JPATS AERODYNAMICS

Aerodynamic Theory -- AE101
Basics:

A vector is a quantity that represents magnitude and direction.  It is commonly used to represent displacement, velocity, acceleration, or force.  Force is defined as a push or pull exerted on a body.  The graphic to the right illustrates adding velocities of 100 and 50 feet per second (fps) to get a resultant velocity of 111.8 fps.

Displacement is the distance and direction of a body’s movement, velocity is the speed and direction of a body’s motion (the rate of change of position), and acceleration is the rate of a body’s change of velocity.

Here are some more definitions that are important to aerodynamics:

· Mass (m) is the quantity of molecular material that comprises an object

· Volume (v) is the amount of space occupied by an object

· Density (₤) is mass per unit of volume.  The formula shows how density is expressed.

· D = M / V

Here are some more terms

· Work (W) is done when a force acts upon a body and moves it, equal to the force (F) multiplied by the distance of displacement (s) or;

· W = F x S

· Power (P) is the measurement of work vs. time (t) or;

· P = W / t

Here are some more definitions important to the basic aerodynamic theory.

· Weight (W) is the force with which a mass is attracted toward the center of the Earth by gravity

· Force (F) is mass times acceleration

· Moment (M) is what is created when a force is applied at some distance from an axis or fulcrum, producing rotation about that point.  The distance from the axis or fulcrum to the point of force is called the moment arm.

· Moment = force x distance (d)
· Work can not occur unless energy is present

· Energy is the measure of a body’s capacity to do work.  Energy cannot be created nor destroyed.

· Total Energy (T.E.) is the sum or the potential energy (P.E.) and kinetic energy (K.E.)

· T.E. = K.E. + P.E.

Potential energy is the ability of a body to do work because of its position or state of being.  Potential energy is a function of mass, gravity and height (MGH).

Kinetic energy is the ability of a body to do work because of its motion.  It is a function of mass and velocity.  

If a T-6 is in level, unaccelerated flight at a constant altitude and airspeed, both kinetic and potential energy are constant.  

If you were to push the nose over, you transform some of the potential energy (weight and altitude) into kinetic energy (mass and velocity), resulting in a loss of altitude but an increase in airspeed.  

Understanding energy and forces allows you to understand Newton’s Laws of Motion.  The first law is the “Law of Equilibrium”.  

· “A body at rest tends to remain at rest and a body in motion tends to remain in motion in a straight line at a constant velocity unless acted upon by some unbalanced force.”

· This tendency for a body to remain at rest or in motion is called inertia.

· Equilibrium is the lack of acceleration in any direction.  Equilibrium exists when the sum of all forces around the center of gravity equals zero.

· Your T-6A in level unaccelerated flight is in equilibrium because lift equals weight and thrust equals drag (the total sum is zero).

Newton’s second law is the “Law of Acceleration”:

· “An unbalanced force acting upon a body produces an acceleration in the direction of the force that is directly proportional to the force and inversely proportional to the mass of the body.”

· When the thrust of an aircraft is greater than its drag, the excess thrust will cause the aircraft to accelerate until the increasing drag equals thrust. 

· Acceleration (a) = Force (F)/Mass (m)

Additionally, Newton stated a third law, the “Law of Interaction”:

· “For every action, there is an equal and opposite reaction.”

The law is demonstrated when the rearward force from an aircraft propeller’s propwash causes an aircraft to thrust forward at an equal amount of force.  

Atmospheric Properties:

Since air is a gas it has certain characteristics, which are important to understanding aerodynamics.  These are pressure, density, and temperature.

 Ambient static pressure is a measurement of the weight of an air column over a specific area.  As altitude increases, there are less particles of air, thus ambient static pressure is less because the column of air above you weighs less.

Air Density is the total mass of air particles for a volume.  As altitude increases, the distance between particles increases, hence, there are fewer particles of air for a given volume.

Temperature is a measurement of the average kinetic energy of the air particles.  Air temperature decreases at a rate of 2(C for every 1000 feet.  This called the average, or standard, lapse rate.

 The relation between basic atmospheric properties is described by the General Gas Law.

The General Gas Law is expressed as a relationship of the four properties of air:

· (P) Pressure 

· (() Density 

· (T) Temperature 

· (R) Universal Gas Constant 

P=(RT

 If you increase temperature but keep density constant, then it follows that pressure must rise (principle behind a pressure cooker).

If the pressure is kept constant then there is an inverse relationship between density and temperature.

Properties of Airflow:

Air is considered a fluid, and the properties and principles of fluid dynamics play a major part in aerodynamics.

Static Pressure is the force that molecules of air exert on each other by their random movement.

Dynamic Pressure is a measure of impact pressure of a large group of air molecule moving together.  The sum of these two make up Total Pressure:

PT = PS + PD
Streamtube Example

A Streamtube is a closed system where the total mass and total energy must always remain constant.  A Streamtube is made up of many streamlines (the path that a molecule of air follows in a steady airflow).  The Streamtube can be compared to a copper pipe carrying water.  

It the copper pipe is full of water and you try to put a quart in one end, then a quart will come out the other end.  The mass passing any point is a function of multiplying density by area (A) and velocity (V).

