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Session 1, Introduction to Principles of Flight on-line learning

This topic, Principles of Flight, is divided into 12 sessions, as shown in the contents list.  The aim is that each session should last 1 week.  How you divide your time to cover the topic is up to you.
During that week you should complete the allocated session in this workbook.  It is suggested that you should do this in pencil, so that it is easier to make corrections.  There will be an answer book available for you to check your answers.  Do not just copy the answers, you will not learn anything that way.  Once we are back at squadron I want to see the completed workbooks.

Many sessions, but not all, are covered by the power point on Principles of Flight.   You need to work through the power points as indicated in the contents on page 1 to enable you to answer the questions.  Some of the work is practical.  Some of the work is using your own opinion and experience.  Think of aircraft models you might have made.  Think of visits to museums such as Duxford or visits to air shows.  If you have flown an aircraft, use that experience to help you.

At the end you will have the on-line test on Principles of Flight. To help you practice for that questions are included in the power points plus a couple of practice papers at the end.  Make sure you practice these.

It is hoped that each week there will be a chance to ask questions and discuss the topic on-line with the instructors.  Otherwise put your questions on Facebook to share with others and get answers.

Personal Aviation Experience

Think of your own personal experiences in aviation.  List these experiences here to remind yourself what you have already done.


	Experience
	What you have done
	When

	Air museums
	
	

	
	
	

	
	
	

	Air shows
	
	

	
	
	

	
	
	

	Airfields visited
	
	

	
	
	

	
	
	

	Flying
	
	

	
	
	

	
	
	


Session 1, Aircraft structure

In First Class you looked at the basic structure of an aircraft.  
On this picture fill in as many labels as you can using the list below. 
[image: C:\Users\GCB1\Documents\Aviation\Cadets\Academics\Leading Principle of Flight\Training aircraft, without labels.jpeg]

The answers are in the answer book.

	Labels of aircraft parts for the diagram

	Cockpit canopy
	Port position light, red
	Starboard flap

	Elevator
	Port wing
	Starboard main wheel, landing gear

	Engine cowling
	Port wingtip
	Starboard position light, green

	Engine exhaust
	Propeller
	Starboard wing

	Fin
	Radio antenna
	Starboard wingtip

	Fuselage
	Rear facing position light, white
	Tailplane

	Landing lights
	Rotating beacon, red
	Trailing edge

	Nosewheel and nose gear
	Rudder
	Trim tab

	Oil cooler
	Spinner
	Wing leading edge

	Port flap
	Starboard aileron
	Wing root


	

Session 2, Make your own aircraft.

It is important to have your own aircraft with moveable parts, aileron, flap, rudder and elevator so you can see how it works.
You will need 4 pieces of card, the tops of cereal boxes are just about right, scissors and sticky tape.  
These instructions are a guide line only. The final design is your own.
 
For Fuselage: Cut out parts A and B.  Attach A to extend the fuselage backwards and to support the fin.
Make a slit along line C, this is for inserting the wing.
				Cockpit
A									B



						C
									Engine
Fuselage



For the wing make cuts at D, E, F, and G for the trailing edge. Cut at H on the leading edge.
The ailerons and flaps must be able to move.
Insert wing into the fuselage at C.  Use the cut at H to slip forwards to hold on the fuselage.
Tape the section between E and F to the fuselage.										      			         H	Leading edge					   

Port											      Starboard
Wing



Aileron			Flap			Flap			Aileron

     D                                  E    F                                 G

For the Fin and Rudder make cuts at I, J, K, L.   
K and L are for slotting onto the fuselage, so it is vertical.
I is the bottom of the rudder.  The rudder must be able to move.  
Remove the section between I and J to give Elevator movement.
                                              I       J						      M	
Elevator
Rudder 


Fin 



K

L



For the Elevator make cut M.  This is to slot the elevator onto the fin at I with movement to J.

Now add your own call sign.  Start with G and space, then add 4 letters, all in capitals.

You might like to show your aircraft at a Virtual Parade Night.

Session 3	Principles of Flight, Lift and Weight

Go to the power point, LO1, P1, work through it, in reading view, and answer the questions in this workbook. Some questions require thinking, using your own knowledge and what you learnt at school.	

Newton’s Laws
Laws 1 and 3 important in aviation, especially to do with momentum and lift.

1.	Every object will stay in uniform ………………….. unless an external ………………… acts on it.

3.	For every ……………………….  there is an ……………… and …………………….. ………………..

For a car of 1 tonne sitting on the road, what force is the road giving?	………………………………….

For a boat of 10 tonnes in the water, what force is the water giving?	………………………………….

Air
How can you show that air exists?	……………………………………………………………………………..

Lift
What happened when you blew down the sheets of paper?	……………………………………………………

What happened when you blew over the paper?		…………………………………………………..

What happens to the speed of the air going through the gap?	…………………………………………..

What happens to the pressure of the air going through the gap?	………………………………………….

……………….. says that for smooth flowing air when the speed …………….. then the pressure 

…………….., when the speed ………………… the pressure ……………… (same applies to liquids)

Draw a wing curved at the top.  








