



Chapter 28



PHYSICS & AERODYNAMICS FOR FLIGHT SURGEONS

559th Flying Training Squadron Instructor Pilots, Randolph AFB





INTRODUCTION



 	Welcome to the fascinating science of aerodynamics.  If you are expecting an aerodynamicist's delight of complex equations and marvelously meticulous mathematics, your expectations will not come to pass.  Aero, like any other subject, can be lost in a maze of complexity that effectively hides its simple nature.



	The purpose of this chapter is not to make you an aerodynamicist.  Its purpose is to increase your understanding and intuitive "feel" for the nature of flight and to describe the basics of how an airplane flies in part by focusing on how to fly an airplane.



	While reading this chapter, try to visualize what is being discussed, whether it is the airflow over the wing and the resultant aircraft movement described, or the movement of the control stick and the airplane.  If you like, you can even imagine that you are flying and "pretend" that you are making the airplane perform - pilots call this "chair flying" and students frequently use it as a learning tool.  After all, as a flight surgeon you will sit in the cockpits of airplanes.  When you're in the cockpit, you can be a clueless passenger or an informed observer-- a basic understanding of aerodynamics will start you on the road to becoming that informed observer.

     (Author's note:  Wolfgang Langewische, through his classic book, Stick and Rudder, popularized the simplified study of aerodynamics for the pilot.  His method of describing lift as a result of the wing's diversion of airflow downward is used throughout this text.  The book is highly recommended for those interested in studying aerodynamics further.)





THE T-37



     	For many flight surgeons their first jet orientation ride is in a T-37.  This aging aircraft has been the first jet trainer for all U.S. Air Force pilots since the late fifties and continues to accomplish its mission well and safely.  It has many nicknames, including "hummingbird" and "six-thousand pound dog whistle," but most pilots refer to it as the "tweet."

     	The "tweet" will serve as our example jet for most of this chapter, including all flying maneuvers.  Hopefully this will better relate to your past experiences or prepare you for a future ride.

�AERODYNAMICS TERMS



    	 In order to discuss aerodynamics some terms need to be understood - after all, we must speak the same language!  The following terms are the minimum requirement for a discussion of the subject.



Relative Wind

     	The direction that the air is going as it passes the airplane relative to the airplane.  Relative wind has nothing to do with the wind speed on the ground. 
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                     Figure 28-1.  The T-37.



Pitch

	     The angle between the airplane's body (lengthwise) and the ground.  An airplane going straight up would have a pitch attitude of ninety degrees and one in level flight, about zero degrees.  The airplane in Figure 28-2 has a pitch attitude of thirty degrees.
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                       Figure 28-2.  Pitch.



Bank

	     The angle between the wings and the horizon, as viewed from the rear of the airplane.  An airplane with its wings level has zero degrees of bank.  The bank of the airplane in Figure 28-3 is forty-five degrees. 
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                    Figure 28-3.  Bank Angle.



Yaw  

	The angle between the fuselage of the airplane and the relative wind as seen from above the airplane.  Normally an airplane is flown without yaw.  The airplane in Figure 28-4 shows ten degrees of right yaw.
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                        Figure 28-4.  Yaw.



    	 One of the most important considerations in flight is the balance of forces maintained between thrust, drag, lift, and weight.  This balance is depicted in Figure 28-5.
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                 Figure 28-5.  Balance of Forces.

�Lift

     	Forces are produced by the wing as the air flows around it.  Lift is the part that is perpendicular to the relative wind.  The other part contributes to drag. (Figure 28-10).



Drag

     	Drag is the force developed by the airplane as it moves through the air that tries to slow it down.  There are two types of drag.  One type, called "induced drag," is the result of the production of lift (you can't get something for nothing!).  This drag is the part of the force produced by the wing that is parallel to the relative wind.  (Figure 28-10).  The other part of drag (parasite drag) is caused by the airplane pushing the air out of the way as it moves forward.  This drag can easily be experienced by putting your hand out the window of a moving vehicle (experienced en masse if your hand encounters something more dense than air).



