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UNIT 1
OVERVIEW OF THE DESIGN PROCESS, SIZING FROM A CONCEPTUAL SKETCH
AIRFOIL GEOMETRY SELECTION, THRUST TO WEIGHT RATIO, WING LOADING

1.1 DESIGN:
Design is a creation of plan or convention for the construction of an object or a system as in
architectural blueprints, engineering drawings, business processes, circuit diagrams and sewing
patterns.
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Fig 1.1 Design Wheel

1.2 DESIGN OVERVIEW:

The aircraft is essentially a payload compartment with wings. This focus was derived from early
scoring analysis which identified system weight and aircraft loading time as the two key design
parameters. Since the aircraft must be capable of carrying a variety of payload sizes and weights,
the structure required to achieve that objective is potentially the heaviest element of the aircraft. As
the design of the payload system also has a direct impact on loading time, preliminary design
focused on the development of a fast and light weight payload system capable of meeting restraint
requirements with the minimum aerodynamic features needed to complete lap requirements for the
flight mission.

The design takes advantage of a high tensile strength fabric for the primary payload system
structure. Individual fabric pockets are attached to a central carbon-fiber spar, eliminating the need
for a structural payload bay floor. This innovative fabric payload system is enclosed by a sixty nine
inch span, twin tractor, low wing monoplane with tricycle landing gear. The aircraft sits diagonally
within the 4 ft x 5 ft plan form limits, maximizing aspect ratio and providing additional length for
the fuselage fairing, thus maximizing aerodynamic efficiency.



The aircraft utilizes mold less, foam/fiberglass/carbon-fiber composite construction for the wing,
tail and fuselage internal structure. As the external fuselage takes no structural loads, significant
weight savings were achieved by vacuum-forming a thin, foam shell designed only for
aerodynamic loads. The foam fuselage fairing has a full-length top hatch which, combined with a
low-wing, and allows rapid access to the payload. This payload-focused configuration minimizes
the key parameters of system weight and loading time through its structural efficiency and access
to payloads, while providing sufficient aerodynamic performance and propulsive power density.

1.3 DESIGN OF AN AIRCRAFT STARTS OUT IN THREE PHASES:
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1.3.2

CONCEPTUAL DESIGN PHASE:

The design step involves sketching a variety of possible aircraft configurations that meet the
required design specifications. By drawing a set of configurations, designers seek to reach the
design configuration that satisfactorily meets all requirements as well as go hand in hand with
factors such as aerodynamics, propulsion, flight performance, structural and control systems.
This is called design optimization. Fundamental aspects such as fuselage shape, wing
configuration and location, engine size and type are all determined at this stage. Constraints to
design like those mentioned above are all taken into account at this stage as well. The final
product is a conceptual layout of the aircraft configuration on paper or computer screen, to be
reviewed by engineers and other designers.

Fig 1.2 Conceptual Sketch

PRELIMINARY DESIGN PHASE:

The design configuration arrived at in the conceptual design phase is then tweaked and
remodeled to fit into the design parameters. In this phase, wind tunnel testing and
computational fluid dynamic calculations of the flow field around the aircraft are done. Major
structural and control analysis is also carried out in this phase. Aerodynamic flaws and
structural instabilities if any are corrected and the final design is drawn and finalized. Then
after the finalization of the design lies the key decision with the manufacturer or individual
designing it whether to actually go ahead with the production of the aircraft. At this point
several designs, though perfectly capable of flight and performance, might have been opted out
of production due to their being economically nonviable.


http://en.wikipedia.org/wiki/Wind_tunnel
http://en.wikipedia.org/wiki/Computational_fluid_dynamics

1.3.3 DETAILED DESIGN PHASE:
This phase simply deals with the fabrication aspect of the aircraft to be manufactured. It
determines the number, design and location of ribs, spars, sections and other structural
elements. All aerodynamic, structural, propulsion, control and performance aspects have
already been covered in the preliminary design phase and only the manufacturing remains.
Flight simulators for aircraft are also developed at this stage.
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Fig 1.3 Three phases of aircraft design

1.4 CONCEPTUAL DESIGN:
1.41 MISSION REQUIREMENTS:
As a requirement, each participating team has to simulate the delivery of an emergency

package (payload) to stranded crew of an Antarctic expedition on a blended wing/body radio
controlled transport vehicle. The aircraft can be of any configuration of a blended wing/body
and the wing aspect ratio must be greater than or equal to 2.0. The payloads to be used are four
400-gram Dick Smith’s Chicken Gravy packets each with dimension 180mm x 130mm x
40mm.The ultimate aim is to achieve highest wing loading with best payload weight-to- take-

off weight ratio.

1.4.2 TIME CONSIDERATION:
A total time allowance of 30 minutes is given to perform 3 flights, which does not include

refueling. As soon as the payloads are given, timer starts. Within 30 minutes, the team needs to


http://en.wikipedia.org/wiki/Rib_(aircraft)
http://en.wikipedia.org/wiki/Spar_(aviation)
http://en.wikipedia.org/wiki/Flight_simulator

1)
2)
3)
4)

install the given payload, start the engine and complete an allocated circuit (approx. 600m per
circuit) before landing and such process is to be repeated twice more.

In order to complete the mission as quickly as possible, the following points are taken into
consideration:

Ease of payload accessibility

Height lift coefficient

Short take off and landing

Capability of rapid turn

1.5 PRELIMINARY DESIGN:
A careful look at the commercial transport jets in use, points out many common features amongst
them. Some of these are:

1)

2)

Medium bypass turbofan

This choice regarding the type of engine is due to the following reasons. 10 In the flight regime
of Mach number between 0.6-0.85, turbofans give the best efficiency and moreover reduction
in thrust output with speed is not rapid. Also, the noise generated by a medium bypass turbofan
engine is considerably low. Following this trend a medium bypass turbofan is chosen as the
power plant.

Wing mounted engines

Though not a rule, wing mounted engines dominate the designs of top aircraft companies like
Boeing and Airbus. Alternative designs could be adopted. But, given the experience gained
with the wing mounted engines and the large data available a configuration with two wing
mounted engines is adopted. Swept back wings and a conventional tail configuration is chosen.
Again, this choice is dictated by the fact that a large amount of data (is available) for such
configurations.

1.6 DESIGN PROJECT:
After the preliminary design has been approved by the manufacture / customer, the detailed design
studies are carried out. These include the following.

1)

2)

Wind tunnel and structural testing on models based on the preliminary design. These test serve
as a check on the correctness of the estimated characteristics and assessment of new concepts
proposed in the design.

Mock-up: This is a full scale model of the airplane or its important sections.

This helps in

a)
b)

3)

4)
5)

Efficient lay-out of structural components and equipments.

Checking the clearances, firing angles of guns, visibility etc. Currently this stage can be
avoided by the use of CAD packages.

Complete wind tunnel testing of the approved configuration.

Currently CFD (Computational Fluid Dynamics) plays an important role in reducing the
number of test to be carried out.

Preparation of detailed drawings.

Final selection of power plant, c.g. calculations, performance & stability calculations.



6) Fabrication of prototypes. Generally six prototypes are constructed. Some of them are used for
verifying structural integrity and functioning of various systems. Others are used for flight
testing to evaluate performance and stability.

7) Pre-production manufacture and flight testing to ensure that the defects in the prototype (s)
have been corrected.

8) Series production and flight testing to meet specified operational and airworthiness
requirements.

1.7 CLASSIFICATION OF AIRPLANES:

Before discussing further about airplane design, it is helpful to know about different types of
airplane. These are classified according to

a) Purpose
b) Configuration

1.7.1 CLASSIFICATION OF AIRPLANE ACCORDING TO PURPOSE:
There are two main types of airplanes viz. civil and military.
The category of civil airplanes includes passenger, cargo, agricultural, sports and ambulance. The
category of military airplanes includes fighter, bomber, interceptor, reconnaissance, and aircraft
for logistic support like troop-carriers and rescue aircraft. Military aircraft are often designed to
cater to more than one role e.g. fighter bomber or interceptor fighter. The purpose of an airplane
dictates its specifications. For example a passenger airplane should have,
a) High level of safety
b) High payload carrying capacity
c) Economy in operation
d) Comforts
e) Ability to fly in any weather and
f) Ability to use aerodromes of respective classes
A bomber should have,
a) Long range
b) High load carrying capacity
c) High speed
d) High endurance
e) High ceiling and
f) Adequate fire protection
An interceptor should have,
a) High rate of climb
b) High ceiling (3 to 4 km above contemporary bombers)
c) High speed
d) High maneuverability
e) Ability to fly in any weather and
f) Appropriate armament



1.7.2 CLASSIFICATION ACCORDING TO CONFIGURATION:
This classification is carried out according to the following features of the configuration.
a) Shape, number and position of wing
b) Type of fuselage
c) Location of horizontal tail
d) Location and number of engines

-1
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/‘W \M e a) Braced biplane
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b) Braced sesquiplane

ﬁ ﬁ j E ¢) Semi-cantilever monoplane
d) Semi-cantilever parasol

monoplane

e) Cantilever low wing monoplane
: f) Cantilever mid wing monoplane
5 g) Cantilever high wing monoplane
h) : v

(h) G Straight wing monoplane

P i)  Swept wing monoplane

E j)  Delta monoplane (small AR)
k) Conventional single fuselage

1)  Twin fuselage

(k) (0 (m)
m) Pod and boom construction
%% n) Conventional design
o) Tailless design - no horizontal
tail
(n) (o) (p)

p) Canard design
Fig 1.4 Types of airplane

1.8 STAGES IN PRELIMINARY DESIGN AS PART OF THIS COURSE:
The aim of this course is to enable the student to appreciate the aerodynamics aspects of
preliminary design. The following topics are covered and illustrated through an example on
preliminary design of a jet airplane
1) Data collection and preparation of preliminary three-view.
2) Weight estimate in three stages
a) Based on data collection
b) Refinement of fuel fraction
c) Assessment of empty weight
3) Choice of wing loading and thrust loading
4) Engine selection and adjustment of wing loading
5) Wing design
6) Fuselage design
7) Location of engine(s)
8) Layout, weight balance & c.g. calculations