What will happen to the speed of the air passing over it?	………………………………………………….

What will happen to the pressure of the air passing over it? …………………………………………………

With less pressure above it the wing will  ………………………………………………………………………

Show each of the following on your wing drawing:

Pressure envelope is	……………………………………………………………………………………………..

Total reaction is …………………………………………………………………………………………………….

Centre of pressure is ………………………………………………………………………………………………

Free Stream Flow or ……………….  is ………………………………………………………………………….

Lift is …………………………………………… to the flight path/free stream flow

Drag is …………………………………………. to the flight path/free stream flow

Distribution of lift and the Pressure envelope:

Look on the slides at what happens when the wing moves from straight and level to an angle with the flight path.

What happens to the pressure envelope as the angle increases? ………………………………………….

What is happening to the pressure above the wing as the angle increases? ……………………………..

What happens to the lift as the angle increases? …………………………………………………………….

Why?	……………………………………………………………………………………………………………..


Mass, weight and Centre of Gravity

What is mass?	……………………………………………………………………………………………….

What is weight?	……………………………………………………………………………………………….

What is gravity?	……………………………………………………………………………………………….

If you went to the moon would your mass change?	…………………………………………………………….

If you went to the moon would your weight change? ……………………………………………………………

Why?	……………………………………………………………………………………………………………..


Centre of Gravity is ………………………………………………………………………………………………….

The Four Forces affecting an aircraft are: ………………………………………………………………………..

Look at your model aircraft, see how the forces would act on that.
On this diagram show which are the opposing forces.  Show the Centre of Gravity


















Which is the main part of the aircraft giving lift? ………………………………………………………………….


Aircraft wing

Here is an aircraft wing.  As you go through the slides fill in the following labels plus add any extra lines:

Leading edge, trailing edge, chord line, free stream airflow, angle of attack, camber, mean camber line. 

From the previous notes add these to your wing:

Lift, Weight, drag, total reaction, pressure envelope, centre of pressure.

Show where you would find flaps and ailerons.




Use your aircraft model to help visualise these questions:

When is there more drag, with the flaps up or down?	……………………………………………………

When an aileron is down what happens to the air pressure over the wing?	…………………………………..

What happens to the wing?		………………………………………………………………………………

What happens to the whole aircraft?	………………………………………………………………………………

When an aileron is up what happens to the air pressure over the wing?	…………………………………..

What happens to the wing?		………………………………………………………………………………

What happens to the whole aircraft?	………………………………………………………………………………

What two points does the chord line join?	……………………………………………………………………..

Flying straight and level what is the angle of attack?		……………………………………………………

If the nose is pulled up what happens to the angle of attack?	…………………………………………..

When coming in to land the nose can be pointing down, what happens to the angle of attack? …………..

On the wing above which side has the more camber, top or bottom?	………………………………….

What advantage does more camber give to an aircraft?		…………………………………………

What disadvantage does more camber give to an aircraft?	……………………………………………………


Does the Typhoon have a thin wing or a thick wing?		……………………………………………………

Why?	…………………………………………………………………………………………………………………

How is the mean camber line the same as the chord line?	……………………………………………………

How is the mean camber line different from the chord line?	……………………………………………………

What about a symmetrical aerofoil?	………………………………………………………………………………

For these two aircraft, draw in and label: wing span and mean chord.

What differences do you notice?	………………………………………………………………………………
















Air density

What is density?	………………………………………………………………………………………………..

Which is less dense, gold, water or air?	…………………………………………………………………….

As one goes up in the atmosphere what happens to the air density?	………………………………….

Can an engine, set for sea level, work easily higher up in the air?	…………………………………………..

What does this do to lift?	………………………………………………………………………………………

Air Speed

What is meant by air speed?	………………………………………………………………………………………

What is speed measured in?	………………………………………………………………………………………

What does more speed give to an aircraft?	……………………………………………………………………..



What are the 5 factors affecting lift?	1)………………………………….  2) ……………………………………

3)……………………………………     4) …………………………………  5) ……………………………………



Session 4		Principles of Flight LO1, P2	 	Thrust and Drag

Revision:

1.	Newton’s third law of motion: ………………………………………………………………………………

2.	On an aircraft the upwards force is: ……………………, the downwards force is: …………………...

3.	On an aircraft wing there are 2 moving parts:  …………………………………………………………..

4.	The front of the wing is the: ……………………. edge, the back is the ……………………   edge.

5.	On this aircraft show and label the 4 main forces:

	Add in the centre of gravity.



Thrust
What are the two main forms of thrust?	……………………………………………………………………..

What is pushed?	…………………………	Which way is it pushed?	…………………………

What does this do to the aircraft?		…………………………………………………………………….

What 2 factors does it depend on?		……………………………………………………………………..

Drag
Which way is drag happening?		……………………………………………………………………..

What has drag to do with air speed?		……………………………………………………………………..

Double airspeed = …………drag; Triple airspeed = ……………..drag; Quadruple airspeed = ………drag

When cruising is drag helpful or a problem?	……………………………………………………………………..

When is drag useful?	(think)			……………………………………………………………………..