Weight

     	The force produced by the mass of the airplane interacting with the earth's gravitational field; the force that must be counteracted by lift in order to maintain flight.



Thrust

     	The force produced by the engines.  Thrust works opposite of and counteracts drag.  



Angle of Attack (AOA)

     	The angle between the wing and the relative wind.  In Figure 28-6 the angle of attack is ten degrees.  When all else is held constant, an increase in AOA results in an increase in lift.  This increase continues until the stall AOA is reached then the trend reverses itself and an increase in AOA results in decreased  lift.
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	Figure 28-6.  Angle of Attack.

�Stall

     	What a wing does when a given angle of attack is exceeded (the stall angle of attack).  The stall is characterized by a progressive loss of lift for an increase in angle of attack.





AIRCRAFT PARTS AND CONTROLS



     	Figure 28-7 depicts the T-37 from the side and top.  Notice the relatively clean lines (necessary to reduce drag).  Some other important features include the "bubble" canopy, important for clearing (looking out for other aircraft), side by side seating to facilitate non-verbal communication between the student and instructor pilot, and relatively long, straight wings (typical of aircraft not intended to approach or exceed the speed of sound).  The landing gear retract to reduce drag after takeoff.
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	Figure 28-7.  Components of a T-37.





Wings

           The wings are the primary lifting surfaces for the airplane which provide the lift that "holds the airplane up" and permits maneuvering.



Ailerons

           Ailerons are control surfaces which are used to change the bank of the airplane, or roll the airplane.  They are manipulated from the cockpit by moving the control column (stick) left and right.  Right movement rolls the airplane to the right and vice versa.  Roll speed is proportional to the amount of stick deflection.  Once a desired bank is attained, the stick is centered to maintain the bank.



Flaps

     	Flaps are surfaces that are moved down from a streamlined position to increase the amount of lift produced at a particular airspeed.  They are controlled by a lever in the cockpit. They are important for landing and takeoff because their use permits slower flying speeds.  These slower speeds make takeoff and landing distances shorter.



�



                       Figure 28-8.  Flaps.



Horizontal Stabilizer

     	The horizontal stabilizer is a fixed position airfoil that stabilizes the pitch of the airplane.  When a wing produces lift, it also develops a force that tries to pitch the airplane forward.  The horizontal stabilizer prevents this unwanted pitch from occurring.



Elevator

	The elevator is a control surface attached to the horizontal stabilizer which is used to change the angle of AOA of the wing which will, in turn, change the pitch (more on that later).  It is operated by moving the control stick forward or backward, which in turn moves the elevator down or up, respectively.  When the pilot "moves the stick forward to make the trees bigger and back to make them smaller", it is the elevator that does the work.



Vertical Stabilizer	

     	The vertical stabilizer is the yaw stabilizer for the airplane; it keeps the nose of the airplane (as seen from above) pointed into the relative wind.



Rudder

     	The rudder, controlled by the rudder pedals, is used to induce and maintain yaw.  The least used of all controls, most flying can be safely accomplished without it.  (One exception is landing with a crosswind; yaw induced by the rudder must be used to keep the fuselage aligned with the runway and prevent an excursion into the grass.) 



Trim

   	When the controls are moved from neutral, it takes a certain amount of pressure to hold them in position in the airflow.  Trim gets rid of this pressure and effectively changes the "center" of the controls - or the neutral position where there is no stick pressure.





HOW A WING PRODUCES LIFT



     	The production of lift is probably the most important topic in the science of aerodynamics.  It is a wing's ability to efficiently produce a force perpendicular to the air passing over it that makes heavier-than-air flight possible.

    	 In the big picture, all wings produce lift the same way - they push down on the air, forcing the air downward relative to the wing.  It is this force that we call lift.  Many different types of shapes do this, but the shapes built specifically for this purpose are called "airfoils (Figure 28-9)." different types of airfoils.
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Figure 28-9.  Various Airfoils.

     	When you look down the length of a wing, you will see an airfoil.  We will explore how wings produce lift and the limits of lift.  Be aware that this is only part of the story, but it is sufficient for the purpose of this text. 