9) Determination of tail & control surface areas
10) Final drag estimation, performance calculations and preparation of brochure
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Fig 1.5 Aircraft Conceptual Design Process

1.9 EMPTY WEIGHT:
The last term in determining maximum take-off weight in equation 4.5 is the empty weight
fraction ( ). At this moment (preliminary design phase), the aircraft has been design only
conceptually, hence, there is no geometry or sizing. Therefore, the empty weight fraction cannot
be calculated analytically. The only way is to past history and statistics. Table 4.7 shows the
empty weight fraction for several aircraft. The only known information about the aircraft is the
configuration and aircraft type based on the mission. According to this data, the author has
developed a series of empirical equations to determine the empty weight fraction. The equations

are based on the published data taken from Ref. [3] and other sources. In general, the empty
weight fraction varies from about 0.2 to about 0.75. Figure 4.3 shows the human powered

aircraft Daedalus with an empty-weight-to- take-off-weight ratio of 0.3
We/WO =a WO ¢ Kvs



Where a and b are found in Table 4.8. Note that the equation 4.26 is curve fitted in British units
system. Thus the unit for maximum take-off weight and empty weight is Ib. Table 4.8 illustrates
statistical curve-fit values for the trends demonstrated in aircraft data as shown in Table 4.7.
Note that the unit of WTO in Table is Ib. This is included due to the fact that all data in FAR
publications are in British units. In Table, the assumption is that the either the entire aircraft
structure or majority of aircraft components are made up of aluminum. The preceding take-off
weight calculations have thus

No | Aircrafi a b

1 | Hang glider 653107 -1.663
2 | Man-powered -1.05x107 0.31

3 | Glider/Sailplane -2.3x10° 0.590
4 | Motor-glider -105x107 | 1.12

5 | Micro-light -722¢107 0481
6 | Homebuilt -4.6%107 0.68
7 | Agricultural 336¢100 [-357
8 | GA-single engine 1.543=10° 057
0 | GA-twin engine 2.73=107 -0.08
10 | Twin furboprop -8 2%10° 0.65
11 | Jet trainer 130107  [0.64
12 | Jet transport -7.754x10% [0.576
13 | Business jet 1.13x10° 0.48
14 | Fighter -1.1%10° 0.97
15 | Long range, long endurance -1.21x107 [ 0.95

Table 1.1 Empty weight fraction table

1.10 ESTIMATION OF FUEL FRACTION:

1)
2)
3)
4)
5)
6)
7)
8)

Mission profile

Weight fractions for various segments of mission

Fuel fraction for warm up, taxing and take-off(\WW1/W0)
Fuel fraction for climb (W2/W1)

Fuel fraction during cruise — outline of approach

Fuel fraction during loiter — outline of approach
Estimation of (L/D) max — outline of approach

Drag polar of a typical high subsonic jet airplane

The weight of fuel needed depends on the following.

1)
2)
3)
4)
5)
6)
7)

Fuel required for mission.

Fuel required as reserve.

Trapped fuel which cannot be pumped out.

The fuel required for the mission depends on the following factors.
Mission to be flown.

Aerodynamics of the airplane viz. (L / D) ratio.

SFC of the engine.



1.10.1 MISSION PROFILE:
Simple Mission: For a transport airplane the mission profile would generally consist of
(a) warm up and take off,
(b) climb,
(c) cruise,
(d) descent,
(e) loiter and

(f) landing
Sometimes the airplane may be required to go to alternate airport if the permission to land

is refused. Allowance also has to be made for head winds encountered en-route.
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Fig 1.6 Typical mission Profile

1.10.2 WEIGHT FRACTIONS FOR VARIOUS SEGMENTS OF MISSION:
The fuel required in a particular phase of the mission depends on
(a) The weight of the airplane at the start of that phase and
(b) The distance covered or the duration of time for the phase. Keeping these in view, the
approach to estimate fuel fraction for chosen mission profile is, as follows.
1) Let the mission consist of ‘n’ phases.
2) The fuel fractions for the phase ‘i’ is denoted as Wi/ Wi-1.
3) Let WO be the weight at the start of the flight (say warm up) and Wn be the weight at

the end of last phase (say landing). Then, Wn/Wo is expressed as:
Wi/W;=1.06(1-W,/Wo)



1.11 FUEL FRACTION FOR WARM UP, TAXING AND TAKE-OFF (W1 /WoO0):
Based on the data, the rough guidelines are as follows.
For home built and single engine piston airplanes W1/WO is 0.99. For twin engine turboprops,
jet transports (both civil and military), flying boats and supersonic airplanes W1/WO is 0.98. For
military trainers and fighters W1/WO is 0.97.

1.12 FUEL FRACTION FOR CLIMB (W2 /W1)

The following guidelines are given based on the data. The low speed airplanes including the
twin-engine airplanes and flying boat cruise at moderate altitude (say 4 to 6 km) and hence
W?2/W1 is taken as 0.99.

The military and civil transport jets cruise around 11 km altitude and W2/W1 is taken as 0.98.
The fighter airplanes have very powerful engines and attain supersonic Mach number at the end
of the climb. In this case, W2/W1 is between 0.9-0.96. Similarly, the supersonic transport
airplanes which cruise at high altitudes (15 to 18 km), W2/W1 is around 0.9. Reference 1.15,
chapter 7 gives more elaborate procedure to estimate W2/W1 and is followed for fighter and
supersonic cruise airplanes.

1.13 FUEL FRACTION DURING CRUISE - OUTLINE OF APPROACH:
Equations (3.8) and (3.10) present the Breguet formulae for range of airplanes with engine-
propeller combination and with jet engine respectively. Consult books on performance analysis
(e.g. section 7.4.2 of Ref.3.3) for the derivation of these equations. However, it may be pointed
out that while deriving these formulae it is assumed that the following quantities remain constant
during the flight.
a) Lift coefficient.
b) Specific fuel consumption (BSFC or TSFC)
c) Propeller efficiency for airplanes with engine-propeller combination and
d) Flight altitude
Equations for range can also be derived when the flight velocity remains constant instead of the
lift coefficient.
The derivation is as follows.
In a flight at velocity V (in m/s), the distance dR (in km) covered when a quantity of fuel dWf
(in N) is consumed in time dt, is given as :
dR = dWf x (km/ N of fuel) (3.27)
Now, in a time interval dt, the distance covered in km is 3.6 V dt, where V is the flight speed in
m/s; the factor 3.6 is to convert velocity to kmph. Note dt is in hrs.
Further, for jet engined airplanes the fuel consumed, dWf, in the time interval ‘dt‘ is :
dWf=TSFC x T x dt
Where T is in N, TSFC is N/N-hr or hr-1 and dt is in hrs.



Hence, (km / N of fuel) = ——0v < dt

TFSCxT xdt
Substituting this in Eq. (3.27) gives :
dR = dW, 3.6Vxdt _ 36V : (3.28)
TFSCxTxdt TFSCxT
i oo e WM x ; ;
Noting that, T = W —= = —— and dW; = - dW, gives :
C, (L/D)
- -3.6 xV x(L/D) 4w (3.29)

TFSCxW
Assuming V, TSFC and (L/D) to be constant and taking W4 and W, as the

weights of the airplane at the beginning and the end of the cruise, and integrating
Eq.(3.29), yields :

o o 38xVx (WD) (W, (3.30)
TFSC W,
Ori = expl RXTSFC Ly in s, (3.31)
W, 3.6%Vx(LID)

For an airplane with engine-propeller combination, the fuel consumed in the time

intarval ‘At ie -

BSFCxBHPxdt = BSFCx 1 x g = Bor X Tx Vxdt
Ne n, x 1000
Hence, (km / N of fuel ) = — >0 VT’:/dt
BSFCx x dt
n, 1000

Substituting this in Eq.(3.27) yields:

ARV 3.6xVxdtxdW, _ 3600xn, :
BSFCx—1 Y _xgt BSFCxT
n,1000

y —C— - T

Noting that, T = W —= = — and dW, = -dW yields:
C, LD
_ -3600xn, x(L/D) aw

BSFC W

(3.32)

(3.33)



Assuming n,. BSFC and L/D to be constant and integrating Eq.(3.33) gives:

3600 .
s —xl'lp (L/D) In .ﬂ
BSFC 2

-RxBSFC } —

or —- = exp{——
W, {3600npﬂJD)



UNIT 2
INTIAL SIZING, CONFIGURATION LAYOUT, CREW STATION, PASSENGERS
AND PAYLOAD

2.1 INTRODUCTION:

In the conceptual phase, it shall be estimated the trust-to-weight ratio and the wing loading
two fundamental parameters in aircraft design. This section presents and provides an interactive
methodology to estimate the best suited

1) Takeoff mass, operating empty mass, fuel mass

2) Takeoff thrust

3) Wing area and wing loading
The following parts of Loftin's method will be presented:

a) landing field length

b) takeoff field length

c) climb gradient in the 2 segment

d) climb gradient during missed approach

e) Cruise speed.

