Re)x10e-5

Figure 6.2.3. (a) (iii).: L/D vs. Reynolds No. curves for 6f = 8°, ow = 2°

/E\ﬁ —o— Circuler Fuselage
0.95 PN

= —— Aerofoiled Fuselage
: == Aarofoiled Fuselage

with Winglets
PR gy | -

1A O O
RIAR

0.35 T T T T T T T T T T T T T
1.03 1.23 1.44 1.64 1.85 2.05 226 2,48

Lift Coefficient

Reynolds Number
{Re)x10e-5

Figure 6.2.3. (b) (i).: Lift Coefficient vs. Reynolds No. curves for 6f= 8°, 8w =4°



0.25 -
—o— Circuler Fuselage
—— Aerofoiled Fuselage
0.225 —=— Aerofoiled Fuselage |
_ \ \ with Winglets
0,2 )

Crag Coeficiont
P4
/

Y \*@;

1.03 1.23 1.44 1.64 1.85 2.05 2.26 2.46

Reynolds Number
(Re)x10e-5

Figure 6.2.3. (b) (ii).: Drag Coefficient vs. Reynolds No. curves for 6f = 8°, Bw=4°

6.5

5.:_ /2 \B“E\\B___ =
1/ e G
45 i /9\/ —
A~

"3.5_ w{;,f——ﬂ/ —

3
sl

/ —o—Circuler Fuselage |

2 @/ —a— Acrofoiled Fuselage|—

15 ] —8—Aerofeiled Fuselage |
’ with Winglets

1 T T T ¥ L T T T T T T T T T T

1.03 123 1.44 164 1.85 205 2.26 246

Reynolds Number
(Re)x10e-5

Figure 6.2.3. (b) (iii).: L/D vs. Reynolds No. curves for 8f = 8°, 8w = 4°



A

W—A/

o e

—o— Circuler Fuselage

—pe— Aerofoiled Fuselage

—=— Acerofoiled Fuselage
with Winglets

1
0.9 S
A
0.8
E 0.7
0.6
0.5
0.4 ; .
1.03

Figure 6.2.3. (c) (i).: Lift Coefficient vs. Reynolds No. curves for 6f=8°, ew=6"°

1.44

1.64 1.85

Reynolds Number
{Re)x10e-5

2.05 2.26 2.46

0.325 A

S Circuler Fuselage

0.275

—&— Aerofoiled Fuselage|
with VWinglets

—ie— Aerofoiled Fuselage|_ |

0.225 4 /B\

0.175

0.125 T T

1.03

1.23

1.44

1.64 1.85

Reynolds Number
{Re)x10e-5

T T T T

2.05 2.28 2.46

. Figure 6.2.3. (c) (ii).: Drag Coefficient vs. Reynolds No. curves for 6f=8°, 6w =6°

59

-



55 /E\;L
i a/ . g>g<
4.5 ﬂ& /\9_',_9/\
: ey .
g 35 w / ‘
3
25 / —o—Circuler Fuselage ||
2 - Aerofoiled Fuselage |
1 == Aerofoiled Fuselage|
1.8 pv e with Winglets
1 T T T T T T T 1 T T T T T T T
1.03 1.23 144 1.64 1.85 2.05 2.26 2.46
Reynolds Number
{Re)x1t0e-5

Figure 6.2.3. (¢) (iii).: L/D vs. Reynolds No. curves for 6f=8°, 6w =6°

Lift Coefficient

Figure 6.2.4. (a) (i).: Lift Coefficient vs. Reynolds No. curves for 6f = 12°, ow =2°

1.05

0.85

0.85

0.75

0.65

0.55

0.45

—&— Circuler Fuselage -
G B g i
—a-— Aerofoiled Fuselage
—8— Aercfoiled Fuselage
with Winglets
=
o /'@\

\\ !
\&4\_\

/ N

T ¥ T T T

1.64 1.85 2.05 248
Reynolds Number

(Re)x10e-5

60



0.3125 R —&— Circuler Fuselage

A —p—Agrofoiled Fuselage

—8— Aercfoiled Fuselage| |

0.2875 - \x with Winglets
0.2625

0.2375 - L\ M\
0.2125 | \G_/Y

0.1875 \ )

0.1625 - \ \ \\\E

0.1375 - \A\ \

0.1125 - T T T . . .
1.03 1.23 1.44 1.64

Drag Coefficient

1.85 2.05 2.26 2.46

Reynolds Number
{Re)x10e-5

Figure 6.2.4. (a) (ii).: Drag Ceefficient vs. Reynolds No. curves for 6f = 12°, w=2°

55

5 _ /)5‘\\
_ Yo
4.j _ /_ -

—&— Circuler Fuselage [
h / —a— Aercfoiled Fuselage|
2 J d === Aerofoiled Fuselage_
with Winglets
1 5 T T T T T T Y T T T T T T T T
1.03 1.23 1.44 1.64 1.85 2.05 226 2.46
Reynolds Number
{Re)x10e-5

Figure 6.2.4. (a) (iii).: L/D vs. Reynolds No. curves for 6f = 12°, ew=2°

61

[



1.1

- Circuler Fuselage

02 ] B~ TR —a— Aerofoiled Fuselage
1.025

] / \ Il \ -3 Aerofoiled Fuselageﬂ
] with Winglets
0.95 y \
0.875 - \\ N\/E\E\
0.725 ~x
0.65

0.575 o/

0.5 - T T T T ‘ T ‘ T T T
1.03 1.23 1.44 1.64 1.85 2.05 2.26 2.46

Reynolds Number
{Re)x10e-5

Lift Coefficient

Figure 6.2.4. (b) (i).: Lift Coefficient vs. Reynolds No. curves for 6f = 12°, 6w = 4°

0.375

l\ —&— Circuler Fuselage

0.35 S e Aerofoiled Fuselage—

—=— Aerofeiled Fuselage
with Winglets —

0.325

T
RN

| N
A =\

ol SN\
S R

Drag Coefficiant
o
N
th
/

0.125

1.03 1.23 1.44 1.64 1.85 2.05 2.26 2.46
Reynolds Number

{Re)x10e-5

Figure 6.2.4. (b) (ii).: Drag Coefficient vs. Reynolds No. curves for 6f=12° 6w =4°

62



107224

55

|

el

N S

)