     	As mentioned before, the wing makes its "magic" by forcing the air down.  Some people like to compare it to water skiing, where water skis and speed are used to force the water down and the skier up.  But that analogy tells only part of the story.  Most of the time, the top of the wing does the majority of the "pushing" on the air (actually, in this case, "pulling" the air down).  The top and the bottom of the wing combine to produce a force, and the part of this force perpendicular to the relative wind is lift.  Since the wing not only pushes the air down but slows it down as well, some drag (induced drag) is caused (Figure 28-10). 
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	Figure 28-10.  Lift and Drag.



     	A wing must be at a high enough AOA to deflect the air downward and produce the desired lift.  The pilot uses the elevators to change the angle of attack until the wings produce the lift necessary for the desired maneuver.

     	Other factors are involved in the production of lift besides the AOA.  These factors are relative wind velocity (airspeed) and air density (temperature and altitude).  Changing the size or shape of the wing (lowering the flaps) will also change the production of lift.      Airspeed is absolutely necessary to produce lift.  If there is no airflow past the wing, no air can be diverted downward.  At low airspeed, the wing must fly at a high AOA to divert enough air downward to produce adequate lift.  As airspeed increases, the wing can fly at lower AOAs to produce the needed lift.  This is why airplanes flying relatively slow must be nose high (like an airliner just before landing or just as it takes off) but at high airspeeds fly with the fuselage fairly level.  The key is that the wings don't have to divert fast moving air down nearly as much as they do to slow moving air.

     	As an airplane in flight slows down, it must continually increase its pitch attitude and AOA to produce the lift necessary to sustain level flight.  At high AOAs, the top of the wing diverts the air through a much larger angle than at low AOAs (Figure 28-11).  As the AOA increases, a point will be reached where the air simply cannot "take" the upper curve over the entire distance of the top of the wing, and it starts to separate.  When this point is reached, the wing is not far from stalling.

    	 In Figure 28-11, the airflow unsticks further up the wing as the AOA increases.  The top of the wing still contributes to the production of lift, but not along its entire curve.

     	As the airspeed slows or as the angle of attack, or both, is increased further, the point is reached where, because of this separation, an increase in the AOA results in a loss of lift instead of an increase in lift.  Thus, the wing no longer produces sufficient lift and the airplane that the wing is supporting accelerates downward.  This is the stall.

    	 Air density also contributes to the wing's ability to produce lift.  This is manifested primarily in an increase in altitude, which decreases air density.  As the density decreases, the wing must push a greater volume of air downward by flying faster or push it down harder by increasing the angle of attack.  This is why aircraft that fly very high must either go very fast like the SR-71, capable of flying Mach 3 (three times the speed of sound), or must have a very large wing for its weight, like the U-2.
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Figure 28-11.  Wing Approaching the Stall.



	The wings are not the only "lifting surfaces" on an airplane.  The horizontal and vertical stabilizers are lifting surfaces as well and use aerodynamic lift for the purpose of changing aircraft attitude and maintaining stable flight.  Some aircraft also use the fuselage to produce lift (the F-16 is a good example).

     	An understanding or at least "intuitive feel" for the production of lift is essential for safe piloting.  Many would-be pilots have been killed because, when encountering an unexpected stall fairly close to the ground, they did not act to get the wing flying again (stick forward to decrease the angle of attack below the stall angle of attack) before attempting to pull away from the ground.



EFFECTS OF CONTROL MOVEMENTS



     	Knowing what happens when the controls are operated is the most basic skill of piloting.  It is also among the most misunderstood.  When an airplane is flying, it has a good deal of forward speed and airflow over all of its surfaces.  Control movements must be understood in terms of this airflow and its effects. 



The Elevator

    	 The elevator controls the AOA of the wings, and subsequently the pitch.  As you can see from Figure 12, pulling back on the stick results in a down force on the tail (the same thing is operating here that was operating on the wings, only in a different direction).  If the controls are reversed, the opposite happens.  Let's follow the sequence of events when the stick is pulled back.
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	Figure 28-12.  Effects of Back Stick Movement.