Preliminary welght estimation
(BOW, MTOW) Sensitivity study

T/W and WIS estimation

Cost prediction

Structural layout Configuration selection

S
o\"o Design of cockpit, pax
\“}QQ Design of wing cabin, and tail section
8
@“’ Selection and
Iintegration of propulsion
system

Fig 2.1 Loftin Method

2.2 SIZING METHODOLOGY:

The aim of the sizing exercise is to determine to within some limits the size and weight of the
aircraft that will meet the mission objectives and to determine overall design parameters such as
wing loading, disk loading, power required, rotor tip speed, wing aspect ratio, etc. At this stage,
details of the construction are not known so that heavy reliance is placed on statistical formulas
for component weights. Relatively simple analysis technigques are used to determine aerodynamic



characteristics such as aircraft drag, maximum lift coefficient and lift-curve slope of wings
and/or rotor blades, and stability and trim parameters. Often actual engine data (termed an engine
deck) is not available since the engine selection has not yet taken place. In such cases, data for
similar engine types is scaled to provide estimates of power or thrust available and fuel
consumption as functions of altitude, velocity and throttle settingThe overall size and shape of
the fuselage is determined by the payload. In the case of the Civil Transport Rotorcraft, the
fuselage must hold 12 (or 19) passengers and their luggage along with two flight crew. A flight
attendant is also required since the aircraft must be certified under FAR Part 25. Standards for
aisle width, seat width and pitch and pilot seat size are available and can be used to estimate the
interior dimensions of the fuselage. Decisions such as whether to place passengers two-abreast,
three-abreast or in some other arrangement need also be made. Because of the nature of the
current mission and payload, the fuselage will likely more or less resemble that of a typical
commuter aircraft rather than that of the conventional helicopter or large transport. As an
example, consider a 30l seat pitch and 18I seat width in a three-abreast configuration. The total
aisle width is 20l. The minimum fuselage inner diameter to accomodate this interior comes out to
about 6 1 2 feet. According to Raymer, at least 2—8 inches are needed for insulation and other
space between inner wall and outer skin so that an outer diameter of 7° is realistic. For the 12-
passenger configuration, four rows of seats are necessary. These four rows plus additional space
for an entry door, a small galley and, perhaps, a lavatory result in 13-foot-long cabin section. The
luggage compartment will be located behind the passengers. That, enough space for the cockpit,
and tapered sections at the tail and nose will result in a fuselage length of 41 ft. The fineness
ratio (length/average diameter) of this configuration comes out to approximately 5.86, within the
range for reasonable tradeoff between pressure drag and skin-friction drag. Some guidelines for
the fuselage design include:
1) The overall fineness ratio should be at least 4.
2) The fineness ratio of the aft fuselage (converging section) should be approximately 3
with maximum upsweep angle less than 14e.
3) The optimal fineness ratio of the nose section depends on the aircraft design Mach
number. The fineness ratio should be at least 1 regardless of Mach number. For design
Mach numbers between 0.76 and 0.9

The ideal nose fineness ratio can be obtained from:= 74.7714 M? — 113.0765M + 43.7671

As long as the above guidelines are met, the fineness ratio should be minimized if low drag is the
only goal. Of additional primary concern is the moment arm from aircraft center of gravity to the
horizontal and vertical tail surfaces. Short moment arms lead to large tail areas in order to meet
stability and control-power requirements. Normally the minimum fineness ratio should be about
6 to ensure reasonably sized tails and control surfaces. For the 19-passenger version of the
aircraft, a fuselage —plugl of about 5 ft. can be added which extends the fineness ratio to a value
of 6.57. The —basicl fuselage would then have an equivalent flat-plate drag area of about 2.4 ft2



while the extended fuselage would have f = 2.8 fi2. Note that these estimates are based on a
standard drag build-up method outlined in Chapter 1. Very little else about the aircraft is known
at this point. Even the fuselage weight cannot yet be determined since the loads experienced by
the fuselage structure (and therefore the weight of that structure) depend on the maximum weight
of the aircraft. Consequently, the usual next step consists of guessing—experience will often be
invoked at this time in order to guess values within reason. The objective of the succeeding
sizing exercise is to refine the design to optimal values of the parameters, originally guessed, but
now selected with conviction. The first guess to be made is of the aircraft design gross weight

(GW).



UNIT- T | Aret '

. gl W?W[? ﬁi;% i i, Bl
LLV\/‘ = 5 ;
o R O
m.vwb \Moumca/ /Wi::' i , 0\’/\7\\5\:4‘\4) \A);/\/\j ond tand WVW,
@shw\bz;" iy s wu\ox?);km: Y“;:\:T ::‘;’ WWMU}/ :
Jcm\/w Boes \UV”CU“'}Q B W/ esfimald 1oy,

Tnin chofftr  Covos  ackecing s M\Tv%\,wwj,%a;\jmwf»}.

Atsp ) Selechen
, s hpEl takeoff , Lomdiingy dintomsy,
Lall speed, qu} uskilies | pasoibparaic ROt
Reuu«dn\} , the low - Spee m[),a«]/j ciowl;e/‘mak‘m?, PJM/LWMV\WY)A
Arfpor] Geeaneb :

' A

- whot
PEy a Y £ -
e 7 e S I - Py \\
7% ——— Ny A —i iR i -
=7 (2 y - P \\J‘ ] b i
- o D - \
< by ‘__r,r.—f:\‘ - ) BLeA > U
; b Cink S kel 1 5 el &
= ’ e 0 W\/}( it K v wabvllen
CIe * BT —- -
\ W il <
1

- The oot of The dil i defed bgoa leadig- sadines .
L The AmE o m%l wm :;A Tm/v;by:/;y:
o Thee dlowell S s oxwvw‘l e Shadght e jren; e Lg o'TE,
4o b .

UIWW/—[‘”” wppess

= Combn
[t

> Meeo W['W,HM

[owtr /54»»6«01/&
An Mﬁqg VS (= e d MWW/M she Enersrans ”d/g,,dg{,,_, (Wﬁep,li
AN W/ wll= & (emitomns— [orsitr fs " P
4 /54/\}7/1}&» neto 20 Undth — Corwbtsed

afye)
1 b e distonnte /-’ﬂm vpper W‘f“w o

Jo Az vmeen Comdbes iz

M. Joprtl ~




T o) Anleenes vbie @) afeas fo e wagimam i
of s W/\Jb«mg Anide_d )W& Wt Ched
o) L™ ot prog

f//‘: . e ) ! 1 i >
\\\ | A i . N
4 | A\\ \“‘ ‘ | X ; 2 , ,»;‘ T~ .
”)//K\\\\AK;:\\ R 28 =i I

SR \/v,/\,l?; 5 ,“.\\) : EREE

>

Jp> L1 3 |

¥ " ;|

SRS ' e B
LB o E e

isveante. A y P b vd e | - = -; L A

I —

‘ : e W‘c&f b o ),,,/,/ Hre chm‘uJ

4 % A
Cryon /\Hm )

Crlentetion op  LfF ond W?-w—%o Vgt .

2 = p =

3 : i =~ \ =

5 == P . A i i
TN ; —~ |

= - « TR g < ) . \.

= N - = . vv y
. !
’ ; E

Vet SGlbtratded Lo

_}(/j)(,( ¢ f«fc,\ Weel  \lg ors .

L 3e = 3~ . =
c T o

V\')W/ C«- C;’ZM [m,\ft
| '2"{)\/')/. d/vzrvumm}\(, \Fymv\/»c_

x - ovsgle ° ~Shade | Mm’f?\‘c«ﬂ e

: e = g L s

BCl Cx o gbc,)}a e}m "\/\_/b)( C [

> . 6 bt

1\




k] Channiiaobis ot o S et T ! ©
ity vwdtter T S e F
| wis Lo T

e s Yoo vl e Lo 1
e ;

m ( j

sanV
+ e 07
9 ! \0. (KLY
(s
T [
g, J ¢ (oo
™ & Gl polar
M gvil § .
= v X C&{
i .
X




The o laaft— Aol A be MW A fhat I cﬁeﬂj/)o [EM/ 'CMWW
+o M{m@/& A WWC e W L}Wldg, . |
aAr ov k’nﬁ* MW)ML:/)/ e A Lerce! «F&‘JW )

/|

|

A /. 1
‘ 7 "lb)

E :_?):va/ a W g - e " r
ok é«f,«‘c{\«f Liviecs vmthoomer ' W dectoones (\/\JW)} o lanie

Chody & Staq o deiige g Coefpoinmt, g, Shtd Mov  decsesse

e

?,/{» b )

:
- 4
WS S AT E8SG  6 = o E]
Ly

g 4P ad hael e 4/041’? Lk:alh‘-ﬁd&

o 4 x v, veloalg” ', . (ows dovem dhe
G ey g ecname (e 2

S_ii‘,l Tl clhodm hasudies ?\A/‘/y om {NV/])%”}M'{/W ‘W szm/

.,gycrfctj@’o, B‘) 5_4\19 MV\T 1‘/\/) ,)/‘)"’(/‘N\‘AB W/ W ﬂ/’tj/lﬁ/ﬂ’{b/

3
«exLVJ,—,‘//,\ Weﬁé—n A7) /LH/ s 2xlibilF o \/‘éciM”LoM
of [21/1/ d\,uv\?wz [N i
L prgeery % M.
This effeer duse o e difpesnt “hgpe o ondert A
dhnlf e L’“‘M chap- i Antdndendt Y 4 LWJ//\/W» e
= o Har  bownd (g eg™ g
WWWWM"“W‘Q A P
o Tharrst - WW& M(WWW 2/7# /\M%] 1Z e
Hakcens? (odosot 6—147.), Mne ;/HW MM“ Aol Mas YWIE

M4 [5) otrali . ol 5 w
- Vu»ﬂ% \;&W}ﬁbfﬁ/w flew W il - W%g

of Malie sk Fonttadies aJmett 'WY»W\_UUI\—[&%«
"l}‘?/\ﬂ’[\ AmCpnen ﬁf\'\f\p {L’t/c) s B e cl” P%cd‘vn d,u\?/_ M R muy)
T, tall et Hes, Chuctial werght.

c




Wiy Geomebny

e ’Y? M C (4”fﬂ1)9591d0\/) WNZ VB dhe  bastic LNLZ jemwﬂ“w}
Too)

g - RL[IZ,UMLL vvvv@ Mo
C - chord

Ao Agpeck e = b=
’L/c' W{m) Initenews velie

)\f’Yo»Fum\'fuekf_‘{c_

b/gyanp h-
G ™ L5 £ om Bt
JRWITSS) P L

—— ‘Ai'\'('rap’ CQ/vwaAW

dom [ g) = Ao

U+n
N — Gg,) (111—:; ]

\ ~—’>
e

!