Since the amount of mass flowing through point A1 must equal the amount of mass at point A2 the formula p1A1V1= p2A2V2 describes the mass flow continuity through a streamtube.  In a subsonic airflow, changes in density due to compressibility can be disregarded, so the formula looks like A1V1=A2V2.  Thus, if the cross-sectional area on one side of the tube decreases, velocity must increase so that mass flow remains constant.  

Daniel Bernoulli, a Swiss mathematician, described the variation of pressure exerted by a moving mass of fluid with the formula Pt=Ps + ½ pV² (total pressure = Static Pressure + ½ x air density x velocity squared)

His equation shows that total pressure is constant for an open, continuous flow of fluid.  Remember dynamic pressure?  Since (!~2₤V@) is also referred to as dynamic pressure, or (q), the formula can be rewritten  Pt = Ps + q

Since total pressure is constant for all points in a streamtube, if dynamic pressure increases at a point then static pressure must decrease at the same point.  In the streamtube dynamic pressure over an airfoil in the tube increases because the fluid velocity increases.  Therefore, static pressure must decrease at the airfoil surface.  

Altitude Measurement:

Altitude is the height above a given plane of reference.

True Altitude is actual height above mean sea level (MSL)

Pressure Altitude is the height above a standard reference or datum plane which has a barometric pressure of 29.92 in Hg (mercury).  This datum plane is at sea level on a standard day.  Therefore, true altitude equals pressure altitude only on a standard day.

Density Altitude is pressure altitude compensated for temperature.

On a standard day, density altitude (DA) is equal to pressure altitude.  But as temperature rises or altitude increases, the air becomes less dense.

A high DA indicates low air density and a low DA indicates high air density.

The higher the DA, the lower performance for an aircraft due to the fewer air molecules it has available for the turbine to burn, and/or the propeller to push, i.e. lower power.  This decreases climb performance.  A high DA also requires a higher true airspeed for takeoff and landing, increasing takeoff and landing distances.

Airspeed Measurement:

True Air Speed (TAS) is the actual speed at which an aircraft moves through a mass of air.

Ground Speed (GS) is the speed at which an aircraft moves relative to the ground.  It is true airspeed corrected for winds.

In the example, a T-6A flying at 240 knots TAS into a 20 knot headwind has a groundspeed of 220 knots.

Another illustration of the concept of groundspeed is a person on a moving walkway like those at a major airport.  If the walkway is stationary, the persons true speed in relation to both the walkway and ground is zero.  (assume walkway moves at five knots)  The persons true speed in relation to the walkway is still zero, but the speed across the ground is 5 knots.

Indicated Air Speed (IAS) is the speed that the pilot reads off the airspeed indicator.

The airspeed indicator shows dynamic pressure.  It takes the total pressure of the air through the pitot tube and subtracts the static pressure from the static port to obtain dynamic pressure or IAS.

The airspeed indicator is calibrated at the factory for standard day at sea level, where IAS equals TAS.  Since air pressure decreases with an increase in altitude, TAS will increase if IAS is held constant while climbing to a higher altitude.

As a rule of thumb, at a constant IAS, TAS will increase approximately 3 knots for each 1,000’ increase in altitude.

There are two more types of airspeed that you need to know, calibrated airspeed and equivalent airspeed.

Calibrated Airspeed is indicated airspeed corrected for either an instrument error or for minor sensing errors caused by the location of the pitot-static system on an aircraft.

As you can see, if a pitot tube were placed behind the flaps, the lowering of the flaps would disrupt the airflow to the pitot tube causing a sensor error.

Equivalent airspeed (EAS) is calibrated airspeed corrected for errors caused by compressibility effects.  One compressibility effect that causes an error is when air molecules “bunch up” and cannot flow freely through the pitot tube at high airspeeds.

For most subsonic airspeed conversions, the corrections to calibrated and equivalent airspeeds can be ignored

The mnemonic ICE-T, displayed in the accompanying graphic, is a useful memory aid to help understand the typical relationship between the different types of airspeeds.

(IAS equals CAS, which is greater than EAS but less than TAS—HENCE ICE-T)

Airfoils and Wing Properties:

Aircraft airfoils and wings are designed to take advantage of atmospheric and airflow properties.  Important terms include:

Airfoil:  An airfoil is a cross section of a wing.  It is used for discussion purposes since it is aerodynamically similar to the entire wing

Mean Camber Line (MCL).  The MCL is the major design feature of an airfoil.  It is a line drawn from the leading edge to the trailing edge, halfway between the upper and lower surface of the airfoil

Chordline.  The chordline is an infinitely long straight line drawn through the leading and trailing edges of the airfoil.  The Chord is the segmented of the chordline measured from the leading edge to the trailing edge. 

The root chord is the chord at the wing root, and the tip chord is the chord measured at the wing tip.  Average chord is the average of all chords from the wing root to the wing tip. 

Camber.  Camber is the curvature of the mean camber line of an airfoil.  Camber is measured by finding the maximum distance between the mean camber line and the chordline. 

A symmetric airfoil has zero camber.  The mean camber line (MCL) and the chord are the same.  Notice that there is as much cross-section above the chord as below the chord, hence the term symmetric

A positively cambered airfoil has the MCL above the chord.  There is amore cross-section above the chord than below the chord.  This cambered airfoil produces lift at zero angle of attack.