RN
[

Y
/

/ P
2.5 z

S~ —&— Circuler Fuselage
i / —a— Aerofailed Fuselage
2 / 1
1 .5 1

—&= Aerofoiled Fuselags
- T

with Winglets
1.03 1.23 1.44 1.64 1.85 2.05 228 246

Reynolds Number
(Re)x10e-5

Figure 6.2.4. (b) (iii).: L/D vs. Reynolds No. curves for 6f = 12°, 0w =4°

09 A/ ~g’

TSN

Lift Coefficient

0.6

0.5 —o— Circuler Fuselage
—a— Aerofoiled Fuselage
—8— Aerofoiled Fuselage

0.4 T T T r . . . . i . ‘.Nith Wingle'ts

1.03 1.23 1.44 1.64 1.85 2.05 2.26 2 46
Reynolds Number
(Re)x10e-5

Figure 6.2.4. (c) (i).: Lift Coefficient vs. Reynolds No. curves for 6f = 12°, 6w =86"°

63



—&— Circuler Fuselage
0.425 Lo

—a— Aerofoiled Fuselage)|

—=— Aerofoiled Fuselage|

O\ with Winglets
0.375
0.325 Q

Dxag Coefficient

0.275
- W\
0.175 \E//E'\E\ ~_
A
0.125 —— — . ,
103 1.23 1.44 164 185 208 226  2.46

Reynolds Number
(Re)x10e-5

Figure 6.2.4. (¢) (ii).: Drag Cocfficient vs. Reynolds No. curves for 8f=12°, ew=6°

l4' / // t\ﬁ\;r/g/'{:;
3.5j- [/ /.

LiD

W —e— Circuler Fuselage

2 = b
] / . ——Aerofoiled Fuselage,
1.5 _ w3 Aesofoiled Fuselage!|
1 / with Winglets
1 T T T T T T T T T T T T T 1 T
1.03 1.23 1.44 1.64 1.85 205 2.26 246

Reynolds Number
(Re)jx10e-5

Figure 6.2.4. (¢) (iii).: L/D vs. Reynolds No. curves for 6f= 12°, 6w =6"°

64



—o—06f=0
—DmBf = 4
—%—6f=8

==

Lift Cocfficient

~ =
03 T T T T v T T T T T T T T T v
1.03 1.23 1.44 1.64 1.85 2.05 2.26 2.46
Reynolds Number
(Re)x10e-5

Figure 6.2.5. (a) (i): Lift Coefficient vs. Reynolds No. curves for ow=2°

G\ —o—0f=0
0.3 a—-8f=4

e OF = 8
—o—0f= 12

0.25

0.05 T T T T T T :
1.03 1.23 1.44 1.64

1.85 2.05 226 2.46

Reynclds Number
(Re)x10e-5

Figure 6.2.5. (a) (ii): Drag Coefficient vs. Reynolds No. curves for ew =2°

65



7 N A Y A
g o X ./ —xer=a ||
55 K _ﬂ——-_ﬁ%h“\w /'/ \ \‘.l / A =

J o N ha]
3 T T T T T T T T T T — T T T T
1.03 1.23 1.44 1.64 1.85 2.05 226 2.46
Reynolds Number
(Re)x10e-5
Figure 6.2.5. (a) (iii): L/D vs. Reynolds No. curves for gw=2"°
1.075
/9'\9/—'5\ ——60f=0
—=—6f=4
0075 LN\ * kBB |
K V\ o e 12
% 0.775 <>
/ MW /-
0.375 T T T T T T T T T T T T T
1.03 1.23 1.44 1.64 1.85 2.05 2.26 2.46

Reynolds Number
{Re)x10e-5

Figure 6.2.5. (b) (i): Lift Coefficient vs. Reynolds No. curves for 6w =4°

66




0.325

G~ 0f =0
—3—0f= 4
—x—06f=8
0.275 of =12

0.225

0.175 \

Drag Coefficient

0.125 g

0.075 +—+—"7m—mabm"-"7-—-—"-""—"7"—"—+————————
.03 1.23 144 164 185 205 226 246

Reynolds Number
(Re)x10e-5

T

Figure 6.2.5. (b) (ii): Drag Coefficient vs. Reynolds No. curves for 8w =4°

10

—o—6f=0
J —a—-06f=4
- Gf = B

\ —o—6f=12||
7 iy |

-
AN

DA
/ |

Lo

L

3 g T T T T T T T T T T T T T T

1.03 1.23 1.44 1.64 1.85 2.05 2.26 2486

Reynotds Number
(Re)x10e-5

Figure 6.2.5. (b) (iii): L/D vs. Reynolds No. curves for 8w = 4°

0y



0.95

0.85 -

g 0.75 |
ﬁ -

0.65

0.55

0.45

0.35

- Bf= 0

o//_e\/a\/*—\ﬂ —EOf = 4
¥ 0f=8

XW \& —o—8f=12
G\

1.03 1.23 1.44 1.64

1.85 2.05 2.286 2.46
Reynolds Number
{(Re)=x10e-5

Figure 6.2.5. (¢) (i): Lift Coefficient vs. Reynolds No. curves for ew=6°

0.34

0.315

0.29

0.265

Drag Coefficient

0.24

0.215

0.19

0.165

0.14

0.115

0.09

‘\ —o—8f=0
\ ~a—-0f=4 ||

—s—06f=12 ||

—¥—0f=28

\

==

-/
.

1.03 1.23 1.44 1.64 1.85 2.05 2.26 2.46
Reynolds Number .
(Re)x10e-5

T

Figure 6.2.5. (c¢) (ii): Drag Coefficient vs. Reynolds No. curves for éw=6°

68



LD

7 1
4 —o—8f=4
\ —m—f= 4
6.5

—G Bl = 12

~a—" —x—0f=8 [|

o A

T —<

ol S
/

25 . T y T y T

1.03 123 1.44 1.64 1.85 2.05 2.26 2.46
Reynolds Number
(Re)x10e-5

Figure 6.2.5. (¢c) (iii): L/D vs. Reyﬁolds No. curves for 8w =6°

RNV =
‘7[{\ N\
[
\

\

0.3

e
~l

Lift Coefficiont

©
o

1.03 1.23 1.44 1.64 1.85 2.05 2.26 2.46
Reynolds Number
(Re)*10e-5

Figure 6.2.6 (i): Lift Coefficient vs. Reynolds No. curves for 6f = 4°

69



0.175

0.16

e
S
S
o

Drag Coefficient
o
-
w

0.115

0.1

0.085

Figure 6.2.6 (ii) : Drag Coefficient vs. Reynolds No. curves for 6f = 4

/N

/ ——Bw = 4
/ \ e BW = 6

—
N

S
AN

2N

\K/f;/\if

1.03 1.23 1.44 1.64 1.85 2.05
Reynolkids Number
{Re)x108-5

2.26 2.46

[+]

10

—6—Bw=2

—-Gw = 4

—Ne-Bw =86

/D

1.03 1.23 1.44 1.64 1.85 2.05
Reynolds Number
(Re)x10e-5

2.26 245

Figure 6.2.6 (iii): L/D vs. Reynolds No. curves for 6f=4°

70



0.6

0.5

04

03

Lift Coefficient

62

0.1

Figure 6.3 (i): From pressure tapping Lift Coefficient vs. Reynolds No. curves for 8w =4°