     	Backward stick movement forces the tail down and the nose up.  This rotation occurs around the center of gravity of the airplane.  Initially the airplane, even though its nose is up, is still headed in the same direction - the only thing that has changed is the angle of attack.  But an increase in the angle of attack results in an increase in lift, so now the airplane starts to go up.  Then, like an arrow, it points into the wind, increasing its pitch.  This process continues, viewed from the cockpit as an increase in pitch, until the pilot moves the stick forward to a neutral position and stabilizes the pitch.

     	The temptation to think that the stick directly raises or lowers the nose is very strong, and most of the time, roughly correct.  But if the stick is moved back when the airplane is very close to the stall the aircraft will not pitch up much, if at all.  This back stick movement and increase in AOA will stall the wing, causing a loss of lift and acceleration downward: now the pitch moves opposite the stick movement.



The Ailerons

     	The ailerons are a much simpler control than the elevator.  Located near the wing tips on the trailing edge of the wing, they are used in unison to change the amount of lift each wing is producing and roll the airplane.

     	When the pilot moves the stick side-to-side from center, the ailerons move in opposite directions.  In a roll to the right (as viewed from the cockpit), the right aileron goes up and the left aileron goes down.  Each aileron serves to change how that part of the wing deflects the air and thus increases or decreases the amount of lift produced by each wing.  The down aileron forces the air down harder, resulting in an increase in lift and the up aileron decreases the downward force, resulting in a decrease in lift.  In the case of a right roll, the decreased lift on the right side and increased lift on the left side result in a roll to the right.



�



Figure 28-13.  Aileron Effects.



    	 Operating the ailerons causes an effect called adverse yaw. Adverse yaw is the result of an increase in drag on the wing with the down aileron, or "upgoing" wing.  This wing, since it is forcing the air down harder than the "downgoing" wing and producing more lift, also produces more drag.  The drag pulls the wing back and causes yaw.  If this yaw is not corrected with rudder, the roll is said to be "uncoordinated."



The Rudder

     	The rudder is controlled by the "rudder pedals" located on the floor of the aircraft.  They are both connected to the rudder so that when one or the other pedals is depressed, it moves the rudder in the desired direction.  The rudder, connected to the vertical stabilizer, then starts to deflect air much like a wing, only the resulting force is to the side.  This force causes a change in yaw.  As mentioned earlier, the rudder is not used very often, but when it is needed (e.g., in a crosswind), its presence is appreciated.



HOW AN ENGINE PRODUCES THRUST



    	 The Wright brothers made many important things come together for their historic first heavier-than-air flight.  One of the most vital was an engine that efficiently produced thrust while not weighing too much.  They used propellers - the only effective means available of transferring an internal combustion engine's output into push or pull for the airplane.  Propellers are essentially revolving wings situated so that the lift they produce is used to pull or push the airplane.

     	Most modern high-speed aircraft use a very different type of engine - the jet engine.  Jet engines not only look different from propellers, they operate in a very different manner as well.  More like rocket engines, jets produce thrust by burning propellant (jet fuel mixed with air) and forcing the rapidly expanding gases rearward.  In order to operate from zero airspeed on up, jets use enclosed fans on a rotating shaft to compress the incoming air (and suck it in if the airplane is not going very fast) and send it into the combustion chamber where the fuel is added and ignited.  The burning gases keep the shaft turning by rotating a fan before exiting the engine.  Figure 28-14 shows the various sections for a typical turbojet engine.
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                 Figure 28-14.  Turbojet Engine.



     	The T-37 engines differ from this basic pattern by the way they compress the incoming air.  Instead of forcing it down a restricting tube, the tweet's centrifugal flow compressor literally flings the air outward into the compressor section exit, compressing it against the outside wall.

     	The engine thrust is controlled by a throttle - one for each engine.  As the throttle is moved forward, more fuel is added and the engine rotates faster and produces more thrust.  Thrust is also directly related to engine revolutions per minute (RPM); the amount of thrust is often referred to as percentage RPM.
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	Figure 28-15.  Centrifugal Flow Jet Engine (T-37).