Cherd \© )

& ng\omw'w)
e OA—IGM’MWMC)




~ g - , -
T Mutkness  polile afferts e 'M% L‘LW/ Shall effect upen rmasAﬁfz.@

AR S Fa g "
| \
N NC< B =
[0} I
’l ~ bU XK K
0:F \\\ 6
| ~__ niach 00%X
T i R o T~
o = e

W 0: | & = * \
9 l\) \’1\
’ g \‘[.7\‘
N ¥
h’lw[‘ X K / |
ol < ; |
Ty J 0T r‘ / ‘
- b [ } |
& “
10 \g
0,06 7T (;
035 e
|
| |
S E s e s S | IS (3 ' |
o 53 lo 76 e 0 1 2 L
) y. Desigr Macl nunb
i 3 ; p 3 te .
( L G‘Tk‘k/() B moki s L\SY J‘h\(‘&\]CM ey O i Goric< | e \,J .
",Qpe/)ii-)-dls

y “Hhar = '\. “: |
Torilung l4e Leadnpedge T A i |

RS o

I D | ERSE )
Sl < % eham
S am oA 3 -
& binlele e~

2 — —_——

A |
E,
& ==
(—\f‘\" =i = =
———

i
e pors ﬁ{,’/f r .
! { . r
- X et ﬂ 5
Lo v l" :
< |
oy | ‘\
‘ \ — =i BY
\ e

—————
(|
{
2
T
\

i il Alwvj ;M J
pl lulf\j Mowoii |l ¢ gl d\;}??mh



B PR .

| Up Nehes
bkl \Maq/» B s e pearctho oport b oo am equa‘ Aves

. D owA .
W“ﬁ V»\V::\q a Low A2 Tkt Ale ot O Hag w/ij/ O»H,ec-lr&% ‘?\}
) X 2 / E NS a Low R W _
Mo A by 38 Lew o Wigh AW e g
‘ 1
‘ \ e L—

‘ T oTe R .

21—
Cpe G gHECe

| \

N‘)\" A

eﬁfethob L oen L\ty_'

Teake

v RNV e
wwvzr N \ e\Wp ¢
Aﬂ‘ﬁ ’b’?b\r\\?v'«w) Yo tq?ﬁﬂ'v?‘\ﬁwbl_—mm %

’)MWWY 4‘? Gall annd Ao
Jtmm‘wv’\ Wwwb

je woed Ao

L. 2 'll/V\('_A‘dJ’/\/\Cﬂ_,,
PR T s acbual  chonge b
M

MW‘\—L:»\ W‘,\W’Yl/\’a)etk o S .

e

. e ¥ ’\A,P Ma/k\'\\ el n V\Lyim&
o . A w4 e MWM"O)?{W]
WS") W\,\W Qne&e——dﬂwﬂ) CM
( ; ]

to \oe WM%OL&Y ’

WS Son4 kh— i
b & “ g Cshell w
L,\M) o N =% VS]} i'\jI wastly  was \r\,c\,\,\r*/ C"emv\'
M Wewnhouh ot C’HP
k/\/\)p )

LD =
" —

.
{>9v )




Hevo e Lol i e ot behveem O(L__D Wv(b ol om ol
% ML;O O(rm ka 0”"1\7?’1[

. : s ’Q’Uu/\
i Hpediral W‘y’zﬁﬂ‘( o ed /awm havk o Lp, e MW s

\ ¥ h gm\«_l .
ok Oew%c el @ \ - MWWCMXY,
n ‘/\/\/\\,\7 W*H,, No /‘TQ/E’V\/\,QH{( —MQ‘“} Covy
IAMQ% L\mw\)

Lunis i

A { ¢} oo\’ OV:ZI ‘ /{VN’P Nﬁrﬂ'
- prrde ) O

Tokal M WfW W7g

ijbu

Wl \\q inidesmuCe

\ low 1sm_

- r\/\/agéﬂ»7 wo€et

—> Moawhdpnones P
—7 Corg / R ki hﬁxy ;gg\,kﬁi}/vv:c

' S
" ke poprre

,Lvo”bttm

5 gt bl (o p@;‘: y {: B

— NWI‘J fyx meym ool

2 Jfroclnge diideq wds oo
Bt} MMWJ fr P”‘”Ymﬂ

—

2 Lowr CWMJ’WWV n CN“?)/O ~




) m{u' 9‘;42«?

T Aivengl Com be Siged Fixed size '”“3‘"“" W) fiyed evgine
ki Cogiss S3jing
Wergg + W

Aood
He® P“jwc. s kr-“') = ot (l" %)
el ,f( ) \ °) we ©
2.[. { %{M t“

Wrw

Pagleesy :"’YY“* bved ewplly
L W, = W, + i
Mi’ d"‘""‘? + w\w-l 'f(—\—‘u/:)'\&!o :

Eunngly < biatqnt frocban ey
‘f*""’t’ﬁ_".f-l; ') (aww p. )k o)A c§ >ku | _‘wjd/

ks, = Vohiahla Swinp Comgbond = 1,04 i NoMelda Sweap
= leo Tt PBrtd Swosp
,(—,m\d&-—-

k’)-‘a-r\ow A k“/) wO) \, ko Pl
L e

. Tl
e B, it B

-

A
il ot s g
i
6:1"’_"‘_"._—_1—1'*’)‘1 P Ml ed 1 @

W
s Y =

o

Cliwb owd Accchnnts W

12}

\.006% — 0.0 M\ GMW(}

. ]
_,EL— = 0.49] —0-00FM — o.ogu“( §u1>o~4mc)




Chuise wy b - KC o
i W/H e‘srtm\ i )e,l}/>
whi & } Um
i ”PLV\ h) W\w LA
d oo CAlE ond (/M’Eﬁ/ L= L
Mvv\7 / F e cv
D@
iy LS
ik ‘/:;}/ i @"’F L/D (g k)
p\/f ry C "’E\]C
- MP\«ELLM% imﬂ/’%)
D =
Wiy 15) 7 5D

Lo =Pl Hppens [onl Bubef
Comabt WRGED ikl W‘“Vu’ ¥
_HWMM M TRARSCS ¢ \

// Cevne— o~ A,W W

by . - o

B e LIV e e i

Wiy T R,\)‘,ff —n«wb’rw

QW WMW%WM.OﬁW/ m,dwiév%ayi,
Combak(d) st be C% s 15 total numben of wadioms T
'L'\T N R

owon 90

Ty

, e L
O T e T T TW
" = Lﬁ i @XLD) NEN e s ML W(L“*"“‘

(W
W s@rww \%7 Wil mog amoi\ele Ll

\5) =~ g Cro )
W
g e
Londn \ qay”
Wswv %7; 0.940 *0 0948

W e
y -t




4 (V] e

)

W= e (weighh o bened cmtum/)

7 N - AO»C{, e""?(/‘lf\—iﬂ

669"’\'\6{3{( gﬂ‘{/«'v\?
Foclage » e Ak dnluoy il s beer eslmnated | v fpoclag e,

enee e \)/MQAT \,vw?ﬁ—/éh‘mwsz NMWVM(MDLP//’ epry)

s seahxd Cﬂvfﬁd‘;/ N 00.5)

e \U\Aafﬁ-
' ! . T Fosaelasg
Lf) Protlems (hetos M’FW’““}'Z s
%4’&,6/‘% Lot = W
e B

ol udowe Corfpind”

Tow| QWC‘HAM L L V\{{
$itl sl ot siitbiind Lt] Aluan o

flocee
CvT LT £ oo e SHT . o >

LS d Volwne coeffieiind
W

| g 84
\Am) e (y%‘ub/d/

BT Cw SW/LHT




(tomabic Sing | el =
Vfgu\wu, (Lefv\%\dedjw’) '
et W?O Contoamnes | e @A—‘mn«ﬁh
O n sopisee = Mo T )
The Sge of Har thew WMMW s MP““M N e Arerafh
Wwarth ‘A?’V‘z ’zrwvvrt WMIMM ,WM'/ Pﬂvﬁ‘/\j'/v A‘}?CMzH’} ;b—)
Ueondd be deSqmed ot oo fo fonh wambens |

Crew OVWLVMJ\’MM LW@*HA Cred  wapwatoths
<o W 4
130 2
v 2
YM(%‘
2 xakall
\j DLQ'\IQ‘K'S’;AJ/

The mangle beheens e hovigocta) dine ook e PlobE e detemy
Jo e P/arml’ o Mz LM—(]L\ZM’" Weior adbchahon 8 callad overmoise W‘ﬁ(“'(b(wmw';

5 (24 o B
9 - S "D' ) ‘%\Z b4d DaN@v\’f 2 |1= Arc B2
Sl T [ e i)

o MW Aﬁ\ﬁ% Aat }mfmdyj i gw 0{ e FBSMJ’/RO{?#O @'b_%ﬂ»ub
jptey. Mo NS wrnimlipale) Fank: e, R e A T
ameont faﬁ'e\uﬂmme w,\?u,. '

q ! Ao Hr V‘F{M—Q wﬁ-T\J‘

s yaeya) A *«J\Lwﬂj Mo/\jw fe e T Taad
%W Volurnn onqprtiad to hotd o fued  lan be Aoerld 10 Wfﬁ?:;wym
WacMVW— vododle— W lpcadvons wm ~Hre Wﬁ\f,wjd@

[t wotd . ; y
W»W(%M Tt aiveraddS ) mm«JA T/WJ Wﬁgfr) %H::bb!
ot o Apiinddly mManufatturcd tatlimin pgnded o A BisAea G0 porkey
| e W-y\«nm) Wt Cavities