A negatively cambered airfoil has the MCL below the chord.  There is more cress-section below the chord than above the chord.  You have probably seen negatively cambered airfoils on high-performance racecars. 

A negatively cambered airfoil has MCL below the chordline.  There is more cross section below the chord than above the chord.

Flows

Spanwise flow is airflow that travels along the span of  the wing, parallel to the leading edge.  Spanwise flow is normally from root to tip; the airflow does nto accelerate over the wing and there fore does not create life.

Chordwise flow is air the flows at right angles to the leading edge of the airfoil.  Since it is the only flow that accelerates over the wing, it is the only airflow that produces lift.  

Pitch Attitude

Pitch angle is defined as the angle between the longitudinal axis of an airplane and the horizon.

Flight Path

The flight path of an aircraft is its apparent movement through an air mass.

Relative Wind

Relative wind is the apparent motion of the air with respect to the motion of the aircraft. 

Angle of Attack

The angle of attack (AOA) is the angle between the chordline of the airfoil and the relative wind.  Don’t confuse this with pitch attitude.

Angle of Incidence

The angle of incidence is the preset AOA of the wing (measured when the longitudinal axis is parallel to the ground).

Dihedral Angle

Another angle that we are concerned with is dihedral angle.  Dihedral angle is the angle of the upslope or downslope of the wings when viewed from head on.  Upslope is considered dihedral, and a downslope or negative dihedral is considered anhedral.

Wingspan, Wing Area, Wing Loading

Wingspan (b) is the distance from wingtip to wingtip.  The T-6A wingspan is 33.5 ft. 

Wing area (s) is the apparent surface area of wing within an outline of the wing on the plane of its chord.  It is approximated by the average chord.

Wing loading (WL) is the ratio of an aircraft’s weight to the surface area of the wings, or WL=Weight/s.

Wing Loading (WL) is the ratio of an aircraft’s weight to the surface area of the wings or 

WL = Weight / s

Wing Taper is the reduction in the chord of an airfoil from the root to the tip, and is measured by dividing the tip chord by the root chord.  Tapered wings provide reduced weight and increased structural stiffness compared to a rectangular wing.

Wing Taper = (Tip Chord Length) / (Root Chord Length)

Sweep Angle is the angle between a line 25% aft and parallel to the leading edge and a line parallel to the lateral axis of the aircraft.

The T-6A is both tapered and swept.

Aspect ratio is the ratio of the wingspan to the average chord

Aspect Ratio =  b/c

An aircraft with a high aspect ratio (35:1), such as a glider, would have a long, slender wing.

A low aspect ratio (3:1) indicates a short stubby wing such as an F-22 or F-18 (high performance type aircraft).

CG/Weight and Balance:

The Center of Gravity (CG) of an airplane is the point where all the weight is concentrated.  It can be considered the point where the airplane would balance if you could hold it on your fingertip.

On the other hand, the Center of Lift is the point where all the aerodynamic forces are acting.  This point is also known as the aerodynamic center.  It is typically aft of the center of gravity providing longitudinal stability.

Airplanes move about the center of lift on 3 different axes.

--Longitudinal axis or roll axis.  A straight line from the nose cone through the center of the horizontal stabilizer about which the airplane rolls left or right using ailerons.  

--Vertical axis or yaw axis.  An axis vertically perpendicular to the roll axis.  Movement about this axis causes the airplane’s nose to move left or right, usually due to rudder inputs.

--Lateral axis or pitch axis.  This axis is horizontally perpendicular to the longitudinal axis.  Movement about this axis causes the nose of the airplane to move up or down, using elevator inputs or changes in flap configuration.

Weight and Balance are terms that are always used together in airplane language.

When you refer to these, you are always referring to the position of the CG in reference to the Mean Aerodynamic Chord (MAC).  There is a complex formula to derive CG in inches aft of Leading Edge Mean Aerodynamic Chord (LEMAC) or percent of MAC.

As a rule of thumb, if the aircraft CG is too far aft, there will not be enough elevator authority to maintain level flight (the airplane will want to continue to pitch up into an eventual stall).  If it is too far forward the opposite happens.

END OF LESSON

Lift and Drag -- AE102

Lift:

There are four primary forces acting on an aircraft in flight.  These are

1. Weight: The force of earth’s gravity acting on the mass of the aircraft.

2. Thrust: The force produced by a get engine or engine / propeller combination.

3. Lift: The force that primarily acts against weight.  Lift is an aerodynamic force.

4. Drag: The force that primarily acts against thrust and retards aircraft motion.  Drag is also an aerodynamic force.

An aircraft is in equilibrium flight when all opposing forces are balanced.  Equilibrium flight occurs during any non-turning, constant airspeed flight condition.

All other flight conditions are non-equilibrium or accelerated flight conditions, when opposing forces are not balanced.  Accelerated flight will cause either changing airspeed, changing direction, or both.  Examples of accelerated flight conditions are takeoffs and turns.

During the takeoff ground run, thrust exceeds drag (and friction) and weight exceeds lift.

At liftoff, lift exceeds weight.  Thrust still exceeds drag as the aircraft accelerates.

Aerodynamic force is a force that is the result of pressure and friction distribution over an airfoil.  It can be divided into two components

· Lift: The component acting perpendicular to the relative wind

· Drag: the component acting parallel and in the same direction as the relative wind.

