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OBJECTIVES: 

An understanding and experience of design of an aerospace system, mission, or vehicle and 

Identifying Engineering Problems 

 

UNIT-I     REQUIREMENTS OF FLIGHT VEHICLE:  

Type, role, mission.Payload, performance and other requirements. Study of comparable aircraft - 

principal design and constructional and performance. Data collection and statistical analysis. 

 

UNIT-II    CONCEPTUAL SKETCH AND FIRST ESTIMATE OF WEIGHT  

Conceptual sketch of candidate design- alternative configurations. First estimate of take off 

weight.Airfoil and wing geometry selection. Estimate of thrust to weight ratio and wing loading. 

 

UNIT-III   FUSELAGE AND CONTROL SURFACES  

Sizing of Fuselage and control surfaces. And drawing of the configuration. Weight balance 

 

UNIT-IV PERFORMANCE AND STABILITY ESTIMATE  

Performance and stability estimate. Load estimates-Air load distribution on the wing. Preliminary 

structural Layout. 

 

UNIT-VFLIGHT CONTROL SYSTEM 

Flight control system, Landing Gear and subsystem, Propulsion and Fuel system integration, Air 

pressurization and air conditioning system, Electrical & Avionic system        
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Sl. 

No. 
No. of Periods Topics to be Covered Support Materials 

UNIT – I : REQUIREMENTS OF FLIGHT VEHICLE 

1.  1 Introduction to the course  

2.  
1 Types of Flight Vehicles T [1] ,R [1] ,R [2]  

3.  
1 Classifications based on role, mission and Payload  T [1] ,R [1] ,R [2]  

4.  
1 Flight performance and other requirements. T [1] ,R [1] ,R [2]  

5.  
1 Study of comparable aircraft  T [1] ,R [1] ,R [2]  

6.  
2 Principal design  T [1] ,R [1] ,R [2]  

7.  
1 Constructional performance.  T [1] ,R [1] ,R [2]  

 

8.  
1 Data collection  T [1] ,T [2] ] ,R [1]  

9.  
1 Statistical analysis. T [1] ,T [2] ] ,R [1]  

Total No. of Hours Planned for Unit - I 10 

   
Sl. 

No. 
No. of Periods Topics to be Covered Support Materials 

UNIT – II : CONCEPTUAL SKETCH AND FIRST ESTIMATE OF WEIGHT 

10.  
1 

Conceptual Design Process 
T [3] ,R [1] ,R [2]  
 

11.  1 Sizing from a Conceptual Sketch T [3] ,R [1] ,R [2]  

12.  1 Configuration Layout T [3] ,R [1] ,R [2]  
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13.  1 Special Considerations in Configuration Layout  

14.  1 Alternative configurations T [3] ,R [1] ,R [2]  

15.  1 First estimate of takeoff weight T [3] ,R [1] ,R [2]  

16.  1 Airfoil geometry selection T [3] ,R [1] ,R [2]  

17.  1 Wing geometry selection T [3] ,R [1] ,R [2]  

18.  1 Estimate of thrust to weight ratio T [3] ,R [1] ,R [2]  

19.  1   Wing loading. T [3] ,R [1] ,R [2]  

Total No. of Hours Planned for Unit - II 9 

 
Sl. 

No. 
No. of Periods Topics to be Covered Support Materials 

UNIT – III : FUSELAGE AND CONTROL SURFACES 

20.  
1 Sizing of Fuselage T [3] ,R [1] ,R [2]  

21.  1 Crew Station, Passengers, and Payload considerations T [3] ,R [1] ,R [2]  

22.  1  T [3] ,R [1] ,R [2]  

23.  1  T [3] ,R [1] ,R [2]  

24.  1 Sizing of control surfaces T [3] ,R [1] ,R [2]  

25.  1 Final configuration diagram. T [3] ,R [1] ,R [2]  

26.  1 Structures and Loads T [3] ,R [1] ,R [2]  

27.  1 Aircraft Weights T [3] ,R [1] ,R [2]  

28.  1 Weight balance T [3] ,R [1] ,R [2]  

Total No. of Hours Planned for Unit - III 9 

 
Sl. 

No. 
No. of Periods Topics to be Covered Support Materials 

UNIT – IV : PERFORMANCE AND STABILITY ESTIMATE 

29.  
1 

Performance estimate for Aircraft 
T [3] ,R [1] ,R [2]  

30.  1 Aerodynamics of Aircraft T [3] ,R [1] ,R [2]  

31.  1 Propulsion System of Aircraft T [3] ,R [1] ,R [2]  

32.  1 Performance Measures of Merit T [3] ,R [1] ,R [2]  

33.  1 Stability estimate for Aircraft T [3] ,R [1] ,R [2]  

34.  
1 Handling Qualities T [3] ,R [1] ,R [2]  

35.  1 Load estimates- T [3] ,R [1] ,R [2]  

36.  1 Air load distribution on the wing.  T [3] ,R [1] ,R [2]  

37.  1 Preliminary structural Layout. T [3] ,R [1] ,R [2]  

Total No. of Hours Planned for Unit - IV 9 

  
Sl. 

No. 
No. of Periods Topics to be Covered Support Materials 



UNIT – V : FLIGHT CONTROL SYSTEM 

38.  
1 

Flight control system Design 
T [3] ,R [1] ,R [2]  

39.  1 Propulsion and Fuel System Integration T [3] ,R [1] ,R [2]  

40.  1 Landing Gear  T [3] ,R [1] ,R [2]  

41.  1 Landing Gear Subsystems T [3] ,R [1] ,R [2]  

42.  1 Air pressurization System T [1], T [2], R [1] 

43.  1 Air conditioning system T [1], T [2], R [1] 

44.  1 Electrical System T [1], T [2], R [1] 

45.  
1 Avionics system        T [1], T [2], R [1] 

46.  1 Conceptual Design Examples T [1], T [2], R [1] 

47.  1 Previous Year Question paper Discussion  

Total No. of Hours Planned for Unit - V 9+1 
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UNIT I 

Introduction 

Design 
 
 Design is the creation of a plan or convention for the construction of an object, 

system or measurable human interaction (as in architectural blueprints, engineering 

drawings, business processes, circuit diagrams, and sewing patterns). Design has 

different connotations in different fields (see design disciplines below). In some cases, 

the direct construction of an object (as in pottery, engineering, management, coding, 

and graphic design) is also considered to use design thinking. 

 

 Another definition for design is "a roadmap or a strategic approach for someone 

to achieve a unique expectation. It defines the specifications, plans, parameters, costs, 

activities, processes and how and what to do within legal, political, social, 

environmental, safety and economic constraints in achieving that objective." 

 

 

Aircraft design process 

 The aircraft design process is the engineering design process by 

which aircraft are designed. These depend on many factors such as 

customer and manufacturer demand, safety protocols, physical and 

economic constraints etc. For some types of aircraft the design process is 

regulated by national airworthiness authorities. This article deals with 

powered aircraft such as airplanes and helicopter designs. 

 

 Aircraft design is a compromise between many competing factors 

and constraints and accounts for existing designs and market requirements 

to produce the best aircraft. 



• 1 Design constraints 

o 1.1 Purpose 

o 1.2 Aircraft regulations 

o 1.3 Financial factors and market 

o 1.4 Environmental factors 

o 1.5 Safety 

• 2 Design optimization 

• 3 Computer-aided design of aircraft 

• 4 Design aspects 

o 4.1 Wing design 

o 4.2 Fuselage 

o 4.3 Propulsion 

o 4.4 Weight 

o 4.5 Structure 

• 5 Design process and simulation 

o 5.1 Conceptual Design 

o 5.2 Preliminary design phase 

o 5.3 Detail design phase 

• 6 Program development 

o 6.1 Re-engine 

o 6.2 Fuselage stretch 

 

 

 

 

 

 

https://en.wikipedia.org/wiki/Aircraft_design_process#Design_constraints
https://en.wikipedia.org/wiki/Aircraft_design_process#Purpose
https://en.wikipedia.org/wiki/Aircraft_design_process#Aircraft_regulations
https://en.wikipedia.org/wiki/Aircraft_design_process#Financial_factors_and_market
https://en.wikipedia.org/wiki/Aircraft_design_process#Environmental_factors
https://en.wikipedia.org/wiki/Aircraft_design_process#Safety
https://en.wikipedia.org/wiki/Aircraft_design_process#Design_optimization
https://en.wikipedia.org/wiki/Aircraft_design_process#Computer-aided_design_of_aircraft
https://en.wikipedia.org/wiki/Aircraft_design_process#Design_aspects
https://en.wikipedia.org/wiki/Aircraft_design_process#Wing_design
https://en.wikipedia.org/wiki/Aircraft_design_process#Fuselage
https://en.wikipedia.org/wiki/Aircraft_design_process#Propulsion
https://en.wikipedia.org/wiki/Aircraft_design_process#Weight
https://en.wikipedia.org/wiki/Aircraft_design_process#Structure
https://en.wikipedia.org/wiki/Aircraft_design_process#Design_process_and_simulation
https://en.wikipedia.org/wiki/Aircraft_design_process#Conceptual_Design
https://en.wikipedia.org/wiki/Aircraft_design_process#Preliminary_design_phase
https://en.wikipedia.org/wiki/Aircraft_design_process#Detail_design_phase
https://en.wikipedia.org/wiki/Aircraft_design_process#Program_development
https://en.wikipedia.org/wiki/Aircraft_design_process#Re-engine
https://en.wikipedia.org/wiki/Aircraft_design_process#Fuselage_stretch


Flight performance and other requirements. 

 
These requirements set up numerical values for the main performance 

characteristics of the designed airplane.  

These are usually  

• Flight velocity and altitude,  

• Design range,  

• Rate of climb, Steady Climbing and Descending Flight . . 

• Level Turning Flight 

• Gliding Flight 

• Operating Envelope 

• Take-off and landing characteristics,  

• Design and operating g-loads (load factor) 

• Other Fighter Performance Measures of Merit 

 

The numerical values of performance characteristics should be based on statistics 

and take into account the forecasted development for such airplane type.  

It can be aided by making diagrams that show the relations between parameters: 

velocity - range, flight altitude - range and etc., and also diagrams that show the 

change of performance characteristics for prototype airplanes according to their 

time of production.  

The forecasting of parameter values should be executed by finding the trend 

functions and their extrapolation for the next few years.  

For PR the numerical values of each performance parameter should be set up 

within the range "from-to", or below the upper limit "no more than", or above the 

lower limit "no less than". It‟s not recommended to set up the certain value for a 

parameter.  

 

 



Topics to be considered 
 

1. Introduction to aerodynamics 

2. Atmosphere through which aircraft flies 

3. Useful equations 

4. Airflow behavior past a body; viscosity and boundary layer concepts 

introduced to explain drag 

5. Aircraft motion and the forces acting on it 

6. Aerofoil definition and classification 

7. Definition of relevant aerodynamic coefficients (e.g., CL, CD) 

8. Lift generation, aerodynamic center, and center of pressure 

9. Types of stall 

10. Comparison of aerofoils and selection of appropriate choice 

11. Introduction to high-lift devices 

12. Transonic effects (area rule) 

13. Wing aerodynamics (3D geometry) 

14. Aspect ratio correction (2D to 3D) 

15. Wing planform reference area definition, dihedral angle 

16. Mean aerodynamic chord 

17. Compressibility effect 

18. Wing stall and twist 

19. Influence of wing area and span on aerodynamics 

20. Finalizing wing design parameters 

21. Empennage, tail volume definition, canard 

22. Fuselage 

23. Undercarriage  

24. Nacelle and intake 

25. Speed and dive brakes 
 

 

 

 

 

 



Various types of aircraft configurations. 

 

 

 

 

 

 



 

 



 

 



 

 

Requirements for Military Aircrafts. 

Military aircraft, any type of aircraft that has been adapted for military use. 

Aircraft have been a fundamental part of military power since the mid-20th 

century. Generally speaking, all military aircraft fall into one of the following 

categories: fighters, which secure control of essential airspaces by driving off or 

destroying enemy aircraft; bombers, which are larger, heavier, and less-

maneuverable craft designed to attack surface targets with bombs or missiles; 

ground-support, or attack, aircraft, which operate at lower altitudes than 

bombers and air-superiority fighters and attack tanks, troop formations, and other 

ground targets; transport and cargo planes, big-bodied craft with large amounts of 

interior space for carrying weapons, equipment, supplies, and troops over moderate 

or long distances; helicopters, which are rotary-winged aircraft used for ground 

support, for transporting assault troops, and for short-distance transport and 

https://www.britannica.com/technology/fighter-aircraft
https://www.britannica.com/technology/attack-aircraft
https://www.britannica.com/technology/fighter-aircraft
https://www.britannica.com/technology/helicopter


surveillance; and unmanned aerial vehicles, which are remotely controlled or 

autonomously guided aircraft that carry sensors, target designators, electronic 

transmitters, and even offensive weapons. 

 

Combat aircraft 

Combat aircraft, or "Warplanes", are divided broadly into multi-

role, fighters, bombers, attackers, and electronic warfare support. 

Variations exist between them, including fighter-bombers, such as the MiG-

23 ground-attack aircraft and the Soviet Ilyushin Il-2 Sturmovik. Also included 

among combat aircraft are long-range maritime patrol aircraft, such as the Hawker 

Siddeley Nimrod and the S-3 Viking that are often equipped to attack with anti-

ship missiles and anti-submarine weapons. 

Fighter aircraft 
 

The primary role of fighters is destroying enemy aircraft in air-to-air combat, as 

part of both offensive and defensive counter air operations. Many fighters also 

possess a degree of ground attack capability, allowing them to perform surface 

attack and close air support missions. In addition to their counter air duties they are 

tasked to perform escort mission for bombers or other aircraft. Fighters are capable 

of carrying a variety of weapons, including machine guns, cannons, rockets, guided 

missiles, and bombs. Many modern fighters can attack enemy fighters from a great 

distance, before the enemy even sees or detects them. Examples of fighters include 

the F-22 Raptor, F-15 Eagle, and Su-27. 

 

https://www.britannica.com/technology/unmanned-aerial-vehicle
https://en.wikipedia.org/wiki/Electronic_warfare
https://en.wikipedia.org/wiki/Fighter-bomber
https://en.wikipedia.org/wiki/Mikoyan-Gurevich_MiG-23
https://en.wikipedia.org/wiki/Mikoyan-Gurevich_MiG-23
https://en.wikipedia.org/wiki/Ground-attack_aircraft
https://en.wikipedia.org/wiki/Ilyushin_Il-2
https://en.wikipedia.org/wiki/Maritime_patrol_aircraft
https://en.wikipedia.org/wiki/Hawker_Siddeley_Nimrod
https://en.wikipedia.org/wiki/Hawker_Siddeley_Nimrod
https://en.wikipedia.org/wiki/S-3_Viking
https://en.wikipedia.org/wiki/Anti-ship_missile
https://en.wikipedia.org/wiki/Anti-ship_missile
https://en.wikipedia.org/wiki/Anti-submarine_warfare
https://en.wikipedia.org/wiki/Rocket_(weapon)
https://en.wikipedia.org/wiki/F-22_Raptor
https://en.wikipedia.org/wiki/F-15_Eagle
https://en.wikipedia.org/wiki/Su-27


Bomber aircraft 

 
Bombers are normally larger, heavier, and less maneuverable than fighter aircraft. 