What does ‘streamlining’ do to drag?		……………………………………………………………………..

Draw a streamlined shape:


What is the streamline cutting out?		……………………………………………………………………..

What is the type of drag determined by the object shape?	……………………………………………………

What is IAS?					……………………………………………………………………..

Thrust and Drag together
Join these pairs correctly:

Constant speed			Thrust is greater than drag

Accelerating				Thrust is less than drag

Decelerating 				Thrust equals drag


Session 5	Principles of Flight	LO2, P1	Stability

What does stability mean to you?	…………………………………………………………………………..

Stabilisation table
Fill this in as we go through the slides
Use your own aircraft to look at the axes, planes and stability and answer the questions.

	Axis
	Plane
	Stability

	
	
	

	
	
	

	
	
	



Now fill in the axes, planes and stability on this diagram.  (slide 9)














Use of controls

1.	Rolling – round the ……………………………………. axis

  a)	Which part of the wing is used for roll?	…………………………………………………………….

  b)	Do the port and starboard move in the same or opposite directions?	………………………….

  c)	What shape increases when an aileron moves down?	………………………………………….

  d)	What does this do to the air pressure over the wing?	…………………………………………..

  e)	So what does the wing do?	……………………………………………………………………………..

  f)	What happens to the wing shape when the aileron moves up?	………………………………….

  g)	What does this do to the air pressure over the wing?	…………………………………………..

  h)	So what does the wing do?	……………………………………………………………………………..

  i)	When the left aileron moves up what does the right aileron do?	………………………………….

  j) 	Which way does the aircraft turn?	…………………………………………………………………….

  k)	With what does the pilot move the ailerons?	……………………………………………………………

  l)	Which way must s/he move this control to turn right?  ……………  	         left?  …………………….

  
2	Pitching – round the ……………………………………. axis

  a)	In which directions does a pitching plane move?	……………………………………………………

  b)	Which section of the aircraft will control pitching?	……………………………………………………

  c) 	What is the moveable part of this section?	…………………………………………………………….

  d)	If the elevators move down what happens to the camber of the tail plane?	………………………….

  e)	What happens to the air pressure over the tail plane?	…………………………………………..

  f)	What happens to the tail of the aircraft?	………………	and the nose? …………………………

  g)	If the elevators move up what happens to the shape of the tail plane?	………………………….

  h)	What happens to the air pressure over the tail plane?	…………………………………………..

  i)	What happens to the tail of the aircraft?	………………	and the nose? …………………………

  j)	With what does the pilot move the elevator?	……………………………………………………	
  
  l)	Which way must s/he move this control to go up?	……………  down?  …………………….


3	Yawing – round the ………………………………………. axis

  a)	In which directions does a yawing plane move?	……………………………………………………

  b)	Which section of the aircraft will control yawing?	……………………………………………………

  c) 	What is the moveable part of this section?	…………………………………………………………….

  d)	If the rudder moves to the left what happens to the camber of the fin?	………………………….

  e)	What happens to the air pressure over the fin?	……………………………………………………

  f)	What happens to the tail of the aircraft?	………………	and the nose? …………………………

  g)	If the rudder moves to the right what happens to the shape of the fin?	………………………….

  h)	What happens to the air pressure over the fin?	……………………………………………………
..
  i)	What happens to the tail of the aircraft?	………………	and the nose? …………………………

  j)	With what does the pilot move the rudder?	…………………………………………………………...	
  
  l)	Which control must s/he move this control for left yaw?	……………	right yaw?  …………





Stability		 Use your own aircraft to look at the axes, planes and stability

An aircraft will follow Newton’s First Law of Motion, that is it will fly ……………….  and …………….. unless disturbed by another force.  The stability of an aircraft is its ability to correct for external forces eg: turbulence.  An aircraft with static stability will ………………… to its equilibrium state after disturbance.

1.	Directional Stability

  a)	Directional stability acts round which axis?	…………………………………………………………..

  b)	What is the pivot point?			…………………………………………………………..

  c)	Which part of the aircraft provides directional stability?	…………………………………………

d)	Look at your aircraft and the distance from the centre of gravity to the fin.  
	On this diagram mark the c of g and fin.
	Draw a line between them.  This is the moment arm.
The moment is the turning effect of a force and is calculated 
as force x distance.
For stability the aircraft will have a calculated moment, provided by the size of the fin and the distance between c of g and fin. Label these on your diagram.

If the c of g goes further back what happens to the distance of the moment arm?

							…………………………………………………………………………………………………………..

What is done to the fin to account for this?	…………………………………………………………..


2. 	Longitudinal Stability

  a)	Longitudinal stability acts round which axis?	…………………………………………………………..

  b)	What is the pivot point?			…………………………………………………………..

  c)	Which part of the aircraft is destabilised?	…………………………………………………………..

  d) 	Which part of the aircraft provides longitudinal stability?	…………………………………………


3.	Lateral Stability

  a)	Lateral stability acts round which axis?	…………………………………………………………..

  b)	What is the pivot point?			…………………………………………………………..

  c)	Which part of the aircraft helps provide lateral stability?	…………………………………………

  d)	What are the 4 lateral stability methods?

  	i)	…………………………………….		ii)	…………………………………….

	iii)	…………………………………….		iv)	…………………………………….