>

e~

AN

—e—6f=0
e Of = 4

—a—-6f=8
—¥—Bf =12
& —

—

\B\E\B\E\a

0.137

0.117

Drag Coefficient

0.097

0.077

0.057

0.037

0.017

Figure 6.3 (ii): From pressure tapping Drag Coefficient vs. Reynolds No. curves for 6w = 4

219

T T T T T

2863 3.06 35

Reynolds Number
{Re)x10e-5

3.94 4.37 4.81 8.25

53

T T T T T

2.19 283 3.06 3.5 3.94 4.37 4.81

T T T T T ¥ T

Reynolds Number
{Re)*10e-5

5.25

71

0



LD

12

—o—0f=0

11— —a—0f=4 N
| o eies /V \a__ﬁ\A
10 A

A

i LS N Ve

7"3/7% \cn /n

N B7L\E\g/a—\;\;>@’/“

J ]

3 T T T T T T T T T T T T T T

219 263 3.06 3.5 3.94 4.37 4.81 525

Reynolds Number
{Re)x10e-5

Figure 6.3 (iii): From pressure tapping L/D vs. Reynolds No. curves for ow = 4°

72



Chapter 7
CONCLUSIONS AND RECOMENDATIONS

7.1. Conclusions: _
1. From the analysis of lift to drag ratio curves it can be concluded that the
minimum speed required to take off is decreased from circular fuselage model
to aerofoiled fuselage model and least for wingleted aerofoiled fuselage model.

2. From most of the drag coefficient vs. Reynolds No. cutves it is seen that the
drag crisis is quite visible in the velocity range from 80 km/hr (Re = 1.64x107%)
to 100 km/hr (Re = 2.05x10”%) for wingleted fuselage model over the other
models.

3. For wingleted fuselage if the angle.of attack for fuselage is zero (6f =0°), then it
should be maintain a minimum wing angle (i.e. 8w > 2°) at higher cruising speed
(beyond 100km/hr), otherwise the piane become unstable and could not
maintain level flight at higher speed. To avoid this instability it is better to
maintain some fuselage angle of attack during high cruising speed. Again,
during take-off, a higher angle of attack of the fuselage reduced the take-off
speed; thereby it will require a shorter runway and less takeé-off time at.
operating condition.

4. Although aerofoiled fuselages provide a greater lift over circular fuselage but
overall lift to drag ratio is reduced due to induced drag in acrofoil fuselages.

5. If the induced drag is checked by using winglets in the aerofoiled fuselage then
a greater improvement of the overall lift to drag ratio is achieved.

6. Wing angle with fuselage 6w = 4° provide the maximum lift corresponding to a
drag when this airplane fly with fuselage angle of attack, 6f = 4°.
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7.2. Recommendations

. This research work did not consider the moment forces on the models which have a.

greater influence on the stability of an airplane. So the whole investigation can be

done by considering the moment forces on the models.

Flaps and ailerons improve the controlling and maneuvering capability of an
airplane. So flaps can be introduced in the aerofoiled fuselage to show their effect
on the overall stability of the model plane.

. Conventional winglets are used in this research work. By using computer software
(e.g., FLUENT) one can redesigned the aerodynamic winglets to provide a beiter
reduction of the induced drags.

. Blended Wing Body (BWB) concepts are frequently being considered in modern
aircraft designs. In this research the birds body shapes are considered as aerofoiled
shapes but their body shapes are also an example of BWB. So a comparison
between Circular fuselage, Aerofoiled fuselage anid Blended Wing Body fuselage

will be more practical.
. The flow characteristics and pressure distribution around the airplane should be

measured to know the behavior of flow séparation, wake formation and circulation

around it as these greatly influence its lift and drag characteristics.
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Table 6.2.1. (a).

8f=0° ew=2°

Air. Reynolds Circular Fuselage Aerofoil Fuselage Aerofoil Fuselage with winglet

e | Repvtoes | gy | S L am | % 1Y L gan | S Lo | S | %P | w | & | gy | G | W
50 1.03 0162 | 025 [ 0.049 | 007 | 331 {0162 025 | 007 | 011 | 231 | 0246 | 0.33 | 0.065 | 0.08 | 3.93
60’ 123 | 0.216| 023 | 0.063 | 0.07 | 343 | 027 | 028 | 0.112 | 0.12 | 241 | 0.324 | 0.34 | 0.082 | 0.09 | 3.95
70 1.44 027 | 021 | 0112 ] 0.09 | 241 | 0477 | 037 | 014 | 011 | 341 | 0601 | 046 | 0103 | 0.08 | 583
80 1.64 0553 033 | 012 | 007 | 461 {0641 | 038 {0183 | 011 | 3.32 | 0773 | 046 | 0165 | 0.09 | 4.99
80 1.85 0671 031 | 01651 0.08 | 407 | 0768 | 036 | 0232 | 011 | 3.31 | 096 | 045 | 0.123 | 0.08 | 7.81
100 2.05 0725| 027 {0173 | 0.07 | 419 [ 1064 | 04 | 0287 | 011 | 3.71 | 0997 ; 038 | 0.303 | 0.11 | 3.29
110 2.28 0825 026 |0.248 | 0.08 | 3.33 | 1.046 | 033 | 0.343 | 0.11 | 3.05 Unstable
120 248 0934 | 025 | 0.37 0.1 252 108468 022 | 0349 | 0.09 | 242 Unstable

Table 6.2.1. (b).

ef=0° 6w=4°

Air Reynolds Circular Fuselage Aerofoiled Fuselage Aerofoiled Fuselage with winglet

Velocity No. D ‘ L D ' L D

(km/hr) | (Re)x10e-5 | L (kg) | Ci (kg) C, | LD (kg) C. (ka) Co |UD | 4oy | C kg) Co | LD
50 1.03 0188 | 029 | 0.077 | 012 | 245 {0216 | 033 | 0.07 | 011 | 3.09 | 027 | 041 | 0.068 | 0.1 3.97
60 1.23 0216 023 [0111] 012 | 195 | 046 | 048 | 0118 | 0.13 | 386 | 0.555 | 0.58 | 0.088 | 0.09 | 6.31
70 1.44 0.571 | 044 [ 0149 | 011 | 3.83 ; 0.568 | 0.44 | 0.156 ;} 012 | 3.64 | 0682 | 053 | 0.125 | 01 5.46
80 1.64 0716 | 042 [ 0166 | 01 | 413 | 0713 | 042 [ 0195 | 012 { 366 | 0.918 | 054 | 0172 | 01 534
80 1.85 0807 | 042 {0199 | 009 | 456 | 0.732 | 0.34 | 0246 | 011 | 297 {1118 052 ; 0.208 | 0.1 543
100 2.05 1225 | 046 | 0246 | 0.09 | 498 | 1.091 ] 041 | 0.268 { 0.1 41 11209 | 046 | 0231 | 0.08 | 523
110 2.26 1279 | 04 (0309 | 01 | 414 | 10684 | 033 | 0387 | 012 | 2.75 | 1.897 | 0.59 0.4 0.13 | 474
120 248 1.007 | 0.26 | 0.523 | 0.14 | 182 | 08 024 | 0422 | 011 | 213 | 217 | 0.57 | 0445 | 012 | 4.88
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Table 6.2.1. (¢).