— Bladdes fued ok [ mads o of Mw).%cu, z“‘ybop vk e,
W Hhe M’ ‘Wcmb& made 4o be/“%—'scaf&? 'WW
i the evenh o untembalalle, enemy [

i o bodsy) PIS
5 Tohequal | Lo\ s dabogral parkojthe maano ' ohs Seal o fosm e heods
= Hoprooni= gihaschupe thol 000 ogans | g wong Spavs, Bui




e e A I | ®
ot A will be desym SoergSop
ot of A nfiguisio? o kel 98 T,

Loyal  aps oswell vy A %th'o

fuakont @
Avrmbor D(T gy mn g — FWFU .
(om be MM | teMed

i e k) Hageud
: detwiled  Ahen )
L b
The wboard PJ\,«MJ/ W o

Ve MW o~ MO\U\A Mre

MWAM LW')W ' hmb{,o/r\ MM/M ;V\lmw\kﬁf
\ b d s "’ ' |

Cornc Lo&fxa‘ E lmk\r\,:_,a b e o v*j

o) P oirerefh e

4w wehhod of lopHnay ware woed i D-vs mwatag

Mo ConiC
(emasdered ot ndiltenat pened i e Methemabcal (st knove 0 Ak

S o Sy . . - 7’/”4
I s -
o g

— A uld e Ay 4,5, cusies “thal™ tane he ﬁ,af)m/&jzd ‘ ‘
sie GF Aoqupnes a[, frau/w oALES to adnians— o«éwv"ﬂ:
w-seclon and (V\/\?hﬂ[l‘:\"ﬁ-’!~ ; | . W
Ci T doesn phowide & Unifus meﬁ/ WM?M b i
de. o creals new CW*W b fequases g TTONWET ety éﬂ'ui #‘Mj A
F. /Cj“'/& {5"" Mg Corile d Mfdw(ﬁn. ps QW/ACLA'GM ek "‘“'7()
il e Conbik e of/fﬁ,u— ««ﬁnrz\w'



ks P Aond B e Aoy ®

> mgke a FV\VWEAMQMI ":”"‘W

: WJMCD‘/ ot €. i
e l}ﬁ/N}FW"DYMm‘M W At 2 ("b/ww_d'm fmdfs
4o vneek As ‘yv\J—a , Now Cowmecet '8’

— Droww a [ uth Wn; lLUACe ”\,\7
4o Aral ?nww"“ The lnae sk e R, BS oA Cmma/f”M—p A porwk> om
mw»w wl argle-

U

e ihdons] bl I
K\'W/g ok (ornehS , ABCS Po‘mH m
Ames  Sechves o il/vom")




;o s

HTERWY oA \DM P%f\Az@ 4o Selee) e SkMM fOMt—-[S) Tl l/OCafb/;V\X 4)1/ 4{,\),
Shautds< print€ (3) ton b difficth o Cen'r] | |
o 3 \ ] fginldes e _{Wd,cf/& '{;O‘C)
w) Choak Lo eethes frp Sciwzh/b ( < P’Wﬂ
- cwmjm’wz (el dpo ﬁn”( Ohsudd esA— J’”W W lyveeo (Cf)

Seeho0 i Gedhon B MD;}L’/
|

, ,,ﬂ |




s O e B it ol
:: COMTDOM cwwalinae 4 l\v\»\«]')v{"W‘J/ o~ ,,a,iwrwkf kﬂ/@mu\‘tm N
Covupomi A S e— CW/JW s exighemi of Wu, Conahris— m all

5 e urm/lymp( of Oevaw WW

Ll e ball
A ”M/Xw/ hon' no W(/\N//WOM wmo%m,w,
”\W X Cnimed bd T e i e dppien. 40, w&mﬁ«ww«‘th
 orne daetlvn & Aaid fo be " flal= wonpped .
; F'VL&LW tn A Patial L"H’d«e{y&/\i

Koo o oed o

D P v e n
chwwo pastlom ‘W W a0 e Qe Ao ylug‘duz MQ\/‘??’W‘ i
ot ER: T Wl dude o Lapumenic ik approri wafely
A e B b, wad  akfain remdar ’Z'Ai\{:(/ Al dna g fenl fate.

A

C/;‘YC\,L“.’PSTW
OMW Lehmo A-FH ‘
o fabnep Com e aktoind fpa drclite equein adaplt L S
Mae AMPYU” . 1 imbaalotion r \IMQA gepb/(v\lm'h
%%M
The— e o I = WWM (oot (e W (Cenic LWMMJ
Fues Awurvth W?@,bmk ComeBmes tae  definibion demtates .
féﬁwwaé(—b)\cbfou;;mfm k,vw(’l\-jﬂ/ ,‘/S/bobe W:’WWIE[,WM
A}g&}wﬂ/ P Wﬁfﬂ']/ W»z,c‘f’tal Lh@u\}k\l/ bmbv/{ {;)/\{\-P/f {«ﬁ'\J’Vv" w/u*“f)
it Ao (uamed Lon ol bner b/o\mywkowzu_,

roodtn ived (b cam toe ool e A

ettt .
>t bt mw qWWW’f poadislive
WM’@“’ %WW)& Vu//?‘uﬂ'a sobonidi i ks Enow E\:MLP 3

bl (erme™) +o
e, - buttook, —flame s




- &

i LM%@AJ—M otman. Aok o () Lapes W(U,

Cntanp, dihadnal | A -
R Ly = B L
_ 82 e g 0 '
b=[AS G b(w%) “r i
t=2)¢ JRSa 1y 422
S 1 l S Tey)

Wi lotsoors  pakth vespeek 49 M
hm/LoW 7 ,\,\WA—W\—JJ:—.TMM;C o - UN\C) e_,_—-é),———j}é—fj(:j
L Shable, vidbilo vt comluspepadty A

wr U l/ko\»’?L uantl #ae €W\91/ S | Y
Ao, cond Grdimsion o fuelege <oy

4y 40 Y. %”~/.ea iC .

ol
Y
! i ]

‘Taﬂ h"“f ¥
M defpnet Ao Mo i 4
s
m e Yty i AR FWJNM e 3







wetles Are=  Delesmmmaltion
Bl

= R
\K%WWWM
v

o 4 N o '
W Y00 Swer = 27002 gy 200 S ’Q’/rpvm("’:’%f

- T 144/(/A*“?ZA“‘4¢} | O‘”[ﬂe\] |
\—fl

I 7 TR




wles Ares  Dhetmnatiog

TG

£

W% 4008 Bk = B0t S } i aner £ = ﬁ’ﬂm[maaf

fpis ] B hocy, R




W) Drben  athamgevnent !
- pooshy defpned  Anoadl Com ames Mo floww ¢ epaslor, pire o
Aoontimic o 'g e oo .
3 g ¥ — Lowk 4 Eliphe L

- /7ooh WM* of M\?’k\mcfﬂe camne Lyl A&h‘louﬁ;w\
- Mintmigdion of welles Ares i A rsth powtsfed] aerodepamic Centid thaitioms
weHod Ares. X Spwn bmfc’(fzﬂ b?h},

B T s N gl
C - . :";W:/I,: 10- 12" M Aximur P’TCVM _th)

sl L /gcjpvwf//v;“” ovnd
/TCE,,/, jﬁk/]’j Teduces PTog /ww%/

AR
Mapimnue

R

SsM radins Comers .
L“’M’ﬂ"?{\ ('lsobw‘v — Comstond” W«“‘”‘”‘} .
- chock s ana fPrvedt gyt TP of “’”N(T dato ‘ |
HAL \lc‘outa/ whide X PMMUJM/ 4o wwmj uﬁe)g swaapng Ahe W
Cakcs  Hnrn valou‘(li 4o be Alower, SMWW g delaged.
- Teobona one hmes  Covmectn }‘Lﬁ/,w ol Lonna premRe .
Wiing Suwesesp X o bosck wpe —1wwﬂ§www»¢

2 eobar W o,
“'.'5»- A = A;:Wwf :

Hae Wreoved \[Am)(?

Potiyre pbak

¢ & Sweap with pew(r' yool ™™

\\/5,»0‘>¢\h/(vv\% A

g / : ey vool.
off (eimer, due 39 Mg Choue WW'%\; MM/
e A s G b€ e . et S QKW
sl e B WV%TLW

/ g Anienp neas o Joool] EWM'L . g
ot m appronch, vic Afeu‘ajL} deigned p.ﬁrrﬂ/f fo g A pramie pesk Ny

neak M nete [ajrt\sv‘\‘ pW‘yW,LMQ nose yadink, kwwf Wwwew




() Supersonic Asea ke
. MMLJ, o g Kuporuinic beace bzm?(pyw W?/sz 'fa/dwci).
, beaaunse i ha i 7,”74 Vofurma

. Contk —Hoack bod'}/ hos e lovrest— pooni 134
dusfobidien -

“ Qupertonic anginls ™

De&gn S5 ot Wene bmrw?,

() Losprebiom dighe
Ay body Ahape wudl Greals Lhote  tspres ol Snpeiomac fpeds ab” e e,
2 WW} shace— tohase the  (yoAis— Aechm 4 vy .
5
- By Pl““’”ﬁf%’ﬂ' : rbrve Athene Lhotrs W prahie bevuatt”
O B e A Qr“,u tabed Ul s grotucad

) lood pothS .
e : abn Anuthoal  inpadzof He
* Good onpawinkim Aessqnen will  Gens
W nq & ot gL Hhe
ff ”‘W wrw M’GW

- PRy 'k@“m Iy oo hestinedoms

%/{ dx&\mbwbw
bre e m i )

Lvomn y 5. . Hbmfw"’
\jm . ‘””%y

7w SCKhden aﬁjei»y l




Lw\q{’YM

U()Cﬂ'?m\;r HVVL% Lhruwthafe !

¥ llf)/‘r e produces Hemerdent Ew&“/"‘ﬂ

M Anak F\,\nefa—érc

\70)( Ca\ﬂ'\»‘a*ﬂ/\f"e"‘g“

%

<

“w\(’,-{w’e'ﬂ 4 Of

R,

,/ )
@4___/ —F
pemdrp B




empen velemdeleomomie pobasuy thaxprus oo
G\U/‘O stelleFe
/ N
MY/’tDMY ‘7’1/\}-4/\/ . | |
WW o i 0%44/\;/ tﬂ@/w\} Me1 AL Vb Zsn bacrvd ﬂp&fwﬂ
| Fen

IR Ve 4 fet

e i e peed TE preices
wlrigd flo pnd plorpp Cloud <y o
PV W fot” ohscure P ?/flﬂl«/ 199
— Reing WY wm‘g\;, s “WM




AR A T e

Tﬁ'{i mﬁ’m}/ﬁ Biindshnk
T |l

T'w:_[_ AfMMgzwme -&fp’» g/ril’) Kﬂtb’uiﬁ?