The aerodynamic force equation can be written as the product of:

· Dynamic pressure

· Surface area (S) of the airfoil

· Coefficient of aerodynamic force.  This coefficient represents the shape and orientation of the wing surface area with in the relative wind.

Since lift and drag are the perpendicular and parallel components of aerodynamic force, they are functions of the same factors: wing area, dynamic pressure and a coefficient.  That is why the lift and drag equations are similar, with the only difference being the coefficients.

· Lift Equation

· L = ½ ρ v2 S CL
· Drag Equation

· D = ½ ρ v2 S CD
When pressure is applied to an area, a force is generated.  The pressures acting on an airfoil are the result of the dynamic pressure the airfoil is experiencing as the airstream splits at the leading edge, it flows over the top and bottom of the airfoil producing an increase in dynamic pressure which in turn decreases static pressure.

Since the static pressures above and below the airfoil are both lower than atmospheric pressure, they produce a lifting force.  On a positively cambered airfoil, the static pressure above the airfoil is less than that below the airfoil.  This differential pressure causes lift in the upward direction.

There are 8 factors that affect lift.  Three are apparent from the lift equation:  air density, velocity, and surface area.  The coefficient of lift accounts for the rest:  angle of attack, shape of the airfoil, aspect ratio, viscosity, and compressibility.  

When an airfoil is exposed to greater dynamic pressure it encounters more air particles producing more lift.  This makes lift dependent on the density of the air (altitude) and the velocity of the airflow.  An increase in velocity or density will produce more lift also, since lift is produced by pressure (force per unit area), a greater area produces a greater force.  Thus, an increase in surface area of a wing will produce more lift.  

The pilot has no control over the factors of aspect ration, viscosity, or compressibility so they will not be discussed.  What the pilot does have control over is angle of attack and the camber of the wing (by changing flap settings) which will be discussed in Segment C. 

The graph to the right (Fig AE 102-5) depicts the general relation between the coefficient of lift (CL) and angle of attack (AOA) for a generic, positively cambered airfoil.  There are two main points to remember:

· CL will increase with increasing AOA until reaching CL max.  This will occur for this type airfoil regardless of the flight conditions or airspeed.  The AOA that corresponds to CL max point is called the critical angle of attack.

· Increasing aircraft AOA beyond the critical angle of attack causes a decrease in coefficient of lift due to boundary layer separation.  This loss of lift is called a stall.

In straight and level flight, as angle of attack is increased, the pilot will have to decrease velocity to maintain level flight, as seen in the formula. (Remember that CL is a factor of angle of attack).  Conversely if angle of attack is decreased then velocity must increase.

In straight and level flight, angle of attack and velocity are inversely related in the production of lift.

The shape of an airfoil affects lift.  

Airflow over the top of a symmetric airfoil at zero units AOA travels the same distance as airflow over the bottom surface.  This results in identical changes in static pressure both above and below the airfoil.  Since no differential in pressure exists, no lift is produced.  

At zero units AOA, airflow over the upper surface of a positively cambered airfoil must travel a greater distance as compared to the bottom surface.  This increased dynamic pressure results in a lower static pressure on the upper surface compared to the lower surface.  The static pressure differential pulls the wing upward, creating a lift force.  

There are some wing design techniques that affect stall characteristics.

One is aerodynamic twist. This is a decrease in camber from the wing root to the wing tip.  Such a twist causes a gradual change in cross section from positive camber at the wing root to a symmetric shape at the wing tip.  Since a positively cambered airfoil stalls at a lower angle of attack, the wing root will stall before the wing tip.

Geometric twist is a decrease in the angle of incidence from the wing root to wing tip.  The root is mounted at the same angle to the longitudinal axis, and the leading edge of the remainder of the wing is gradually twisted downward so that the angle of incidence at the wing tip is less.  This results in the wing root always being at a greater angle of attack then the wing tip.  

This means that the wing root will always stall first, providing a stall indication before the ailerons become ineffective.

The T-6 has both aerodynamic twist and geometric twist.

Drag:

Drag is the component of the aerodynamic force that is parallel to the relative wind and acts in the same direction.

The Drag equation is the same as the lift equation except that the coeffient of drag is used.

D = ½ (V2SCD
The coefficient of drag can be plotted against angle of attack for a given aircraft with a constant configuration.  Notice that at low angles of attack, CD is low but rapidly increases as angle of attack increases.  Because there is always some resistance to motion, drag can never be zero.  

There are two types of drag that combine to create Total Drag.  These are parasite drag and induced drag.

Parasite drag is drag that is not associated with the production of lift.  Parasite drag is composed of:

· Form Drag

· Friction Drag

· Interference Drag

Parasite drag increases as velocity increases as shown in the graph.  

Form Drag is the result of separation of airflow from a surface and the wake that is created by separation.  The amount of form drag produced by an object is dependent upon the objects shape and size of its frontal area exposed to the relative wind.

In the diagram, the flat plate has a large leading edge stagnation point with a very high static pressure, and a low static pressure in the wake behind the plate.  This differential pressure, the cause of form drag, pulls the plate backward and slows forward motion.  Air flows smoothly over a smooth object such as a sphere and even more so as the shape progresses to a teardrop.  This reduces the static pressure at the leading edge stagnation point and minimizes the effect of the low static pressure wake.  The result is a reduction in pressure differential and form drag.  