They are capable of carrying large payloads of bombs, torpedoes or cruise missiles. 

Bombers are used almost exclusively for ground attacks and not fast or agile 

enough to take on enemy fighters head-to-head. A few have a single engine and 

require one pilot to operate and others have two or more engines and require crews 

of two or more. A limited number of bombers, such as the B-2 Spirit, have stealth 

capabilities that keep them from being detected by enemy radar. An example of a 

conventional modern bomber would be the B-52 Stratofortress. An example of a 

World War II bomber would be a B-17 Flying Fortress. Bombers include light 

bombers, medium bombers, heavy bombers, dive bombers, and torpedo bombers. 

Attack aircraft 
 

Attack aircraft can be used to provide support for friendly ground troops. Some are 

able to carry conventional or nuclear weapons far behind enemy lines to strike 

priority ground targets. Attack helicopters attack enemy armor and provide close 

air support for ground troops. An example historical ground-attack aircraft is the 

Soviet Ilyushin Il-2 Shturmovik. Several types of transport airplanes have been 

armed with sideways firing weapons as gunships for ground attack. These include 

the AC-47and AC-130 aircraft. 

 

Electronic warfare aircraft 
An electronic warfare aircraft is a military aircraft equipped for electronic warfare 

(EW) - i.e. degrading the effectiveness of enemy radar and radio systems. They are 

generally modified versions of other pre-existing aircraft. A recent example would 

https://en.wikipedia.org/wiki/B-2_Spirit
https://en.wikipedia.org/wiki/Stealth_aircraft
https://en.wikipedia.org/wiki/B-52_Stratofortress
https://en.wikipedia.org/wiki/B-17_Flying_Fortress
https://en.wikipedia.org/wiki/Light_bomber
https://en.wikipedia.org/wiki/Light_bomber
https://en.wikipedia.org/wiki/Medium_bomber
https://en.wikipedia.org/wiki/Heavy_bomber
https://en.wikipedia.org/wiki/Dive_bomber
https://en.wikipedia.org/wiki/Torpedo_bomber
https://en.wikipedia.org/wiki/Attack_helicopter
https://en.wikipedia.org/wiki/Anti-tank_weapon#Helicopters
https://en.wikipedia.org/wiki/Close_air_support
https://en.wikipedia.org/wiki/Close_air_support
https://en.wikipedia.org/wiki/Ilyushin_Il-2
https://en.wikipedia.org/wiki/Gunship
https://en.wikipedia.org/wiki/AC-47
https://en.wikipedia.org/wiki/AC-130


be the Boeing EA-18G Growler, which is a modified version of the Boeing F/A-

18F Super Hornet. 

 

Maritime patrol aircraft 
A maritime patrol aircraft fixed-wing military aircraft designed to operate for long 

durations over water in maritime patrol roles—in particular anti-submarine, anti-

ship and search and rescue. Some patrol aircraft were designed for this purpose, 

like the Kawasaki P-1. Many others are modified designs of pre-existing aircraft, 

such as the Boeing P-8 Poseidon, which is based on the Boeing 737-800 airliner. 

 

Multirole combat aircraft 

Many combat aircraft today have a multirole ability. Normally only applying to 

fixed-wing aircraft, this term signifies that the plane in question can be a fighter or 

a bomber, depending on what the mission calls for. An example of a multirole 

design is the F-15E Strike Eagle, F/A-18 Hornet, F-35 Lightning II. A World War 

II example would be the P-38 Lightning. 

Non-combat aircraft 

Non-combat roles of military aircraft include search and 

rescue, reconnaissance, observation/surveillance, Airborne Early Warning and 

Control, transport, training, and aerial refueling. 

Many civil aircraft, both fixed wing and rotary wing, have been produced in 

separate models for military use, such as the civilian Douglas DC-3 airliner, which 

became the military C-47 Sky train, and British "Dakota" transport planes, and 

https://en.wikipedia.org/wiki/Boeing_EA-18G_Growler
https://en.wikipedia.org/wiki/Boeing_F/A-18E/F_Super_Hornet
https://en.wikipedia.org/wiki/Boeing_F/A-18E/F_Super_Hornet
https://en.wikipedia.org/wiki/Kawasaki_P-1
https://en.wikipedia.org/wiki/Boeing_P-8_Poseidon
https://en.wikipedia.org/wiki/Boeing_737_Next_Generation
https://en.wikipedia.org/wiki/F-15E_Strike_Eagle
https://en.wikipedia.org/wiki/F/A-18_Hornet
https://en.wikipedia.org/wiki/F-35_Lightning_II
https://en.wikipedia.org/wiki/P-38_Lightning
https://en.wikipedia.org/wiki/Search_and_rescue
https://en.wikipedia.org/wiki/Search_and_rescue
https://en.wikipedia.org/wiki/Aerial_reconnaissance
https://en.wikipedia.org/wiki/Surveillance_aircraft
https://en.wikipedia.org/wiki/Airborne_early_warning_and_control
https://en.wikipedia.org/wiki/Airborne_early_warning_and_control
https://en.wikipedia.org/wiki/Military_transport_aircraft
https://en.wikipedia.org/wiki/Trainer_(aircraft)
https://en.wikipedia.org/wiki/Aerial_refueling
https://en.wikipedia.org/wiki/Douglas_DC-3
https://en.wikipedia.org/wiki/C-47_Skytrain


decades later, the USAF's AC-47 aerial gunships. Even the fabric-covered two-

seat Piper J3 Cub had a military version. Gliders and balloons have also been used 

as military aircraft; for example, balloons were used for observation during 

the American Civil War and during World War I, and military gliders were used 

during World War II to deliver ground troops in airborne assaults. 

 

Military transport aircraft 

Military transport (logistics) aircraft are primarily used to transport troops and war 

supplies. Cargo can be attached to pallets, which are easily loaded, secured for 

flight, and quickly unloaded for delivery. Cargo also may be discharged from 

flying aircraft on parachutes, eliminating the need for landing. Also included in 

this category are aerial tankers; these planes can refuel other aircraft while in 

flight. An example of a transport aircraft is the C-17 Globemaster III. A World 

War II example would be the C-47. An example of a tanker craft would be the KC-

135 Strato tanker. Helicopters and gliders can transport troops and supplies to areas 

where other aircraft would be unable to land. 

Calling a military aircraft a "cargo plane" is incorrect, because military transport 

planes also carry paratroopers and other soldiers. 

 

Airborne early warning and control 

An airborne early warning and control (AEW&C) system is an airborne radar 

system designed to detect aircraft, ships and ground vehicles at long ranges and 

control and command the battle space in an air engagement by directing fighter and 

attack aircraft strikes. AEW&C units are also used to carry out surveillance, 

including over ground targets and frequently perform C2BM (command and 

https://en.wikipedia.org/wiki/USAF
https://en.wikipedia.org/wiki/AC-47
https://en.wikipedia.org/wiki/Piper_J-3
https://en.wikipedia.org/wiki/Military_glider
https://en.wikipedia.org/wiki/American_Civil_War
https://en.wikipedia.org/wiki/World_War_I
https://en.wikipedia.org/wiki/Military_glider
https://en.wikipedia.org/wiki/World_War_II
https://en.wikipedia.org/wiki/Airborne_forces
https://en.wikipedia.org/wiki/Parachute
https://en.wikipedia.org/wiki/List_of_tanker_aircraft_(aerial_refueling)
https://en.wikipedia.org/wiki/In-flight_refueling
https://en.wikipedia.org/wiki/In-flight_refueling
https://en.wikipedia.org/wiki/C-17_Globemaster_III
https://en.wikipedia.org/wiki/C-47
https://en.wikipedia.org/wiki/KC-135_Stratotanker
https://en.wikipedia.org/wiki/KC-135_Stratotanker
https://en.wikipedia.org/wiki/Military_helicopter
https://en.wikipedia.org/wiki/Military_glider
https://en.wikipedia.org/wiki/Paratrooper


control, battle management) functions similar to an Airport Traffic Controller 

given military command over other forces. Used at a high altitude, the radars on 

the aircraft allow the operators to distinguish between friendly and hostile aircraft 

hundreds of miles away. 

AEW&C aircraft are used for both defensive and offensive air operations, and are 

to the NATO and USA forces trained or integrated Air Forces what the Command 

Information Center is to a Navy Warship, plus a highly mobile and powerful radar 

platform. The system is used offensively to direct fighters to their target locations, 

and defensively in order to counterattacks by enemy forces, both air and ground. 

So useful is the advantage of command and control from a high altitude, the United 

States Navy operates AEW&C aircraft off its Supercarriers to augment and protect 

its carrier Command Information Centers (CICs). 

AEW&C is also known by the older terms "airborne early warning" (AEW) and 

"airborne warning and control system" (AWACS) although AWACS is the name 

of a specific system currently used by NATO and the USAF and is often used in 

error to describe similar systems. 

 

Reconnaissance and surveillance aircraft 

Reconnaissance aircraft are primarily used to gather intelligence. They are 

equipped with cameras and other sensors. These aircraft may be specially designed 

or may be modified from a basic fighter or bomber type. This role is increasingly 

being filled by satellites and unmanned aerial vehicles (UAVs). 

Surveillance and observation aircraft use radar and other sensors for battlefield 

surveillance, airspace surveillance, maritime patrol and artillery spotting. They 

include modified civil aircraft designs, moored balloons and UAVs. 

https://en.wikipedia.org/wiki/Boeing_E-3_Sentry
https://en.wikipedia.org/wiki/Satellites
https://en.wikipedia.org/wiki/Unmanned_aerial_vehicles
https://en.wikipedia.org/wiki/Airborne_early_warning
https://en.wikipedia.org/wiki/Maritime_patrol_aircraft


Experimental aircraft 

Experimental aircraft are designed in order to test advanced aerodynamic, 

structural, avionic, or propulsion concepts. These are usually well instrumented, 

with performance data telemetered on radio-frequency data links to ground stations 

located at the test ranges where they are flown. An example of an experimental 

aircraft is the Bristol 188. 

 

Parameters to be considered for the design  

 

https://en.wikipedia.org/wiki/Bristol_188


 

 

 



 

 

 



 

 



 

 

 

 

 

 

 

 

 

 

 



 



 



 



 

 



 

 



 

 

 

 

 

 

 

 



Aircraft based on the wing position and wing geometry 

The wing configuration of a fixed-wing aircraft (including both gliders and 

powered aeroplanes or airplanes) is its arrangement of lifting and related surfaces. 

Aircraft designs are often classified by their wing configuration. For example, 

the Supermarine Spitfire is a conventional low wing cantilever monoplane of 

straight elliptical planform with moderate aspect ratio and slight dihedral. 

Many variations have been tried. Sometimes the distinction between them is 

blurred, for example the wings of many modern combat aircraft may be described 

either as cropped compound deltas with (forwards or backwards) swept trailing 

edge, or as sharply tapered swept wings with large leading edge root extensions (or 

LERX). Some are therefore duplicated here under more than one heading. This is 

particularly so for variable geometry and combined (closed) wing types. 

Most of the configurations described here have flown (if only very briefly) on full-

size aircraft. A few significant theoretical designs are also noted. 

Note on terminology: Most fixed-wing aircraft have left hand and right hand wings 

in a symmetrical arrangement. Strictly, such a pair of wings is called a wing plane 

or just plane. However, in certain situations it is common to refer to a plane as a 

wing, as in "a biplane has two wings", or to refer to the whole thing as a wing, as in 

"a biplane wing has two planes". Where the meaning is clear, this article follows 

common usage, only being more precise where needed to avoid real ambiguity or 

incorrectness. 

 

 

 

https://en.wikipedia.org/wiki/Fixed-wing_aircraft
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Number and position of main planes 

Fixed-wing aircraft can have different numbers of wings: 

Monoplane: one wing plane. Since the 1930s most aeroplanes have been 

monoplanes. The wing may be mounted at various positions relative to 

the fuselage: 

Low wing: mounted near or below the bottom of the fuselage. 

Mid wing: mounted approximately halfway up the fuselage. 

Shoulder wing: mounted on the upper part or "shoulder" of the fuselage, slightly 

below the top of the fuselage. A shoulder wing is sometimes considered a subtype 

of high wing. 

 High wing: mounted on the upper fuselage. When contrasted to the shoulder wing, 

applies to a wing mounted on a projection (such as the cabin roof) above the top of 

the main fuselage. 

Parasol wing: raised clear above the top of the fuselage, typically by cabane struts, 

pylon(s) or pedestal(s). 
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A fixed-wing aircraft may have more than one wing plane, stacked one above 

another: 

• Biplane: two wing planes of similar size, stacked one above the other. The 

biplane is inherently lighter and stronger than a monoplane and was the most 

common configuration until the 1930s. The very first Wright Flyer I was a 

biplane. 

• Unequal-span biplane: a biplane in which one wing (usually the lower) is 

shorter than the other, as on the Curtiss JN-4 Jenny of the First World War. 

• Sesquiplane: literally "one-and-a-half planes" is a type of biplane in which 

the lower wing is significantly smaller than the upper wing, either in span or 

chord or both. The Nieuport 17 of World War I was notably successful. 

• Inverted sesquiplane: has a significantly smaller upper wing. The Fiat 

CR.1 was in production for many years. 

 

 

• Triplane: three planes stacked one above another. Triplanes such as 

the Fokker Dr.I enjoyed a brief period of popularity during the First World 

War due to their manoeuvrability, but were soon replaced by improved 

biplanes. 

• Quadruplane: four planes stacked one above another. A small number of 

the Armstrong Whitworth F.K.10 were built in the First World War but 

never saw service. 
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• Multiplane: many planes, sometimes used to mean more than one or more 

than some arbitrary number. The term is occasionally applied to 

arrangements stacked in tandem as well as vertically. The 1907 Multiplane 

of Horatio Frederick Phillips flew successfully with two hundred wing foils. 

See also the tandem wing, below. 
 

 

A staggered design has the upper wing slightly forward of the lower. Long thought 

to reduce the interference caused by the low pressure air over the lower wing 

mixing with the high pressure air under the upper wing; however the improvement 

is minimal and its primary benefit is to improve access to the fuselage. It is 

common on many successful biplanes and triplanes. Backwards stagger is also 

seen in a few examples such as the Beechcraft Staggerwing. 

 

 

 

A tandem wing design has two wings, one behind the other: see Tailplanes and 

foreplanes below. Some early types had tandem stacks of multiple planes, such as 

the nine-wing Caproni Ca.60 flying boat with three triplane stacks in tandem. 

https://en.wikipedia.org/wiki/Multiplane_(aeronautics)
https://en.wikipedia.org/wiki/Horatio_Frederick_Phillips
https://en.wikipedia.org/wiki/Stagger_(aeronautics)
https://en.wikipedia.org/wiki/Beechcraft_Staggerwing
https://en.wikipedia.org/wiki/Tandem_wing
https://en.wikipedia.org/wiki/Wing_configuration#Tailplanes_and_foreplanes
https://en.wikipedia.org/wiki/Wing_configuration#Tailplanes_and_foreplanes
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A cruciform wing is a set of four individual wings arranged in the shape of a cross. 

The cross may take either of two forms: 

• Wings equally spaced around the cross-section of the fuselage, lying in two 

planes at right angles, as on a typicalmissile. 

• Wings lying together in a single horizontal plane about a vertical axis, as in the 

cruciform rotor wing or X-wing. 
 

