Slide 1
Principles of Flight
Slide 2
Representation of Airflow by Streamlines


This slide is just to introduce you to the idea of using streamlines to help visualise airflow, in fact this technique is used in wind tunnels where trails of smoke are introduced into the air stream. The point where the steam lines part to flow above or below the plate has no flow and is known as the stagnation point.
Slide 3
Bernoulli’s Theorem
Slide 4
Bernoulli’s Theorem


Here we see an everyday example of Bernoulli’s Theorem in practice, this of course is the venturi  of a carburettor. We can see that the narrow throat requires the airflow to accelerate with the resultant reduction in pressure. In the case of a carburettor the fuel jet is located at the point of lowest pressure.

Slide 5 
Sir Isaac Newton
Slide 6
Airflow


We can see here that the flat plate we saw in slide 2 has been inclined with respect to the airflow. Where the airflow impinges on the plate it is directed downwards, this results in an upward thrust at right angles to the surface of the plate.
Slide 7
Chord Wise Lift Distribution


Here we are looking at a section through the wing and we can see the lift distribution envelopes, we can also see that the positive pressure on the underside contributes about 1/3 of the total lift, the remaining 2/3 acting on the upper surface results from the reduced pressure.

Slide 8
The Chord Line


The Chord Line is a straight line joining the leading edge to the trailing edge. The angle between the relative airflow and the chord line is known as the angle of attack.

Slide 9
Total Reaction


It is convenient to visualise all the lift forces both positive and negative as acting through a single point, this is known as the centre of pressure and the force is called the Total Reaction.
Slide 10
Centre of Pressure Movement


In this slide we see a wing section at three different angles of attack. To make things clearer an inverted virtual wing is shown in each view so mimicking the venturi we saw earlier. It is clear that due to the camber of the wing as the angle of attack is increased the choke point of the venturi moves towards the leading edge as does the centre of pressure. Conversely as the angle of attack reduces the choke point and centre of pressure move back.
Slide 11
Instability of the Wing

In the left hand view we see a wing where the centre of pressure and centre of gravity are coincident. However we know from the previous slide that the centre of pressure moves back and forth as the angle attack changes. In the right hand view we see an illustration of this and the centre of pressure has moved aft of the centre of gravity resulting in a nose down pitching moment, the wing is unstable.
Slide 12
The Tailplane – Balance


In this slide the total reaction and weight are acting as they were in the right hand view of the previous slide. Here though we have a mechanism to stabilise the wing, the tail boom and tailplane with which we can apply a downward force. 
It should be borne in mind that as the C of G moves forward  the glider becomes more stable, as it move aft less stable, so a heavier pilot moves the C of G forward and a light one moves it back.
Slide 13
Mean Camber Line


The Mean Camber Line is a line joining the leading and trailing edges which is a all times equidistant from the upper and lower wing surfaces.
Slide 14
Lift Increases with angle of Attack


Narrative as slide text.

Slide 15
Angle of Attack


This graph plots the lift co-efficient plotted vertically against angle of attack and clearly shows that beyond a certain angle the lift which the wing produces drops sharply.
Slide 16
Washout


Washout is a span wise twist built into the wing such that the angle of attack at the tip is less than that at the root. It is used to ensure the root stalls before the tip.

Slide 17
 Ailerons at the Stall


Here we see that deflecting the ailerons has the effect of rotating the chord line relative to the wing. Clearly if we try to pick up a stalled wing tip with aileron we actually increase the angle of attack and therefore stall the tip more deeply.

Slide18
Stalling / Spinning


Narrative as slide text.

Slide 19
Autorotation

This graph is similar to that on slide 15, that is to say co-efficient of lift is plotted against angle of attack, but in addition the drag curve is shown. We can see that the down going (i.e. stalled wing) is at a higher point on the drag curve than the up going (i.e. un-stalled wing) thus creating a powerful yawing moment towards the stalled down going wing.
Slide 20
Lift Distribution


This head on view of a glider shows the span wise lift distribution envelope. 