Friction drag is caused by turbulent airflow in the boundary layer.  The amount of friction drag per square foot is relatively insignificant, but since the boundary layer covers the entire surface of the airplane, friction drag can become substantial in large aircraft.

Friction drag can be reduced by smoothing the exposed surface of the airplane through painting, cleaning, waxing, etc.

If the boundary layer were all laminar (smooth) airflow, it would easily separate from the surface creating a large wake behind the airfoil and increasing form drag.  Keeping the airflow in the boundary layer turbulent makes it adhere to the surface better, reducing form drag with only a slight penalty in friction drag.

Interference drag is generated by mixing airstreams between aircraft components such as the wing and fuselage.

Mixing airstreams over aircraft surfaces results in 5% to 10% more total drag that if you just added the individual drag contributions of each component (i.e., the whole is greater than the sum of its parts).

This component of parasite drag can be reduced by proper fairing and filleting to smooth out the points where airstreams meet.

As air flows around the infinite wing, the high pressure under the leading edge tries to equalize with the low pressure above the wing.  Some of the air that should have gone below the wing travels up over the leading edge.  This is called upwash.  Upwash increases lift because it increases the average angle of attack on the wing.  Some of the air on top of the wing also travels down and under the trailing edge, called downwash.  Downwash decreases lift by decreasing the average angle of attack.  On an infinite wing upwash and downwash neutralize each other.

Induced Drag is that component of drag that is associated with the production of lift.

As velocity increases, induced drag decreases.  This is generally due to a lower angle of attack and the aircraft becoming more streamlined.  

As air flows around the infinite wing, the high pressure under the leading edge tries to equalize with the low pressure above the wing.  Some of the air that should have gone below the wing travels up and over the leading edge.  This is called upwash.  Upwash increase lift because it increases the average angle of attack on the wing.  

Some of the air on top of the wing also travels down and under the trailing edge, called downwash.  Downwash decreases lift by decreasing the average angle of attack.  On an infinite wing, upwash and downwash neutralize each other.  

In reality, every wing has wingtips, and this affects the airflow around the wing.  While the upwash and downwash created by chordwise flow are equal and counteract each other, some of the higher pressure air below the finite wing flows spanwise to the wingtip to try to equalize the pressure around the wing.  After the air flows up and around the wingtip, it mixes with the chordwise flow and creates additional downwash at the trailing edge.  The result is that upwash and downwash are not equal on a finite wing.  Downwash approximately doubles due to the spanwise flow moving around the wingtip.  

The theoretical (free stream) relative wind can be visualized as opposite the motion of the wing.  This airflow is distributed by the wing as the wing moves, and the downwash created by spanwise flow becomes a factor.  Remember that the upwash and downwash created by chordwise flow counteracts each other.  If you add the downwash created by spanwise flow to the theoretical relative wind, you can determine the actual relative wind acting on the wing.  The actual relative wind flows over the wing at a smaller angle of attack than expected when compared to the theoretical relative wind due to the effects of downwash.

As air flows over the wing, it produces lift.  The total lift vector is perpendicular to the actual relative wind.  The total lift vector had 2 components.  Effective lift is perpendicular to the theoretical relative wind.  The component of total lift parallel to the theoretical relative wind is induced drag (D1), which tends to slow forward motion of the airplane.  It is the force vector between effective lift and total lift.

Other factors affect induced drag.  An increase in weight will increase induced drag for a particular airspeed, configuration, and altitude.  Since a heavier airplane requires more lift to maintain level flight, more induced drag is created since AOA is increased.  Induced drag is reduced by increasing density, velocity, or wingspan.  This is because a reduction in AOA and CL is required to remain in level flight.  Therefore in level flight where lift is constant, induced drag varies inversely with velocity, and directly with angle of attack.

Another way to reduce induced drag is to install devices to impede the spanwise flow going around the wingtip.  Such devices are winglets, wingtip fuel tanks and missile rails.  

Parasite and induced drag, when combined, produce total drag.  Total drag initially decreases as velocity increases.  The point of minimum total drag coincides with the point where the ratio of lift to drag is the greatest.  At the point where Induced and Parasitic drag are equal, total drag begins increasing with increased velocity.  

Lift cannot be produced without producing drag.  An airfoil that produces too much drag would be counterproductive.  The ratio of lift vs drag (L/D) is used to determine the efficiency of a wing.  A high L/D represents an efficient wing.

In a graph comparing L/D ratio (p.2-24) against angle of attack, the point at which L/D is the greatest is called L/Dmax and has the following properties.


(Minimum total drag


(Parasite drag and induced drag are equal


(Greatest ratio of lift to drag (not maximum lift)


(The most efficient angle of attack for the wing

Ground effect is a phenomenon that significantly reduces induced drag (CDi) and increases effective lift when the airplane is within one wingspan of the ground.  While induced drag is normally predominant at low airspeeds, ground effect during takeoff and landing reduced induced drag.

When the airplane is close to the ground, the downwash at the trailing edge of the wing is blocked by the ground.

The decrease in downwash changes actual relative wind over the wing toward the theoretical position.  Since the lift vector is perpendicular to the relative wind, it rotates forward, reducing induced drag.  This reduction in drag creates more effective lift and allows the aircraft to float above the runway.

