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ABSTRACT 

Airplane is basically an engine-driven vehicle that can fly through the air supported by

the action of air against its wings. Once an airplane is in the air there are four forces

acting on it, Lift, Drag, Thrust and Weight. The design analysis of an airplane when

flying main1y depends on the control of lift and drag. The resultant aerodynamic

efficiency of an airplane is measured in terms of lift/drag
1 

The aim of this project is once an aircraft of a given size is specified and design point

settled there arises the particular problem of determining the optimum shape of an

airplane, The optimum shape of an airplane bas three aspects, the shape in its basic

form, changes made in the basic shape of an aircraft and modifications to the basic

shape. The three aspects of shape must be balanced according to the role requirement,

which are mostly discussed in this project.

Chapter 1 basically gives a brief introduction ofhow an airplane flies and the design

analysis needed to be made for subsonic, supersonic and transonic flights. Chapter 2,

explains the calculations for the design of optimum Iift/drag when range flying. In this

search, effect of aspect ratios and wetted areas are analyzed. The aspect ratio ranges

from 1 O - 2, depending on the shape of an airplane. The wetted area is calculated by

using an equation (L I D)max = ( J;) I 2 --J ( { b2 I Aw } 1 I (K Co me)). Chapter 3 gives a

theoretical knowledge, which is useful to know much of the art of aircraft design lies in

the creation of economica1 airframe structures. Airframes must be strong and stiff; in

that the weight of structural materials must be no more than is absolutely necessary

otherwise tire payload and fuel toad will be Te-duce-a. The mechanical properties of

greatest importance are a high strength/weight, particularly at high temperatures, and

high specific stiffness. ·Chapter il-, explains 'the types of airplanes such as land planes,

seaplanes, amphibians, and airplanes that can leave the ground using the jet thrust of

their engines or rotors {rotating wings) and then switch to wing-borne flight. A

discussion is made on two modern aircrafts with state of the art technology. Namely,

Lockheed Fl 17-A stealth 'fighter and F-22 Advanced tactical fighter to satisfy

aerodynamic performance requirements but stealth requirements as well.
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aerodynamic aspect ratio (b2/S)

cross-sectional area of a cylinder of air

total wetted area of airframe

acceleration along flight path

velocıty of sound

wıng span

brake horsepower

total fuel consumption

chord

coefficient of drag (D = CoqS)

zero lift drag coefficient

lift dependent drag coefficient

frictional drag coefficient

minimum drag coefficient

lift coefficient of complete airplane (L = CLqS)

L 

maximum lift coefficient

diameter

total drag of airplane

zero lift drag

lift dependent drag

total frictional drag

equivalent parasite area of airplane

some unspecified function

gravitational acceleration

height above mean sea level

factor of planform efficiency

total lift

part of total lift supporting weight of fuselage

lift/drag, the measure of aerodynamic efficiency

maximum lifti drag

optimum range lift/drag (about 0.94 (LID)max)
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CONVERSION FACTORS 

SI SYSTEM
-> 

Multiply By To Get

\

Pounds (lb) 4.448 Newtons (N)

Feet (ft) 0.3048 Meters (m)

Slugs 14.59 Kilograms (kg)

Slugs per cubic foot (slugs/fr') 515.4 :Kiiogram per cubic meter (kg/nr')

Horsepower (hp) 0.7457 Kilowatts (kW)

Pounds per square inch (psi) 6895.0 Pascals (Pa)

Pounds per square foot (psf) 47.88 Pascals (Pa)

Miles per hour (mph) 0.4471 Meters per second (mis)

Knots (kt) 0.5151 Meters per second (mis)

Nautical miles (rı ml) 1853.184 Meters

* l n ml = 6,080 ft
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CHAPTER I 

INTRODUCTION 

Once an aircraft of a given size is specified, and the design point settled, there arises the

particular problem of determining the optimum shape of the airplane. The optimum shape

is not the pure basic shape to satisfy conditions at the design point, for aircraft must be

flexible enough to operate safely and with reasonably economy off-design.