 

Wing support 

To support itself a wing has to be rigid and strong and consequently may be heavy. 

By adding external bracing, the weight can be greatly reduced. Originally such 

bracing was always present, but it causes a large amount of drag at higher speeds 

and has not been used for faster designs since the early 1930s. 

The types are: 

• Cantilevered: self-supporting. All the structure is buried under the aerodynamic 

skin, giving a clean appearance with low drag. 

• Braced: the wings are supported by external structural members. Nearly all 

multi-plane designs are braced. Some monoplanes, especially early designs 

such as the Fokker Eindecker, are also braced to save weight. Braced wings are 

of two types: 

https://en.wikipedia.org/wiki/Cruciform_wing
https://en.wikipedia.org/wiki/Wing
https://en.wikipedia.org/wiki/Cross
https://en.wikipedia.org/wiki/Missile
https://en.wikipedia.org/wiki/Cantilever_wing#In_aircraft
https://en.wikipedia.org/wiki/Bracing_(aeronautics)
https://en.wikipedia.org/wiki/Fokker_Eindecker


• Strut braced: one or more stiff struts help to support the wing, as on 

the Fokker D.VII. A strut may act in compression or tension at different 

points in the flight regime. 

• Wire braced: alone (as on the Boeing P-26 Peashooter) or, more usually, in 

addition to struts, tension wires also help to support the wing. Unlike a strut, 

a wire can act only in tension. 
 

 

A braced multiplane may have one or more "bays", which are the compartments 

created by adding interplane struts; the number of bays refers to one side of the 

aircraft's wing panels only. For example, the de Havilland Tiger Moth is a single-

bay biplane where the Bristol F.2 Fighter is a two-bay biplane. 

 

Closed wing: two wing planes are merged or joined structurally at or near the tips 

in some way.[4] This stiffens the structure and can reduce aerodynamic losses at 

the tips. Variants include: 

https://en.wikipedia.org/wiki/Fokker_D.VII
https://en.wikipedia.org/wiki/Boeing_P-26_Peashooter
https://en.wikipedia.org/wiki/De_Havilland_Tiger_Moth
https://en.wikipedia.org/wiki/Bristol_F.2_Fighter
https://en.wikipedia.org/wiki/Closed_wing
https://en.wikipedia.org/wiki/Wing_configuration#cite_note-Kroo-4


• Box wing: upper and lower planes are joined by a vertical fin between their 

tips. The first officially witnessed unaided takeoff and flight, Santos-Dumont´s 

14-bis, used this configuration and some Dunne biplanes were of this type as 

well. Tandem box wings have also been studied (see Joined wing description 

below). 

• Annular box wing: A type of box wing whose vertical fins curve continuously, 

blending smoothly into the wing tips. An early example was the Blériot III, 

which featured two annular wings in tandem. 

• Annular (cylindrical): the wing is shaped like a cylinder. The Coléoptère had 

concentric wing and fuselage. It took off and landed vertically, but never 

achieved transition to horizontal flight. Examples with the wing mounted on top 

of the fuselage have been proposed but never built.  

• Annular (planar): the wing is shaped like a disc with a hole in it. A number 

of Lee-Richards annular monoplanes flew shortly before the First World War.  

• Joined wing: a tandem layout in which the front low wing sweeps back and/or 

the rear high wing sweeps forwards such that they join at or near the tips to 

form a continuous surface in a hollow diamond or triangle shape. The Ligeti 

Stratos is a rare example.  

• Rhomboidal wing: a joined wing consisting of four surfaces in a diamond 

arrangement. The Edwards Rhomboidal biplane of 1911 had both wings in 

the same plane and failed to fly.  
 

https://en.wikipedia.org/wiki/14_bis
https://en.wikipedia.org/wiki/14_bis
https://en.wikipedia.org/wiki/J._W._Dunne#Aircraft
https://en.wikipedia.org/wiki/Bl%C3%A9riot_III
https://en.wikipedia.org/wiki/SNECMA_Col%C3%A9opt%C3%A8re
https://en.wikipedia.org/wiki/Lee-Richards_annular_monoplane
https://en.wikipedia.org/wiki/Edwards_Rhomboidal


 

Aspect ratio 
The aspect ratio is the span divided by the mean or average chord.[9] It is a measure 

of how long and slender the wing appears when seen from above or below. 

• Low aspect ratio: short and stubby wing. More efficient structurally and 

higher instantaneous roll rate. They tend to be used by fighter aircraft, such 

as the Lockheed F-104 Starfighter, and by very high-speed aircraft including 

the North American X-15. 

• Moderate aspect ratio: general-purpose wing, very widely used, for 

example on the Douglas DC-3 transport). 

• High aspect ratio: long and slender wing. More efficient aerodynamically, 

having less induced drag. They tend to be used by high-altitude subsonic 

aircraft such as airliners like the Bombardier Dash 8 and by high-

performance sailplanes such as the Glaser-Dirks DG-500. 
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Measure of Merit for Aircraft Design Process 

 



Future Trends in Civil Aircraft Design. (Journal Reference) 

 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 



 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

UNIT II 

Conceptual Design Process 

 

1) Future demand for airplanes should be assessed with the required number of 

airplanes in the certain time, for example, 5-10 years. This information can be 

found in publication from periodical editions, describing the airplanes of a given 

type, and in review magazines dedicated to international air shows.  
 

2) History of the development should be investigated, and achieved perfection 

degree of a given type of airplanes should be mentioned. The average statistical 

and maximum values of the most important performance parameters, geometric 

and weight parameters, the mileage rating and cost efficiency of these airplanes 

should be given. Also maintenance and operating features - airplane cost, traffic 

handling cost, an airplane life, reliability indexes, comfort ratios and etc. should be 

included.  
 

3) Development prospects should be studied, and changes in main performance 

and relative airplane parameters should be forecasted for the near future. Thus, 

dynamic and static diagrams for the most important prototype parameters should 

be plotted using data from statistic tables; then their trend functions with an 

approximation errors should be figured out and forecasted (extrapolated) parameter 

values should be found [4]. New engineering solutions that are expected to 

improve the value of each parameter should be mentioned.  

 

 

The functional requirements  

These requirements give the general idea for creation of a new airplane. They 

define the airplane type and class, the airplane functions and main parameters and 

characteristics. This group includes the following airplane design properties:  

 

1. Airplane type.  

2. The main tasks fulfilled by an airplane.  

3. The variants of operation for an airplane and its possible modifications.  



4. The content of payload  

5. Airplane crew.  

6. Degree of automation of the main flight stages.  

7. Conditions of stationing, airfield class, runway types.  

8. The equipment necessary for handling freights/payload.  

9. The opportunity for personnel and material airdrops.  

10. The opportunity of autonomous maintenance at unprepared airfield.  

11. Armament.  

12. Mission tactics and combined arms requirements, time to prepare for the next 

sortie  
 

13. ECM and other defense.  

 

The technical requirements 
 

1. High cruise speed.  

2. Time necessary for loading and unloading freights.  

3. The possibility for transportation and air-dropping of light- and mid-weight 

infantry equipment.  

4. Good taking-off and landing performance and the opportunity to operate from 

unpaved runways.  

5. High fuel efficiency.  

6. The opportunity for autonomous maintenance at unprepared airfields.  

7. The convenience of maintenance and repair.  

 

The paired comparison method. 
 

The method contains the following stages. All important requirements are listed in 

random order. Each pair of listed requirements is considered one after another. 

Within the pair requirements are compared. According to this comparison each 



requirement is given a number of points. The scale of points can vary. For 

example, the most important requirement can obtain 2 points, the requirement of 

less importance - 0. 

Considering each pair of requirements one after another, you should give the 

comparative evaluation of importance using the mentioned above three-point scale.  

a) Requirement "1" - Requirement "2".  

 

Decreasing the time of loading and unloading is more important than decreasing 

the time of the cruise flight (achieved by high cruise speed). Thus the requirement 

"2" gets 2 points, the requirement "1" gets 0. 

b) Requirement "1" - Requirement "3".  

The necessity of transportation and air-dropping personnel and equipment is more 

important than the increased flight velocity. Thus, the requirement "3" gets 2 

points; the requirement "1" gets 0.  

c) Requirement "1" - Requirement "7".  

These two requirements are approximately equal in importance, that's why they get 

1 point each. The results are entered in the Table 2.1 after comparing all 

requirements. 

The results of ranking requirements 

 



The ranked results enable to make the list of requirements in the decreasing order 

of their importance.  

1. Time necessary for loading and unloading freights.  

2. Good taking-off and landing performance and the opportunity to operate from 

unpaved runways.  

3. The possibility for transportation and air-dropping of light- and mid-weight 

infantry equipment.  
 

4. The opportunity for autonomous maintenance at unprepared airfields.  

5. The convenience of maintenance and repair.  

6. High fuel efficiency.  

7. High cruise speed.  
 

 

Conceptual System Design 

Definition 

From the perspective of synthesis, system design is nominally comprised of 

conceptual, preliminary, and detail design. Conceptual design is the first and most 

important phase of the system design and development process. It is an early and 

high-level lifecycle activity with potential to establish, commit, and otherwise 

predetermine the function, form, cost, and development schedule of the desired 

system. An appropriate starting point for design at the conceptual level is the 

identification of a problem and associated definition of need. The primary 

responsibility of conceptual design is the selection of a path forward for the design 

and development of a preferred system configuration, which ultimately is 

responsive to the identified customer requirements. A critical first step in the 

implementation of the SE process is to establish this early foundation, as well as to 

require the initial planning and development of a spectrum of manufacturing 

technologies. From an organizational perspective, systems engineering should take 

the lead in the definition of system requirements from the beginning and address 

them from a total integrated lifecycle perspective. 

As the name implies, the outcome of the conceptual design phase is a concept or 

configuration which does not necessarily accompany any details. The requirements 

need for a specific new system first comes into focus during the conceptual design 



process. It is this recognition that initiates the system conceptual design process to 

meet these needs. Then, during the conceptual design of the system, consideration 

should simultaneously be given to its production and support. This gives rise to a 

parallel lifecycle for bringing a manufacturing capability into being. 

Conceptual Design Flowchart 

Throughout the conceptual system design phase (commencing with the need 

analysis), one of the major objectives is to develop and define the specific design-

to requirements for the system as an entry. In general, the following steps must be 

performed during the conceptual design phase: 

1. Identify the problem and translate it into a definition of the need for a system 

that will provide a solution. 

2. Accomplish system planning (e.g., Gantt chart) in response to the identified 

need. 

3. Conduct a feasibility study, making sure the system is practical and leads to the 

details of a technical approach for system design. 

4. Develop system operational requirements describing the functions that the 

system must perform in accomplishing its designated mission. 

5. Propose a production/maintenance plan for sustained support of the system 

throughout its desired lifecycle. 

6. Identify and prioritize technical performance measures (TPMs) and related 

criteria for design. 

7. Perform a system-level functional analysis and allocate requirements to the 

various subsystems. 

8. Formulate needs and generating metrics to evaluate them. 

9. Brainstorm and design a couple of concepts to address the design requirements 

and list their characteristics. 

10. Accomplish trade-off analysis to select the best concept. 

11. Develop a system specification. 

12. Conduct a conceptual design review (CDR). 

13. If the CDR does not confirm the concept, select a new approach and generate 

new concepts. 

 

 



 

 

 



Conceptual Sketch Examples 

Sukhoi Su-35 

 

General characteristics 

• Crew: 1 

• Length: 21.9 m (72 ft 11 in) 

• Wingspan: (with wingtip pods) 15.3 m (50 ft 2 in) 

• Height: 5.9 m (19 ft 5 in) 

• Wing area: 62 m² (667 ft²) 

• Empty weight: 17,200 kg[citation needed] (37,920 lb) 

• Loaded weight: 25,300 kg (56,660 lb) at 50% internal fuel 

• Max. takeoff weight: 34,500 kg (76,060 lb) 

• Fuel capacity: 11,500 kg (25,400 lb) internally 

• Powerplant: 2 × Saturn AL-41F1S afterburning turbofans 

• Dry thrust: 86.3 kN (19,400 lbf) each 

https://en.wikipedia.org/wiki/Wingspan
https://en.wikipedia.org/wiki/Manufacturer%27s_empty_weight
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https://en.wikipedia.org/wiki/Saturn_AL-31
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• Thrust with afterburner: 142 kN (31,900 lbf) each 

Performance 

• Maximum speed:  

• At altitude: Mach 2.25 (2,400 km/h; 1,490 mph) 

• At sea level: Mach 1.13 (1,400 km/h; 870 mph) 

• Range:  

• At altitude: 3,600 km (2,240 mi; 1,940 nmi) 

• At sea level: 1,580 km (980 mi; 850 nmi) 

• Combat radius: around 1,500 km[167] (932 mi; 810 nmi) 

• Ferry range: 4,500 km (2,800 mi; 2,430 nmi) with 2 external fuel tanks 

• Service ceiling: 18,000 m (59,100 ft) 

• Rate of climb: >280 m/s (>55,000 ft/min) 

• Wing loading:  

• With 50% fuel: 408 kg/m² (84.9 lb/ft²) 

• With full internal fuel: 500.8 kg/m² () 

• Thrust/weight: 1.13 at 50% fuel (0.92 with full internal fuel) 

• Maximum g-load: +9 g 

Armament 

• Guns: 1 × internal 30 mm Gryazev-Shipunov GSh-30-1 autocannon with 

150 rounds 

• Hardpoints: 12 hardpoints, consisting of 2 wingtip rails, and 10 wing and 

fuselage stations with a capacity of 8,000 kg (17,630 lb) of ordnance and 

provisions to carry combinations of: 
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Airbus A380 

 

Variant A380-800 

Cockpit crew Two 

seating 
575 Typical, 853 Max 

555: 22F + 96J + 437Y 

Exit limit 868: 538 lower + 330 upper deck 

cargo 175.2 m3 (6,190 cu ft) 

Length 72.72 m (238 ft 7 in) 

Wingspan 79.75 m (261 ft 8 in) 

Height 24.09 m (79 ft 0 in) 

Fuselage Width: 7.14 m (23 ft 5 in) 



Height: 8.41 m (27 ft 7 in) 

Cabin width[373] 
6.50 m (21 ft 4 in) main deck 

5.80 m (19 ft 0 in) upper deck 

Cabin length[373] 
49.9 m (163 ft 9 in) main deck 

44.93 m (147 ft 5 in) upper deck 

Wing[374] 845 m2 (9,100 sq ft), AR 7.53, sweep 33.5° 

MTOW 575 t (1,268,000 lb) 

OEW 277 t (611,000 lb) 

Max. payload 84 t (185,000 lb) 

Fuel capacity 253 983 kg / 559 937 lb 

Engines (4 ×) GP7200 / Trent 900 

Thrust (4 ×) 332.44–356.81 kN (74,740–80,210 lbf) 

MMo[373]
 Mach 0.89 (945 km/h; 511 kn)] 

Cruise speed Mach 0.85 (903 km/h; 488 kn) 

Landing speed 138 kn (256 km/h) 

Takeoff (MTOW, SL, ISA) 3,000 m (9,800 ft) 

Range 14,800 km / 8,000 nmi 

Service ceiling 13,100 m (43,000 ft) 
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Layout of supersonic aircraft and explain the design peculiarities 

Supersonic flight brings with it substantial technical challenges, as the 

aerodynamics of supersonic flight are dramatically different from those of subsonic 

flight (i.e., flight at speeds slower than that of sound). In particular, aerodynamic 

drag rises sharply as the aircraft passes the transonic regime, requiring much 

greater engine power and more streamlined airframes. 

