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Angle of Attack
2019/02-01-144(I)PP
Abstract:   Lasting 15 to 40 minutes, this presentation discusses the importance of Angle of Attack Awareness. 
Format:  Information Briefing  - Power Point presentation 

Required Personnel – FAASTeam Program Manager or designated FAASTeam Rep (s)
Optional Personnel – CFIs and DPEs who can speak on Angle of Attack and AOA Indicators.
AFS920 Support:

In addition to this guidance document, a Power Point presentation that supports the program is provided. FPMs and presenters are encouraged to customize this presentation to reflect each individual program. 
Note:  This program contains a 20-minute video.  Please choose the presentation option below that best fits your audience and venue:

· PowerPoint without video ……………………………….  about 10 minutes 
· PowerPoint with video …………………………………..   about 30 minutes
· Video only …………………………………………………   about 20 minutes 
 
Appendix I – Equipment and Staging

Equipment:

· Projection Screen & Video Projector suitable for expected audience
· Remote computer/projector control available at lectern or presenter location
· In lieu of remote – detail a Rep to computer/projector control.
· Presentation Computer
· Note:  It is strongly suggested that the entire program reside on this computer.
· Back up Projector/Computer/Media as available.
· PA system suitable for expected audience
· Microphones for Moderator and Panel
· Optional Microphone (s) for audience
· Lectern (optional) 
Staging: 

· Arrange the projection screen for maximum visibility from the audience.
· Equip with PA microphones
· Place Lectern to one side of screen.  This will be used by presenters and moderator
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(QMS File Number) Original Author: (Ken Thomas, SLT Lead) (10/10/2018);  POC (Name),  (SLT Lead), Office (AFS 850); revised by (Name) (MM/DD/YYYY)

Presentation Note:  This is the title slide for (Angle of Attack Awareness)
Presentation notes  (stage direction and  presentation suggestions) will be preceded by a  Bold header: the notes themselves will be in Italic fonts.  
Program control instructions will be in bold fonts and look like this:  (Click) for building information within a slide;  or this:  (Next Slide) for slide advance.
Some slides may contain background information that supports the concepts presented in the program.  
Background information will always appear last and will be preceded by a bold  Background: identification.
We have included a script of suggested dialog with each slide.  Presenters may read the script or modify it to suit their own presentation style.
The production team hope you and your audience will enjoy the show.   Break a leg!  
(Next Slide)
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Presentation Note: Here’s where you can discuss venue logistics, acknowledge sponsors, and deliver other information you want your audience to know in the beginning.  
You can add slides after this one to fit your situation (Next Slide) 
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+ The purpose of this presentation is to:
~ Review the aerodynamics of Angle of Attack
~ Present information on the benefits and use of

Angle of Attack indicators installed in general
aviation aircraft.

~ Help promote safe flying by raising awareness of
Angle of Attack and reducing the likelihood of a
Loss of Control accident.
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Presentation note:  Review presentation purpose, then:
(Next Slide)
 (Next Slide) 
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There are automations in this slide so the following is a narrative that will help the presenter make the clicks at the appropriate time during the presentation.

Angle of attack is defined by two references.  One is the chord line of the wing (forward click) which is an imaginary line (forward click) drawn from the leading edge to the trailing edge of the air foil.  The other reference is the relative wind (forward click) shown here (forward click) by the red line.  The relative wind is parallel to and in the opposite direction of the direction of flight.  The angle represented by these lines is the Angle of Attack or AoA.

Angle of Attack  (Airplane Flying Handbook Chapter 4 p. 4-2)

The angle of attack (AOA) is the angle at which the chord of the wing meets the relative wind. The chord is a straight line from the leading edge to the trailing edge. At low angles of attack, the airflow over the top of the wing flows smoothly and produces lift with a relatively small amount of drag. As the AOA increases, lift as well as drag increases; however, above a wing’s critical AOA, the flow of air separates from the upper surface and backfills, burbles and eddies, which reduces lift and increases drag. This condition is a stall, which can lead to loss of control if the AOA is not reduced. It is important for the pilot to understand that a stall is the result of exceeding the critical AOA, not of insufficient airspeed. The term “stalling speed” can be misleading, as this speed is often discussed when assuming 1G flight at a particular weight and configuration. Increased load factor directly affects stall speed (as well as do other factors such as gross weight, center of gravity, and flap setting). Therefore, it is possible to stall the wing at any airspeed, at any flight attitude, and at any power setting. For example, if a pilot maintains airspeed and rolls into a coordinated, level 60° banked turn, the load factor is 2Gs, and the airplane will stall at a speed that is 40 percent higher than the straight-and-level stall speed. In that 2G level turn, the pilot has to increase AOA to increase the lift required to maintain altitude. At this condition, the pilot is closer to the critical AOA than during level flight and therefore closer to the higher speed that the airplane will stall at. Because “stalling speed” is not a constant number, pilots must understand the underlying factors that affect it in order to maintain aircraft control in all circumstances.