The reduction in induced drag is most pronounced within one wingspan of the ground.

Thrust:

The opposing force to drag is called thrust.  In a turboprop aircraft, thrust and power available are determined by the engine/propeller combination.  Terms associated with this combination are


(Propeller output is called Thrust Horsepower (THP

(Engine output is called Shaft Horsepower (SHP)

The ability of a propeller to convert engine output (SHP) into thrust (THP) is determined by its propeller efficiency (p.e.)  Propeller efficiency is defined by the equation

p.e. = THP/SHP

Under ideal conditions THP=SHP.  However propeller efficiency is never 100% due to friction in the reduction gearbox and drag from the propeller.

All propellers become less efficient as altitude or temperature increases because there is less air for the blades to bite to produce thrust.  This loss of thrust can be minimized in one of two ways.

For aircraft with fixed pitch propellers (blade angle constant), more thrust is produced by increasing propeller rpm.

For aircraft with variable-pitch, constant speed propellers, increased thrust is produced by increasing the blade angle while keeping propeller rpm constant.  The T-6A has a constant speed, variable-pitch propeller that rotates at 2000 rpm.

Remember the total drag curve?  In equilibrium flight, total thrust must equal total drag.  So, the amount of thrust required to overcome drag can be found in the total drag curve.  This curve is called thrust required (TR) and is expressed in pounds.

In the thrust required curve, note that L/D is the same as the total drag curve.

If you increase airspeed to greater than L/D max airspeed, you must decrease angle of attack (AOA) to maintain level flight.  This reduction in AOA reduces induced drag.  However, parasite drag increases at a greater rate than induced drag decreases.  This requires additional thrust to maintain airspeed in level flight

If you decrease airspeed to less than L/Dmax airspeed, you must increase AOA to maintain level flight.  This causes an increase in induced drag.  Although parasite drag decreases, the induced drag increase results in greater total drag or thrust required.  As the graph shows, the slower the airspeed, the more thrust is required to maintain level flight.

Thrust available (Ta) is the amount of thrust that is produced by an engine at a give throttle setting, velocity, and density.  Maximum engine output occurs at full throttle (100 % Torque).  A propeller can only accelerate air to a maximum velocity, so as the velocity of the incoming air increases, it is accelerated less by the propeller, resulting in a decrease in thrust available.  The thrust available chart for a propeller-driven aircraft shows this decrease.

At maximum power, equilibrium flight will be maintained when thrust available equals thrust required.  This is depicted on a graph where the two curves cross.  This is the maximum velocity in level flight that an airplane can achieve.  The T-6A maximum velocity in level flight is limited to approximately 255 KIAS at sea level.

Thrust Excess occurs if thrust available is greater than thrust required at a particular velocity.  A positive thrust excess will cause a climb, acceleration or both depending on the angle of attack.  A lack of excess thrust causes a descent, deceleration or both depending on angle of attack.  Maximum excess thrust occurs at full throttle and is depicted on the graph where the distance between the Ta and Tr curves are the greatest.  For a turboprop, max excess thrust occurs at a velocity less than L/Dmax.

Power Available (PA) is the amount of power that an engine is producing at a given PCL setting,  velocity, and density.  Maximum power available is produced at full PCL.  A propeller’s Pa initially increases but then decreases due to a loss of thrust available as velocity increases.

To obtain power (work/time), multiply thrust available by velocity and then divide by 325 to obtain horsepower.   ( Pa  =  Ta*V/  325

Power Required (Pr) (green curve) is the amount of horsepower that is needed to produce thrust required.  The power required formula is identical to the power available formula with Pr in place of Pa, and Tr in place of Ta. 

Take a look at the Pr curve and notice:  

· Minimum power required for level flight is not at the same velocity as L/D max, but at a slower velocity.  

Power excess is calculated in a similar manner as thrust excess.  A positive power excess results in a climb, acceleration, or both.  A lack of excess of power causes a descent, deceleration, or both.  For a turboprop, maximum excess power occurs at L/Dmax

The weight factor can change Pr and Tr.  If you increase the weight of your airplane (by strapping on some bombs, extra fuel tanks, or carrying golf clubs), you now have to increase lift to overcome that weight.  To increase lift you have to either increase AOA or increase velocity.  But either one requires an increase in thrust and power.  The net result is that increased weight shifts the Pr and the Tr curves up and right.  

Another factor that affects Pr and Tr is altitude.  If the weight of an airplane remains constant, the lift required will be the same at 20,00 feet as it is at sea level.  But to produce that same lift at 20,000 feet the velocity must increase due to the loss of density.  Since drag and Tr remain the same, the Tr curve shifts to the right.  The Pr curve will shift to the right and up due to  the increase in velocity, because power is a function of thrust and velocity.  Maximum engine output decreases with increased air density.  So, both Ta and Pa will decrease at higher altitudes.  

Flight Controls:

Flight Controls and Effects

. Identify the aerodynamic effects of each primary flight control on the airplane

As a pilot you want control of your airplane.  In order to maneuver the airplane you disturb the aerodynamic forces by changing camber or drag on different portions of the airplane.  To turn right, you move the stick right.  Here is what happens aerodynamically. 