Wings 
To keep drag low, wing span must be limited, which also reduces the aerodynamic 

efficiency when flying slowly. Since a supersonic aircraft must take off and land at 

a relatively slow speed, its aerodynamic design must be a compromise between the 

requirements for both ends of the speed range. 

One approach to resolving this compromise is the use of a variable-geometry wing, 

commonly known as the "swing-wing," which spreads wide for low-speed flight 

and then sweeps sharply, usually backwards, for supersonic flight. However, 

swinging affects the longitudinal trim of the aircraft and the swinging mechanism 

adds weight and cost. 

Heating 
Another problem is the heat generated by friction as the air flows over the aircraft. 

Most supersonic designs use aluminium alloys such as Duralumin, which are cheap 

and easy to work but lose their strength quickly at high temperatures. This limits 

maximum speed to around Mach 2.2. 

Most supersonic aircraft, including many military fighter aircraft, are designed to 

spend most of their flight at subsonic speeds, and only to exceed the speed of 

sound for short periods such as when intercepting an enemy aircraft. A smaller 

number, such as the Lockheed SR-71 Blackbird reconnaissance aircraft and the 

Concorde supersonic airliner, have been designed to cruise continuously at speeds 

above the speed of sound, and with these designs the problems of supersonic flight 

are more severe. 

Engines 
Some early supersonic aircraft, including the first, relied on rocket power to 

provide the necessary thrust, although rockets burn a lot of fuel and so flight times 

were short. Early turbojets were more fuel-efficient but did not have enough thrust 

and some experimental aircraft were fitted with both a turbojet for low-speed flight 

and a rocket engine for supersonic flight. The invention of the afterburner, in 

which extra fuel is burned in the jet exhaust, made these mixed powerplant types 

obsolete. The turbofan engine passes additional cold air around the engine core, 

further increasing its fuel efficiency, and supersonic aircraft today are powered by 

turbofans fitted with afterburners. 
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Supersonic aircraft usually use low bypass turbofans as they have acceptable 

efficiency below the speed of sound as well as above; or if supercruise is 

needed turbojet engines may be desirable as they give less nacelle drag at 

supersonic speeds. The Pratt & Whitney J58 engines of the Lockheed SR-71 

Blackbird operated in 2 ways, taking off and landing as turbojets with no bypass, 

but bypassing some of the compressor air to the afterburner at higher speeds. This 

allowed the Blackbird to fly at over Mach 3, faster than any other production 

aircraft. The heating effect of air friction at these speeds meant that a special fuel 

had to be developed which did not break down in the heat and clog the fuel pipes 

on its way to the burner. 

Another high-speed powerplant is the ramjet. This needs to be flying fairly fast 

before it will work at all. 
 

Transonic flight 
Airflow can speed up or slow down locally at different points over an aircraft. In 

the region around Mach 1, some areas may experience supersonic flow while 

others are subsonic. This regime is called transonic flight. As the aircraft speed 

changes, pressure waves will form or move around. This can affect the trim, 

stability and controllability of the aircraft, and the designer needs to ensure that 

these effects are taken into account at all speeds. 

 

Hypersonic flight 
Flight at speeds above about Mach 5 is often referred to as hypersonic. In this 

region the problems of drag and heating are even more acute. It is difficult to make 

materials which can stand the forces and temperatures generated by air resistance 

at these speeds, and hypersonic flight for any significant length of time has not yet 

been achieved. 

 

Sonic boom 
A sonic boom is the sound associated with the shock waves created whenever an 

object traveling through the air travels faster than the speed of sound. Sonic booms 

generate significant amounts of sound energy, sounding similar to an explosion or 

a thunder clap to the human ear. The crack of a supersonic bullet passing overhead 

or the crack of a bullwhip are examples of a sonic boom in miniature.  

Sonic booms due to large supersonic aircraft can be particularly loud and startling, 

tend to awaken people, and may cause minor damage to some structures. They led 
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to prohibition of routine supersonic flight over land. Although they cannot be 

completely prevented, research suggests that with careful shaping of the vehicle 

the nuisance due to them may be reduced to the point that overland supersonic 

flight may become a practical option. 

 

 

 

 



Thrust-to-weight ratio 

Thrust-to-weight ratio is a dimensionless ratio of thrust to weight of a rocket, jet 

engine, propeller engine, or a vehicle propelled by such an engine that indicates the 

performance of the engine or vehicle. 

The instantaneous thrust-to-weight ratio of a vehicle varies continually during 

operation due to progressive consumption of fuel or propellant and in some cases a 

gravity gradient. The thrust-to-weight ratio based on initial thrust and weight is 

often published and used as a figure of merit for quantitative comparison of the 

initial performance of vehicles. 

Calculation 

The thrust-to-weight ratio can be calculated by dividing the thrust (in SI units – 

in newtons) by the weight (in newtons) of the engine or vehicle. It is a 

dimensionless quantity. Note that the thrust can also be measured in pound-
force (lbf) provided the weight is measured in pounds (lb); the division of these 

two values still gives the numerically correct thrust-to-weight ratio. For valid 

comparison of the initial thrust-to-weight ratio of two or more engines or vehicles, 

thrust must be measured under controlled conditions. 

The thrust-to-weight ratio and wing loading are the two most important parameters 

in determining the performance of an aircraft. For example, the thrust-to-weight 

ratio of a combat aircraft is a good indicator of the maneuverability of the aircraft.  

The thrust-to-weight ratio varies continually during a flight. Thrust varies with 

throttle setting, airspeed, altitude and air temperature. Weight varies with fuel burn 

and changes of payload. For aircraft, the quoted thrust-to-weight ratio is often the 

maximum static thrust at sea-level divided by the maximum takeoff weight. 

 In cruising flight, the thrust-to-weight ratio of an aircraft is the inverse of the lift-

to-drag ratio because thrust is the inverse of drag, and weight is the inverse of lift.  
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Propeller-driven aircraft 
For propeller-driven aircraft, the thrust-to-weight ratio can be calculated as follows: 

 

where  propulsive efficiency is typically 0.8 and V is true airspeed in feet per second. 

Examples 
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Weight groups for a aircraft 

Civil Aircraft 

Structure group (MSTR = MFU + MW + MHT + MVTMN + MPY + MUC + 

MMISC) 

_ Fuselage group (MFU) 

_ Wing group (MW): includes all structural items (e.g., flaps and winglets) 

_ H-tail group (MHT) 

_ V-tail group (MVT) 

_ Nacelle group (MN and MPY) (nacelle and pylon) 

_ Undercarriage group (MUC) 

_ Miscellaneous (MMISC) (e.g., delta wing) 

 

The basic structure of the aircraft – the fuselage shell (seats are listed separately 

under the Furnishing group) is as follows: 

Power plant group (MPP = ME + MTR + MEC + MFS + MOI) (8.7) 

_ Dry-equipped engine (ME) 

_ Thrust reverser (MTR) 

_ Engine control system (MEC) 

_ Fuel system (MFS) 

_ Engine oil system (MOI) 

 

The power plant group comes as a package, with all items dedicated to the power 

plant installation. These are mostly bought-out items supplied by specialists: 

Systems group (MSYS = MECS + MFC + MHP + MELEC + MINS + MAV) (8.8) 

_ Environmental control system (MECS) 

_ Flight-control system (MFC) 



_ Hydraulic and pneumatic system (MHP) (sometimes grouped with other 

systems) 

_ Electrical system (MELEC) 

_ Instrument system (MINS) 

_ Avionics system (MAV) 

 

The systems group includes a variety of equipment, all vendor-supplied, bought-

out items: 

Furnishing group (MFUR = MSEAT + MOX + MPN) (8.9) 

_ Seat, galleys, and other furnishings (MSEAT) 

_ Oxygen system (MOX) 

_ Paint (MPN) 

Most of the weight is in the fuselage, yet the furnishings are itemized under 

different headings. Paint can be quite heavy. A well-painted B737 with airline 

livery can use as much as 75 kg of paint: 

Contingencies (MCONT) 

_ This is a margin to allow unspecific weight growth (MCONT). 

The MEM is the total of the previous twenty-two items. This is the weight of the 

complete aircraft as it comes off the production line to be come airborne for the 

first time. 

 

Add the following items to the MEM to obtain the OEM: 

 

_ Crew: flight and cabin crews (MCREW) 

_ Consumables: food, water, and so forth (MCON) 

 



The OEM is when the aircraft is ready for operation. 

Add the payload and requisite fuel to obtain the MRM. At the takeoff point at the 

edge of the runway, the MRM becomes the MTOM = (MRM – taxi fuel): 

_ Payload (MPL) (passengers at 90 kg per passenger, including baggage) 

_ Fuel (MFUEL) (for the design range, which may not fill all tanks) 

MTOM: The aircraft at the end of the runway is ready for takeoff.  

For civil aircraft, the MTOM is equal to 

(MFU) + (MW) + (MHT) + (MVT) + (MN) + (MPY) + (MUC) + (MMISC) 

+(ME) + (MTR) + (MEC) + (MFS) + (MOI) + (MECS) + (MFC) + (MHP) 

+(MELEC) + (MINS) + (MAV) + (MSEAT) + (MOX) + (MPN) + (MCONT) 

+(MCREW) + (MCONS) + MPL + MFUEL  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Unit III 

Prioritize and explain the factors to be considered for a Fuselage Design. 

Fuselage Design 
Functional Analysis and Design Flowchart 

An early stage in the fuselage design is the functional analysis, which prepares a platform 

for a systematic approach. Depending upon the aircraft type, desired mission, aircraft 

configuration, and type of payload, the function of the fuselage may vary a great deal. 

However, for the majority of aircraft, the fuselage primary function is to accommodate 

the payload. By definition, the payload is the useful load that the aircraft is intended to 

carry. Payload does not basically include pilot, crew, or fuel. Therefore, it mainly 

contains passengers, luggage, and cargo. Therefore, the fuselage is defined as a shell 

containing the payload which must be carried a certain range at a specified speed. The 

payload accommodation must allow for a quick loading before take-off and a rapid 

unloading after landing. In addition, in order to reduce aircraft drag, a few other major 

components and systems – such as landing gear, engine, fuel system, and power 

transmission system – are highly likely to be enclosed by the fuselage. Therefore, for the 

fuselage, a couple of secondary functions are defined as listed in Table  

 
In general, the fuselage is the most suitable aircraft component for housing the pilot 

cockpit, where the best location is the nose. In the case of an airliner, the flight crew and 



other personnel also needs accommodation, which can be considered to be seated in the 

passenger cabin. The human attendants’ (pilot, crew, passengers) accommodation by the 

fuselage must offer protection against climatic factors such as cold, low pressure, and 

very high wind speed. In case of a large engine, the fuselage should also keep the flight 

attendants protected from external noise, such as the engine’s loud noise. The extents of 

comfort which must be provided by the fuselage to the human attendants are specified by 

the regulations and will be described in Section 7.4. 

Another group of secondary functions concerns the non-human items such as 

landing gear, engine, electro-mechanical systems, and fuel tank. For these items, comfort 

is not a requirement. However, each non-human item that fits inside the fuselage requires 

specific requirements that will be discussed in later sections. The secondary requirements 

are not all required for all aircraft; each item is considered if it has been specified in the 

aircraft configuration design phase. 

Other than fuselage functions, there are a few expectations that are recommended to be 

considered during the fuselage design process. The expectations include low weight, low 

drag, contributing positively to the lift generation, external symmetry, and safety against 

environmental hazards such as lightning. The fuselage drag usually contributes 30–50% 

of the aircraft zero-lift drag (CDo). Furthermore, the fuselage may be aerodynamically 

designed such that it provides as much as 50% of the total lift. For instance, in the fighter 

aircraft Mikoyan MIG-29 , about 40% of the total lift is created by the lift generating 

center fuselage. Furthermore, in the reconnaissance aircraft Lockheed SR-71 Blackbird, 

about 30% of the aircraft lift is generated by the fuselage. It is interesting to note that, in 

most General Aviation (GA) and transport aircraft, only as much as about 5% of the 

aircraft lift is produced by the fuselage. 

 

Two major fuselage parameters that must be determined during the design process are: 

(i) fuselage length (Lf) and (ii) maximum diameter (Df). The fuselage configuration as 

well as these two parameters are functions of several design requirements. In general, the 

following are the fuselage design requirements: 

 

Other than fuselage functions, there are a few expectations that are recommended to be 

considered during the fuselage design process. The expectations include low weight, low 

drag, contributing positively to the lift generation, external symmetry, and safety against 

environmental hazards such as lightning. The fuselage drag usually contributes 30–50% 

of the aircraft zero-lift drag (CDo). Furthermore, the fuselage may be aerodynamically 

designed such that it provides as much as 50% of the total lift. For instance, in the fighter 

aircraft Mikoyan MIG-29 , about 40% of the total lift is created by the lift generating 

center fuselage. Furthermore, in the reconnaissance aircraft Lockheed SR-71 Blackbird, 

about 30% of the aircraft lift is generated by the fuselage. It is interesting to note that, in 

most General Aviation (GA) and transport aircraft, only as much as about 5% of the 

aircraft lift is produced by the fuselage. 

 

Two major fuselage parameters that must be determined during the design process are: 



(i) fuselage length (Lf) and (ii) maximum diameter (Df). The fuselage configuration as 

well as these two parameters are functions of several design requirements. In general, the 

following are the fuselage design requirements: 

 

1. accommodation requirement; 

2. operational and mission requirements; 

3. airworthiness requirement; 

4. crashworthiness requirement; 

5. aerodynamic requirement; 

6. aircraft stability requirement; 

7. low weight; 

8. low wetted area and low side area; 

9. symmetry; 

10. structural integrity and strength; 

11. maintainability; 

12. manufacturability; 

13. cost; 

14. long life; 

15. radar detectability. 
 

 

Fuselage cross-section and cargo compartment 

Today’s passenger aircraft have a constant fuselage cross-section in the central section. 

This design reduces the production costs (same frames; simply instead of doubly curved 

surfaces, i.e. a sheet of metal can be unwound over the fuselage) and makes it possible to 

construct aircraft variants with a lengthened or shortened fuselage. In this section we are 

going to examine the cross-section of this central fuselage section. In order to 

accommodate a specific number of passengers, the fuselage can be long and narrow or, 

conversely, short and wide. As the fuselage contributes approximately 25% to 50 % of an 

aircraft's total drag, it is especially important to ensure that it has a low-drag shape. A 

fuselage fineness ratio of approximately 6 provides the smallest tube drag1. However, as 

a longer fuselage leads to a longer tail lever arm, and therefore to smaller empennages 

and lower tail drag, a fineness ratio of 8 is seen as the ideal. Stretched versions of an 

aircraft can have fineness ratios of 14, and shorter versions will scarcely be less than 5. If 

one opts for a fineness ratio of 8 for the first version of a new type of aircraft, one obtains 

a low-drag fuselage that leaves the option open of constructing shorter or stretched 

versions at a later stage. The average fineness ratio for passenger planes is about 9. 