ef=0°% ew=6°

Air' Reynolds Circular Fuselage Aerofoil Fuselage Aerofoil Fuselage with winglet
Voo | Repioes |Lika | G do | O | W0 | 4o | G | ggy | G | LD ey | S | oo | G | WP
50 1.03 0.243 | 037 | 007 | 011 | 347 | 0324 ] 049 | 0112 | 017 | 217 [ 0243 | 0.37 } 0.082 | 0.12 | 2.96
€0 1.23 0562 | 0.59 | 0113 | 012 | 497 | 0586 | 062 | 0128 | 013 | 458 | 0664 { 07 | 0125 | 013 | 531
70 1.44 0653 | 05 10157 | 012 | 418 {0931 | 072 | 0178 | 014 | 523 | 0825 | 0684 | 0156 | 012 | 6.3
80 1.64 0716 | 042 | 018 | 011 | 3.98 {0831} 055 (0222 | 013 | 419 [ 1009 | 08 (0174 | 0.1 5.8
80 1.85 1152 | 054 | 0213 | 0O 541 {1194 | 056 [ 0.292 | 0.14 | 4.08 1.3 | 081 | 02181 0.1 5.98
100 205 1324 | 05 [ 0257 | 01 515 | 1427 1 0.54 0.3 011 | 476 | 1.445 | 056 | 0.322 | 0.12 | 4.49
110 228 1606 | 05 | 0315 01 5.1 1.59 05 10368 012 | 432 [ 1846 058 | 0416 | 0.13 4.44
120 2.46 1.787 | 047 | 0348 | 0.09 | 511 | 1.337 | 0.35 | 0.376 | 0.1 302 | 1555 | 041 0429 | 0.11 | 3.62

Table 6.2.2. (a).
Bf=4° ew=2°
Air Reynolds Circutar Fuselage Aerofoil Fuselage Aerofoil Fuselage with winglet
Velocity No. D L D L D

km/r | (Re)x10e-5 | L(ka) | Co (kg) Co LD (kg) C. tkg) Co LD (kg) C. (kg) Co LD
50 1.03 027 | 041 | 0084 013 | 321 | 027 | 041 | 0084} 013 ; 3.21 | 0374 | 057 | 0.069 | 0.1 8.31
60 1.23 0662 0.7 0.1 011 | 662 10623 065 | 0128} 013 | 486 | 0.864 | 0.91 0.1 011 | 8.64
70 1.44 0843 065 [ 0132 | O.1 6.39 {0786 061 {0175 | 014 | 448 0.9 069 | 0136 | 01 6.62
80 1.64 1.079 § 084 | 0173 | 04 624 { 104 | 061 | 0256 | 015 | 406 [ 1209 | 0.71 [0179 ] 011 | 675
90 1.85 1.297 | 061 {02090 04 621 [ 0882 | 041 [ 0259 | 012 | 341 | 1408 | 066 | 0.2756 | 013 | 512
100 2.05 1442 | 055 | 0.245 | 0.09 | 589 1.5 057 {0333 | 013 | 45 |1598 | 068 | 02097 | 011 | 8537
110 228 1611 | 05 [ 0353} 011 | 456 | 1.046 | 033 | 0343 | .11 | 3.05 | 1.807 | 0.56 | 0.366 ; 0.11 | 449
120 2.48 1629 | 043 | 0389 | 0.1 408 | 1055 | 028 | 0387 | 0.1 273 {1837 | 04 |0453 | 012 | 3.39
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Table 6.2.2. (b).

Bf=4° Bw=4°
Airl Reynolds Circular Fuselage Aerofoil Fuselage Aercfoil Fuselage with winglet
Y’ | Repxtoes | L@ | C | 2 | co o o le |2 ] c W] la | @ | 6 | W
50 1.03 0324 | 049 [ 0098 | 0.15 | 3.31 | 0477 | 072 | 0077 | 012 | 6.2 | 0.664 1 0.0895 | 0.11 | 9862
60 1.23 0753 | 079 {0145 | 015 [ 519 | 0658 | 0.89 | 0143} 015 | 461 {0773 081 | 0113 | 0.12 | 6.84
70 1.44 0952 1{ 073 10178 | 014 1535|0859 | 066 0198 | 0.15 [ 434 | 0991 0768 | 0145 | 0.11 | 6.83
80 1.64 1206 | 071 | 0222 | 013 {543 1076 | 064 | 0234 | 0.14 | 46 | 1.209 | 0.71 | 0.171 0.1 7.07
80 1.85 146 | 068 (0285 013 | 5120822} 038 {0278 | 013 | 296 | 0.9 0.42 0.2 008 | 45
100 2.05 16806 | 061 [ 0332 013 [ 48411662 | 063 | 0.34 | 013 | 489 | 10683 | 04 | 0.234 | 009 | 454
110 226 1.787 | 056 | 0.398 | 012 {449 | 1137 | 0.36 | 0.347 | 0.11 | 3.27 | 2147 | 087 | 0.385 | 012 | 558 |
120 2.46 02319 | 061 | 0439 | 012 | 528 |1.064| 028 | 0387 | 01 [275|2358| 0682 | 0415 | 011 | 568
Table 6.2.2. (c).
8f=4° 6w=6"°
Air Reynolds Circular Fuselage Aerofoil Fuselage Aerofoil Fuselage with winglet
Velocity No. D L ) | W )
kmvhr | (Re)x10e5 |L(ka) | Cu | 4o | Co | UD | 0 | C | gy | Co | WD | gy | & | g | O | WP
50 1.03 0.351 | 053 (0119 | 018 | 295 | 0541 | 082 | 0.127 | 0.19 | 426 | 0574 | 0.87 [0.082 0.12 | 6.99
60 1.23 0725 | 078 | 0151 | 016 | 48 ;0777 | 082 | 0.204 | 0.21 | 3.81 [ 0.80% | 0.85 | 0127 | 013 | 6.37
70 1.44 0952 | 073 [ 0266 | 02 [ 3720967 | 075 {0216 | 017 | 448 | 1263 | 097 | 0.195 | 0.15 | 6.48
80 1.64 1261 | 075 [ 0286 | 017 | 441 | 1095 | 065 | 0285 | 018 | 413 | 1.36 08 ;0259 | 015 | 6523
80 1.85 1497 | 0.7 10311 | 0156 | 481 | 1569 | 074 | 0353 | 0.16 45 | 1694 | 079 {0298 | 0.14 | 568
100 2.05 1503 | 057 {0348 | 013 | 432 | 1.754 | 066 [ 0392 | 015 | 447 | 2245 | 0.85 | 047 | 0.18 | 478
110 226 1628 | 051 | 0384 | 012 | 424 | 1663 | 052 | 041 | 013 | 406 [ 2402 | 0.78 | 0.503 | 0.16 | 4.95
120 2.46 1.738 { 046 | 0421 | 011 | 413 | 17 045 ;0451 012 | 3.77 {26585 | 07 | 0531 0.14 5
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Table 6.2.3. (a)