Anhedral and Dihedal wings

Dihedral wings point ……………………….. and are ……………………………..

Anhedral wings point ………………………  and are ……………………………..

Fighter aircraft have ………………………………….. wings to be more ……………………………………

Session 6	Principles of Flight, LO2, P2	Flaps, Slats and Airbrakes
Use your own aircraft to look at the Flaps and think where Slats might go.  
On a wing: 
what is the leading edge?	……………………………………………………………………………..

what is the trailing edge? 	……………………………………………………………………………..

Where are flaps usually found?	……………………………………………………………………………..

What are the 2 main purposes of flaps?   a)   ……………………………	b)    ……………………………

How does a flap give lift?		……………………………………………………………………………..

How does a flap give drag?		……………………………………………………………………………..

What else gives lift?			……………………………………………………………………………..

What happens to lift if you double the air speed?	……………………… and treble?  ……………………

What happens to lift if you increase the angle of attack?	……………………………………………………

What happens at the Critical angle of attack?	…………………………………………………………….

What is the general Critical angle of attack?		…………………………………………………………….

What happens to lift if air density is decreased?	…………………………………………………………….

What can decrease air density?	a) ………………….  b)  …………………….  c) ………………………

How does the wing shape affect lift?			…………………………………………………………….

CLMAX is the Co-efficient of Lift.  This is part of a formula to calculate how much lift a wing will give.

Fill in this table for Flap Types and their details for lift:

	Flap/Slat type
	Wing edge
	Increase of CLMAX 
	Critical Angle

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


Flaps and Drag

Fill in this table showing the comparison between lift and drag for different angles of flap.

	Flap angle
	Lift
	Drag

	0º
	
	

	15º
	
	

	30º
	
	

	60º
	
	

	90º
	
	



Which of these angles of flap would be used for normal cruise:	…………………………………………

Which of these angles of flap would be used for glide approach:	…………………………………………

Which of these angles of flap would be used for take off:		…………………………………………

Which of these angles of flap are unlikely on a light aircraft:	……………………………………………………

On a PA28 there are 3 stages of flap.  10º, 25º, 40º 
Normally I do not use flaps for take off but use 1 stage of flap for short field and for landing use 2 stages.

If I had a heavy load near the weight limit what might I do on take off?  …………………………………….

If I wanted to do a short field take off what might I do?	………………………………………………….

If I wanted to cruise extra slowly what might I do?		………………………………………………….

If I wanted to do a short field landing what might I do?	………………………………………………….

If I found my approach was too fast what would I do?	…………………………………………………

Draw in the different types of flap, name them:


















Session 7	Principles of Flight		 LO2, P3, 	Stalling,

What does stalling mean?	……………………………………………………………………………………….

On what is the stall dependent?	………………………………………………………………………………

What factors give lift?		……………………………………………………………………………………….

Here is a wing.  Draw in and label the 2 lines which make the angle of attack.  Label the angle of attack. 

What happens to speed if the angle of attack is increased?	

……………………………………………………

How can the speed be increased whilst keeping the same angle of attack? 				 ………………………………………………..

What is the Critical Angle?	……………………………………………………………………………………….

What is the stalling speed?	……………………………………………………………………………………….

Stalling Mechanism – Boundary layer separation
On these aircraft wings show the effects on the air as the angle of attack increases then fill in the descriptions:

Straight and level Boundary layer separation

		Small increase in AoA			
	
Critical Angle



						

Transition point:  just before top of ……………………

Laminar adhesion:  ………………. of air sticking to …………..

Viscous adhesion:  air sticks more/less 	Turbulent layer:     air sticks more/less    Circle right answers

Will the turbulent air allow lift?	 ……………………………………………………………………………

Factors affecting stalling speed:

1.	W……………………………………………………………………………………….

2.	M……………………………………………………………………………………….

3.	T……………………………………………………………………………………….

4.	F……………………………………………………………………………………….

5.	I……………………………………………………………………………………….

6.	D……………………………………………………………………………………….
Stall warnings

What happens to the speed?		………………………………………………….

What position might the nose be in?	………………………………………………….

What might the controls feel like?	………………………………………………….

What happens to the air frame?	………………………………………………….

What on the aircraft can also warn you?	………………………………………………….

As it stalls:

What happens to the air frame?	………………………………………………….

What happens to the nose?		………………………………………………….

What happens to the wings?		………………………………………………….

What happens to the aircraft?	………………………………………………….


Stall recovery

1.	………………………………………………  &	2.	…………………………………………

3.	………………………………………………	4.	………………………………………………….   
What happens to the stalling speed .....
1. If aircraft weight increases?				………………………………………………….
2. If we lower the flap?					………………………………………………….
3. If we are pulling “G”?					………………………………………………….
4. If the aircraft is damaged or has had a birdstrike? 	………………………………………………….
5. If using engine thrust? 					………………………………………………….
[image: Photograph of a airfoil in a wind tunnel, showing separated flow over the top surface.]
This picture shows an aerofoil in a wind tunnel.