Notice that it is approximately elliptical with lift greatest at the wing roots and least at the tips.

Notice also as we have seen earlier that there are both positive and negative pressure contributions to the total lift.
Slide 21
Span Wise Airflow


In this slide we see that due to the pressure differential above and below the wing there is air leakage around the wing tip, the result is an out flow towards the tip on the underside and an in flow on the top. At the tip this creates a swirling vortex and is a major source of drag. Smaller vorticies are created along the trailing edge.

These vorticies become larger as the top to bottom pressure differential becomes greater, the pressure differential of course varies with the angle of attack.
Slide 22
Wing Tip Vorticies


Enough said.

Slide 23
Boundary Layer


Narrative as slide text.

Slide 24
Boundary Layer


Here we see the streamlines of the boundary layer, at some point during it’s chordwise journey the airflow will detach from the wing surface. This point is the transition point and the chaotic flow down stream of it is a major source of drag.


The presence of dirt, bugs or rain on the wing surface all result in premature tripping of the laminar flow.
Slide 25
Boundary Layer
Narrative as slide text.

Slide 26
Boundary Layer
Narrative as slide text.

Slide 27
Drag


This slide shows the various components of total drag and how they are related.

Slide 28
The Drag Curve


This graph shows that induced drag varies with angle of attack and that parasitic drag increases as the square of speed.

Slide 29
Differential Ailerons


As you all know we use stick and rudder together to bank the glider, the rudder is used to counteract the adverse yaw caused by the down going aileron. Here we see a common method employed by glider designers to reduce adverse yaw.
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Vector Diagrams


Narrative as slide text.
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Vector Diagrams


Narrative as slide text.
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Vector Diagrams


Narrative as slide text.
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Forces in Balance


This slide shows a powered aeroplane in straight and level flight (un-accelerated flight) with all the forces in balance.
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Forces in Balance


This slide shows a glider flying wings level at a steady speed with the forces in balance. Note that the lift force operates at right angles to the chord line and the drag parallel to the relative airflow.
Slide 35
Forces in Balance


This slide uses a vector diagram to show where the glider gets the energy to fly and how the thrust component is equal and opposite too the drag component.
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Accelerated Flight


Here we see that in order to make the glider climb we must increase the angle of attack to increase the lift force, this for a short time is an accelerated flight case as the lift and weight are unbalanced. Note that in so doing we are increasing the load factor and thus the stall speed.
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Forces in a Turn


In the left hand view we see that the glider is flying straight at a constant speed and that the forces are in balance i.e. un-accelerated flight.
In the right hand view the glider is banked into a turn, i.e. accelerated flight. And the forces are no longer in balance, if we do nothing the glider will accelerate until the forces re-balance. normally of course we apply back pressure to the stick to increase the angle of attack.
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Forces in a Turn

Here we can see how as the angle of bank increases so does the load factor and also the stall speed.
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ASI Colour Bands

Some Airspeed Indicators are colour coded, the green arc extends from minimum sink speed to max. manouver speed (VA). The yellow arc runs from VA to VNE (Velocity Never Exceed), sometimes there is a red dot or radial line at VNE.

Slide 40
Water Ballast


Many modern gliders are capable of carrying water ballast in tanks or bags in the wings. Filing these allows the glider to fly faster between thermals, it does however increase the load factor and therefore increases induced drag.
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Compass Errors

Normal aircraft compasses are arranged with the magnet suspended below the compass card, they are susceptible to a number problems and are best used when flying wings level at constant speed, this avoids most of the problems.
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Compass Errors 


Most of the problems associated with the compass are as a result of the magnet dipping towards the North pole. In the Northern hemisphere these errors are summarised in this slide. In the Southern hemisphere the reverse happens.

When flying East or West if you accelerate the compass will swing to the North, conversely if you decelerate it will swing South.

Slide 43
Compass Errors
More significantly if turning towards the North the compass card will lead, conversely when turning to the South the compass card will lag.