Bf=8° 6w=2°
Air_ Reynolds Circular Fuselage Aerofoil Fuselage Aerofoil Fuselage with winglet
e | Reperoes | L@y | G o | & [ w | le o] o | tp | © | gg | G | o
50 1.03 0324 | 049 [ 00981 015 | 3.31 [ 05686 089 |0.128 | 619 | 458 | 0637 | 086 | 0.111 | 017 | 574
60 1.23 0753 | 0.7¢ {0188 | 02 4 0.822 | 0.86 | 0.19 0.2 433 {0918} 0.86 | 0.158 | 0.17 | 581
70 1.44 0943 | 073 | 0.23 | 0.18 41 11058 | 082 (0241 | 019 | 439 | 1209 | 0.93 | 0208 | 0.16 | 5.81
80 1.64 12241 072 {0261} 015 | 469 | 0804 | 048 | 027 | 016 | 288 | 1535 091 | 028 | 0.17 | 548
80 1.85 1497 | 07 [ 03687} 017 | 408 | 0.895| 042 [ 0295 | 014 | 3.03 | 1.717| 08 | 0.351 | 0.16 | 4.89
100 2.05 1.448 | 0.55 0.3 011 | 483 | 1.754 | 066 | 0376 | 0.14 | 466 | 2.081} 078 | 0393 | 0.15 | 5.24
110 2.26 1666 | 052 | 0.371 | 012 | 449 | 1463 | 048 | 0422 | 0.13 | 347 {2474 | 077 | 0309 | 0.1 8
120 2.46 1811 | 048 | 0417 | 011 | 434 | 1572 | 041 | 0443 | 012 | 355 | 2601 | 068 | 0.346 { 0.09 | 7.52
Table 6.2.3. (b).
B Bf=8° Bw=4°
Air Reynolds Circular Fuselage Aerofoil Fuselage Aerofoil Fuselage with winglet
Velocity No. T D L D L D |
km/hr | (Re)x10e-5 L (kg) CL (kg) Cp L/D (kg) CL (ka) Co L/D (ka) C. (kg) Co L/D
50 1.03 027 | 041 [ 0161 | 024 | 168 | 0623 | 094 | 0157 | 024 | 3.6 | 0.692 | 09 | 0.124 | 019 § 477
60 1.23 0725 | 076 10238 | 025 | 3.05 | 0695 | 0.73 | 0202 | 0.21 | 344 {0945 | 099 | 0158} 017 | 598 |
70 1.44 0961 074 | 0297 | 023 | 3.24 | 1076 | 083 ;0249 | 018 | 432 | 1227 | 085 | 0.209 | 0.16 | 5.87
80 1.64 1208 | 0.77 | 0279 | 016 | 465 | 0.949 | 056 | 0223 | 0.13 | 426 | 1.644 | 0.97 {0285 | 0.17 | 579 |
90 1.85 1606 | 0.75 {0437 | 02 | 367 |1.772| 0.83 {0345 016 | 514 | 1844 | 086 | 0.341 | 0.16 | 541 |
100 2.05 1603 { 057 | 0423 | 016 | 355 | 19017} 072 {0376 | 014 | 51 | 2238 | 085 | 042 | 016 | 533 |
110 2.26 1847 | 058 | 0.403 | 013 | 458 | 1572 | 049 | 0413 | 013 | 3.81 | 2649 | 0.83 | 0492 | 015 | 538
120 2.46 1.82 0.5 [0447 | 012 | 429 [ 1463 | 038 | 0422 | 0.11 | 347 | 2848 | 0.75 { 0538 | 0.14 | 529
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Table 6.2.3. (¢)

6f=8° 6w=6"
Air_ Reynolds Circular Fuselage Aerofoil Fuselage Aerofoil Fuselage with winglet
Voo | meptoes | L) | C. | (i% | & | w (kLg) c. (lfs)a) Co | LD (k"g) c. (Eg)_ Co | LD
50 1.03 027 | 041 {0209 | 032 | 129 |0568; 086 | 0163 | 025 | 348 | 061 | 082 | 0131 ] 02 | 465
60 1.23 068 | 071 | 0323 | 034 | 21 084 | 088 | 0249 | 026 | 3.37 10842 | 088 | 0225 | 0.24 | 546
70 1.44 0988 | 076 | 0313 ; 024 | 3.16 | 1148 | 089 ; 028 | 022 | 3.96 1.2 093 | 0271 | 021 | 505
80 1.64 1243 | 073 {0285 | 017 | 438 | 1.512 | 0.89 | 0.352 | 0.21 43 | 1712 | 1.01 | 032 | 019 5
290 1.85 1497 | 07 [ 0327] 015 | 458 | 1889 | 0.89 | 0479 | 022 | 3.98 | 21 088 1 0452 | 021 | 48656
100 2.05 1575 | 06 [ 0366 014 | 43 | 2523 095 | 049 | 019 | 515 | 2601 088 | 048 | 018 | 562
110 2.26 1.956 | 061 | 045 | 014 | 435 | 2396 | 075 | 049 | 015 | 489 [ 2547 | 08 0507 | 0.16 | 5.02
120 2.46 2.3 06 (0497 | 013 | 463 | 2117 | 056 | 0627 | 0.14 | 4.02 | 3.084 | 0.81 | 0548 | 014 | 563
Table 6.2.4. (a)
of = 12° Bw=2°
Air Reynolds Circular Fuselage L/D Aerofoil Fuselags L/D Agrofoil Fuselage with winglet L/D
Velocity No. 5] i 5 —T 5 .
km/r | (Re)x10e-5 | L(ka) | Co (kg) Co LD | (kg) Cu (kg Co uD | (kg) C. kg Co L/D
50 1.03 0.324 | 049 | 0172 | 0.28 | 1.88 | 0.841 | 0.97 0.2 0.3 32 0701 106 | 0209 | 0.32 | 3.35
60 1.23 0716 | 075 [ 0216 | 0.23 | 3.32 | 0.949 1 0268 | 0.28 | 3.54 [ 1009 106 | 0.261 | 0.27 | 3.87
70 1.44 0934 | 072 | 0.311 | 0.24 3 0967 ) 075 | 0238 | 018 | 406 | 1372 1.06 | 0.304 | 0.23 | 4.51
80 1.64 1297 { 0.77 [ 0388 | 023 | 334 | 1131 | 067 [ 0274 0.16 | 413 | 1808 | 1.07 | 0387 | 0.23 | 467
80 1.85 1479 ] 069 (0445 | 021 | 3.32 | 1.303] 061 [ 0311 015 | 419 | 2206 1.03 | 0463 | 0.22 | 4.76
100 2.08 163 | 062 {0369 | 014 | 442 | 1608 | 061 | 0353 ] 013 | 456 | 2224 | 084 | 051 | 0.19 | 4.36
110 2.28 1884 | 059 {0429 | 013 | 439 ;1899 | 059 | 0415 | 013 | 458 | 2984 | 0.84 | 0533 | 0.17 | 562
120 246 2085 054 | 0465 | 012 | 444 | 1935 | 051 [ 0466 | 012 | 415 [ 2649 | 07 | 0554 | 015 | 4.78
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Table 6.2.4. (b)