BASIC MANEUVERS



     	These maneuvers are absolutely essential to flying an aircraft.  We will examine them from the cockpit of a T-37, in terms of stick and throttle movement, as well as from the outside, from an aerodynamics perspective.



Takeoff

     	After lining the aircraft up on the runway, the pilot applies the brakes (in the T-37 this is accomplished by applying pressure to the top of the rudder pedals - each pedal controls its respective wheel).  The throttles are then advanced to military power (100% RPM).  As the engines wind up, the engines and instruments are given a "last minute" check.  (Pilots do a lot of "checks" to ensure that everything is going OK.  After all, if something were to happen, you can't just pull off to the side of the road!)  When everything is ready, the brakes are released and the airplane accelerates down the runway.  At a pre-determined speed (65 knots), the pilot pulls back on the stick to pitch the airplane upward about five degrees.  Although the nose wheel is off the ground, the main gear remains on the runway because there is not yet enough airflow over the wings to create sufficient lift to raise the aircraft.  After a little while, the airplane reaches the speed (90 knots) at which its wings produce lift slightly greater than its weight and it takes off.

     	While the airplane climbs away from the runway the pilot must raise the landing gear (this decreases the drag)  and the flaps, then let it accelerate to the desired climb speed (180 knots for the T-37).  Once this speed is reached, it is maintained by raising the nose slightly and "trimming" off all control stick pressures.



Straight and Level Flight

     	If an airplane maintains a given altitude, airspeed, and heading, it is said to be in "straight and level flight."  This condition is achieved and maintained by equalizing all opposing forces.  Lift must equal weight so the airplane does not climb or descend.  Thrust must equal drag so the airplane does not speed up or slow down.  The wings are kept level so the airplane does not turn.  Any imbalance will result in a change in altitude or airspeed.  It is the pilot's responsibility to prevent or correct for such an imbalance.

     	Proper trim is essential for maintaining this balance.  If the pilot, by being "out of trim," is forced to maintain a given amount of stick pressure, the arm holding the stick will eventually tire.  But in the short term the pilot must very precisely hold that pressure -- any change will result in a change in attitude.  If the airplane is properly trimmed, the correct stick position is held automatically, and no pressure need be exerted.

     	Obviously, an airplane cannot remain indefinitely in this ideal condition.  Due to mission, airspace, and fuel requirements, the pilot must change the airspeed, altitude, and heading from time to time.



Acceleration/Deceleration

    	 Speeding up and slowing down is not simply a matter of changing the throttle setting (changing the force produced by the engines).  Airspeed can also be changed by changing the drag.  The T-37 is equipped with a "speedbrake" for this purpose.  Located under the nose, it is essentially a large metal plate that can be extended out into the windstream, increasing parasite drag and slowing the airplane.

     	As an airplane speeds up or slows down, the amount of air passing over the wing follows suit.  For instance, to maintain a constant altitude as the airspeed is decreasing, the pilot must compensate for this decreased airflow by changing the AOA (pulling back on the stick) to equalize the amount of lift to the weight of the airplane.  All this works nicely until stall speed is reached, when an increase in AOA is met with a decrease in lift, and the airplane, its weight not completely countered by lift, begins to dramatically lose altitude.  Conversely, an increase in airspeed must be met with a decrease in the AOA (moving the stick forward) to maintain a constant altitude.  As airspeed increases or decreases, trim must be changed as well.



Climb/Descent

    	 Climbs and descents are accomplished by using power setting respectively higher or lower than that required for level flight.  When an airplane is in level flight, just reducing the power begins descent.  Instead of pulling back on the stick to maintain altitude as the airspeed slows, the pilot keeps the stick neutral or pushes it forward slightly to establish a descent.  Gravity will provide the force lost by the reduction in power.  Likewise, increased power results in a climb.