What do you notice about the air flow on the upper and lower surfaces of the wing?

Upper:	………………………………………..

Lower:	………………………………………..

Why?	……………………………………….

Would this wing give any lift?	……………..

What would happen to an aircraft in this state?


………………………………………………………………………………………………………………………



Session 8	Principles of Flight		 LO2, P4, 	Use of controls,

A plane can be considered as a flat rectangular surface.  On this aircraft draw and label the 3 planes of movement of the aircraft showing direction of movement.

An axis is a line around which something rotates.  On the aircraft below draw and label the three axes around which the planes rotate showing direction of rotation.
		






The movement of the aircraft is controlled by control surfaces.
								
					
On this aircraft label the control surfaces.



In this table list the control surfaces, what they control and how the pilot controls them.

	Control surface
	Plane of movement
	Pilot control

	
	
	

	
	
	

	
	
	




What do the letters C of G (or CG) mean?	……………………………………………………………………

Explain it. …………………………………………………………………………………………………………….

What do the letters C of P (or CP) mean?	……………………………………………………………………

Explain it. …………………………………………………………………………………………………………….

For this work we will consider C of G and C of P to be in the same place.  On one diagram above mark it.

The aircraft is flying straight and level. (hands and feet off control) Is it balanced or unbalanced? (circle)
Or it could be evenly ascending or descending.

What could put it out of balance?	………………………………………………………………………………

What might you have to move to put it back in balance?	……………………………………………………

What would happen if you let go of the control?		……………………………………………………

Keeping pulling or pushing the control can be which of these:	easy	 or  	very tiring	  (circle)

The aircraft can be kept in balance by using a 	………………   	
Tabs

Where could you find a tab?	………………………………………………………………………………

In the diagram below label:	fuselage, elevator, tab.   Add a tab to your cardboard model.

					













Fixed Tab
Can a fixed tab be moved when flying?	…………………………………………………………………

If you needed to change it where would you be?	………………………………………………………..


Trim Tab
Can a trim tab be moved when flying?	…………………………………………………………………

How is this done?				…………………………………………………………………

What is the advantage of a trim tab?		…………………………………………………………………

Which way is the stick moved to descend?	…………………………………………………………………

Which way is the trim tab moved to balance in descent?   ……………………………………………………

Which way is the stick moved to ascend?	…………………………………………………………………

Which way is the trim tab moved to balance in ascent?   ……………………………………………………

What is stick force?			………………………………………………………………………….

Once the aircraft is trimmed is there any stick force?	………………………………………………..




Session 9	Principles of Flight		 LO3, Gliding


Label the four forces acting on a powered aircraft.

What is C of G? ……………………………………….

Label it.

For a glider one of these forces is missing.
Cross that one out.

What could one use instead of that force?

………………………………………………………………………………………………………………………..

What is providing the lift?	…………………………………………………………………………………….

How is speed reduced?	…………………………………………………………………………………….

What happens to the air flow over the wings?	……………………………………………………………

What happens to the lift?	…………………………………………………………………………………….

What happens to descent?	…………………………………………………………………………………….

How is speed increased?	…………………………………………………………………………………….

What happens to the air flow over the wings?	……………………………………………………………

What happens to the lift?	…………………………………………………………………………………….

What happens to descent?	…………………………………………………………………………………….

What happens if you fly too slowly?			……………………………………………………………

Why?				…………………………………………………………………………………….

Use these words to fill in the table:	Flat, 	steep,	 fast, 	slow, 	long, 	short

	Gliding angle
	Rate of descent
	Distance over the ground

	
	
	

	
	
	




For a glider it is important for the pilot to know such things as the different gliding speeds at different angles, including stall.  With these the pilot can work out how far the glider will go in still air. Where will the pilot find these speeds?

				…………………………………………………………………………………….

What else must the pilot take into consideration?	……………………………………………………………




Speed and distance:

What is the Viking’s angle of glide?		……………………………………………………………

What does this mean?			……………………………………………………………

In still air this glider is at a height of 1km.  How far can it go before it lands?	…………………….

In still air this glider is at a height of 0.1km.  How far can it go before it lands?	…………………….

In still air this glider is at a height of 0.2km.  How far can it go before it lands?	…………………….

In still air this glider is at a height of 0.5km.  How far can it go before it lands?	…………………….


The effect of wind

		








				Runway

This glider is coming in to land three different times.  For each time he has the same angle of attack but the wind is different.

Label his descent path for tail wind, head wind and still air.  

For a short field landing which wind is best?		……………………………………………………………


When landing does the pilot want to have full descent speed?		…………………………………

Which of the forces does he need more of to help him?			…………………………………..

What does the glider have to do this?		……………………………………………………………

Where are they found?				……………………………………………………………

How are they controlled?				……………………………………………………………
___________________________________________________________________________________

If time look on the chart.

What is the symbol for gliding?			……………………………………………………………

Where can you find gliding sites?			……………………………………………………………

…………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………
Session 10		Principles of Flight		 LO4, Helicopters

What is this shape?	…………………………..