UNIT 3
PROPULSION AND FUEL SYSTEM INTEGRATION, LANDING GEAR AND
SUBSYSTEMS

3.1 ENGINE PERFORMANCE:

As a rule, engine performance (thrust or power and fuel flow vs altitude and Mach number)
should be determined using engine decks provided by the engine manufacturer. If these are not
available, calculations based on thermodynamic and gas-dynamic analysis can be used. The
guidelines given in Chapter 5 are limited, but can be used if other information is not available.
One new type of engine which has been tested but which has never been in production is the
convertiblel engine. This power plant can act as both turbo-shaft and turbofan. The conversion
between them is enacted through a series of clutches and shutters. As a rule of thumb, the thrust
available under a set of atmospheric and operating conditions is approximately 1.2 times the
available horsepower (i.e., T (lbs) = 1.2 (Ib/hp) x hp). Thus the thrust-specific fuel consumption
becomes the power-specific fuel consumption divided by 1.2. (Thrust-specific fuel consumption
has units of Ibs fuel/ Ib-hr.)

The landing gear in aviation is the structure that supports an aircraft on the ground and allows it
to taxi, takeoff and to land. It is a complex structure capable of reaching the largest local loads on
the aircraft. In one brief moment, the landing gear must make the best of returning the aircraft
from its natural environment to hostile environment-the earth.

3.2 TYPES OF LANDING GEARS:
The basic types of landing gear are:
1) Triangulated
2) Trailing link or levered
3) Cantilever
4) Articulated S
5) Oleo-pneumatic

Retraction
actuator

Axle bean fold and
compensanng .‘.Cl‘.i.'zi(‘l’\


http://en.wikipedia.org/wiki/Aviation
http://en.wikipedia.org/wiki/Aircraft
http://en.wikipedia.org/wiki/Taxiing

3.3 PURPOSE:
The purpose of landing gear is
1) To provide smooth ride and steering the aircraft on taxiing
2) To absorb kinetic shocks during landing touchdown
3) To stop the aircraft with wheel brakes during runway operation
4) Provide adequate tail down angle for takeoff rotation &
5) To provide the stable support while ground parking

3.4 LOCATION OF LANDING GEARS ON THE AIRCRAFT:

Main gear is located at the best position for structural pick up. It is located depending on the
stability criteria i.e. if the wing span is long then main gear is located on the wings, if the
wing span is less it is located on the fuselage. the main gear tires cannot be selected until the
static load has been determined, and to do this nose landing gear must be selected. It should
be place as far as possible to minimize its load, minimize elevator power required for takeoff
minimize main gear load for maximum retardation during braking, maximize flotation, and
maximize stability. Conversely, the load should not be too light either, in that event steering
would be difficult. The static and dynamic loads acting are calculated using the following
formulae.

Let W= maximum gross weight

Maximum static main gear load (per strut)=W (F-M) / 2F

Maximum static nose gear load=W (F-L) / F

Minimum static nose gear load=W (F-N) / F

Maximum braking nose gear load=Max. Static load + 10H W / 32.2 F (With 10 ft/sec?
deceleration)

If the minimum static nose is too gear load small, the nose gear must be moved aft or the
main gear must be moved aft. If the maximum static nose gear load is too high, the reverse
procedure must be used i.e., move the nose gear forward or move the main gear forward.
Hence, it is necessary to move both nose and main gear to obtain a satisfactory overall
compromise in the overall loading.
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UNIT 4
BASELINE DESIGN- AERODYNAMICS AND PROPULSION, STRUCTURES,
WEIGHT AND BALANCES

4.1 LIFT TO DRAG RATIO:

There are several parameters that are fundamental to understanding performance. These
parameters do not necessarily improve our understanding of how or why airplanes fly but are
a useful aid to understand airplane performance. The most important aerodynamic parameter
is the lift-to-drag ratio, often referred to as L over D and written L/D. Anyone interested in
airplanes has likely heard these words at one time or another. The L/D combines lift and drag
into a single number that can be thought of as the airplane’s efficiency for flight. Since lift
and drag are both forces, L/D has no dimensions. A higher value of L/D means that the
airplane is producing lift more efficiently.
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Fig 4.1 Increase in no of passengers carried

4.2 AERODYNAMIC FORCES ON A WING:

Lift is the force that holds an aircraft in the air. How is lift generated? There are many
explanations and a bit of controversy on this subject. Many of the common explanations given
for how airplanes or birds attain lift are incorrect or misleading. There are two accepted
descriptions, namely, the Bernoulli and Newton positions, which arise from the Bernoulli
equation and Newton‘s second law. Both are discussed in this section, and you will see that both
explanations have merit. The Bernoulli equation describes lift as generated by a pressure
difference across the wing, and Newton‘s position states that lift is the reaction force on a body
caused by deflecting a flow of gas. A body moving through a fluid generates a force by the



pressure variation around the body. Turning a moving fluid also generates a force on a solid
body, although you must be careful to consider the flow turning on both surfaces of an airfoil, for
otherwise an incorrect theory results.

The dynamic wing is a lifting surface that generates lift as a reaction to the airflow passing over
it. Lift L signifies aerodynamic forces perpendicular to velocity v, or free stream (often written
as voo, while drag D represents aerodynamic forces parallel to the free stream. The angle at
which the chord c of the airfoil moves in relation to the free stream is known as the angle of
attack a.

Lift and drag are seen to —actl through the quarter chord, or c/4, of an airfoil.

The lift (and drag) of a given airfoil shape can be complex to calculate due to the multiple factors
involved, such as airfoil geometry, flow speed, and flow type.

The non dimensional lift and drag terms are called the coefficient of lift and drag, respectively.
The lift coefficient and the drag coefficient are

D

Cp :
? Vs

Note that rv2 has units of pressure [(kg/m3)(m2/s2) N/m2]. As in buoyancy, lift is still a

pressure difference, but here it reveals the pressure above and below a lifting surface such as a
wing. This pressure rv2 is called dynamic pressure and is represented by the symbol g.

A

o

v

Fig 4.2 Aerofoil section with lift and drag forces depicted through quarter chord point



4.3 V-n DIAGRAM:

Load Factor

‘ . o, :  Maneuver 7
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Fig 4.3 V-n Diagram

4.4 MANEUVER DIAGRAM:

This diagram illustrates the variation in load factor with airspeed for maneuvers. At low
speeds the maximum load factor is constrained by aircraft maximum C.. At higher speeds the
maneuver load factor may be restricted as specified by FAR Part 25.

The maximum maneuver load factor is usually +2.5 . If the airplane weighs less than 50,000 Ibs.,
however, the load factor must be given by: n= 2.1 + 24,000 / (W+10,000) n need not be greater
than 3.8. This is the required maneuver load factor at all speeds up to V., unless the maximum
achievable load factor is limited by stall.

The negative value of n is -1.0 at speeds up to V. decreasing linearly to 0 at Vp. Maximum
elevator deflection at V5 and pitch rates from V4 to Vp must also be considered.

4.5 GUST DIAGRAM:
Loads associated with vertical gusts must also be evaluated over the range of speeds.

The FAR's describe the calculation of these loads in some detail. Here is a summary of the
method for constructing the V-n diagram. Because some of the speeds (e.g. Vg) are determined
by the gust loads, the process may be iterative. Be careful to consider the alternative
specifications for speeds such as V.



The gust load may be computed from the expression given in FAR Part 25. This formula is
the result of considering a vertical gust of specified speed and computing the resulting change
in lift. The associated incremental load factor is then multiplied by a load alleviation factor
that accounts primarily for the aircraft dynamics in a gust.

4.6 MATERIAL SELECTION:
The basic question is how do we go about selecting a material for a given part? This may seem
like a very complicated process until we realize than we are often restrained by choices we have
already made. For example, if different parts have to interact then material choice becomes
limited. When we talk about choosing materials for a component, we take into account many
different factors. These factors can be broken down into the following areas.
1) Material Properties
a) The expected level of performance from the material
2) Material Cost and Availability.
a) Material must be priced appropriately (not cheap but right)
b) Material must be available (better to have multiple sources)
3) Processing
a) Must consider how to make the part,
b) for example: Casting, Machining, Welding
4) Environment
a) The effect that the service environment has on the part
b) The effect the part has on the environment
c) The effect that processing has on the environment
5) Kinds of Materials.
a) lron
b) Aluminum
c) Copper
d) Magnesium
e) Composites
f) Ceramics
g) Glass
h) Semi-conductors
i) Structural ceramics (SiN, SiC)
j) Refractory Composites
k) Polymers
[) Rubber
m) Plastics



UNIT 5
BASELINE DESIGN- STABILITY AND CONTROL, PERFORMANCE AND
CONSTRAINY ANALYSIS

5.1 INTRODUCTION:
The final design of horizontal and vertical tails requires calculation of the dynamic stability

and response of the airplane in cases like:
(a) Different flight conditions
(b) Different weights and c.g. locations and
(c) Possible variations in configuration.
The topics dealt with in this chapter are based on the following two observations.
1) For conventional subsonic airplanes, if the airplane has adequate level of static stability,
then it would have reasonable dynamic stability.
2) If the areas of the control surfaces are adequate to trim the airplane (i.e. bring the
moments about the three airplane axes to zero) in certain critical conditions, then the
airplane would have reasonable level of controllability.

5.2 NEUTRAL POINT:

It is known that the c.g. of the airplane moves during the flight. Further, the contribution of
wing to Cma depends sensitively on the location of the c.g. When the c.g. moves aft, xcg
increases and the wing contribution becomes less and less negative or more and more positive.

There is a c.g. location at which (Cma)stick-fixed becomes zero. This location of c.g. is called
the stick-fixed neutral point. In this case, the airplane is neutrally stable. The location of the
neutral point can be obtained by putting Cma = 0.

It is noted that the contribution of tail to (Cma)) changes when the stick is fixed or free. It may be
recalled, from course on stability analysis, that in stick-free case, the elevator is free to move
about its hinge.