8f=12° Bw=4°
Air Reynolds Circular Fuselage L/D Aerofoil Fuselage L/D Aerofoil Fuselage with winglet L/D
Velocity No. D L D L D
km/hr | (Re)x10e-5 Lka) | Co (ka) Co L/D (kg) C. (kg) Co LD (ka) C. (kg) Co L/D
50 1.03 035t | 053 {0231 | 035 {152| 0586 | 089 | 0242 | 037 | 2420628 | 085 [ 0.207 | 0.31 3.03
60 1.23 068 | 071 | 0315 | 033 |216 0986 | 1.04 | 0224 | 024 | 44 [ 0991 | 1.04 | 0.304 } 032 | 3.26
70 1.44 0952 | 073 0371 029 (2571022 079 | 0255 | 02 4.0t 1318 | 102 | 0362 | 0.28 | 3.64
80 1.64 1261} 075 | 0401} 0.24 | 238 1203 | 0.7t [ 0277 | 0.16 [ 434 | 1753} 104 | 0432 | 026 | 4.06
20 1.85 1279 | 06 | 0387 | 018 | 33 | 179 | 0.84 | 0346 | 016 | 517 | 1.843 | 0.86 | 0.397 | 0.19 | 464
100 2.05 1793 | 068 [ 0432 | 016 | 415| 1.808 | 068 | 0379 ! 014 | 477 2254 ] 0.85 | 0438} 017 | 514
110 226 2102 | 066 | 0491 | 0.15 [4.28} 2044 | 064 | 0473 | 015 | 43212667 | 0.83 | 0509 | 016 | 5.24
120 246 2228) 059 } 055 | 014 4052578 | 068 | 0527 | 0.14 {489 | 2957 [ 0.78 | 0.546 | 0.14 | 524
Table 6.2.4. (c)
of=12° Bw=6°
Air Reynolds Circular Fuselage L/D Aerofoiled Fuselage L/D Aerofoiled Fuselage with winglet L/D
Velocity No. D [ L D L D
km/r | (Re)x10e-5 | L(kg) | Co (kg) Co | LD (kg) CL (kg) Co | WD (kg) C. (k) Co | LD
50 1.03 [ 027 | 041 [ 0258 | 039 | 105 | 0.568 | 0.86 | 0284 | 043 | 2 0646 | 098 | 0222 | 0.34 | 2.1
60 1.23 0807 | 085 {0349} 037 | 231 | 0968 | 102 | 0395 | 041 | 245 | 0.955 1 0187 | 0.2 5.1
70 1.44 0679 | 076 [ 0409 | 032 {239 | 1.131 | 087 | 0266 | 0.21 | 425 | 1.209 | 0.83 ! 0.245 ] 0.19 | 4.93
80 1.64 1188 | 07 [ 0489} 029 | 243 {1378 | 0.81 [ 0307 | 0.18 | 448 | 1481 | 088 {0278 | 016 | 533
20 1.85 1.515{ 071 [ 0495 | 023 | 3058 {1783 | 0.83 | 0428 | 0.2 417 | 2111 | 099 | 0404 | 018 | b.22
100 2.05 1.802 | 068 | 0.535 | 0.2 337 | 191 | 072 | 0466 | 018 | 41 | 2.637 1 0.466 | 0.18 | 5686
110 2.26 2385 | 075 |, 0571} 018 | 418 | 2273 | 0.71 {0523 | 0.16 | 435 | 2921 | 091 | 0479 | 015 | 6.1
120 2.46 253 | 066 [ 0625 | 0.16 | 405 | 2578 | 068 | 0543 | 014 | 475 [ 3.048 | 08 | 0553 { 015 | 551
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Table 6.2.5 (a).

Aerofoiled Fuselage with winglet, 6w =2°

Air Reynolds Bf=0° of = 4° of=8° gf=12°
Voo | memaoes | & | € | W | e [ G [ | e [ [w [ e [ | w
50 1.03 0.33 | 0.08 3.93 | 057 0.1 8.31 096 | 017 5.74 1.06 | 032 | 3.35
60 1.23 0.34 | 0.9 385 | 091 .11 864 | 096 | 017 | 5.81 1.06 | 027 | 3.87
70 1.44 046 | 008 | 583 | 069 0.1 662 | 093 | 016 | 581 1.06 | 023 | 451
80 1.64 046 | 008 | 498 | 071 0.11 675 | 091 017 | 548 .07 | 023 | 487
90 1.85 045 | 0.08 | 781 0668 | 0.13 5.12 0.8 016 | 4.89 1.03 | 022 | 478
100 2.05 038 | 0.11 3.29 0.6 0.11 5.37 078 | 045 | 524 | 084 | 019 | 4386
110 2.26 Unstable 0.56 | 0.11 448 | 077 0.1 8 094 | 017 5.62
120 2.46 Unstable 0.4 0.12 339 | 068 | 009 | 7.52 0.7 015 | 478
Table 6.2.5 (b).
Aerofoiled Fuselage with winglet, 8w = 4°
Vellsc‘:i:;ity Reynolds No. Bf=0° Bf=4° of =8 ef = 12°
whe | (Rex10e-5 C. Co LD o Co LD C Co Lo C. Co L/D
50 1.03 0.41 0.1 3.97 1 0.11 9.62 0.9 019 | 477 | 095 | 0.31 3.03
60 1.23 058 | 009 | 6.31 081 | 012 | 684 | 099 | 017 5.98 1.04 | 032 | 326
70 1.44 0.53 0.1 546 | 076 | 011 | 683 | 095 | 016 | 5.87 1.02 | 028 | 364
80 1.64 0.54 0.1 534 | 071 0.1 707 | 097 | 017 | 579 1.04 | 026 | 406
90 1.85 0.52 0.1 543 | 042 | 0.09 4.5 08 | 016 | 541 | 086 | 018 | 4.64
100 2.05 046 | 0.09 | 5.23 0.4 009 | 454 | 085 | 016 | 533 | 085 | 017 5.14
110 226 059 | 013 | 474 | 067 | 012 | 558 | 083 | 015 | 538 | 083 | 016 | 524
120 2.46 057 | 012 | 48 | 062 | 0.1 568 | 075 | 014 | 529 | 078 | 014 | 524
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Table 6.2.5. (c)