Draw in and label: (see LO1, p1)
air flow, chord line, angle of attack
mean camber line, lift

Also label: 
leading edge, trailing edge, camber


What happens to the air flow speed over the top of the wing?	…………………………………………

What happens to the air flow pressure over the top of the wing?	…………………………………………

Does a helicopter have wings?					…………………………………………

What does a helicopter have for lift?					…………………………………………

How does it move?							…………………………………………

How can it generate more lift to climb?				…………………………………………

How can it generate less lift to descend?				…………………………………………

What else can generate more or less lift?				…………………………………………

Parts of a helicopter

External:

On this helicopter diagram label:

Blades, rotor head and tail rotor.        


[image: Controls 1]


Internal:



On this diagram of inside the helicopter cockpit colour in and label:

	Collective pitch lever
	Cyclic pitch control column
	Yaw pedals








Helicopter controls

In the list below underline the 4 controls.  Put them into the table.
Use the rest of the words and phrases to fill in the table.

	Control
	What is does
	Why it does it

	
	
	

	
	
	

	
	
	

	
	
	


Changing speed of rotation of blades, Collective pitch lever, Counteracts blade drag, Controls tail rotor, Cyclic pitch control, Hand throttle, Horizontal direction, Lift, Rotor blade speed, Rotor blade angle of attack, Sideways direction, Tilting main rotor disc, Yaw pedals

Which side is the cyclic pitch control column?	…………………………………………………………….

Which way is it moved to go forwards?		…………………………………………………………….

Which side is the collective pitch lever?		…………………………………………………………….

What happens to all the rotor blades when the collective pitch lever is moved up?	

…………………………………………………………….…………………………

What happens to the lift?				…………………………………………………………….

	and down?					…………………………………………………………….

What happens to the lift?				…………………………………………………………….

When the angle of attack is increased what also happens?	……………………………………………………

What is used to keep them at the correct speed?	…………………………………………………………….

Fill in this lift table with:	Lift = Weight, Lift greater than weight, Weight greater than lift
				on the ground, climbs vertically, hovers

	
	
	

	
	
	



What does yaw mean?				…………………………………………………………….

What do the yaw pedals do?				…………………………………………………………….

Which part are they controlling?			…………………………………………………………….

How?							…………………………………………………………….

What is the main use for this part?			…………………………………………………………….

Look at helicopter pictures and work out which are the parts you have learnt about and what they do.

Watch the Air Ambulance helicopters as they go overhead. Work out what is being done to control them.
Session 11 	Practice papers.
On the next pages are a couple of practice papers to help you revise.  Work through them and check your answers.  Find out what mistakes you have made and check through that section of work again[image: C:\Users\GCB1\Documents\Aviation\Cadets\Academics\Leading Principle of Flight\Principles of flight, Test paper 2097 p1.jpeg]
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Session 12		Exam

Go on to Bader and do your exam.

Let the training officer, Sgt Degnan, know your results.
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Examination

1. Use black or dark blue pen, NOT pencil
2. Mark one answer per question with a cross.

3. If you wish to change an answer, cancel the
original mark and mark another single answer.

Date of Exam

A selected answer.

m A cancelled answer.

Leading Cade-
33/2 Principles of Fligh

&enerated 22-Jul-10

Serial: 2097

Mark:

Which scientist formulated laws, one
of which says that every action has an
equal and opposite reaction?

D Morgan
[_:! Riddely
g Newton
D Einstein

In the diagram, dir is flowing past a
constriction. What has happened to
the gir pressure at point B?

E! It is the same as at point C
|j It is lower than at point A

g It is greater than at point C
Eh It is greater than at point A

Why is lift produced when air flows
over the top surface of @ wing?

The air pressure rises because the
air is slowed down

The air pressure falls because the
air is speeded up
The air pressure rises because the
air is speeded up

The air pressure falls because the
air is slowed down

Where is the greatest amount of lift
normally generated on an aerofoil?

E! Leading edge
g Trailing edge
g Bottom surface
Ei Top surface

Squadron/Unit Wing
5  The centre of pressure on an aerofoil 10 Which of the following statements is
is? true?
a Two thirds of the way along the a The airspeed at which an aircraft
chord line, measured from the stalls does not vary
feadingiedge; b The stall is the same for all
b Half way along the chord line aircraft
ly atong
e The point at which all the weight is c The airspeed at which an aircraft
said to act stalls does vary
d The point at which all the lift is d A wing can stall at any angle of
said to act attack
6  The resistance to the forward 11 What part of an gircraft provides
movement of an aircraft is called? stability in the pitching plane?
a ! Thrust a ! The undercarriage
b Q Drag b Q The fin
F- g Turbulence c I The tail plane
d D Resistance g l_*l The nose
7  To accelerate an gircraft from 12 Which of these gives an gircraft high
straight and level flight which of the directional stability?
following statements is true? @ r—i Large fin area
C—
a ]j Thrust must exceed total drag b ‘ﬁl 2 SeRE i
b ! Drag must be greater than thrust - ’—! T of =3
c g Thrust must be less than drag 4 D Stmall Bt
d D Thrust must equal total drag
13  This gircraft is flying towards you.
8  Which of these statements, about What angle is the arrow pointing to ?
the airfiow over the wing of an [ Cohedral angle
gircraft just beyond the point of stall m—
is true? b I Arhedrel angle
a [ ] If speeds up tremendously < *' Lift angle
b ! It becomes turbulent d _—.' Dihedrai angle
c l Tt stops completely
d ] Tt becomes very smooth o ié} s
9  Which of the following is true? A
particular wing will stalil:
a E! Always at the same airspeed
b Only below a particular airspeed
y p p
€ Only when its nose is well above
the horizon
d