ı
• The basic shape in its purest form, satisfying the conditions at the design point alone

• Changes of the basic shape in flight to improve off-design performance

• Fixed modifications of the basic shape to improve local airflows

1.1 HISTORICAL BACKGROUND 

Figure 1. 1 The Wright brother's biplaneIifting off the ground at the

hills of Kitty Hawk in 1903

In 1903, at Kitty Hawk, in North CaroTına, Wright brother's made their first successful

flight in a full-sized airplane. The machine was a biplane; shown in Figure 1. 1. On that first

day, The Wrights made four successful flights the longest being about 59 seconds ın

duration at a speed of 30 miles per hour. By October 1905, after solving many problems

with their aircraft, Wilbur Wright was making flights that covered a distance of 24 miles

that lasted 38 minutes. After their machine was proved satisfactory, the Wrights had to find



a market for their invention, unfortunate1y their airplane was not fully appreciated in the

United States until after they had succeeded abroad.

The year 1913 became known as the glorious year offlying. Aerobatics, ~r acrobatic flying,

was introduced, and upside-down flying, loops, and other stunts proved the

maneuverability of airplanes. Long-distance flights made in 1913 inc1uded a 4,000-km

flight from France to Egypt, with many stops, and the first nonstop flight across the

Mediterranean Sea, from France to Tunisia. In Britain, a modified Farnborough BE2

proved itself to be the first naturally stable airplane in the world. The BE2c version of this

airplane was so successful that nearly 2,000 were subsequently built.

During World War I, the development of the airplane accelerated dramatically. European

designers such as Louis Bleriot and Dutch-American engineer Anthony Herman Foller

exploited basic concepts created by the Wrights and developed ever faster, more capable,

and deadlier combat airplanes. The concentrated research and development made necessary

by wartime pressures produced great progress in airplane design and construction. During

World War 1, outstanding ear1yBritish fighters included the Stopwith Pup (1916) and the

Stopwith Camel (1917), which flew as high as 5,800 m and had a top speed of 190 km/h

(120 mph). Notable French fighters included the Spad (T916) and the Nıeuport 28 (1918).

By the end of World War I in 1918, both warring sides had fighters that could fly at

altitudes of7,600 m and speeds up to 250km7h.

Introduced in 1933, Boeing's Model 247 was considered the first truly modem airliner. It

was an all-metal, low-wing monoplane, with retractable landing gear, an insulated cabin,

and room for ten passengers. An order from United Air Lines for 60 planes of this type tied

up Boeing's production line and 'led indirectly to the development of perhaps the most

successful propeller airliner in history, the Douglas DC-3. Trans World Airlines, not

willing to wait for Boeing to finish the order from United, approached airplane

manufacturer Donald Douglas in Long Beach, California, for an alternative, which became,

in quick succession, the DC-1, the DC-~, and the DC-3. The DC-3 carried 21 passengers,

used powerful, 1,000-horsepower engines, and could travel across the country in less than
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24 hours of travel tıme, although it had to stop many times for fuel. The DC-3 quickly came

to dominate commercial aviation in the late 1930s, and some DC-3s are still in service

today Boeing provided the next major breakthrough with its Model 307 Stratoliner, a

pressurized derivative of the famous B-17 bomber, entering service in 1940. With its

regulated cabin air pressure, the Stratoliner could carry 33 passengers at altitudes up to

6, 100 m and at speeds of 3 22 km/h.

The next frontier, pioneered in the late 1960s, was the age of the jumbo jet. Boeing,

McDonnell Douglas, and Lockheed all produced wide-body airliners, sometimes called

jumbo jets. McDonnell Douglas built a som_swhat smaller, three-engine jet called the DC-

1 O, produced 1ater in an updated version 'known as the -MD-11. Lockheed built the L-1 O 11

Tristar, a trijet that competed with the DC-1 O. The L-1O 11 is no longer in production, and

Lockheed-Martin does not build commercial airliners anymore. In the 1980s McDonnell

Douglas introduced the twin-engine MD-80 family, and Boeing brought online the narrow

body 757 model and wide-body 7ô7model twin jets. Airbus Industrie had developed the