5.3: PERFORMANCE ESTIMATION:

After carrying out the stability analysis, the major dimensions of the airplane have been
arrived at. This will enable preparation of the revised three view drawing. Using this drawing
and the flight conditions, a drag polar of the airplane can be estimated.

The performance analysis includes the following:

1) The variation of stalling speed (Vs) at various altitudes
2) Variations with altitude of maximum speed (Vmax) and minimum speed from power
output consideration (Vmin) power. The minimum speed of the airplane at an altitude



3)

4)

5)

6)

will be the higher of Vs and (Vmin) power. The maximum speed and minimum speed
will decide the flight envelope.

Variations with altitude of the maximum rate of climb ((R/C)max) and maximum angle
of climb (ymax) ; the flight being treated as steady climb. Variations with altitude of
V(R/C)max and Vymax. To arrive at these quantities choose a set of altitudes and at
each of these altitudes, obtain the R/C and y at different flight velocities. From the plot
of (R/C)max vs. h, the values of absolute ceiling and service ceiling can be obtained. At
absolute ceiling (R/C)max is zero and at service ceiling (R/C)max is 30 m/min. For
multi-engined airplanes, the rate of climb with one engine inoperative must satisfy the
airworthiness regulations.

To arrive at the cruising speed and altitude, choose a range of altitudes around the
cruising altitude mentioned in the specifications. At each of these altitudes obtain the
range in constant velocity flights choosing different velocities. The information on
appropriate values of specific fuel consumption (SFC) can be obtained from the engine
charts. The values of range obtained at different speeds and altitudes be plotted as range
vs velocity curves with altitude as parameter. Draw an envelope of this curves.The
altitude and velocity at which the range is maximum can be considered as the cruising
speed (Vcruise) and cruising altitude (hcruise). These curves also give information
about the range of flight speeds and altitudes around Vcruise and hcruise at which near
optimum performance is obtained.

The maximum rate of turn (max y ) and the minimum radius of turn (rmin) in steady
level turn depend on the thrust available,CLmax and the permissible load factor (hnmax).
The value of CLmax used here is that without the flaps. For high speed airplanes the
value of C Lmax depends also on Mach number. The value of nmax depends on the
weight and the type of airplane. Choose a set of altitudes and at each of these altitudes
obtain the values of Vy max and Vrmin. From plots of these quantitics obtain
variations, with altitude, of rmin, and Vrmin.

Take - off run and take - off distance: During take-off an airplane accelerates on the
ground. For an airplane with nose wheel type of landing gear, around a speed of 85% of
the take-off speed, the pilot pulls the stick back. Then, the airplane attains the angle of
attack corresponding to take-off and the airplane leaves the ground. The point at which
the main wheels leave the ground is called the unstick point and the distance from the
start of take-off point to the unstick point is called the ground run. After the unstick, the
airplane goes along a curved path as lift is more than the weight. This phase of take-off
is called transition at the end of which the airplane climbs along a straight line. The
take-off phase is said to be over when the airplane attains screen height which is
generally 15 m above the ground. The horizontal distance from the start of the take off
to the where the airplane attains screen height is called take off distance (Fig.3.4). The
take off run and the take-off distance can be estimated by writing down equations of
motion in different phases.



7) Landing Distance: The landing flight begins when the airplane is at the screen height at a
velocity called the approach speed. During the approach phase the airplane descends
along a flight path of about 3 degrees. Subsequently the flight path becomes horizontal in
the phase called _flare‘. In this phase the pilot also tries to touch the ground gently. The
point where the main wheels touch the ground is called touchdown point. Subsequent to
touch down, the airplane rolls along the ground for about 3 seconds during which the
nose wheel touches the ground. This phase is called free roll. After this phase the brakes
are applied and the airplane comes to halt. In some airplanes, thrust in the reverse
direction is produced by changing the direction of jet exhaust or by reversible pitch
propeller. In some airplanes, the drag is increased by speed brakes, spoilers or parachutes.
For airplanes which land on the deck of the ship, an arresting gear is employed to reduce
the landing distance. The horizontal distance from the start of approach at screen height
till the airplane comes to rest is called landing distance.

5.4 BALANCED FIELD LENGTH:

It is the length of the run way required from, consideration of safety in the event of engine
failure. If the engine fails soon after the aircraft begins to roll, the pilot can stop the airplane
without difficulty. If the engine fails when the airplane is near the unstick point, then he should
not have difficulty in completing the take-off. The speed of the airplane, during take-off, at
which the distance to stop after an engine failure equals the distance to continue the takeoff on
the remaining engine (s) is called a decision speed. The balanced field length is the take-off
distance to clear the screen height when one engine fails at the decision speed. Subsection 4.8.1
can be referred to for estimating the balance field length.

Remarks:

1) The landing distance is considerably affected by piloting techniques. To take into
account the uncertainty, the landing distance is multiplied by 1.67 to get the
FAR/EASA(European Air Safety Agency) landing distance.

2) Take-off and landing distance calculations are repeated assuming different altitudes of
air fields and different atmospheric conditions e.g. A + 200 C i.e. the sea level
temperature is 350 C instead of 150 C in the standard atmosphere.

5.5 GENERAL REMARKS ON PERFORMANCE ESTIMATION:
5.5.1 OPERATING ENVELOPE:

The maximum speed and minimum speed can be calculated from the level flight analysis.
However, the attainment of maximum speed may be limited by other considerations. The
operating envelope for an airplane is the range of flight speeds permissible at different altitudes.

5.5.2 ENERGY HEIGHT TECHNIQUE FOR CLIMB PERFORMANCE:
The analysis of a steady climb shows that the velocity corresponding to maximum rate of
climb (V(R/C) max) increases with altitude. Consequently, climb with (R/C) max involves



acceleration and the rate of climb will actually be lower than that given by the steady climb
analysis. This is because a part of the engine output would be used to increase the Kinetic
energy.

Secondly, the aim of the climb is to start from velocity near Vtake-off and at htake-off and
attain a velocity near VVcruise at hcruise.

5.5.3 RANGE PERFORMANCE:

For commercial airplanes the range performance is of paramount importance. Hence,
range performance with different amounts of payload and fuel on board the airplane, needs to
be worked out. In this context the following three limitations should to be considered.

a) MAXIMUM PAYLOAD:
The number of seats and the size of the cargo compartment are limited. Hence maximum
payload capacity is limited.

b) MAXIMUM FUEL.:
The size of the fuel tanks depends on the space in the wing and the fuselage to store the
fuel. Hence, there is limit on the maximum amount of fuel that can be carried by the
airplane.

c) MAXIMUM TAKE-OFF WEIGHT:
The airplane structure is designed for a certain load factor and maximum takeoff weight.



5.6 CASE STUDIES AND DESIGN OF UNIQUE AIRCRAFT CONCEPTS:
56.1DC 1:

Development of the DC-1 can be traced back to the 1931 crash of TWA Flight 599, which
was caused by a Fokker F.10 Trimotor airliner suffering a structural failure of one of its wings,
probably due to water which had over time seeped between the layers of the wood laminate and
dissolved the glue holding the layers together. Following the accident, the Aeronautics Branch of
the U.S. Department of Commerce placed stringent restrictions on the use of wooden wings on
passenger airliners. Boeing developed an answer, the 247, a twin-engined all-metal monoplane
with a retractable undercarriage, but their production capacity was reserved to meet the needs of
United Airlines, part of United Aircraft and Transport Corporation which also owned Boeing.
TWA needed a similar aircraft to respond to competition from the Boeing 247 and they asked
five manufacturers to bid for construction of a three-engined, 12-seat aircraft of all-metal
construction, capable of flying 1,080 mi (1,740 km) at 150 mph (242 km/h). The most
demanding part of the specification was that the airliner would have to be capable of safely
taking off from any airport on TWA's main routes (and in particular Albuquerque, at high
altitude and with severe summer temperatures) with one engine non-functioning.

Fig 5.1 DC 1

Donald Douglas was initially reluctant to participate in the invitation from TWA. He doubted
that there would be a market for 100 aircraft, the number of sales necessary to cover
development costs. Nevertheless, he submitted a design consisting of an all-metal, low-wing,
twin-engined aircraft seating 12 passengers, a crew of two and a flight attendant. The aircraft
exceeded the specifications of TWA even with two engines. It was insulated against noise,
heated, and fully capable of both flying and performing a controlled takeoff or landing on one
engine.



Don Douglas stated in a 1935 article on the DC-2 that the first DC-1 cost $325,000 to design and
build.

5.6.2DC 2:

In the early 1930s, fears about the safety of wooden aircraft structures (responsible for the
crash of a Fokker Trimotor) compelled the American aviation industry to develop all-metal
types. The United Aircraft and Transport Corporation had a monopoly on the Boeing 247; rival
Transcontinental and Western Air issued a specification for an all-metal trimotor.

The Douglas response was more radical. When it flew on July 1, 1933, the prototype DC-1 had a
robust tapered wing, retractable landing gear, and two 690 hp (515 kW) Wright radial engines
driving variable-pitch propellers. It seated 12 passengers.

Fig 5.2 DC 2

TWA accepted the basic design and ordered twenty DC-2s having more powerful engines and a
bit more length, to carry 14 passengers in a 66-inch-wide cabin. The design impressed American
and European airlines and further orders followed. Those for European customers KLM, LOT,
Swissair, CLS and LAPE were assembled by Fokker in the Netherlands after that company
bought a licence from Douglas.Airspeed Ltd. took a similar licence for DC-2s to be delivered in
Britain and assigned the company designation Airspeed AS.23, but although a registration for
one aircraft was reserved none were actually delivered. Another licence was taken by the
Nakajima Aircraft Company in Japan; unlike Fokker and Airspeed, Nakajima built five aircraft
as well as assembling at least one Douglas-built aircraft. A total of 130 civil DC-2s were built
with another 62 for the United States military. In 1935 Don Douglas stated in an article that the
DC-2 cost about $80,000 per aircraft if mass-produced.