D Always at the same angle of attack

2097 33/2 Principles of Flight

Page 1 of 2
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i
On this diagram what does the arrow
point 1o ?

g Q Fin

b g Aileron
= Q Rudder
d D Fuselage

15  Inorder to control an aircraft in the
pitching plane, the pilot of an aircraft
fitted with conventional controls uses?

a E The fin
b E:! The rudder

s Q The ailerons
d D The elevators

16  On this cross-section of a wing, which
arrow points to a slat?

a QU
b QR
& QS

DT

R~(“S
U’\

17 A glider with a gliding angle of 1in 40
is in still air and flying over level
ground. What distance will the
aircraft travel from a height of 1640
feet (05 kilometre) before reaching
the ground.

D 20 kms
D 40 kms
[; 10 kms
g 80 kms

18 A helicopter generates lift by:
} Spinning aerofoil shaped blades
g Using the torque reaction

N P

[g Use of the engine exhaust

& 0 o B

Spinning an aerofoil shaped tail
rotor

19 When a helicopter rotor is driven in a
circular motion there is an opposing
force. What is this force called?

a I:! Drag

b D Lift

¢ Q Torque reaction
d D Lift reaction

20 Which of these statements, about an
aircraft in steady straight and level
flight, is true?

D Thrust is equal to the drag

b lj Thrust is equal to four times the
drag

D Thrust is equal to half the drag
d l:! Thrust is equal to twice the drag

21 Which of these is used by the pilot to
make the aircraft pitch?

a g Fin

b Q Rudder
C; g Aileron
d D Elevator

22 The point on a wing at which all the
lift is said to act is called:

E! Centre of pressure

o

o o
g
8 3
I U
8 ©
g 3
g"'
=

F

o

23  Which of the following is a split flap?

a I:iZ
b [gw
=2

]:.x

W e,

P
\

2\\

24  If the balance of an aircraft shifts i
flight ( eg due to the consumption of
fuel) the pilot may have to apply
constant pressure on the controls to
maintain straight and level flight.
What device would enable the pilot t:
remove such control loads?

a g Fixed tabs

b ! Balance tabs

e [j Trimming tabs

d g Spring tabs

25  Which of the following is a Fowler
flap? h

a [j z

b ]:! X

c g w

d G y

W o,

X Q\\

¥

Z\\

2097 33/2 Principles of Flight
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1 Newton's Third Law states

D Every force causes an object to
move

b [j Weight equals lift during flight

c D Every action has an equal and
opposite reaction

d g Every object has weight

2  For air moving in a smooth streamline
flow, if the air is made to speed up,
what happens to the pressure of the
air where it is flowing faster?

a g It decreases
b ‘:' It increases

e D It remains constant
d D Tt fluctuates wildly

3 Where is the air pressure lowest in
this diagram of an aerofoil in an
airflow?

[jo
o
DL
DV
a1
E

L <

o,

4  Where is the greatest amount of lift
normally generated on an aerofoil?

z D Top surface

5 D Bottom surface

a D Trailing edge

d D Leading edge

1928 33/2 Principles of Flight

Date of Exam

Serial: 1928

Squadron/Unit

5  What is the force called that drives
an aircraft forwards?

c D Drag
5 D Weight
c D Thrust

constant height and speed, the
amount of lift produced by the
aircraft must be:

o |:! Equal to the aircraft's weight

b D Equal to the aircraft's thrust

& D Greater than the aircraft's drag
fei [:. Greater than the aircraft's weight

7  Which axis runs from nose to tail in
an aircraft?

a D Lateral

b D Bilateral

c I:l Longitudinal
d l:' Normal

8  Which of the following statements is
true?

a {:. The stdll is the same for all
aircraft

|:| A wing can stdll at any angle of
attack

= D The airspeed at which an aircraft
stalls does not vary

D The airspeed at which an aircraft
stalls does vary

o

9  Which of the following will give an
aircraft stability in the rolling plane?

¢ D Anhedral

b (:' Dihedral

c: D A large fin area
/ [:. A small fin area

Page 10of 2

Wing

10 On this diagram what does the arrow

point to ?