 

A circular or near-circular cross-section is suitable for a pressure cabin for reasons of 

strength. If no baggage is to be transported under the cabin floor, the fuselage can be 

flattened out at the bottom (Fokker 50, for example). The fuselage cross-section can also 

be composed of two overlapping circular cross-sections. Thus, special requirements in 

terms of the ratio of dimensions for the cabin and cargo compartment can be met. The 

two circles can be on top of each other or next to each other. Such a fuselage cross-

section is called a double bubble. An alternative to the double bubble is an oval fuselage. 

For an aircraft without a pressure cabin, a rectangular cross-section is cheaper to 

produce. Furthermore, in small aircraft, a rectangular cross-section also provides more 

space for passengers sitting in the window seats (Shorts 330 and 360, for example). 

 

 

 



 

 

 

 

 

 

 



Cargo compartment 

The fuselage must have adequate volume to accommodate baggage and cargo in addition to 

passengers. After the cabin cross-section has been drawn, the volume of the cargo compartment 

can be checked: 

 

 



Tabulate and explain the weight breakdown for fuselage group.     (Torenberk) 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



Fuselage of airliners and general aviation aircraft.  

 



 

 

 

 



Passenger Cabin Design 

  

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 



Airplane Spatial-Weight Layout.  

The development of the airplane layout contains three main stages:  

1. Developing the spatial-weight layout that defines location inside the airplane of all loads: 

equipment, fuel, crew, payload, power plant and etc. (i.e. all the components of mass list). For 

military airplanes part of fuel and expendable combat load can be placed on hardpoints.  

2. Developing the structural and load-carrying layout which means designing structural and load-

carrying scheme of the airplane in general and load-carrying schemes of all of its units in 

particular and defining exact locations of main load-carrying elements: spars, ribs, bulkheads, 

beams, joints.  

3. Updating the aerodynamic scheme by correlating locations of loads inside the airplane and 

load-carrying elements. As a result the dimensions and relative positions of the airplane units 

which define its external shape are defined more exactly.  

 

 



 

 

While defining these parameters all of the decisions must be documented and 

references to the source of information that was used for justifying them must be 

listed. Then the locations of landing gear compartments or wheel nacelles are 

defined. Landing gear parameters chosen in section 3 are updated. The layout 

drawing should show the landing gear in both extended and retracted positions. 



Functional kinematic diagrams of the gear retraction and extension are developed. 

Landing gear compartments (or wheel nacelles) should house the landing gear in 

the retracted position and strong load-carrying elements should transfer loads from 

the landing gear to the wing (or the fuselage) at landing. The fuel tank volume 

should be specified while dividing the fuel tanks into the groups of the fuel 

consumption. In order to minimize balance changes and to increase the fuel 

efficiency of passenger/transport airplanes, you should follow these simple rules:  
 

 

 

 

 

 



THE FIGHTER AIRCRAFT DESIGN SYSTEM 

 

 

 



 



Weight and Balance Control of Large Aircraft /Multi Engine 

Aircraft   

 

Establishing the Initial Weight of an Aircraft: 

Prior to being placed into service, each aircraft is weighed and the empty weight 

and CG location established. New aircraft are normally weighed at the factory and 

are eligible to be placed into operation without reweighing if the weight and 

balance records were adjusted for alterations and modifications to the aircraft, such 

as interior reconfigurations 

An aircraft transferred from one operator that has an approved weight and balance 

program to another operator with an approved program does not need to be 

weighed prior to use by the receiving operator unless more than 36 calendar 

months have elapsed since the last individual or fleet weighing, or unless some 

other modification to the aircraft warrants that the aircraft be weighed. Aircraft 

transferred, purchased, or leased from an operator without an approved weight and 

balance program, and that have not been modified or have been minimally 

modified, can be placed into service without being reweighed if the last weighing 

was accomplished by an acceptable method (for example, manufacturer’s 

instructions or AC 43.13-2, Acceptable Methods, Techniques, and Practices—

Aircraft Alterations) within the last 12 calendar months and a weight and balance 

change record was maintained by the operator. It is potentially unsafe to fail to 

reweigh an aircraft after it has been modified 

When weighing large aircraft, compliance with the relevant manuals, operations 

specifications, or management specification is required to ensure that weight and 

balance requirements specified in the Aircraft Flight Manual (AFM) are met in 

accordance with approved limits. This provides information to the flight crew that 

allows the maximum payload to be carried safely. 

Determining the Empty Weight and Empty Weight CG (EWCG) 

When the aircraft is properly prepared for weighing, roll it onto the scales, and 

level it. The weights are measured at three weighing points: the two main wheel 

points and the nosewheel point. The empty weight and empty weight CG (EWCG) 

are determined by using the following steps with the results recorded in the weight 

and balance record for use in all future weight and balance computations. 

1. Determine the moment index of each of the main-wheel points by 

multiplying the net weight (scale reading minus tare weight), in pounds, at 



these points by the distance from the datum, in inches. Divide these numbers 

by the appropriate reduction factor. 

2. Determine the moment index of the nosewheel weighing point by 

multiplying its net weight, in pounds, by its distance from the datum, in 

inches. Divide this by the reduction factor. 

3. Determine the total weight by adding the net weight of the three weighing 

points and the total moment index by adding the moment indexes of each 

point. 

4. Divide the total moment index by the total weight and multiply the result by 

the reduction factor. This gives the CG in inches from the datum. 

5. Determine the distance of the CG behind the leading edge of the mean 

aerodynamic chord (LEMAC) by subtracting the distance between the datum 

and LEMAC from the distance between the datum and the CG.  

6. Determine the EWCG in percentage of MAC (percent MAC) by using the 

formula 

 

 

Determining the Loaded CG of the Airplane in Percent MAC 

A loading schedule is used to document compliance with the certificated weight 

and balance limitations contained in the manufacturer’s AFM and weight and 

balance manual. The basic operating weight (BOW) and the operating index are 

entered into a loading schedule and the variables for a specific flight are entered as 

appropriate to determine the loaded weight and CG. 

Operational Empty Weight (OEW) 

Operational empty weight (OEW) is the basic empty weight or fleet empty weight 

plus operational items. The operator has two choices for maintaining OEW. The 

loading schedule may be utilized to compute the operational weight and balance of 

an individual aircraft, or the operator may choose to establish fleet empty weights 

for a fleet or group of aircraft. 

 



Fleet Operating Empty Weights (FOEW)  

An operator may choose to use one weight for a fleeter group of aircraft if the 

weight and CG of each aircraft is within the limits stated above for establishment 

of OEW. When the cumulative changes to an aircraft weight and balance log 

exceed the weight or CG limits for the established fleet weight, the empty weight 

for that aircraft should be reestablished. This may be done by moving the aircraft 

to another group, or reestablishing new fleet operating empty weights (FOEWs) 

 

Determining the Correct Stabilizer Trim Setting 

It is important before takeoff to set the stabilizer trim for the existing CG location. 

There are two ways the stabilizer trim setting systems may be calibrated: in percent 

MAC and in units airplane nose up (ANU).  

If the stabilizer trim is calibrated in percent MAC, determine the CG location in 

percent MAC as has just been described, then set the stabilizer trim on the 

percentage figure thus determined. Some aircraft give the stabilizer trim setting in 

units of ANU that correspond with the location of the CG in percent MAC. When 

preparing for takeoff in an aircraft equipped with this system, first determine the 

CG in percent MAC in the way described above 

 

Determining CG Changes Caused by Modifying the Cargo 

Since large aircraft can carry substantial cargo, adding, subtracting, or moving any 

of the cargo from one hold to another can cause large shifts in the CG.  
 

Effects of Loading or Off-loading Cargo 

Both the weight and CG of an aircraft are changed when cargo is loaded or 

offloaded. In the following example, the new weight and CG are calculated after 

2,500 pounds of cargo is offloaded from the forward cargo hold 

 

Effects of Shifting Cargo from One Hold to Another 

When cargo is shifted from one cargo hold to another, the CG changes, but the 

total weight of the aircraft remains the same. 
 

Determining Cargo Pallet Loads and Floor Loading Limits 

Each cargo hold has a structural floor loading limit based on the weight of the load 

and the area over which this weight is distributed. To determine the maximum 

weight of a loaded cargo pallet that can be carried in a cargo hold, divide its total 

weight, which includes the weight of the empty pallet and its tie down devices, by 



its area in square feet. This load per square foot must be equal to or less than the 

floor load limit. 
 

Determining the Maximum Amount of Payload That Can Be Carried 

The primary function of a transport or cargo aircraft is to carry payload, which is 

the portion of the useful load, passengers, or cargo that produces revenue. To 

determine the maximum amount of payload that can be carried, both the maximum 

limits for the aircraft and the trip limits imposed by the particular trip must be 

considered. In each of the following steps, the trip limit must be less than the 

maximum limit. If it is not, the maximum limit must be used. 

Determining the Landing Weight 

It is important to know the landing weight of the aircraft in order to set up the 

landing parameters and to be certain the aircraft is able to land safely at the 

intended destination. 

 

Airplane Masses 

Using the results of weight estimation, the list of the airplane masses is made that 

contains masses of all units included in the airplane take-off mass. These masses 

are grouped according to their functions. The total mass in the absolute form mi 

(kg) and in the relative form mi is defined for each group. Payload and fuel masses 

are not specified in this estimation. Their values are taken from the first 

approximation for take-off mass. The total mass obtained from the list of masses 

is the updated value of the airplane take-off mass - the second approximation for 

take-off mass. 

 

 

 



 



Example: Mass lists of Il-96-300 and Il-114 airplanes 

 

 

 

 

 



 

 

 

 



Example: Mass lists of  military airplanes 

 

 

 



 

 

Aircraft Component Groups 

The recognized groups of aircraft components are listed in exhaustive detail in the 

ATA’s publication. This section presents consolidated, generalized groups (for 

both civil and military aircraft) suitable for studies in the conceptual design phase. 

Both aircraft classes have similar nomenclature; Each group includes subgroups of 

the system at the next level. Care must be taken that items are not duplicated – 

accurate bookkeeping is essential. For example, although the passenger seats are 

installed in the fuselage, for bookkeeping purposes, the fuselage shell and seats are 

counted separately. 
 

 

 



Civil Aircraft 

 



 

 

 

 

 

 



 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

  



 

 

 



 

 

 

 

 

 



 

 



 

 

 

 

 

 

 



 

 

 

 



 

 



 

 

 

 



 

 

 



 



 



 



 

 

 



 

 

 



 

 

  



 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Questions opt1 opt2 opt3 opt4 opt5 opt6 Answer

1 Modern airframes are build on the principle of stressed skin strain skin shear skin smooth skin stressed skin

2

The sheet metal covering of the structure which bears the structural loading is called 

as ribs longerons skin fuselage skin

3

The basic function of the fuselage is to provide accommodation for the aircrew and 

the spar ribs components passengers passengers

4 A stressed skin fuselage is usually designed with a cross sectional shape of square triangle oval none of the given oval

5

The internal structure of fuselage mainly concentrated near the surface of the outer 

skin is known as

monocoque 

construction

semi-monocoque 

construction

partial monocoque 

construction

full monocoque 

construction

semi-monocoque 

construction

6 Structural bulkheads are often used in construction when we require more weight strength drag shape strength

7 Which of the following bulkheads are used to carry tail unit loads structural bulkhead pressure bulkhead fuel tank bulkhead aerodynamic bulkhead structural bulkhead

8

Large pressure bulkhead are often domed so that they can withstand the pressure 

loading without weight deformation elongation strenght deformation

9 The strong longitudinal members of the fuselage structure are ribs spar longerons frames longerons

10 The wing of almost all modern powered aircraft are of simple construction tough construction

stressed skin 

construction skin construction

stressed skin 

construction

11 The direction in which an aircraft is headed can be indicated by the pitot static tube electrical circuits magnetic compass altimeter magnetic compass

12

The power for the operation of the landing gear retraction and extension can 

be given by stable system unstable system pressure system pneumatic system pneumatic system

13 Fin is located on the

horizontal 

stabilizer vertical stabilizer wing cockpit vertical stabilizer

14 Cabin is also called as cockpit fuselage instruments room propeller area cockpit

15 The aircraft power plant is usually enclosed in housing called a nozzles control engine nacclle cockpit nacclle

16 The landing gear used in WRIGHT FLYER is conventional gear tricycle skids Fixed landing gear skids

17 The tricycle landing gear has two main wheels and a tail wheel mid wheel low wheel nosewheel nosewheel

18 The other name of wing is airfoil ribs main plane spars main plane

19 The purpose of the main plane is to generate lift 

decrease fuel 

ratio

increase angle of 

attack

manage relative 

wind lift 

20 The movable sections in the horizontal stabilizer of  airplane is rudder aileron propeller elevator elevator

21 The tail plane is also known as vertical stabilizer

horizontal 

stabilizer aileron flaps

horizontal 

stabilizer

22 The vertical stabilizer for an airplane is the airfoil section forward of the elevator trim tab rudder aileron rudder

23 The body which is mounted on the trailing edge of the wing near the wing tip aileron flaps slats rudder aileron

24 Rudder are usually balanced statically and in weight aerodynamically vectorly in shape aerodynamically

25 Undercarriage is the other name of low fuselage mid fuselage landing gear engine gear landing gear

26
Avionics is the combination of   ____________

Airline  and 

Electronics 

Aviation and 

Electronics

Aircraft and 

Electrical                                      

Aviation and 

Electrical

Aviation and 

Electronics

27
Navigation system is used to ____________ Traffic control Communication Weather detection

Find position and 

direction

Find position and 

direction

28
During the First World War __________ technology is used for 

communication.
wireless Dopple Radio RADAR wireless

29
DME stands for _________

Distance 

measuring 

Distance 

monitoring 

Direct measuring 

equipment

Doppler monitoring 

equipment

Distance 

measuring 

30
Electronic Warfare is mainly used to search the ___________

 Communication 

signals                                 

   Ultrasonic 

waves
Sound waves

Radio frequency 

band

   Radio frequency 

band

31
In communication system __________ is used as a  transmitter links.  fiber iron mica Silver  fiber

32
__________ memory is require a power to maintain the stored information. Non volatile virtual protected volatile       volatile

33
Fly-By-Wire system sends the information in the form of ____________  Electrical  signals Analog signals Radio signals Sky waves  Electrical  signals

