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Course Information
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• Phone: 0321-8545029

• E-mail: jamshed.riaz@ist.edu.pk

• Consultation: Tuesday, Thursday, Friday



Learning Objectives

• Introduce students to concepts of rotary-wing 
aerodynamics with applications to helicopters

• Enable students to understand the flight 
operations of single rotor helicopters

• Enable students to estimate the relationship 
among thrust, power requirement, and 
payload



Course Goals

• Present notation for rotorcraft aerodynamics 
variables, forces, and moments

• Overview principles of Momentum theory, 
Blade Element Theory, and Vortex theory

• Apply above theories to analyze performance 
of helicopters in hover and vertical flight

• Extend the discussion to include forward flight

• Highlight essential features of conceptual 
design of a main rotor



Grades

• Quizzes 10%

• Homework 15%

• OHT-1 20%

• OHT-2 20%

• Finals 35%



Course Content
• Introduction

• Momentum Theory

• Blade Element Theory

• Combined BEM Theory

• Vertical Descent and Climb

• Forward Flight – Performance

• Forward Flight – Blade Motion

• Helicopter Performance

• Conceptual Design of Main Rotor



“Like all novices we began with the 
helicopter but soon saw it had no future 
and dropped it. The helicopter does, with 
great labor, only what the balloon does 
without labor, and is no more fitted than 
the balloon for rapid horizontal flight. If 
its engine stops, it must fall with deathly 
violence, for it can neither float like a 
balloon nor glide like an airplane. The 
helicopter is much easier to design than 
an airplane, but it is worthless when 
done.”
-Wilbur Wright



Rotorcraft Definitions

• A rotorcraft or rotary-wing aircraft is a heavier-than-air
flying machine that uses lift generated by wings, called 
rotary wings or rotor blades, that revolve around a 
mast.

• Several rotor blades mounted on a single mast are 
referred to as a rotor.

• The International Civil Aviation Organization (ICAO) 
defines a rotorcraft as "supported in flight by the 
reactions of the air on one or more rotors".

• " Any flying machine that produces lift from rotors 
turning in a plane that is normally close to the 
horizontal. "





• Rotorcraft generally include those aircraft 
where one or more rotors are required to 
provide lift throughout the entire flight, such 
as helicopters, gyroplane, gyrodyne, autodyne, 
cyclocopter etc. 

• Compound rotorcraft may also include:

– additional thrust engines 

– or propellers 

– and static lifting surfaces.

Rotorcraft



Main Rotor

A helicopter’s main rotor is the most important part of 
the vehicle. It generates lift to oppose weight, horizontal 
propulsive force for flight, and forces and moments to 
control the attitude and position of the helicopter.
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Main Rotor
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Rotor Blade Construction



Rotor Blade Construction

Metal



A helicopter is a type of rotorcraft in 
which lift and thrust are supplied by 
rotors. This allows the helicopter to 
take off and land vertically, to hover, 
and to fly forward, backward, and 
laterally.

Types of Rotorcraft



Torque Compensation



Types of Rotorcraft

The gyroplane (or autogyro) 
obtains lift from an undriven rotor 
that must be tilted away from the 
direction of flight to make air flow 
up through it.



The gyrodyne obtains lift from 
a power driven rotor. Unlike 
the pure helicopter, the 
gyrodyne maintains the rotor 
disc parallel to the direction of 
flight, and propels itself with a 
conventional airscrew.

Types of Rotorcraft

Lockheed
Cheyenne 
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The Rotodyne hovered as a tip jet powered helicopter and cruised as a 
compound gyroplane. (Augusta Westland)

Types of Rotorcraft
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• The history of the helicopter has been very short 
indeed.

• Early helicopters lacked enough power to fly.

• Once helicopters were powerful enough to leave the 
ground, they were found to be uncontrollable.

• Once the principles of control were understood, they 
were found to vibrate and to need a lot of maintenance 
and so on. 

• Today’s helicopters represent the sum of a tremendous 
number of achievements in overcoming one obstacle 
after another.

Technical History



Introduction of the turbine engine which was much lighter than the piston
engine for the same power, yet had fewer moving parts, allowed greater 
payload and a reduction in maintenance.

The first turbine-
powered helicopter 
to fly was a 
modified Kaman K-
225 in 1951 and in 
1954 Kaman HTK-1
the first twin-
turbine machine 
flew.

Technical History



It was in the 1960s that the many disciplines in helicopter design
were finally mastered. Some designs that emerged during that
period have remained in service to the present day. Sikorsky’s S-61
and Boeing’s Chinook are good examples of longevity.

Technical History



• Introduction of composite materials in blades, rotor heads and 
body parts has reduced weight and extended service life

• Refinements in mechanical engineering have produced lighter 
engines and transmissions having longer life

• Production engineering to reduce the amount of labour needed to 
build machines

• Increased employment of electronics and computers for items 
such as turbine engine controllers and rotor rpm governors along 
with stability augmentation systems

• Electronic monitoring of critical components to improve safety

Refinements

Technical History
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Helicopter Drivetrain



Planetary Transmission



Rotorcraft Configurations

Tandem Side-by-side

Synchropter Coaxial



The Chinook is the definitive tandem rotor helicopter and has been produced 
in large numbers.