 (Next Slide) 
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· Typical of the Cruise Phase of Flight

· Relative wind impacts leading edge just below center 

· Higher speed of relative wind produces the needed lift

· Smooth airflow over the airfoil

· Stable flight characteristics

· Responsive to control input

This AoA is typical of an airplane in cruise flight. The air separates cleanly just below the center of the leading edge of the airfoil so it is not as disturbed as it flows over the top surface of the wings as it is with a higher AoA.  The airflow is smooth over the airfoil and the high velocity of the air over the airfoil produces the lift needed for level flight.  In these conditions the wing is stable and responsive to control input.
 (Next Slide) 
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· Typical of Approach and Departure phases of Flight

· Relative wind impacts airfoil lower on the leading edge

· Lift is produced by accelerated airflow over the top of the airfoil

· Feels less stable due to less responsive controls

· Still a safe condition because the aircraft is still maneuverable and completely controllable

This is typical of lower airspeed operations such as approach or departure phase of flight.  The relative wind impacts the leading edge further down from the center so the flow of air becomes more accelerated (Bernoulli’s Principle) as it flows over the upper surface of the wing.  The pressure difference is greater between the underside and the top of the wing generating the lift needed for level flight.  The airplane feels less stable because the flight controls are not as responsive and require greater amounts of input for a given reaction.  This condition is still safe because the airplane is completely controllable and maneuverable.

 (Next Slide) 
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· Not a Normal Phase of Flight

· Impact of Relative Wind moves lower on the leading edge

· The air cannot smoothly flow from the leading edge to the trailing edge across the top of the airfoil

· The separation of the airflow results in the loss of lift otherwise known as a stall

No matter how you reach this AoA (intended or unintended) this is NOT a normal phase of flight.  While the reaction of the airplane is predictable, the pilot is not in control of the airplane in terms of being able to maneuver using control surface input, until the AoA is reduced and the surface of the wing begins producing lift.  Once the Critical AoA is reached there is always a cost in terms of loss of altitude that can only be mitigated by timely addition of thrust and smooth accurate control inputs during recovery.  

The relative wind impacts the leading edge significantly below the center such that the airflow separates shortly after reaching the upper surface of the wing.  The low pressure above the wing becomes a burbling air mass that is no longer attached to the surface and cannot produce lift.

 (Next Slide) 
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· The critical AoA is an aerodynamic constant at which the airfoil will always stall

· It does not matter if the relative wind is flowing at 60 knots or 200 knots, when the wing reaches the critical AoA – IT WILL STALL!

· It is important to understand that the Critical AoA is an aerodynamic constant for a given airfoil in a given configuration.  The velocity of the relative wind does not matter; the airfoil will ALWAYS stall when the Critical AoA is reached.

 (Next Slide)
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The above is a practical description of the effect that is felt by the pilot of an airplane.  We are all trained from the very beginning on what to expect and how to respond when we lower flaps. Viewed from the perspective of an aeronautical engineer lowering the flaps creates a completely different airfoil.  All of the components have changed including the actual Critical AoA.  We do not need to make a science project out of describing all the changes that just occurred for the purposes of this discussion as long a we remain aware of how to maintain safe flight in the new configuration.

 (Next Slide)
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· As bank angle increases centrifugal force on the aircraft increases if airspeed and altitude remain constant.  

· Centrifugal force combined with gravity produces what is know as aerodynamic load factor and expressed as gravitational force (G force or “G”).

· As the angle of bank increases, G forces increase so that in a  60⁰ bank the aircraft is producing 2Gs.  In other words,  it effectively weighs twice what it does sitting on the ground.

· Thrust and Angle of Attack must be increased if altitude and airspeed are to be maintained during a steep turn.

· In a steep turn at a constant airspeed and altitude the AoA of the wing is significantly closer to the Critical AoA (stall) than in level flight.

Pilot Handbook of Aeronautical Knowledge Chapter 5

 (Next Slide) 
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· Due to the increased aerodynamic loading of the aircraft in a steep turn the wing is much closer to the Critical AoA and there are important things to be aware of:

· The increase in pitch angle may be much smaller than expected to stall the wing.

· The indicated airspeed at the critical AoA is significantly higher than in normal flight.  The increased load (i.e. aerodynamic loading) of the airplane requires greater lift which can be created by increasing airspeed or increasing the AoA. 

· Due to the increased aerodynamic loading the stall sequence is condensed.

· The progression from indication, to buffeting, to fully stalled can be very rapid. 

· Indicated airspeed may be up to 40 percent higher when the airplane stalls in a steep turn versus level flight.

Note:  We all have hopefully experienced the different characteristics in stalling an airplane we are familiar with in both lightly loaded and maximum gross weight conditions.  If you have not experienced this you should because, depending on the airplane,  stall characteristics can be very different.  Now, consider effectively doubling the maximum gross weight of the airplane in a steep turn, and you can see how the stall characteristics will be vastly different.