34

If an aircraft has a gross weight of 3000 kg and is then subjected to a total 

weight of 6000 kg the load factor will be   2G   3G   9G 15G 2G

35 A constant rate of climb is determined by   weight   wind speed

  excess engine 

power density

excess engine 

power

36 If both wings lose lift the aircraft   pitches nose up

  pitches nose 

down

  glides on a 

horizontal plane

  glides on a vertical 

plane pitches nose up

37 Under what conditions will an aircraft create best lift?

  Cold dry day at 

200 ft

  Hot damp day 

at 1200 ft

  Cold wet day at 

1200 ft

  Cold wet day at 

1800 ft

Cold dry day at 

200 ft

38

If there were an increase of density, what effect would there be in aerodynamic 

dampening?   None   Decreased   Increased becomes zero Increased

39 As Mach number increases, what is the effect on boundary layer?

  Becomes more 

turbulent

  Becomes less 

turbulent

  Decreases in 

thickness

increases in 

thickness

Becomes more 

turbulent

40 When a slat is retracted it moves

  towards the 

upper leading edge 

of the wing

  towards the 

lower leading 

edge of the wing

  towards the 

centre of the 

leading edge of the 

wing

  towards the trailing 

edge

towards the upper 

leading edge of 

the wing

41 In a turn the up-going wing causes a

  de-stabilising 

effect due to 

increased AoA

  de-stabilising 

effect due to 

decreased AoA

  stabilising effect 

due to decreased 

AoA

  stabilising effect 

due to increased 

AoA

stabilising effect 

due to decreased 

AoA

42 The stagnation point consists of

  dynamic and 

static air pressure

  static air 

pressure

  dynamic air 

pressure absolute pressure

dynamic and 

static air pressure

43 Yawing is a rotation around

  the normal axis 

obtained by the 

elevator

  the lateral axis 

obtained by the 

rudder

  the normal axis 

obtained by the 

alieron

  the normal axis 

obtained by the 

rudder

the normal axis 

obtained by the 

rudder

44 Sweepback of the wings will

  not affect lateral 

stability

  increase lateral 

stability at high 

speeds only

  increase lateral 

stability at all 

speeds

  increase directional 

stability 

increase lateral 

stability at all 

speeds

45 With the flaps lowered, the stalling speed will   increase become zero   remain the same   decrease decrease

46 When flying close to the stall speed a pilot applies left rudder the aircraft will   pitch nose up   roll to the left   stall the left wing   pitch nose down stall the left wing

47 When flaps are down it will

  increase AoA 

and increase slow 

speed stability

  decrease AoA 

and decrease 

slow speed 

stability

  the AoA remains 

the same on both 

wings

increase AoA and 

decreases low speed 

stability

decrease AoA and 

decrease slow 

speed stability

48

If you have an aircraft that is more laterally stable then directionally stable it 

will tend to:   skid   slip   bank yaw skid

49  A wing section suitable for high speed would be 

thick with high 

camber

 thin with high 

camber 

thin with little or 

no camber

thick with low 

camber

thin with little or 

no camber

50  As the speed of an aircraft increases the profile drag  increases  decreases 

 decreases at first 

then increase remains constant  increases

51  The stagnation point on an aerofoil is the point where 

 the suction 

pressure reaches a 

maximum 

 the boundary 

layer changes 

from laminar to 

turbulent

the airflow is 

brought 

completely to rest

 the suction pressure 

reaches zero

the airflow is 

brought 

completely to rest

52  The stalling of an aerofoil is affected by the  airspeed  angle of attack  transition speed density of air  angle of attack 

53  What gives the aircraft directional stability? alieron

 Horizontal 

stabiliser  Elevators  Vertical stabiliser  Vertical stabiliser 

54 The most fuel efficient of the following types of engine is the  rocket turbo-jet engine  turbo-fan engine turboprop  turbo-fan engine

55 The quietest of the following types of engine is the  rocket turbo-jet engine  turbo-fan engine turboprop  turbo-fan engine

56 Forward motion of a glider is provided by control surfaces  the weight the drag  the engine  the weight 

57

An automatic device that uses error-sensing negative feedback to correct the 

performance of a mechanism. pump servomechanism actuator undercarriage servomechanism

58 A device whuch displaces a volume by physical or mechanical action. servomechanism actuator pump air speed indicator pump
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59 A mechanical device for moving or controlling a mechanism or system actuator altimeter pump servomechanism actuator

60

The instruments in the cockpit of an aircraft that provide the pilot with 

information about the flight situation is called actuator pump servomechanism flight instruments flight instruments

61

A ground-based instrument approach system that provides precision guidance 

to an aircraft approaching and landing on a runway is called landing system

instrument 

landing system electrical system indicator system

instrument 

landing system

62 The other name of landing gear is undercarriage wheels base stand undercarriage

63 The height of the aircraft can be determined by altimeter variometer air speed indicator gyro horizon altimeter

64 The speed of the aircraft is usually determined by the instrument altimeter

air speed 

indicator

turn and bank 

indicator mach meter air speed indicator

65 The direction in which an aircraft is headed can be indicated by the pitot static tube electrical circuits magnetic compass altimeter magnetic compass

66 The acceleration loads on the aircraft structure can be measured by the variometer accelerometer

vertical speed 

indicator magnetic compass accelerometer

67

The power for the operation of the landing gear retraction and extension can 

be given by stable system unstable system pressure system pneumatic system pneumatic system

68 The purpose of the main plane is to generate lift 

decrease fuel 

ratio

increase angle of 

attack

manage relative 

wind lift 

69 According to newtons law, the gravitation is inversely proportional to geometric altitude

geopotential 

altitude absolute altitude none of the given absolute altitude

70 Hydrostatics is defined as the study of a body which is at rest in a solid medium liquid medium gaseous medium fluid medium fluid medium

71 The other name of wing is airfoil ribs main plane spars main plane

72 The Physical behaviour of water at rest and motion is called Hydraulics Hydraulics

73 A chamber for storing hydraulic fluid under pressure is called Accumulator servomechanism fluids jack Accumulator

74 A device converting hydraulic pressure to mechanical motion is called 

mechanical 

actuator screw driver

Hydraulic 

Actuator converter

Hydraulic 

Actuator

75 The valve used to set open at 26,201Kpa is called valve relief Valve reveale valve pressure valve Relief Valve

76 A back pressure valve is installed in the vacumn tube velocity tube air tube Pressure tube Pressure tube

77 The back pressure valve is similar in operation and construction to a Check valve contor valve temp valve pressure valve Check valve

78 Pulley, cables etc are used in hydraullic system pnematic system

Mechanical Brake 

Systems

electronic brake 

system

Mechanical Brake 

Systems

79 Large Aircrafts use 

ordinary brake 

system oil brake system dics brake system

Power Brake 

Systems

Power Brake 

Systems

80 Torque links is often referred to as scalar system

Scissors 

assembly pitot assembly torsion assembly Scissors assembly

81

The component located on the bottom of the strut piston and has the axles 

attached to it is called  axle truck pulley ring truck

82

The vertical member of the landing  gear assembly that contains the shock 

absorbing mechanism is called truck Trunnion Shimmy Damper struts struts

83 The top of the strut is attached to an integral part and is called as truck Trunnion Shimmy Damper Scissors assembly Trunnion

84 The Strut is also called as inner cylinder ring Outer Cylinder piston Outer Cylinder

85 The upper Bearing in strut keeps the inner cylinder aligned with the Outer Cylinder Trunnion Shimmy Damper Spring-oleo Type Outer Cylinder

86 The portion of the landing gear assembly attachedto the airframe is called truck Shimmy Damper Scissors assembly Trunnion Trunnion

87 The landing gear strut extends down from the approximate centre of the landing system

Rigid landing 

gear Trunnion truss Trunnion

88

A hydraulic snubbling unit that reduces the tendancy of the nose wheel to 

oscillator from side to side is called  Hydraulic Filter Shimmy Damper O-Rings Omni-Radial Shimmy Damper

89 Which of the following is a shock absorbing landing system truck Shimmy Damper Scissors assembly Spring-oleo Type Spring-oleo Type

90 Non-Retractable landing gear usually works with the help of hydraulic or Electric Power motor rotor electric system Electric Power

91 Retractable landing gear is designed to reduce lift weight Drag thrust Drag

92 Non-Retractable landing gear is generallly called as 

Movable Landing 

Gear

semi movable 

Landing Gear

Retractable 

landing gear Fixed Landing Gear

Fixed Landing 

Gear

93

The landing gear which donot dissipate the energy of the aircraft contacting 

the groundduring landing is called 

Movable Landing 

Gear

Non-Absorbing 

Landing Gear

semi movable 

Landing Gear

Retractable landing 

gear

Non-Absorbing 

Landing Gear

94 NALG are usually 

Movable Landing 

Gear

Non-Absorbing 

Landing Gear Rigid landing gear

Retractable landing 

gear

Rigid landing 

gear

95

The landing gear commonly found on the helicopters and the sail planes is 

called 

Rigid landing 

Gear

Movable 

Landing Gear

semi movable 

Landing Gear

Retractable landing 

gear

Rigid landing 

Gear

96 which of the following does not come under landing gear classification Hulls & Float Retractable Gear Fixed Gear Non-Fixed Gear Non-Fixed Gear

97 The number of the main wheels in conventional type of the landing gear is One Three Two Four Two

98 The number of the Tail wheels in conventional type of the landing gear is Three One Two Four One

99 The number of the landing gears used in Conventional landing gear is One Two Four Three Three

100 The number of the nose wheels in Tricycle type landing gears is Five Four One Three One

101 The number of wheels in Tricycle type of landing gears is Three Four Five Six Three

102 which of the following is used during landing Cockpit Landing Gear Wings Tail Landing Gear

103 The component which filters any particle that enter hydraulic fluid is called Hulls & Float Shimmy Damper Hydraulic Filter Scissors assembly Hydraulic Filter

104 Hydraulic filters use O-Rings M-Rings T-Rings F-Rings O-Rings

105 Which of the following does not come under Hydraulic Fluids  

Vegetable base 

fluid 

Mineral Base 

Fluids

Phosphate ester 

base Fluids

Sodium Nitrate base 

fliuds

Sodium Nitrate 

base fliuds

106 ACT is called

Passive Control 

Technology

Active Control 

Technology

Aircraft Control 

Technology

Adaptive Control 

Technology

Active Control 

Technology

107 Aircrafs are made statically and Statically stable

Statically 

unstable

Dynamically 

unstable Dynamically Stable

Dynamically 

Stable

108 Teleflux can be operated from Rudder Fuselage Cockpit Engine Cockpit

109 By moving the control column fore&after the movement achieved is called Yaw Pitch Roll damping Pitch

110 By moving the control column side to side the movement achieved is called Pitch Roll damping Roll Roll

111 The rudder pedals controls the Pitch Roll Yaw damping Yaw

112 The To-From indicator presents the direction to or from the station along the Omni-vertical Omni-Radial Omni-stable all the given Omni-Radial

113 Guidance in Poor Visiblity condition can be done using IFS IRS ISF ILS ILS

114 Auto Pilot system can be used during Steady Flight Unsteady Flight Moderate flight High flight Steady Flight

115 Which of the following system use control cables? Power assisted Fully powered

Conventional 

system Control system

Conventional 

system

115

Aircraft fixed axes such that the ox axis is parallel to the total velocity vector 

V0 as___________ Stable stability axes dynamic stable global axes stability axes

116 All early thinking of human flight centered on the imitation of ___________ mechanics cycle birds pilot birds

117 The first real studies of flight in the 1480's was by________ Leonardo da Vinci 

Sir George 

Cayley John Stringfellow Montgolfiers Leonardo da Vinci 

118 The number of wings in  monoplane is ______________ One Two three four one

119 The first sucessful Bi-plane was invented by ______________ Wright Flier octave chanute percy pilcher cayley Wright Flier

120 Propulsion is the act of moving an object through _______________ water space air clouds air

121 Flaps are used to produce excess_____________ thrust lift speed weight lift

122 Banking in aircraft is performed with the help of lateral surface

longitudinal 

surface directional surface control surface control surface

123 Airfoil is a cross section of ______________ rudder wing slats nose wing

124 Trainer aircraft is used in _________________ airports cargo military agriculture military

125

The first flight with human passengers rose majestically into the air and lasted 

for . 5 minutes 15 minutes 50 minutes 25 minutes 25 minutes

126 The man who made the first real studies of flihgt in 1480's was Leonardo da Vinci 

Sir George 

Cayley Montgolfiers John Stringfellow Leonardo da Vinci 

127 Sir George Cayley is considered the father of aerodynamics structures

propulsion 

system aerodynamics composite aerodynamics

128 The machine called the boy carrier is a _________ biplane monoplane triplane fourplane triplane
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129 The number of wings in  biplane is ___________ One Two three four Two

130 Who is called as the first true Aeronautical Engineer ? Leonardo da Vinci 

Sir George 

Cayley Montgolfiers John Stringfellow Sir George Cayley 

131 Monoplane with swept forward wing was introduced by ________

William Samuel 

Henson Felix Du Temple Francis wenham Leonardo da Vinci Felix Du Temple

132 Number of wings used in a bi plane_________ One Two three four Two

133 The early engine that Wright brothers used generated almost 10 horse power 11 horse power 12 horse power 13 horse power 12 horse power

134 Which of the following wing has a swing wing MIG 25 Boeing F-14 Tomcat F16 F-14 Tomcat

135 The inventor of the first Hot Air Ballon was___________ Leonardo da Vinci 

Sir George 

Cayley 

Montgolfier 

brothers John Stringfellow

Montgolfier 

brothers

136 B-2 spirit is an aircraft which has _____________ swing wing delta wing swept wing normal wing delta wing

137 HS-123 is an example of_________ monoplane biplane triplane top wing biplane

138 A Fokker Dr.I is an example of jet engine aircraft glider airplane triplane triplane

139

Horizontal elevators for longitudinal control in the year 1900 was discovered 

by

William Samuel 

Henson

Leonardo da 

Vinci Felix Du Temple Wright Brothers Wright Brothers

140 The number of wings in  triplane is_________ One Two three four three 

141 De Havilland Vampire T11 is an example of low wing mid wing high wing parasol wing mid wing

142 Which of the following has a parasol wing configuration

De Havilland 

Dove

De Havilland 

Vampire T11

Havilland Canada 

Dash 8 Dornier Do 24 Dornier Do 24

143 Most military aircraft of World War 2 were fighter monoplane biplane All of the given monoplane

144 Who is called as the Grand Parent of the Modern Aeroplane? Leonardo da Vinci 

Sir George 

Cayley 

Montgolfier 

brothers John Stringfellow Sir George Cayley 

145 The inventor of ' Aerial steam carriage' was

William Samuel 

Henson Felix Du Temple Francis wenham Leonardo da Vinci 

William Samuel 

Henson

146

Monoplane glider with birds wing planform was successfully invented by 

Lilienthal on 1892 1894 1860 1875 1894

147

The first to invent gasoline power engine suitable for aircraft in the year 1896 

was Langley

Sir George 

Cayley Montgolfiers John Stringfellow Langley

148

The use of wing warping to control airplane in lateral motion in the year 1871-

1948 was found by

William Samuel 

Henson

Leonardo da 

Vinci Felix Du Temple Wright Brothers Wright Brothers

149

The wind tunnel for calculating the lift, drag and accurate aerodynamic 

measurement was found in the year __________ 1902-1905 1901-1902 1900-1901 1900-1904 1901-1902

150 MIG15 aircraft was designed in the year__________ 1940 1945 1950 1955 1950

151 Soviet M21B aircraft has__________

straight wing 

monoplane

delta wing 

monoplane swept back wing All of the given

delta wing 

monoplane

152 Turbo jet engined aircraft was developed in the year 1941 by Leonardo da Vinci 

Sir George 

Cayley Sir Frank Whittle Francis Wenham Sir Frank Whittle

153 Which of the following is a USA flying boat short sundarland dornier Boeing 314 WAL-1 Boeing 314

154 "HAWKER" a land based fighter was discovered in USA British German Japan British