Aerofoiled Fuselage with winglet, 6w = 6°
Air Reynolds gf=0° ef = 4° of = 8° of = 12°
oom | Repioes | © Go | UD | € G | w | ¢ & | W | G Co | D
50 1.03 0.37 0.12 2.96 0.87 0.12 6.98 0.92 0.2 4.65 0.98 0.34 2.91
60 1.23 0.7 0.13 5.31 0.85 0.13 6.37 0.88 0.24 5.46 1 0.2 5.1
70 1.44 0.64 0.12 53 0.97 0.15 £.48 0.93 0.21 5.056 0.93 0.19 4,93
80 1.64 06 0.1 5.8 0.8 0.15 5.23 1.01 0.19 5 0.88' 0.16 533
90 1.85 0.61 0.1 5.96 0.79 0.14 5.68 0.98 0.21 4.65 0.99 0.19 5.22
100 2.05 0.55 0.12 4.49 0.85 0.18 478 0.98 0.18 5.682 1 .18 5.66
110 226 0.58 0.13 4.44 0.78 0.16 4.95 0.8 0.16 5.02 0.91 0.15 6.1
120 2.46 0.41 0.1 3.62 0.7 0.14 5 0.81 0.14 5.63 0.8 0.15 5.51
Table 6.2.6.
Aercfoiled Fuselage with winglet, f = 4°
Air | Reynolds Bw=2° Bw=4" bw=86"

Yo | epioes ol e wl e | @ o wlgloc el |w
50 1.03 0374 | 0.57 | 0.069 0.1 8.31 | 0.664 1 0.0695 | 0.11 962 | 0574 } 0.87 | 0082 | 012 |6.99
60 1.23 0.864 | 091 0.1 0.1 864 | 0773 | 0.81 0113 | 0.12 6.84 [ 0808 | 085 | 0.127 | 0.13 | 6.37
70 1.44 0.9 069 | 0.136 0.1 862 | 0991 | 0.76 | 0.145 | 0.11 683 [ 1263 | 097 | 01956 | 0.15 | 6.48
80 1.84 1209 | 071 L0179 | 0.1 875 | 1.209 | 0.71 0171 | 01 7.07 1.3 | 0.8 0259 | 0.15 [ 523
90 1.85 1408 ¢ 066 [ 0275 013 5.12 0.9 0.42 0.2 0.09 4.5 1694 | 0.79 | 0298 | 0.14 [ 568
100 2.05 1,596 08 0297 | 0.1 537 | 1.083 0.4 0234 | 009 | 454 12245} 0.85 0.47 0.18 [ 4.78
110 2.26 1.807 | 0.56 | 0.366 | 0.11 449 | 2147 | 0.67 | 0.385 | 0.12 558 | 2492 | 078 | 0.503 - 0.16 | 4.95
120 2.46 1.537 04 ; 0453 1 012 3.39 {2358 062 | 0415 | 0.1 568 | 2.655 0.7 0531 | 014 | 5
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Table 6.3 (a):

Aerofoiled fuselage for 8f = 0°

Pressure taps

Air Velocity

(kenfhr) Top surface Bottormn surface
T4 [ T2 13 | 74 | 16 | 16 | 77 | 18 | 19 | 710 | B1| B2 | B3 | B4 | B5 | B6 | B7 | B8
50 71 1] 58 5| 48| 35| 6| 55| 65| -48| -4| 55| 45| -45 31 2] A 4
60 | 3| -3 6| 65| 68| 4| -7| -55| 58| 35|27| 59 5| 36| 35| 103|041
70 56| -15| 6| -75| -10| -88| 84| 64| 85| 4| -4| -78| 62| 55 S| 219 1.2,
80 85|-25| -10| -9| -3 8| -1 9| -105| 6|-45| 105| 82| -76| ©66|-28| 07| 09
90 M2 | 42| 134 15| -16| -11.8| -158 | 126 | -144 | 84| 5| -15| -10| 98| -78|-38| 1|02
100 71 7 [ 145 -16| -17| -125| 188 135 | -145| 9| 5[ 15| 12| -1 7 5[ -2]-18
110 33| 68| -18| 19| -195| 17| 21| 19| 18| 2| 9| -18| -1365| -138| -115| 5|-25| -3
120 2375 23| 226| 23| 23| 22| -20| -198| 105 9| 23| -16| -155| -9|-25| 1| 1
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Table 6.3 (b):

Aerofoiled fuselage for 6f = 4°

Air Velocity Pressure taps

(km/h) Top surface Bottom surface
T T2 | 73 | T4 | 75 | 16 | 77 | i8 | 19 | 1710 | B1 | B2 | B3 | B4 [ B5 | B6 | B7 | B8
50 82| 8| -82| -82| 79| 5 7| 58| B7] 3| 85[ 02| 02[-01] 1| 1]{04]09
60 | 07 7 85| 82| 82| 52| -78 B 85| 31| 55|05| -065|08|05|04]06] 0.7
70 03| 9| 13| 128| -125| 85| 115| -9 9 5| 55|-25 3 3] 2| 1| 03| 04
80 45| 65| 17| 65| -1565| 41| 15| -11| -12 7| 10 2 1|-16|-05| 09| 16 12
— 90 35| 49| 205| 201 -195] -145| -185| -145| -145| -85} 10| -3 31 3[A5[-05] 1.1
~ 100 50150 Zas | BE| 23| A7 22| A7] A7| 0| 11| 3 3(-35| 3|01| 2| O
D 9| 27| 33| 28| -285| 23| 27| 215] 21| -125| 185]-15 3| 5| 3] of 1| -
120 3051 31| 375 36| 34| 27| 31| 235| 25| -156| 225| 14| 08| 28| -1|-02| 0]-25
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Table 6.3 (¢):