Practice/instructional flying at maximum gross weight is something that you might consider adding to your recurrent training routine when you go flying with your CFI to enhance your knowledge and ability - even in aircraft you fly on a regular basis.  Pick two items like power on stalls and steep turns and fly short back-to-back flights some afternoon so you can clearly experience the difference in the way your airplane responds; first, lightly loaded, then with a secured load within the weight and balance parameters of the airplane.  If you do this regularly you will not be so out of breath when you take a load of friends out for that $100.00 hamburger some late summer afternoon. (
Reference Airplane Flying Handbook Chapter 4

 (Next Slide) 
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Slides 12 and 13 are used in combination to show the difference in AoA being established in level flight versus steep turns (block A).

 (Next Slide)
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Slides 12 and 13 are used in combination to show the difference in AoA being established in level flight versus steep turns (block A).

 (Next Slide)
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· Slips are not as inherently dangerous because the upper wing reaches Critical AoA before the lower wing causing the airplane to roll towards wings level.

Some resources for review on Slips and Skids:

Pilot Handbook of Aeronautical knowledge Chapter 5

http://www.boldmethod.com/learn-to-fly/aerodynamics/slip-skid-stall/

http://flighttrainingcenters.com/training-aids/private-pilot/pre-solo/slips-forward-and-side/

 (Next Slide)
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· Skids on the other hand are highly dangerous because the low wing reaches Critical AoA first and the airplane rolls aggressively in the direction of the bank.

· The airplane will rapidly roll inverted or enter a spin.

· This is typical of the accidents resulting from a turn from base to final with a tailwind.

· The pilot should never try to “push” the airplane through the turn with excess rudder pressure.

· IF YOU ARE OVER-SHOOTING FINAL IT IS TIME TO GO-AROUND
Note: All unintended stalls are dangerous.  The statements above indicate a comparison between Slips and Skids.

Some resources for review on Slips and Skids:

Pilot Handbook of Aeronautical knowledge Chapter 5

http://www.boldmethod.com/learn-to-fly/aerodynamics/slip-skid-stall/

http://flighttrainingcenters.com/training-aids/private-pilot/pre-solo/slips-forward-and-side/

 (Next Slide)
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· All unintended stalls are dangerous.
· Overshooting final is particularly fatal if a pilot uses excess rudder, forcing the plane into a skid at low altitude.
· Pilots seem to get focused on making the approach work out.  Be aware of this and DO NOT let your desire to land overcome your awareness of what is happening to the aerodynamic forces out on the wing!
· If you are turning from base to final with a tailwind and you are overshooting final, GO-AROUND. 
· If an airplane enters a skidding turn close to the ground, you’re in a very dangerous situation.
Note:  To most certificated pilots the aerodynamic condition of a skid is merely a theoretical condition.  You may have demonstrated a skid at some point long ago and most of us have a sense that they are not a normal flight condition and to avoid them.  What we do not know is just how fast and at what point the skidding airplane moves past the boundary of safe flight into an uncontrolled state, because this was never demonstrated and it is arguable as to whether it should be demonstrated.  The unfortunate part for many is that with a little extra pressure on the rudder the boundary was exceeded.  The human warning system here needs to be paid attention too in that, ANY time we are trying to “make something work” there is ALWAYS more going wrong than what we can immediately see.  We need to fly smoothly out of the situation and come back and try it again applying what we just learned about the conditions we are in.  It is interesting how we break out into a cold sweat when we realize the dangerous position we put ourselves in yesterday.  Wouldn't it be great if we broke out into a cold sweat just PRIOR to putting ourselves in a compromised position instead?  This is called good aeronautical decision making. 

 (Next Slide)
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Presentation note:  Discuss GAJSC recommendations, then:
 (Next Slide)

	[image: image18.png]AoA Awareness Video





	Slide 18
Presentation note:  This is a 20-minute video.   If you choose to use it in your presentation - click on the play/pause button to play video.  When video ends, then:
 (Next Slide)
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Presentation Note: If you’ll be discussing additional items, add them to this list 
 (Next Slide)
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Presentation Note:   You may wish to provide your contact information and main FSDO phone number here.  Modify with 
Your information or leave blank.   
 (Next Slide)
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There’s nothing like the feeling you get when you know you’re playing your A game and in order to do that you need a good coach  (Click) 
So fly regularly with a CFI who will challenge you to review what you know, explore new horizons, and to always do your best.  Of course you’ll
have to dedicate time and money to your proficiency program but it’s well worth it for the peace of mind that comes with confidence.  (Click) 
Vince Lombardi, the famous football coach said, “Practice does not make perfect.  Only perfect practice makes perfect.”  For pilots that means
flying with precision.  On course, on altitude, on speed all the time. (Click) 
And be sure to document your achievement in the Wings Proficiency Program.  It’s a great way to stay on top of your game and keep you flight review current.

 (Next Slide)
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Your presence here shows that you are vital members of our General Aviation Safety Community.  The high standards you keep and the examples you set are a great credit to you and to GA.

Thank you for attending.

 (Next Slide) 
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(The End)
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