155

The first wind tunnel in the world to calculate aerodynamic forces was 

discovered by Leonardo da Vinci 

Sir George 

Cayley 

Montgolfier 

brothers Francis Wenham Francis Wenham

156 The number of engines in DE HAVILLAND DH4. One Two three four One

157 Samuel langley designed many models named Amphibian land plane Aeroplane Aerodrome Aerodrome

158 The one who is world's greatest exponents of gliding Leonardo da Vinci 

Sir George 

Cayley John Stringfellow Otto liliental Otto liliental

159 Aileron is used to obtain _____________

longitudinal 

control

lateral control

directional control

rolling control longitudinal 

control

160 Rudder is fixed on the_________

horizontal 

stabilizer vertical stabilizer nose cockpit vertical stabilizer

161 Trim tabs are used under___________ neutral condition

balanced 

condition

unbalanced 

condition motion

unbalanced 

condition

162 Servo tabs are similar to trim tabs spoilers spring tabs flaps trim tabs

163 The forces and moments acting on an airplane is zero, then the airplane is in danger equilibrium

unbalanced 

condition un equlibirium equilibrium

164 Fuselage shape is cylindrical circle square cone cylindrical

165 In propeller the power is converted into conventional rotational to produce drag thrust lift weight thrust

166 Which in the following is a secondary control surface aileron rudder trim tab all the given trim tab

167 Yawing movement is performed by slats flaps aileron rudder rudder

168 Spoilers are used to decrease wind turbulance drag moment lift lift

169 Hunter aircraft is a example of single engine multi engine twin engine glider single engine

170 The body of the aircraft where the wings and tail are attached is called as power plant cabin

horizontal 

stabilizer fuselage fuselage

171 The aircraft power plant is used to produce lift drag thrust weight thrust

172 The major component used for taxing in aircraft is fuselage landing gear control stick pitot static tube landing gear

173 Which in the following landing gear does not exist. single wheel conventional tricycle tandem single wheel

174 Conventional landing gear consist of one wheel two wheel three wheel four wheel three wheel

175 Which of the landing gear has a nose wheel tandem tricycle random Bicycle tricycle

176 The vehicle heavier than air and powered by an engine is called Airship Free ballon Airplane Capture ballon Airplane

177 Rotating blade located on the front of the airplane is called rudder wing engine propeller propeller

178 Which of the following comes under the classification of rotorcraft. Land plane Gyro plane Sea plane Glider Gyro plane

179 Low wing loading

  increases stalling 

speed, landing 

speed and landing 

run

  increases lift, 

stalling speed 

and 

manoeuvrability

  decreases stalling 

speed, landing 

speed and landing 

run

decreases lift, 

stalling speed and 

manoeuvrability  

  decreases 

stalling speed, 

landing speed and 

landing run

180

Due to the change in downwash on an un-tapered wing (i.e. one of constant 

chord length) it will

  not provide any 

damping effect 

when rolling

  tend to stall first 

at the root

  not suffer adverse 

yaw effects when 

turning

provide damping 

effect when rolling  

  tend to stall first 

at the root

181 True stalling speed of an aircraft increases with altitude

  because reduced 

temperature 

causes 

compressibility 

effect

  because air 

density is 

reduced

  because humidity 

is increased and 

this increases drag

because increased 

temperature causes 

compressibility 

effect  

  because air 

density is reduced

182

As a general rule, if the aerodynamic angle of incidence (angle of attack) of an 

aerofoil is slightly increased, the centre of pressure will   never move

  move towards 

the root

  move towards the 

tip

move forward 

towards the leading 

edge  

  move forward 

towards the 

leading edge

183 The "wing setting angle" is commonly known as

  angle of 

incidence   angle of attack   angle of dihedral angle of andedral  

  angle of 

incidence

184 On a very humid day, an aircraft taking off would require

  a shorter take off 

run

  a longer take off 

run

  humidity does 

not affect the take 

off run high air intake  

  a longer take off 

run

185

An aircraft is flying at 350 MPH, into a head wind of 75 MPH, what will its 

ground speed be?   175 mph   350 mph   200 mph 275 mph    275 mph

186 When does the angle of incidence change?

  When the aircraft 

attitude changes

  When the 

aircraft is 

descending   It never changes

When the aircraft is 

ascending    It never changes

187 As the angle of attack decreases, what happens to the centre of pressure?   It moves forward

  It moves 

rearwards

  Centre of 

pressure is not 

affected by angle 

of attack decrease increases  

  It moves 

rearwards
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188

A decrease in pressure over the upper surface of a wing or aerofoil is 

responsible for

  approximately 

2/3 (two thirds) of 

the lift obtained

  approximately 

1/3 (one third) of 

the lift obtained

  approximately ½ 

(one half) of the 

lift obtained

approximately  twice 

of the lift obtained  

  approximately 

2/3 (two thirds) of 

the lift obtained

189 Which of the four forces act on an aircraft?

  Lift, gravity, 

thrust and drag

  Weight, gravity, 

thrust and drag

  Lift, weight, 

gravity and drag

Lift, weight, gravity 

and thrust  

  Lift, gravity, 

thrust and drag

190 Which of the following types of drag increases as the aircraft gains altitude?   Parasite drag   Induced drag   Interference drag wave drag    Induced drag

191

The layer of air over the surface of an aerofoil which is slower moving, in 

relation to the rest of the airflow, is known as   camber layer   boundary layer chord layer skin layer    boundary layer

192 What is a controlling factor of turbulence and skin friction?   Aspect ratio   Fineness ratio

  Counter-sunk 

rivets used on 

engine

Counter-sunk rivets 

used on skin exterior  

  Counter-sunk 

rivets used on skin 

exterior

193 Changes in aircraft weight

  will not affect 

total drag since it 

is dependant only 

upon speed

  will not affect 

total lift since it 

is dependant only 

upon speed

  will only affect 

total drag if the lift 

is kept constant

  cause 

corresponding 

changes in total drag 

due to the associated 

lift change  

  cause 

corresponding 

changes in total 

drag due to the 

associated lift 

change

194 The aircraft stalling speed will

  increase with an 

increase in weight

  be unaffected by 

aircraft weight 

changes since it 

is dependant 

upon the angle of 

attack

  increase with an 

decrease in weight

decrease with an 

increase in weight  

  increase with an 

increase in weight

195 In a bank and turn

  extra lift is not 

required

  extra lift is not 

required if thrust 

is increased

  extra thrust is not 

required extra lift is required  

  extra lift is 

required

196 To achieve the maximum distance in a glide, the recommended air speed is

  as close to the 

stall as practical

  as high as 

possible with 

VNE

  the speed where 

the L/D ratio is 

maximum

the speed where the 

L/D ratio is 

minimum  

  the speed where 

the L/D ratio is 

maximum

197 If the C of G is aft of the Centre of Pressure

  changes in lift 

produce a pitching 

moment which 

acts to increase the 

change in lift

  when the 

aircraft sideslips, 

the C of G causes 

the nose to turn 

into the sideslip 

thus applying a 

restoring moment

  when the aircraft 

yaws the 

aerodynamic 

forces acting 

forward of the 

Centre of Pressure

when the aircraft 

rolls the 

aerodynamic forces 

acting forward of the 

Centre of Pressure  

  changes in lift 

produce a pitching 

moment which 

acts to increase 

the change in lift

198 Porpoising is an oscillatory motion in the   pitch plane   roll plane   yaw plane all three planes    pitch plane

199

Due to the interference effects of the fuselage, when a high wing aeroplane 

sideslips

  the 

accompanying 

rolling due to keel 

surface area is 

destabilizing

  the 

accompanying 

lift changes on 

the wings 

produces a 

stabilizing effect

  the 

accompanying 

rolling due to the 

fin is destabilizing

the accompanying 

drag changes on the 

wings produces a 

stabilizing effect  

  the 

accompanying lift 

changes on the 

wings produces a 

stabilizing effect

200 The power required in a horizontal turn

  is greater than 

that for level flight 

at the same 

airspeed

  must be the 

same as that for 

level flight at the 

same airspeed

  is less than that 

for level flight at 

the same airspeed

is less than that for 

level flight at the 

same altitude  

  is greater than 

that for level flight 

at the same 

airspeed

201 A wing mounted stall sensing device is located

  usually on the 

under surface

  always at the 

wing tip

  always on the top 

surface

always on 

empennage  

  usually on the 

under surface

202 For an aircraft in a glide

  thrust, drag, lift 

and weight act on 

the aircraft

  weight, lift and 

drag act on the 

aircraft

  weight and drag 

only act on the 

aircraft

weight, lift and 

thrust act on the 

aircraft  

  weight, lift and 

drag act on the 

aircraft

203 The upper part of the wing in comparison to the lower

  develops more 

drag

  develops the 

same lift   develops less lift develops more lift  

  develops more 

lift

204 What effect would a forward CG have on an aircraft on landing?

  Increase stalling 

speed

  No effect on 

landing

  Reduce stalling 

speed

Reduce ground 

speed  

  Increase stalling 

speed

205 An aspect ratio of 8 would mean

  span 64, mean 

chord 8

  mean chord 64 , 

span 8

  span squared 64 

,chord 8

span squared 4 

,chord 8  

  span 64, mean 

chord 8

206 If an aircraft in level flight loses engine power it will   pitch nose up   pitch nose down

  not change pitch 

without drag 

increasing

not change pitch 

without drag 

decreasing    pitch nose down

207 The lift /drag ratio at stall   increases   decreases remains constant

Remains constant 

upto stalling point    decreases

208 On a straight unswept wing, stall occurs at

  the thick portion, 

at the wing root

  the thick 

portion, at the 

wing tip

  the thin portion, 

at the wing tip

the thick portion, at 

the wing tip  

  the thick portion, 

at the wing root

209 During a climb from a dive

  the thrust 

required is greater 

than required for 

level flight

  the thrust 

required is lower 

than for level 

flight

  the thrust 

required is the 

same as for level 

flight

the thrust required is 

equal to thrust 

available  

  the thrust 

required is lower 

than for level 

flight

210 When power is off, the aircraft will pitch   nose down   nose up   trim level remains constant    nose down

211 Angle of attack on a down going wing in a roll is zero   decreases   is unaffected increases    increases

212 For any given speed, a decrease in aircraft weight, the induced drag will   increase   decrease   remain the same be zero    decrease

213 The amount of lift generated by a wing is

  greatest at the 

root

  greatest at the 

tip

  constant along 

the span

constant along the 

chord  

  greatest at the 

root

214 Induced Drag is

  greatest towards 

the tip 

  greatest towards 

towards the root

  decreased from 

tip to root

increased from tip to 

root  

  greatest towards 

the tip 

215 Induced Drag is

  equal to profile 

drag at stalling 

angle

  equal to profile 

drag 

greater than profile 

drag less than profile drag  

  equal to profile 

drag 

216 For a given IAS an increase in altitude will result in

  no change in the 

value of induced 

drag

  an increase in 

induced drag

  an increase in 

profile drag

an increase in skin 

friction drag  

  an increase in 

induced drag

217 Stall inducers may be fitted to a wing

  at the tip to cause 

the root to stall 

first

  at the root to 

cause the tip to 

stall first

  at the tip to cause 

the tip to stall first

at the root to cause 

the root to stall first  

  at the root to 

cause the root to 

stall first

218 With increasing altitude pressure decreases and

  temperature 

decreases at the 

same rate as 

pressure reduces

  temperature 

decreases but at a 

lower rate than 

pressure reduces

  temperature 

remains constant 

to 8000ft

temperature remains 

constant  

  temperature 

decreases but at a 

lower rate than 

pressure reduces

219 Krueger Flap

  increases the 

leading edge 

camber

  allows high 

pressure air from 

beneath the wing 

to flow to the top

  energizes the air 

flowing over the 

ailerons

increases the trailing 

edge camber  

  increases the 

leading edge 

camber

220 Which conditions will give the shortest take off distance?

  Hot Humid day 

at high elevation

 rainy day at sea 

level

  Hot summer day 

at sea level

Cold winter day at 

sea level  

  Cold winter day 

at sea level

221 The optimum angle of attack of an aerofoil is the angle at which

  the aerofoil 

produces 

maximum lift

  the aerofoil 

produces zero lift

  the highest 

lift/drag ratio is 

produced

the lowest lift/drag 

ratio is produced  

  the highest 

lift/drag ratio is 

produced



222 A high aspect ratio wing has a

  increased 

induced drag

  decreased 

induced drag

  decreased skin 

friction drag

increased skin 

friction drag  

  decreased 

induced drag

223 Minimum total drag of an aircraft occurs

  at the stalling 

speed

  when profile 

drag equals 

induced drag

  when induced 

drag is least

when wave drag is 

least  

  when profile 

drag equals 

induced drag

224 If the weight of an aircraft is increased, the induced drag at a given speed   will increase   will decrease

  will remain the 

same

will remain the same 

upto 8000 ft    will increase

225 The transition point on a wing is the point where

  the flow 

separates from the 

wing surface

  the boundary 

layer flow 

changes from 

laminar to 

turbulent

  the flow divides 

to pass above and 

below the wing

the boundary layer 

flow changes from 

turbulent  to laminar  

  the boundary 

layer flow changes 

from laminar to 

turbulent

226 The boundary layer of a body in a moving air stream is

  a thin layer of air 

over the surface 

where the air is 

stationary

  a layer of 

separated flow 

where the air is 

turbulent

  a layer of air over 

the surface where 

the airspeed is 

changing from free 

stream speed to 

zero speed

a layer of separated 

flow where the air is 

laminar  

  a layer of air over 

the surface where 

the airspeed is 

changing from 

free stream speed 

to zero speed

227 A laminar boundary layer will produce

  more skin friction 

drag than a 

turbulent one

  less skin 

friction drag than 

a turbulent one

  less pressure 

drag than a 

turbulent one

more pressure drag 

than a turbulent one  

  less skin friction 

drag than a 

turbulent one

228 Longitudinal stability is given by   the fin

  the wing 

dihedral

  the horizontal 

tailplane

  the vertical 

tailplane  

  the horizontal 

tailplane

229 Lateral stability is given by   the ailerons

  the wing 

dihedral

  the horizontal 

tailplane   the fin  

  the wing 

dihedral

230 Stability about the lateral axis is given by   wing dihedral   the fin   the ailerons

  the horizontal 

tailplane  

  the horizontal 

tailplane

231 Sweepback of the wings will

  increase lateral 

stability

  decrease lateral 

stability

  decrease 

longitudinal 

stability

  increase  

longitudinal stability  

  increase lateral 

stability

232 On an aircraft in an un-powered steady speed descent

  the lift equals the 

weight

  the weight 

equals the drag

  the weight equals 

the resultant of the 

lift and drag  

  the weight 

equals the 

resultant of the lift 

and drag

233 When an aircraft rolls to enter a turn and power is not increased

  the lift equals the 

weight

  the lift is greater 

than the weight

  the lift is less 

than the weight

  the lift equals the 

drag  

  the lift is less 

than the weight

234 The boundary layer is

  thickest at the 

leading edge

  thickest at the 

trailing edge

  constant 

thickness from 

leading to trailing 

edges

  thickest at the 

lower trailing edge  

  thickest at the 

trailing edge

235

The amount of thrust produced by a jet engine or a propeller can be calculated 

using   Newton’s 1st law

  Newton’s 2nd 

law

  Newton’s 3rd 

law all the given  

  Newton’s 2nd 

law

236  An engine which produces an efflux of high speed will be  more efficient  less efficient 

 speed of efflux 

has no affect on 

the engine 

efficiency

 less efficient in case 

of propeller engines  less efficient 

237  Directional stability may be increased with  pitch dampers  horn balance  alierons  yaw dampers  yaw dampers

238  Lateral stability may be increased with 

 increased lateral 

dihedral 

increased lateral 

anhedral

 increased 

longitudinal 

dihedral

 increased 

longitudinal 

anhedral

 increased lateral 

dihedral 

239

On a swept wing aircraft if both wing tip sections lose lift simultaneously the 

aircraft will   roll   pitch nose up   pitch nose down Yaw    pitch nose up

240 Lift on a delta wing aircraft

  increases with an 

increased angle of 

incidence (angle of 

attack)

  decreases with 

an increase in 

angle of 

incidence (angle 

of attack)

  does not change 

with a change in 

angle of incidence 

(angle of attack)

increases with an 

increased angle of 

incidence upto Stall  

  increases with an 

increased angle of 

incidence (angle 

of attack)