_The right aileron raises to change the camber of that portion of the win to that of a more symmetric airfoil, producing less lift.  

_The left aileron lowers, increasing camber on that portion of the wing, producing more lift.  With less lift on the right wing and more lift on the left wing, the aircraft now rotates about the longitudinal axis.  

To roll left, the opposite is true.  

Remember the center of lift, center of gravity, and the lateral or pitch axis?  These come into play with the elevator and horizontal stabilizer.  When the elevator is in the neutral position, the horizontal stabilizer/elevator combination is a symmetric airfoil that is used to overcome the moment around the center of gravity caused by the forces acting on the center of lift.  

To make the nose of the aircraft pitch up, the horizontal stabilizer must fly down.  This is caused by pulling back on the stick, which in turn moves the trailing edge of the elevator up.  This produces a negative camber and the lift in the opposite direction from the wing lift vector.  

The rudder is also a symmetric airfoil that is used to yaw or direct the airplane’s nose left or right.

If you push on the left rudder pedal, the trailing edge of the rudder moves left, causing a positive camber of the vertical stabilizer on the right side of the airplane.

The vertical stabilizer then “flies” to the right, moving the tail right, and moving the nose to the left.  Again the opposite is true for movement of the nose to the right.  This movement is about the yaw axis.

Configuration:

To change lift on a wing, you have control over angle of attack, velocity, (airspeed), and camber of the wing.  Remember how the ailerons changed camber on the wing?

Lowering flaps has the same effect of producing move lift for a given velocity.  Trailing edge flaps are the most common device for changing the camber of a wing, but leading edge flaps are also used.

Notice that as the camber of the wing is increased, the coefficient of lift increases (more lift) but the stall angle of attack decreases.

Take a look at some of the different types of trailing-edge flaps


-A plain flap is a simple hinged portion of the trailing edge of the wing that is forced down into the airstream to increase the camber of the wing


-A split flap is a plate that is deflected from the lower surface of the wing.  This type of flap creates more drag because of the turbulent area between the flap and the wing.  The T-6A has split flaps.


-A slotted flap is similar to a plain flap, but moves away from the wing to open a narrow slot between the flap and wing for boundary layer control.


-A Fowler flap is used on large aircraft.  It moves down to increase camber and moves aft to increase wing surface area, thus increasing lift.

Leading edge flaps are similar to trailing edge flaps and have the same effect of changing wing camber when deployed

A slotted flap is beneficial at high angles of attack because high energy air on the lower surface travels through the opening to the upper surface, delaying separation and decreasing stall speed.

The drawback with leading edge flaps is that excessive drag is created at low angles of attack.  The solution is a movable flap that opens as a slot at low speeds but closes at higher speeds.  This type of slotted flap is called an automatic slotted flap or a slat.

Lowering the flaps increases lift allowing the aircraft to be flown at slower speeds for takeoff, approach, and landing.  Since lift is increased, you must decrease the angle of attack or pitch of the airplane to maintain level flight.  This allows a flatter pitch angle during takeoff and landing, making it easier to see what is ahead.

You gain more lift than increased drag up to approximately 50% flap setting.  This is why most aircraft require flap settings at or below 50% for initial takeoff.

As the flaps are lowered from 50% to 100%, there is a substantial increase in drag without a beneficial increase in lift.  This extra drag at flaps landing settings allows for a steeper approach angle, improved forward visibility, and requires a higher power setting during approach.  However, many aircraft require a flaps takeoff setting (~50%) during a missed approach, go-around, or touch-and-go, to reduce the extra drag but maintain the lift.

Other actions that affect the aerodynamics of an airplane is raising and lowering the landing gear.  

Lowering the landing gear causes an increase in parasite drag from the gear and the gear doors.  Since the drag is on its lower side, the aircraft will have a tendency to pitch slightly down as the gear is lowered, and slightly up as the gear is raised.

Performance and Maneuvering -- AE103

Takeoff, Cruise and Landing Performance:

Definitions, theories, and principles of aerodynamic forces explain how an airplane performs under varying conditions.

One such area is takeoff performance.  A takeoff is a maneuver where the weight of the aircraft is shifted from the wheels to the wings

The minimum speed for takeoff is approximately 20 % above the power-off stall speed.  The 20% is a safety margin to avoid a stall immediately after takeoff.

The formula at right shows the basic relationship of forces acting upon a takeoff.  This formula demonstrates that minimum takeoff speed can be reduced (while maintain the safety margin) by:

· Decreasing weight
· Increasing wing surface area
· Increasing CLmax
VTO ~ 1.2√(2W/PSCLmax)
In a small aircraft, reducing weight is not much of an option.  However increasing CLmax is possible through the use of flaps.  Flaps can also increase the surface area in some aircraft (no the T-6A)

Lowering the flaps increases the camber of a wing.  Lowering flaps a small amount (up to   T/O flaps) will greatly increase the lift coefficient without noticeable increasing drag, resulting in a lowered takeoff speed.

Another consideration in takeoff performance is takeoff roll or distance.  Minimum takeoff distance is calculated with the format right:


Note:  A change in air density will not affect indicated airspeed!