Aerofoiled fuselage for 6f = 8°

Pressure taps

Air Velocity

(km/h) Top surface Bottom surface
K T2 T3 T4 |75 16 | 17 | 718 To |[T10| B | B2 | B3 | B4 | B5 | B6 | B | B8
50 A3 14 12 G210 12| 85| 9| 7| 65| 27| 65|-15] 1| 1| 05| 1| 15[ 1.1
60 14| -135| 13| -115|-1i| -7| 95 -8 7| 45| 11| 35| 25| 13| 14| 22| 28] 24
70 | -135 A7 8| 15| 10| -13| 95 9 "9 6| 13| 25|18 04| 2| 27| 3|22
80 o3[ 24| 21| 85| 8| 3| 7] 18| 12| 8| 17| 6| 42| 26| 24| 3| 24| 23
80 - 22 -28 28 25|25 | 17| -21 5| -145| 85| 235| 65| 4| 2| 25| 25| 2|02
100 35 36 | -335 31| 28| -20| -25 18 8| 11| 27| 9| 55| 3| 3| 35| 3| 02
110 345 | 48 46 40 | -38| 27| -32 23| -225| 12| 36| 13| 85| 6! 5| 4| 3| 15
120 535| 55 52 47| 43| -31| -37 26 26| 14| 42| 15| 95| 55| 55] 5| 4] 1
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Table 6.3 (d):

Aerofoiled fuselage for 6f = 12°

Air Velocity Pressure taps
(k/hr) Top surface Bottom surface
T1 T2 T3 T4 | 75 T6 T7 |18 | T9 | T10 | 81 | B2 | B3 | B4 | B5 | B6 | B7 | B8
— 50 5.2 4] 05| -0 @ 5 T 5 5| 3| 8| 3| 2[18| 15| 12| 1|05
60 55| -165] 5| 135| 13| ©] 1|75 9 5| 11| 25| 22| 1| 0] 15| 1|03
70 6| 20| 20| 18| 7| -105] -145| <107 -95 6] 145] 55| 3| 2| 18| 25| 1.2} 0.8
80 265| 26] 25| -22| 20| -145| 18| 12| 115 7 21| 75| 5] 2| 2| 13| 18[ 1
T80 29| 315 30| 27| 26| 7] 21| -15| 15| 85| 24| 85| 75| 4| 45|25 1| 11
© 100 37| 39| 36| -325| -295| -225| 25| 18| -20 9] 30| 12| 85| 38| 45| 45| 4| 25
110 355 52| 47| 39| 38| 275| -33| -24| 23| -A3| 38| 14| 10| 7|62 5| 45|12
120 54| 58| -53| -46| -43| 31| 37| 25| -25| -155| 445| 175| 11| 8| 75| 7| 5| 2

92




Table 6.3 (e): Values of i and #i

Pressure Top surface Bottom surface
taps T | T2 | T3 | T4 | T5 |T6|T7:78| T9 {T10| B1 | B2 | B3 { B4 | B5 | B6 | BT | B8
i A
B 132 | 114 | 108 | 100 | 985 |97 |90 |83 | 783 | 78 | 80 | 78 | B2 85 | 86 | 838 | 92 92
(Degree) : .
i ' |
9 8.5 8 8 965 (11 (44 46 | 48 64 10 | 10 10 14 1 20 § 46 | 53 | 80 |
(mm) f : ‘ '
Table 6.3 {f): Calculated Lifts & Drags of wingleted aerofoiled fuselage by pressure tapping.
Calculation of Lift & Drag of wingleted aerofoiled fuselage by pressure tapping
Air Reynolds Bf = 0° of = 4° of = 8° :- of =12°
Velocity | No L L D L ) e 3
km/mr | {(Re)x10e-5 (ka) C. D (ka} Co LD (kg) CL (ka) Co 1D (kg) C. (ka) C | UD (i g G (kg) Co L/D
50 2.19 008 | 028 | 002 | 007 4 lo1s| 053 |o02] oor | 75 {02 | 026 | ooa| 011 [ 667 1016 | 057 {o0s| 014 | 4
60 2.63 01 | 025 | oot | 003 | 10 {016 | 039 | 002 | 005 8 lo2s| 016 |{004] 01 | 85 ?o.zs 062 | 0.06 | 015 | 417
70 306 | o014 | 026 | 0013 ] 002 | 1077} 02 | 036 | 002|004 | 0 |03 | 01 |005| 009 | 6 l032| 058 {007 | 013 [457 !
80 35 016 | 023 | 002 | 003 8 {032] 044 | 003 | 004 [ 1067 | 04 | 008 | 006 | 008 | 667 039 | 054 |009 | 013 | 433
80 3.94 021 | 023 | 003 | 003 7 {034] 037 {003 003 | 1133 { 046 | 006 | 007 | 008 | 657 lo4a ]| 053 | 041 [ 012 | 436 |
100 4.37 021 | 019 | 003 | 0.03 7 Jo42] 037 | o004 | 004 | 105 {0571 005 | 0.09 | 008 | 6.33 fo.s1 054 | 013 | 012 | 489
110 4.81 027 | 02 | 004 | 003 | 675 | 052 | 0.38 | 005 | 004 | 104 [ 073 | 004 | 041 | 008 | 664 076 | 056 | 017 | 013 | 4.47
120 5.25 034 | 021 | 004 | 003 | 85 [061! 037 | 006 | 004 | 1047 | 084 | 003 [0t2 i 008 | 7 |os87 | 054 | 019} 012 | 458 |
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Reynolds Number (Re) Calculation:

As the fuselages of the models are volumetrically equivalent and same set of wings are
used for all the models so the characteristic lengths for all the models are equal. Again
the characteristic length for a model is the combination of individual characteristic length
of the fuselage and the wings.

As NACA-2412 cambered aerofoil sections are used for both of the fuselage and the
wings so the characteristic length can be calculated in the following method:

The individual characteristics length of the fuselage i.e. the cord length of the fuselage is,
C¢= 238 min and the span of the fuselage, by = 100 mm.

The individual characteristics length of the wing i.e. the cord length of the wing is, Cy, =
80 mm and the total span of the two wings, by, = 400 mm.
So the characteristics length for the whole model is (Cs x bs + Cy, x by)/ (be + by), and

putting the values it can be found the characteristics fength is 111.6 mm.

Now from the expression Re = pvi/p, Reynolds Numiber of the flow can be calculated for
different air speed, where [ is the characteristics {ength of the models.
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