241 On a straight wing aircraft, stall commences at the

  root on a low 

thickness ratio 

wing

  tip on a high 

thickness ratio 

wing

  tip on a low 

thickness ratio 

wing

  root on a high 

thickness ratio wing

  root on a high 

thickness ratio 

wing

242 For the same angle of attack, the lift on a delta wing

  is greater than 

the lift on a high 

aspect ratio wing

  is lower than 

the lift on a high 

aspect ratio wing

  is the same as the 

lift on a high 

aspect ratio wing

  is greater than the 

lift on a low aspect 

ratio wing  

  is lower than the 

lift on a high 

aspect ratio wing

243 The ISA

  is taken from the 

equator

  is taken from 45 

degrees latitude

  is taken from 30 

degrees latitude

  is taken from 60 

degrees latitude  

  is taken from 45 

degrees latitude

244 At higher altitudes as altitude increases, pressure

  decreases at 

constant rate

  increases 

exponentially remains constant

  decreases 

exponentially  

  decreases 

exponentially

245 When the pressure is half of that at sea level, what is the altitude?   12,000 ft   8,000 ft   10,000 ft   18,000 ft    18,000 ft

246 During a turn, the stalling angle

  increases with 

AOA   decreases   remains the same

increases with an 

increased angle of 

incidence upto Stall    remains the same

247 The C of G moves in flight. The most likely cause of this is

  movement of 

passengers

  movement of 

the centre of 

pressure

  consumption of 

fuel and oils altitude  

  consumption of 

fuel and oils

248 The C of P is the point where

  all the forces on 

an aircraft act

  the three axis of 

rotation meet

  the lift can be 

said to act CG Point  

  the lift can be 

said to act

249 The three axis of an aircraft act through the   C of G   C of P   stagnation point Chord line    C of G

250 Pressure decreases

  proportionally 

with a decreases in 

temperature

  inversely 

proportional to 

temperature

  Pressure and 

temperature are 

not related

  proportionally with 

a increase in 

temperature  

  proportionally 

with a decreases 

in temperature

251 As air gets colder, the service ceiling of an aircraft   reduces   increases   remains the same becomes zero    increases

252 When the weight of an aircraft increases, the minimum drag speed   decreases   increases

  increases upto 

stall   remains the same    increases

253 An aircraft will have

  less gliding 

distance if it has 

more payload

  more gliding 

distance if it has 

more payload

  the same gliding 

distance if it has 

more payload

  more gliding 

distance if it has less 

payload  

  the same gliding 

distance if it has 

more payload

254 When an aircraft experiences induced drag

  air flows under 

the wing span-

wise towards the 

tip and on top of 

the wing spanwise 

towards the root

  air flows under 

the wing span-

wise towards the 

root and on top of 

the wing span-

wise towards the 

tip

   air flows under 

the wing span-

wise towards the 

tip 

  air flows on top of 

the wing spanwise 

towards the root  

  air flows under 

the wing span-

wise towards the 

tip and on top of 

the wing spanwise 

towards the root

255 At stall, the wingtip stagnation point

  moves toward the 

lower surface of 

the wing

  moves toward 

the upper surface 

of the wing

  moves toward the 

lower wing tip

  moves toward the 

upper wing tip  

  moves toward 

the lower surface 

of the wing

UNIT V



256 The rigging angle of incidence of an elevator is

  the angle 

between the mean 

chord line and the 

horizontal in the 

rigging position

  the angle 

between the 

bottom surface of 

the elevator and 

the horizontal in 

the rigging 

position

  the angle 

between the 

bottom surface of 

the elevator and 

the longitudinal 

datum

  the angle between 

the bottom surface of 

the elevator and the 

lateral datum  

  the angle 

between the mean 

chord line and the 

horizontal in the 

rigging position

257 What is the lapse rate with regard to temperature?

  0.98°C per 1000 

ft

  1.98°F per 1000 

ft   4°C per 1000 ft   1.98°C per 1000 ft  

  1.98°C per 1000 

ft

258 What happens to load factor as you decrease turn radius?   It increases   It decreases

  It remains 

constant

load factor is not 

related to turn radius    It increases

259

If you steepen the angle of a banked turn without increasing airspeed or angle 

of attack, what will the aircraft do?

  It will remain at 

the same height

  It will sideslip 

with attendant 

loss of height   It will stall   It will decent  

  It will sideslip 

with attendant 

loss of height

260 An aircraft wing tends to stall first at

  the tip due to a 

higher ratio 

thickness/chord

  the tip due to a 

lower ratio 

thickness/chord

  the root due to a 

higher ratio 

thickness/chord

  the root due to a 

lower ratio 

thickness/chord  

  the root due to a 

higher ratio 

thickness/chord

261 Dihedral wings combat instability in   pitch   yaw roll   sideslip    sideslip

262 To stop aircraft decreasing in height during a sideslip, the pilot can

  advance the 

throttle

  pull back on the 

control column

  adjust the rudder 

position

  adjust the elevator 

position  

  advance the 

throttle

263

What control surface movements will make an aircraft fitted with 

ruddervators yaw to the left?

  Left ruddervator 

lowered, right 

ruddervator raised

  Right 

ruddervator 

lowered, left 

ruddervator 

raised

  Both 

ruddervators 

raised

  Both ruddervators 

lowered  

  Left ruddervator 

lowered, right 

ruddervator raised

264

When a leading edge slat opens, there is a gap between the slat and the wing. 

This is

  to allow it to 

retract back into 

the wing

  to allow air 

through to re-

energize the 

boundary layer 

on top of the 

wing

  to keep the area 

of the wing the 

same

  to change the area 

of the wing  

  to allow air 

through to re-

energize the 

boundary layer on 

top of the wing

265 Which of the following is true?

  Lift acts at right 

angles to the wing 

chord line and 

weight acts 

vertically down

  Lift acts at right 

angles to the 

relative airflow 

and weight acts 

vertically down

  Lift acts at right 

angles to the 

relative airflow 

and weight acts at 

right angles to the 

aircraft centre line

  Lift acts at right 

angles to the chord 

line and weight acts 

at right angles to the 

aircraft centre line  

  Lift acts at right 

angles to the 

relative airflow 

and weight acts 

vertically down

266 If the wing tips stall before the root on a swept wing aircraft, the aircraft will   roll   pitch nose up   pitch nose down Yaw    pitch nose up

267 Standard sea level temperature is   0 degrees Celsius

  15 degrees 

Celsius

  20 degrees 

Celsius  22 degrees Celsius  

  15 degrees 

Celsius

268 As altitude increases, pressure

  decreases at 

constant rate

  increases 

exponentially

  decreases 

exponentially Remains constant  

  decreases 

exponentially

269 Lapse rate usually refers to   Pressure   Density   Temperature altitude    Temperature

270 The vertical fin of a single engined aircraft is

  parallel with both 

the longitudinal 

axis and vertical 

axis

  parallel with the 

longitudinal axis 

but not the 

vertical axis

  parallel with the 

vertical axis but 

not the 

longitudinal axis

Perpendicular with 

both the longitudinal 

axis and vertical axis  

  parallel with the 

vertical axis but 

not the 

longitudinal axis

271 Aircraft flying in the transonic range most often utilize   sweptback wings

  advanced 

supercritical 

airfoils   high wings delta wings    sweptback wings

272 Which type of flap changes the area of the wing?   Fowler   Split   Slotted plain    Fowler

273

Forward swept wings tend to stall at the root first so the aircraft retains lateral 

control, so why are they never used on passenger aircraft?

  Because the wing 

tips wash in at 

high wing loads

  Because the 

wing tips wash 

out at high wing 

loads

  Because at high 

loads their angle 

of incidence 

increases 

  Because at high 

loads their angle of 

incidence decreases  

  Because at high 

loads their angle 

of incidence 

increases 

274

What happens to air flowing at the speed of sound when it enters a converging 

duct?

  Velocity 

decreases, 

pressure and 

density increase

  Velocity 

increases, 

pressure and 

density decreases

  Velocity, 

pressure and 

density remains 

constant

  Velocity, pressure 

and density increase  

  Velocity 

decreases, 

pressure and 

density increase

275 As the angle of attack of an airfoil increases the centre of pressure   moves forward   moves aft

  remains 

stationary moves towards CG    moves forward

276

An aircraft, which is longitudinally stable, will tend to return to level flight 

after a movement about which axis?   Pitch   Roll   Yaw all three axis    Pitch

277 Vapour trails from the wingtips of an aircraft in flight are caused by

  low pressure 

above the wing 

and high pressure 

below the wing 

causing vortices

  high pressure 

above the wing 

and low pressure 

below the wing 

causing vortices

  low pressure 

above the wing 

and high pressure 

below the wing 

causing a 

temperature rise

  low pressure above 

the wing and low 

pressure below the 

wing causing a 

temperature rise  

  low pressure 

above the wing 

and high pressure 

below the wing 

causing vortices

278 Vortex generators on the wing are most effective at   high speed   low speed

 low angles of 

attack

  high angles of 

attack  

  high angles of 

attack

279 The chord line of a wing is a line that runs from

  the centre of the 

leading edge of the 

wing to the 

trailing edge

  half way 

between the 

upper and lower 

surface of the 

wing

  one wing tip to 

the other wing tip camber line  

  the centre of the 

leading edge of 

the wing to the 

trailing edge

280 The angle of incidence of a wing is an angle formed by lines

  parallel to the 

chord line and 

longitudinal axis

  parallel to the 

chord line and 

the lateral axis

  parallel to the 

chord line and the 

vertical axis

  perpendicular to 

the chord line and 

the lateral axis  

  parallel to the 

chord line and 

longitudinal axis

281 The centre of pressure of an aerofoil is located

  30 - 40% of the 

chord line back 

from the leading 

edge

  30 - 40% of the 

chord line 

forward of the 

leading edge

  50% of the chord 

line back from the 

leading edge

 10% of the chord 

line back from the 

leading edge  

  30 - 40% of the 

chord line back 

from the leading 

edge

282 Compressibility effect is

  drag associated 

with the form of 

an aircraft

  drag associated 

with the friction 

of the air over the 

surface of the 

aircraft

  the increase in 

total drag of an 

aerofoil in 

transonic flight 

due to the 

formation of shock 

waves

  the increase in total 

drag of an aerofoil 

insubsonic flight due 

to the formation of 

shock waves  

  the increase in 

total drag of an 

aerofoil in 

transonic flight 

due to the 

formation of 

shock waves

283

Lateral control of an aircraft at high angle of attack can be maximised by 

using   fences

  vortex 

generators   wing slots flaps    vortex generators

284 Stall strips are always

  on the trailing 

edge of a wing

  on the leading 

edge of a wing

  fitted forward of 

the ailerons

  fitted aft of the 

ailerons  

  on the leading 

edge of a wing

285

Due to the interference of the airflow on a high wing aircraft between the 

fuselage and the wings, the lateral stability of the aircraft in a gusty wind 

situation will cause

  the upper wing to 

increase its lift

  the upper wing 

to decrease its lift

  the lower wing to 

decrease its lift

  the lower wing to 

increase its lift  

  the upper wing 

to decrease its lift

286 Slats

  reduce the stall 

speed

  reduce the 

tendency of the 

aircraft to Yaw

  decrease the 

aerofoil drag at 

high speeds   decrease lift  

  reduce the stall 

speed

287 A high aspect ratio wing will give

  high profile and 

low induced drag

  low profile and 

high induced 

drag

  low profile and 

low induced drag

high profile and high 

induced drag  

  high profile and 

low induced drag

288 Aerofoil efficiency is defined by   lift over drag   drag over lift   lift over weight drag over weight    lift over drag



289

An aircraft banks into a turn. No change is made to the airspeed or angle of 

attack. What will happen?

  The aircraft 

enters a sideslip 

and begins to lose 

altitude

  The aircraft 

turns with no 

loss of height

  The aircraft yaws 

and slows down

  The aircraft begins 

to gain altitude  

  The aircraft 

enters a sideslip 

and begins to lose 

altitude

290 The relationship between induced drag and airspeed is, induced drag is

  directly 

proportional to the 

square of the 

speed

  inversely 

proportional to 

the square of the 

speed

  directly 

proportional to 

speed

  inversely  

proportional to 

speed  

  inversely 

proportional to the 

square of the 

speed

291 What is Boundary Layer?

  Separated layer 

of air forming a 

boundary at the 

leading edge

  Turbulent air 

moving from the 

leading edge to 

trailing edge

 low energy air 

that sticks to the 

wing surface and 

gradually gets 

faster until it joins 

the free stream 

flow of air

  Separated layer of 

air forming a 

boundary at the 

trailing edge  

 low energy air 

that sticks to the 

wing surface and 

gradually gets 

faster until it joins 

the free stream 

flow of air

292 The normal axis of an aircraft passes through

  the centre of 

gravity

  a point at the 

centre of the 

wings

  at the centre of 

pressure Chord line  

  the centre of 

gravity

293

On a high winged aircraft, what effect will the fuselage have on the up-going 

wing?

  The up-going 

wing will have a 

decrease in angle 

of attack and 

therefore a 

decrease in lift

  The down-

going will have a 

decrease in angle 

of attack and 

therefore a 

decrease in lift

  The up-going 

wing will have an 

increase in angle 

of attack and 

therefore a

  The up-going wing 

will have an 

decrease in angle of 

attack and therefore 

a  

  The up-going 

wing will have a 

decrease in angle 

of attack and 

therefore a 

decrease in lift

294

What is the collective term for the fin and rudder and other surfaces aft of the 

centre of gravity that helps directional stability?

  Effective keel 

surface   Empennage   Fuselage surfaces ruddervators  

  Effective keel 

surface

295 Temperature above 36,000 feet will

  decrease 

exponentially   remain constant

  increase 

exponentially

Increses at 1 degree 

for 1000 feet    remain constant

296 A decrease in incidence toward the wing tip may be provided to

  prevent adverse 

yaw in a turn

  prevent span-

wise flow in 

manoeuvres

  retain lateral 

control 

effectiveness at 

high angles of 

attack

  prevent yaw in a 

turn  

  retain lateral 

control 

effectiveness at 

high angles of 

attack

297 The angle of attack which gives the best L/D ratio

  decreases with a 

decrease in density

  in unaffected by 

density changes

  increases with a 

decrease in density

  decreases with a 

increase in density  

  in unaffected by 

density changes

298 For a given aerofoil producing lift, where P = pressure and V = velocity:

  P1 is greater than 

P2, and V1 is 

greater than V2

  P1 is less than 

P2 and V1 is 

greater than V2

  P1 is greater than 

P2, and V1 is less 

than V2

  P1 ,P2, and V1 , 

V2 remain constant  

  P1 is greater 

than P2, and V1 is 

less than V2