Rotorcraft Configurations



The Kaman HH-43 Huskie is the most successful synchropter design.

Rotorcraft Configurations



The contra-rotating coaxial principle is used extensively by Kamov.

Rotorcraft Configurations



Tilt Rotor BA (609)

Rotorcraft Configurations



Tail Rotor Configurations

Tail Thrusters



Tail Rotor Configurations

Fenestron Fan-in-Tail
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The Control System

The cyclic stick tilts the rotor in the direction it is moved, whereas the collective lever 
changes the magnitude of the thrust. The tail rotor pedals alter the magnitude of the tail 
rotor thrust.



Collective and Cyclic
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Collective and Cyclic

http://www.google.com.pk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCKTS2c_SkckCFQJXJgodKq4LUA&url=http://www.avsim.com/pages/0604/heli/helitutorial.htm&bvm=bv.107467506,d.eWE&psig=AFQjCNHVdJEwEhImQ7qvG0wKzTKvnVSwZg&ust=1447649834625601
http://www.google.com.pk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCKTS2c_SkckCFQJXJgodKq4LUA&url=http://www.avsim.com/pages/0604/heli/helitutorial.htm&bvm=bv.107467506,d.eWE&psig=AFQjCNHVdJEwEhImQ7qvG0wKzTKvnVSwZg&ust=1447649834625601


Swash Plate
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Collective Control



Three Axes of Flight



Hover

• First, open the throttle slowly until you reach proper 
operating RPM.

• Pull the collective gradually up. As collective pitch increases, 
push the left pedal (right pedal for non-American models). 
Continue pulling on the collective and depressing the left 
pedal. Adjust the pedal if the aircraft is turning to the left or 
right.

• The helicopter will leave the ground and you'll be able to use 
the cyclic. As you continue to pull the collective and depress 
the pedal, adjust the cyclic to level the aircraft as you take off. 
Push forward slightly to start moving forward.



Take-Off

• While hovering, adjust the cyclic to level the aircraft as you 
take off. Push forward slightly to start moving forward.

• As the helicopter transitions from vertical to forward motion, 
it will shudder. Push the cyclic forward a little more to make 
sure you keep going forward. The phenomenon that causes 
the shudder is called effective translational lift (ETL).

• As you progress through ETL, reduce the collective lever and 
apply less pressure to the pedal. Push the cyclic forward to 
avoid an abrupt nose high attitude and reduction in forward 
speed.

• Once you’ve taken off, slightly release forward cyclic pressure. 
The aircraft will then begin to climb and gain airspeed. From 
this point, the pedals are primarily used to trim the aircraft.





Take-Off Positions



Take-Off & Flight Video



Running Take-Off



Running Take-Off Video



Lift and Thrust Vectoring

“The pilot should always remember that the total lift and 

thrust vectoring is controlled by the cyclic. If a certain 

airspeed is desired, it will require a certain amount of 

cyclic and collective movement for level flight. If the 

cyclic is moved, the thrust-versus-lift ration is changed. 

Aft cyclic directs more power to lift, and altitude 

increases. Forward cyclic directs more power to thrust, 

and airspeed increases. If the collective is not changed 

and there is a change only in cyclic, the total thrust to lift 

ration does not change; aft cyclic results in a climb, and 

forward cyclic results in a descent with the corresponding 

airspeed changes.” _ FAA Helicopter Flying Handbook



Lift and Thrust Vectoring



Autorotation
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Instrument Panel
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• Low Speed

• Dissymmetry of Lift

• Vibrations

• Noise

Limitations



Low Speed
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Dissymmetry of Lift



Flapping Hinge



Coning Angle



Main Rotor Configurations
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Main Rotor Configurations

Articulated Hub Design
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Main Rotor Configurations

Hingeless Hub Design
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Main Rotor Configurations

Bearingless Hub Design
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• LATERAL: Evident in side-to-side swinging 
rhythms caused by an out-of-balance rotor blade.

• VERTICAL: Evident in up-and-down movement 
that produces a thumping effect, caused by an 
out-of-track rotor blade.

• HIGH-FREQUENCY: Evident in buzzing and a 
numbing effect on the feet and fingers of crew 
members. High-frequency vibrations are caused 
by an out-of-balance condition or a high-speed, 
moving part that has been torqued incorrectly.

Vibrations



Vibrations



Helicopter Drivetrain







Safety 
Around 
Helicopters



• Helicopters must have a high power to weight 
ratio limiting load carrying capability and 
range.

• Demand a lot of maintenance

• More expensive to move a given load

• Cannot compete economically with 
aeroplanes

Applications of the Helicopter



• Can land almost anywhere a fairly flat firm 
surface exists

• Can transfer goods and passengers whilst in 
the hover which also makes it an ideal rescue 
vehicle

• Can operate in bad weather

Applications of the HelicopterApplications of the Helicopter