A300 wide-body twin during the 1970s. During the 1980s and 1990s Airbus expanded its

family of aircraft by introducing the slightly smaller A31 O twin jet and the narrow-body

A320 twin, a unique, so-called fly-by-wire aircraft with sidestick controllers for the pilots

rather than conventiona1 contro1 columns and wheels, Airbus also introduced the larger

A330 twin and the A340, a four-engine airplane for longer routes, on which passenger

loads are somewhat lighter. In the mid-1990s the company announced plans to develop a

super jumbo class of airliners capable of carrying 550 or more passengers. Boeing

introduced the model 777, a wide-body jumbo jet that can hold up to 400 passengers, in

1995. In 1997 Boeing acquired longtime rival McDonnell Douglas, and a year the company

later announced its intention to halt production of the passenger workhorses MD-J 1, MD-

80, and MD-90. The company entered the super jumbo jet market in 1999 when it

announced plans to expand the seating capacity of the model 747 to accommodate up to

524 passengers, making it the world's largest passenger airliner.
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1.2 BASIC THEORY OF FLIGHT 

One of the hardest concepts to understand is the theory of what makes and airplane fly, or

what even got it up into the air in the first place. The first thing that we must understand is

what makes the airplane have the ability to fly.

The shape of the wing makes the air traveling
over the top travel farther and faster than the air
moving underUıe wing This heavier air pressure

Lower Air Pressure

Higher AirPr-essure

under the wing causes a push upwards that
causes lift, thus Tiftlng the airplane up into the air

Figure 1.2 Air pressures under the wing

Lift to the airplane is provided from the wing traveling through the air. In order to

accomplish forward motion there must be some force or thrust to cause the airplane to

move. An engine can provide thrust, which as it causes the plane to move forward must be

able to provide enough power to overcome the drag on the airplane. As the airplane moves

thru the air, air begins to travel over and under the wing; as shown in Figure 1.2 and as this

happens, the air going over the wing travels farther and faster than the air going under the

wing. The slower air under the wing causes high pressure to form and pushes up on the

bottom of the wing.
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The Elevator causes the aırplane to
move in an upward or downward angle

of attack.

+~--~

/If the elevator is moved up as in the
photo. the airplane will gain altitude. if

lowered the plane goes down

Figure l .3 Movement of elfvator

Lift is a wonderful thing, but we must be able to control it. Once the airplane is in the air,

we control our ability to go up ana down with the e1evator. When the elevator is moved

upward as shown in Figure 1.3, the airplane will begin to gain altitude, in the same respect

when forward pressure is applied to the controls of the airplane and the elevator goes down,

we will lose altitude.

1.3 WHAT MAKES AN AIRPLANE TURN?

Top Vfew

Wing

<. 
l I I o I\ I

~ View From
Back Of Wing

Figure I .4 Wing view

The next thing to consider about an airplane is: what makes it have the ability to make a

controlled tum in the air without going out of control. This is accomplished by controls on

the wings called ailerons, and by the rudder, which is on the tail of the airplane. The first
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controls we will discuss concerning tum are the ailerons. Each wing on an airplane has

some form of an aileron to aid the airplane in banking turns when combined with the

elevator. The ai1erons each move in an opposite direction from each other, and by doing

this causes the airplane to roll, as shown in Figure 1 .4.

Turning wıth rudder

Figure 1. 5 Movement of rudder

The last device on the airplane associated with turn is the rudder. When the rudder is turned

one way or the other, side pressure is applied to the rear of the airplane thus causing a

change in heading, the rudder is a very useful tool on the airplane for lining up for a

landing.

1.4 CONCEPT OF LIFT & DRAG 

Think of an airp1ane sitting on the ground. The plane and the earth are pulling on each other

because of the force called gravity. However, we would like to be able to raise the plane up

into the air and it is called lift. Also, unless you push really hard on it, the plane is sitting

still on the ground because of the friction between the wheels and the ground. When the

plane starts roTiingthere wıll be friction between the air and the plane and we call that drag.

When the plane starts flying there will still be drag.
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To make the airplane fly somewhere, we have to do at least two things.