D Rudder
D Fin
c Fuselage
d D Aileron

11 Which of the following will occur when
flap is lowered during the approach to
land?

D Stalling speed will be increased

I:' A higher touch-down speed will be
needed

[_] brag wil be reduced
d ]:I Lift will increase

o

T

o

12 Which of these flap settings would a
pilot most probably select, for a
shorter take-off?

a ':l 90degrees
b D 120degrees
c I:. 60degrees
g D 15degrees

13 Name the three forces acting on a
glider in a steady flight?

2 [:' Drag, thrust and lift

5 l:l Drag, weight and lift

c [j Thrust, weight and lift
o D Drag, weight and thrust
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14 A glider with a gliding angle of 1in 30
is in still air and flying over level
ground. What distance will the
aircraft travel from a height of 1640
feet (05 kilometre) before reaching
the ground.

a D 25 kms
5 D 15 kms
D 30 kms
E;' 60 kms

15 A hehcopfer gener‘ufcs hff by:
a L__] Use of the engine exhaust

5 D Spinning an aerofoil shaped tail
rotor

£ ‘j Using the torque reaction
g D Spinning cerofoil shaped blades

16 Where is the hand throﬁle of a
helicopter located?

D On the cockpit wall

b D On the cyclic control

& I:' On the end of the collective lever
d D At the top of the joy stick

17 Fora pnrflculnr' mrcraff wl'uch of
these will reduce the stalling speed?

a D Putting the aircraft into a turn
b Ij A reduction in weight

c |:. Raising the flaps

o D A reduction in power

18 Which of these statements, about an
aircraft in steady straight and level
flight, is true?

G I:l Thrust is equal to twice the drag

D Thrust is equal to four times the
drag
c l:' Thrust is equal to the drag

d [j Thrust is equal o half the drag

o

e e

1928 33/2 Principles of Flight

19 Which of the following is a simple
flap?

Dw
5 Dz
c DY
d E;!x

W e,

20 The pomf on a wing at whnch nII ﬂ\e
lift is said to act is called:

a D Centre of pressure

b D Static point

c Ij Dynamic centre

D Pressure point

21 A designer needs one shape of wing
for the highest possible flying speed-
but another for the slowest possible
landing speed. What does he provide
to enable one wing to achieve both?

D Elevaiors
|:| Flaps

D Trimming tabs
d |:' Balance tabs

Lo M -

[

22 The action of airbrakes on the wings
of aglider is to:

D Reduce lift and increase drag
D Increase lift and increase drag
|:| Reduce lift and reduce drag

d D Increase lift and reduce drag

[N Y

o

~ Page2of 2

23 At position 1, the aircraft is climbing

vertically. To make the aircraft move
to position 2 and then to position 3,
the pilot must move the control -
column:

I:' To the left
D To the right
[:' Forward
[_JBex

.

24 Whlch of these is used by the pllot to

make the aircraft roll?

I—___i Aileron
D Fin

D Rudder
[:' Elevator

25 On this cross-section of a wing, which

arrow points to a flap?
|:l R
[:] U
|:] s

DT
S T

R\» 2=
(—\
U/\
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CHAPTER 1

DEFINITIONS

These definitions are used throughout these and other Principles of Flight notes.
You must have a thorough understanding of them to fully understand the lessons.

AEROFOIL

ANGLE OF ATTACK

CHORD LINE

ASPECT RATIO

A body with a cross-sectional area shaped to produce
an aerodynamic force.

Aerofoil Section

The angle between the chord line and the relative
airflow. Usually refered fo as o (alpha)

Relative Airflow

The straight line joining the centres of curvature of the
leading and trailing edges.

The distance from the leading edge to the trailing edge
along the chord line.

Aspect Ratio = Wing Span OR  Wing Span®
Mean Chord Wing Area

Low aspect ratio

High aspect ratio
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MEAN CAMBER LINE  The line equidistant between upper and lower surfaces
of the wing. This line is a measure of the wing's

camber.
V
Relative Airflow
CAMBER A measure of the wing'’s curvature along the
chord.

SYMMETRICAL AEROFOIL An aerofoil section with the same camber on the
upper and lower surfaces.

@ e

STREAMLINE A line showing the direction of the airflow. ~

Streamlines affected

by the aircraft
Free stream flow \
Not free stream flow

RIGGING ANGLE OR The angle between the chord line and the fore

ANGLE OF INCIDENCE and aft datum line of the aircraft.
iy N
S=— %\ ~7

DIHEDRAL/ANHEDRAL The wing sloping either upwards or downwards =

from the fuselage.

i
— O~ — . —

Anhedral Dihedral

PRESSURE ENVELOPE The line showing the pressure around the
aerofoil above or below ambient pressure.

»
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TOTAL REACTION (TR) The resultant of all the aerodynamic forces acting
on the wing or aerofoil.

CENTRE OF PRESSURE (CofP)  The point at which the total reaction is
assumed to act.

The component of the total reaction
the flight path.

The component of the total reaction pa
path.

The decrease in chord from wing root to wing

WING AREA (S) The area of the aircraft's wing — Span

WING LOADING Aircraft Weight
Wing Area

13
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LOAD FACTOR (n) mt - often refered to as ‘g

AIR DENSITY The mass of air per unit volume. The symbol for density

is p (rho) and is 1.225kgs/cu metre at sea level.

1-4
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