     	Airspeed can be controlled in a climb or descent without changing the throttle setting.  By pulling back on the stick and increasing the climb rate or by decreasing the descent rate, the airspeed can be decreased.  Likewise, lowering the nose by pushing forward on the stick will effectively increase the airspeed.  In most climbs and descents, this is the way airspeed is maintained.  A constant throttle setting is used and the pilot changes pitch in small increments to control airspeed.



Turns

     	The aerodynamics of a turn are some of the most misunderstood concepts in the science of aero.  Many people think that the airplane is "steered" by the stick or the rudder pedals (probably the result of thinking of the airplane as a sort of "flying car.")  A turn is actually the result of a change in the direction of the lift vector produced by the wings. 

    	 A pilot turns an airplane by using the ailerons and coordinated rudder (remember adverse yaw?) to roll to a desired bank angle.  As soon as there is bank, the force produced by the wings (lift) is no longer straight up, opposing the weight.  It is now "tilted" from vertical so that part of it is pulling the airplane in the direction of the bank (see Figure 28-16).  It is this part of the lift vector that causes the turn.  Once the pilot has established the desired bank angle, the rudder and the aileron are neutralized so that the bank remains constant.

     	When part of the lift vector is used for turning the airplane, there is less lift in the vertical opposing weight.  If the pilot were to establish a bank angle without increasing the total amount of lift being produced, the lift opposing the weight would decrease, and the resulting imbalance would cause in a descent.  The pilot compensates by pulling back on the stick (increasing the AOA and therefore lift).  By increasing the total lift, the lift opposing the weight can balance out the weight and control level flight.  This increase in total lift also increases lift in the turn direction and results in a faster turn.
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              Figure 28-16.  Turn Lift Requirements.

     	As the bank angle increases, the amount of pull required to maintain level flight increases rapidly.  It is not possible to maintain level flight beyond a given bank angle because the wings cannot produce enough lift.  An attempt to fly beyond this point will result in either a stall or a descent.

     	Physiologically speaking, the most important part of a turn is the necessity to pull "Gs".  As the back pressure is increased to maintain level flight, the increased force is felt as an increase in "G" level.  In a 30 degree bank, 1.2 G is required to maintain level flight.  The G level increases rapidly with an increase in bank; at 60 degrees, it goes to 2.0 G, and it takes 9.0 G to fly a level 84 degree bank turn.  As long as there is enough airspeed, the G level can be increased in any bank angle by pulling back on the stick.

     	Finishing the turn, a simple matter of leveling the wings by using the ailerons and coordinated rudder, takes time; the airplane continues turning until the wings are level, so the roll-out must be started a little prior to reaching the desired heading.  Back-stick pressure must also be released as bank decreases or the aircraft will climb.



Landing

     	"All good things must come to an end," and most flights end with a landing.  The relative difficulty of this maneuver is often expressed by a student pilot after the first solo flight:  "The first thought that came to mind after I took off was `Oh boy, now I've gotta land this thing!'"

     	After lining the airplane up with the runway and configuring it properly (landing gear, proper flap setting, speedbrake out for the T-37), the pilot uses the throttle setting to maintain the proper airspeed (100 knots) and uses the elevators and ailerons to keep the airplane headed for the runway.  The airplane is set up in a shallow descent (about three degrees) aimed at the near end of the runway.  If this part of the landing, the "final approach" is flown correctly, it will look like the jet is headed for a collision with the approach end of the runway.

     	As the airplane closes in on the approach end, the pilot begins to ease the stick back to level off the airplane several feet above the runway and slows to landing speed by reducing the power to idle.  As the airplane levels off just above the ground in idle power, it will lose speed rapidly because there is little or no thrust to counter the drag.  The pilot continues to move the stick back to increase the AOA and keep the airplane flying for just a little while longer.  In a well-flown landing, the airplane will settle to the ground just before the stall AOA is reached.

   	Now a land-based vehicle, the airplane is controlled with the brakes and slowed to taxi speed.