5.6.3DC 3:

The designation "DC" stands for "Douglas Commercial”. The DC-3 was the culmination of
a development effort that began after an inquiry from Transcontinental and Western Airlines
(TWA) to Donald Douglas. TWA's rival in transcontinental air service, United Airlines, was
starting service with the Boeing 247 and Boeing refused to sell any 247s to other airlines until
United's order for 60 aircraft had been filled. TWA asked Douglas to design and build an aircraft
to allow TWA to compete with United. Douglas' design, the 1933 DC-1, was promising, and led
to the DC-2 in 1934. The DC-2 was a success, but there was room for improvement.

Fig 5.3 DC 3

The DC-3 resulted from a marathon telephone call from American Airlines CEO C. R. Smith to
Donald Douglas, when Smith persuaded a reluctant Douglas to design a sleeper aircraft based on
the DC-2 to replace American's Curtiss Condor Il biplanes. (The DC-2's cabin was 66 inches
wide, too narrow for side-by-side berths.) Douglas agreed to go ahead with development only
after Smith informed him of American's intention to purchase twenty aircraft. The new aircraft
was engineered by a team led by chief engineer Arthur E. Raymond over the next two years, and
the prototype DST (for Douglas Sleeper Transport) first flew on December 17, 1935 (the 32nd
anniversary of the Wright Brothers' flight at Kitty Hawk). Its cabin was 92 inches wide, and a
version with 21 seats instead of the 14-16 sleeping berths of the DST was given the designation
DC-3. There was no prototype DC-3; the first DC-3 built followed seven DSTs off the
production line and was delivered to American Airlines.

The DC-3 and DST popularized air travel in the United States. Eastbound transcontinental flights
could cross the U.S. in about 15 hours with three refueling stops; westbound trips against the



wind took 17172 hours. A few years earlier such a trip entailed short hops in slower and shorter-
range aircraft during the day, coupled with train travel overnight

A variety of radial engines were available for the DC-3. Early-production civilian aircraft used
Wright R-1820 Cyclone 9s, but later aircraft (and most military versions) used the Pratt &
Whitney R-1830 Twin Wasp which gave better high-altitude and single engine performance.
Three DC-3S Super DC-3s with Pratt & Whitney R-2000 Twin Wasps were built in the late
1940s.



5.6.4 B 47:

The Boeing B-47 Stratojet (company Model 450) was a long range, six-engine, jet-powered
strategic bomber designed to fly at high subsonic speed and at high altitude to avoid enemy
interceptor aircraft. The B-47's primary mission was to drop nuclear bombs on the Soviet Union.
With its engines carried in nacelles under the swept wing, the B-47 was a major innovation in
post-World War 11 combat jet design, and contributed to the development of modern jet airliners.

Fig 5.4 B 47

The B-47 entered service with the United States Air Force's Strategic Air Command (SAC) in
1951. It never saw combat as a bomber, but was a mainstay of SAC's bomber strength during the
late 1950s and early 1960s, and remained in use as a bomber until 1965. It was also adapted to a
number of other missions, including photographic reconnaissance, electronic intelligence and
weather reconnaissance, remaining in service as a reconnaissance platform until 1969 and as a
testbed until 1977.



5.6.5B 707:

The Boeing 707 is a mid-size, long-range, narrow-body four-engine jet airliner built by
Boeing Commercial Airplanes from 1958 to 1979. Its name is commonly pronounced as "Seven
Oh Seven". Versions of the aircraft have a capacity from 140 to 189 passengers and a range of
2,500 to 5,750 nautical miles (4,630 to 10,650 km).

Fig 5.5 B707

Developed as Boeing's first jet airliner, the 707 is a swept-wing design with podded engines.
Although it was not the first jetliner in service, the 707 was the first to be commercially
successful. Dominating passenger air transport in the 1960s and remaining common through the
1970s, the 707 is generally credited with ushering in the Jet Age. It established Boeing as one of
the largest manufacturers of passenger aircraft, and led to the later series of airliners with "7x7"
designations. The later 727, 737, and 757 share elements of the 707's fuselage design.

The 707 was developed from the Boeing 367-80, a prototype jet first flown in 1954. A larger
fuselage cross-section and other modifications resulted in the initial production 707-120,
powered by Pratt & Whitney JT3C turbojet engines, which first flew on December 20, 1957. Pan
American World Airways began regular 707 service on October 26, 1958. Later derivatives
included the shortened long-range 707-138 and the stretched 707-320, both of which entered
service in 1959. A smaller short-range variant, the 720, was introduced in 1960. The 707-420, a
version of the stretched 707 with Rolls-Royce Conway turbofans, debuted in 1960, while Pratt &
Whitney JT3D turbofans debuted on the 707-120B and 707-320B models in 1961 and 1962,
respectively.



The 707 has been used on domestic, transcontinental and transatlantic flights, and for cargo and
military applications. A convertible passenger-freighter model, the 707-320C, entered service in
1963, and passenger 707s have been modified to freighter configurations. Military derivatives
include the E-3 Sentry airborne reconnaissance aircraft and the C-137 Stratoliner VIP transports.
Boeing produced and delivered 1,011 airliners including the smaller 720 series; over 800 military
versions were also produced. There were 10 Boeing 707s in commercial service in July 2013.



5.6.6 GENERAL DYNAMICS F 16:

The General Dynamics (now Lockheed Martin) F-16 Fighting Falcon is a single-engine
multirole fighter aircraft originally developed by General Dynamics for the United States Air
Force (USAF). Designed as an air superiority day fighter, it evolved into a successful all-weather
multirole aircraft. Over 4,500 aircraft have been built since production was approved in 1976.
Although no longer being purchased by the U.S. Air Force, improved versions are still being
built for export customers. In 1993, General Dynamics sold its aircraft manufacturing business to
the Lockheed Corporation, which in turn became part of Lockheed Martin after a 1995 merger
with Martin Marietta.

Fig 5.6 F 16

The Fighting Falcon has key features including a frameless bubble canopy for better visibility,
side-mounted control stick to ease control while maneuvering, a seat reclined 30 degrees to
reduce the effect of g-forces on the pilot, and the first use of a relaxed static stability/fly-by-wire
flight control system helps to make it a nimble aircraft. The F-16 has an internal M61 Vulcan
cannon and 11 locations for mounting weapons and other mission equipment. The F-16's official
name is "Fighting Falcon", but "Viper" is commonly used by its pilots, due to a perceived
resemblance to a viper snake as well as the Battlestar Galactica Colonial Viper starfighter.

In addition to active duty U.S. Air Force, Air Force Reserve Command, and Air National Guard
units, the aircraft is also used by the USAF aerial demonstration team, the U.S. Air Force
Thunderbirds, and as an adversary/aggressor aircraft by the United States Navy. The F-16 has
also been procured to serve in the air forces of 25 other nations.



5.6.7 SR 71 BLACK BIRD:

The Lockheed SR-71 "Blackbird" is a long-range, Mach 3+ strategic reconnaissance
aircraft that was operated by the United States Air Force. It was developed as a black project
from the Lockheed A-12 reconnaissance aircraft in the 1960s by Lockheed and its Skunk Works
division. Renowned American aerospace engineer Clarence "Kelly" Johnson was responsible for
many of the design's innovative concepts. During reconnaissance missions, the SR-71 operated
at high speeds and altitudes to allow it to outrace threats. If a surface-to-air missile launch was
detected, the standard evasive action was simply to accelerate and outfly the missile. The SR-71
was designed to have basic stealth characteristics and served as a precursor to future stealth
aircraft.

Fig 5.7 SR 71 BLACK BIRD

The SR-71 served with the U.S. Air Force from 1964 to 1998. A total of 32 aircraft were built;
12 were lost in accidents, but none lost to enemy action. The SR-71 has been given several
nicknames, including Blackbird and Habu. Since 1976, it has held the world record for the fastest
air-breathing manned aircraft, a record previously held by the YF-12.



5.6.8 NORTHROP GRUMMAN B2 STEALTH BOMBER:

The Northrop (later Northrop Grumman) B-2 Spirit, also known as the Stealth Bomber, is
an American heavy strategic bomber, featuring low observable stealth technology designed for
penetrating dense anti-aircraft defenses; it is able to deploy both conventional and thermonuclear
weapons. The bomber has a crew of two and can drop up to eighty 500 Ib (230 kg)-class (Mk 82)
JDAM Global Positioning System-guided bombs, or sixteen 2,400 Ib (1,100 kg) B83 nuclear
bombs. The B-2 is the only known aircraft that can carry large air-to-surface standoff weapons in
a stealth configuration.

Fig 5.8 NORTHROP GRUMMAN B2 STEALTH BOMBER

Development originally started under the "Advanced Technology Bomber" (ATB) project during
the Carter administration, and its performance was one of his reasons for the cancellation of the
supersonic B-1A bomber. ATB continued during the Reagan administration, but worries about
delays in its introduction led to the reinstatement of the B-1 program as well. Program costs rose
throughout development. Designed and manufactured by Northrop Grumman, the cost of each
aircraft averaged US$737 million (in 1997 dollars). Total procurement costs averaged $929
million per aircraft, which includes spare parts, equipment, retrofitting, and software support.
The total program cost including development, engineering and testing, averaged $2.1 billion per
aircraft in 1997.



Because of its considerable capital and operating costs, the project was controversial in the U.S.
Congress and among the Joint Chiefs of Staff. The winding-down of the Cold War in the latter
portion of the 1980s dramatically reduced the need for the aircraft, which was designed with the
intention of penetrating Soviet airspace and attacking high-value targets. During the late 1980s
and 1990s, Congress slashed plans to purchase 132 bombers to 21. In 2008, a B-2 was destroyed
in a crash shortly after takeoff, though the crew ejected safely. A total of 20 B-2s remain in
service with the United States Air Force, which plans to operate the B-2 until 2058.

The B-2 is capable of all-altitude attack missions up to 50,000 feet (15,000 m), with a range of
more than 6,000 nautical miles (11,000 km) on internal fuel and over 10,000 nautical miles
(19,000 km) with one mid air refueling. Though originally designed primarily as a nuclear
bomber, it was first used in combat dropping conventional ordnance in the Kosovo War in 1999
and saw further service in Iraq and Afghanistan.