• Lift the plane ın the aır

• Push the plane through the air

The best components that engineers have come up with so far to satisfy the two

requirements above are;

• To have wings to provide lift

• To have big engines to have the plane push its way through the air

Airplanes and birds both fly, but they do it in different '?-ys. They have different forms (or

structures) to accomplish the same function - flight. It is often useful for engineers and

other types of designers to think of the functions or the requirements of something before

thinking of the form.

1.4.1 LIFT 

Lift is the component of the resultant aerodynamic forces on an airplane normal to the

airplane's ve1ocity vector. Mostly, the lift is directed vertically upward and sustains the

weight of the airplane.

The component that is a major lift producer on an airplane is the wing. Depending on the

airplane's geometry, other components can contribute to or significantly affect the lift

including the fuselage, engine nacelles, and horizontal tail.

Dra~

Figure 1. 7 Action of lift and drag on an airfoil

7



1.4.2 DRAG 

It takes power to move a vehıcle through the air. This power is required to overcome the

aerodynamic force on the vehicle opposite to its velocity vector. Any reduction of this

force, known as the drag, represents eıther a direct saving in fuel or an increase in

peıformance

The estimatıon of the drag of a complete airplane is a difficult and challenging task, even

for the simplest configurations. A list of various types of drag is given as follows;

• Induced Drag

• Parasite Drag
\

• Skin Friction Drag

• Form Drag

• Inteıference Drag

• Trim Drag

• Profile Drag

• Cooling Drag

• Base Drag

• Wave Drag

1.5 THE BASIC AERODYNAMIC SHAPE 

We know that the shape of an aeroplane varies with role and flight regime, for this

has been shown in the figure. In considering the aerodynamic reason we shall simplify the

problem by only thinking of the wing plus body combination: the stabilizing surfaces

belong to a further problem, that of keeping the aero plane flying at the required attitude to

the air.
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FIGURE 1.8 Sketch of main details of aerop1ane structure

Generally there are three types of flights;

• Supersonic flight

• Subsonic flight

• Transonic Hight

Speeds are measured in units called Mach number. Which represents the ratio of the speed

of an airplane to the speed of the sound as it moves air? An airplane traveling below the

speed of sound (M < 1) is subsonic. An airplane traveling at the speed of sound (M = 1) is

transonic. An airplane traveling twice the speed of sound (M > 2) is supersonic. If M > 5

then it is referred to as hypersonic.
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SUPERSONIC FLIGHTS 

Supersonic flight is defined as flight at a speed greater than that of the local speed of sound.

At sea level, sound trave1s through air at approximately 1,220 km/h (760 mph). At high

altitudes, sound travels more slowly because the air is less dense. At the speed of sound, a

shock wave consisting ofhighly compressed air forms at the nose of the plane. This shock

wave moves back at a sharp angle as the speed increases.

The shock wave created by an airplane moving at supersonic and hypersonic speeds

represents a rather abrupt change in air pressure and is perceived on the ground as a sonic

boom, the exact nature of which varies depending upon now far away the aircraft is and the

distance of the observer from the flight path. Sonic booms at low altitudes over populated

areas are generally considered a significant problem and have prevented most supersonic;....,._

airplanes from efficiently utilizing overland routes. For example, the Anglo-French

Concorde, a commercial supersonic aircraft, is generally limited to over-water routes, or to

those over sparsely populated regions of the world. Designers today believe they can help

lessen the impact of sonic booms created by supersonic airliners but probably cannot

eliminate them.

One of the most difficult practical barriers to supersonic flight is the fact that high-speed

flight produces heat through friction. At such high speeds, enormous temperatures are

reached at the surface of the craft. In fact, today's Concorde must fly a flight profile

dictated by temperature requirements; if the aircraft moves too fast, then the temperature

rises above safe limits for the aluminum structure of the airplane. Titanium and other

relatively exotic, and expensive, meta1s are more beat-resistant, but harder to manufacture

and maintain. Airplane designers have concluded that a speed ofMach 2. 7 is about the limit

for conventional, relatively inexpensive materials and fuels. Above that speed, an airplane

would need to be constructed of more temperature-resistant materials, and would most

likely have to find a way to coo1 'its fuel
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