BASIC AEROBATIC MANEUVERS



     	Airplanes are not limited to being a relatively fast means of getting somewhere.  Long ago thrill-seeking pilots discovered that aircraft have the potential for providing loads of fun while getting nowhere fast.  Aerobatics are an essential skill for fighter pilots; and the training that it gives to U.S. Air Force Undergraduate Pilot Training (UPT) students in position orientation and judgment is considered so vital that a great deal of time is spent teaching them these maneuvers.  We will consider the two most basic maneuvers and how they are flown. 
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Aileron Roll

     	The aileron roll is simply a 360 degree roll accomplished by putting in and maintaining coordinated aileron pressure.  The maneuver is started slightly nose high because, as the airplane rolls, its lift vector is no longer countering its weight, so the nose of the airplane drops significantly during the maneuver.  Back stick pressure is maintained throughout so that even when upside down, positive seat pressure (about 1 G) will be felt.  As the airplane approaches wings-level at the end of the maneuver, aileron pressure is removed and the roll stops.
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	Figure 28-17.  Aileron Roll.
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     Figure 28-18.  Loop.







Loop

        A loop is simply a 360 degree change in pitch.  Because the airplane will climb several thousand feet during the maneuver, it is started at a relatively high airspeed and power setting (if these are too low, the airspeed will decay excessively in the climb and the maneuver will have to be discontinued.)  The pilot, once satisfied with the airspeed and throttle setting, will pull back on the stick until about three Gs are felt.  The nose of the airplane will go up and a steadily increasing climb will be established.  As the maneuver continues, positive G is maintained by continuing to pull.  The airplane continues to increase its pitch until it has pitched through a full circle.  When the world is right-side-up again, the pilot releases the back stick pressure and returns the aircraft to level flight.





MISTAKES



    	Any time you place yourself in a several thousand pound machine and force it to travel through the air at high speeds and altitudes, there is going to be some risk.  Many think that the primary risk in flying is mechanical failure or weather.  Contrary to this belief, most airplanes (even those made of cloth and wood) that crash do so as a result of pilot error --frequently from attempting to fly too slow!



Stall

     	The stall is the initial result of letting the airspeed decay below what is required for the wings to produce sufficient lift.  With insufficient lift to counteract aircraft weight, the airplane is not being "held up" by the wings any more and it accelerates toward the ground.  At low altitude, the stall can be immediately disastrous but with enough altitude below, the pilot can take action to recover.

    	 Recovery from the stall is accomplished by correcting the condition that led to it.  Since the stall is caused by attempting to fly at too high an AOA, the pilot must immediately reduce the AOA by moving the stick forward.  At the same time, the throttle is advanced to full power to rapidly increase the airspeed needed for a return to level flight or climb.

     	Aircraft are almost always designed to give some warning prior to a stall.  In very large aircraft, special sensors detect the impending stall and physically shake the control stick.  Cessna uses a buzzer located in the wing root for its light aircraft.  The T-37, typical of high-performance aircraft, has its horizontal stabilizer placed so that, as a stall is approached, the turbulent air coming off the top of the wing hits the horizontal stabilizer and shakes the flight controls.  In extreme conditions, the whole airplane will shake.  These warnings are difficult to ignore; they give the pilot sufficient time to act to prevent the stall.



Spin

       If a stall is maintained and yaw is somehow induced, a spin can result.  Spins can be recognized by high descent and roll rates, and a flight path that is straight down.  Clearly, this is a situation to be entered with some forethought.  Harder to recover from than a stall, and much more dangerous in terms of altitude loss, the spin is an extremely complex maneuver and beyond the scope of this text.  The good news is that if you do not stall, you cannot spin.  (UPT students receive comprehensive training in spin recovery and prevention procedures in the T-37.)





CONCLUSION



     	It seems a little morbid to finish this discussion of basic aerodynamics on some hazards involved in flying.  But it is those hazards that best justify a strong knowledge level of aerodynamics for pilots, and a basic understanding of aerodynamics for those that will be spending time in cockpits.

     	Take advantage of your flying time to learn more about flying, and get "hands-on" flying time when it is available.  Ask questions and participate to what extent you can -- not only will you have fun, you will increase rapport with your patients.
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