STO = W2 / [g ρSCLmax(T-D-FR)]

· STO – minimum takeoff distance

· W2 – Weight squared

· g – acceleration due to gravity

· S – surface area

· CLmax – Max coefficient of lift

· T – Thrust

· D – Drag

· FR – Rolling friction force

· Ρ –air density 

The equation demonstrates: 

Weight is the greatest factor in takeoff distance.  If the weight is doubled, takeoff distance will almost quadruple

Increasing surface area or wing camber and CLmax through the use of TO flaps will decrease takeoff distance.

Increasing density altitude (DA) (decreasing air density) results in a higher takeoff velocity, reduces thrust available, decreases acceleration, and increases takeoff distance.  Three factors will cause a high DA: high airport elevation, higher temperature, and increased humidity.

So remember: high, hot, heavy, and humid are bad for takeoff performance.

A headwind or tailwind also affects takeoff distance when compared to a takeoff made on a calm wind day.

A headwind will decrease takeoff distance since the aircraft will have a positive TAS before beginning the takeoff roll.  Less distance is therefore required to obtain the remaining TAS necessary to generate sufficient lift for takeoff.

Conversely, a tailwind will increase takeoff distance.  This increase results from the aircraft having to “catch up” with the wind before beginning to generate a positive TAS.

Direct Cross winds have a negligible effect on takeoff distance.

There are two climb schedules that are important to aviators:

· Maximum rate of climb

· Maximum angle of Climb

Both of the these types of climbs are performed at maximum power

Max rate of climb is gaining the most altitude in a given amount of time.  Max rate relies on excess power.  This excess power is greatest at the max rate of climb airspeed.  You will use the max rate of climb when you want to gain altitude at a minimum rate of time.  The recommended best climb speed (140 KIAS) is close to the max rate of climb airspeed for the T-6A.  

Maximum angle of climb is dependent on excess thrust.  The more excess thrust available, the steeper angle the aircraft can climb

Max angle of climb gains the most altitude for distance traveled

Max angle of climb is commonly used for taking off from a short field with high obstacles on the departure end of the runway.  The objective of using the max angle of climb is to gain enough altitude in the least distance to clears the obstacle.  A given aircraft takes 30 seconds to reach 1000’ AGL using max angle of climb, and covers 2000’ over the ground.  The same aircraft flying a max rate climb profile climbs to 1500’ AGL in 30 seconds but covers 6000’ over the ground.

Weight altitude and configuration changes affect thrust and power excess thus they also affect climb performance.  Climb performance is directly linked to the ability to produce excess thrust or excess power.  A loss of excess thrust or power will also cause a loss in max rate or max angle of climb.  

Here is an airplane (Fig AE103-5) that has a max angle of climb airspeed of 160 knots IAS, with a ground speed of 154 knots, and no wind.  If this airplane flies into a headwind of 30 knots, its groundspeed is reduced to 124 knots.  The airplane will now reach altitude in a much shorter ground distance.  Because of the headwind the airplane’s max angle of climb has increased.

· A tailwind will have the opposite effect.  

Note:  Max rate of climb is not changed by wind.

Maximum endurance is the maximum time that an airplane can remain airborne on a given amount of fuel.  

This chart (Fig AE103-6) shows Power Available (PA) and Power Required (PR) curves.  For turboprop airplanes, max endurance lies on the Power Required (PR) curve at a speed that is less than L/D max and an AOA that is higher than L/D max.  (note:  AOA is not depicted on the graph).

Maximum range, however, is the maximum distance an airplane can travel on a given amount of fuel.  This requires the minimum amount of fuel per unit of velocity.  A turboprop airplane’s max range is at L/D max velocity and AOA.

Some factors that affect cruise performance are:

· Weight.  An increase in weight decreases max endurance and max range, but increases the airspeeds associated with both due to an increase in fuel flow.

· Altitude.  An increase in altitude is accompanied by a decrease in temperature which makes a turbine engine more efficient.  This increases max range and max endurance because of a decrease in fuel flow.

· Configuration.  Lowering the landing gear or flaps will decrease max range and endurance due to an increase in power required to overcome drag.

Winds have no effect on maximum endurance since maximum endurance is only concerned with time airborne and not distance traveled.

A headwind decreases, and conversely a tailwind increases maximum range for a given amount of fuel.  Maximum range is associated with a velocity, which in turn can be translated into a TAS.  A headwind will therefore reduce the aircraft’s groundspeed and hence the ground distance traveled for a given amount of fuel.  A tailwind has the opposite effect.

As the aircraft climbs higher in altitude, the Critical Mach Number, or the Mach number that first produces evidence of local supersonic flow on an airplane, becomes more important.

As an airplane flies, velocity, and pressure changes create sound waves in the airflow around the airplane.  Since the sound waves travel at the speed of sound, an airplane flying slower than the speed of sound allows the sound waves to dissipate.

Mach number is the ratio of the airplanes TAS to the local speed of sound (LSOS).  Some airplanes accelerate airflow to create lift, there is local airflow on parts of the airplane that are traveling faster than the airplanes true airspeed.  Normally, these are surfaces that have the most curvature like the canopy or wing.  

Glide performance is a consideration factor for single-engine aircraft in the event of engine loss.

Best Glide Speed- The airspeed flown power off which provides maximum range.  This speed is based on L/D max and changes with weight.  The best glide speed for a clean T-6A is 125KIAS.  

Glide range is also referred to as glide ratio, and expressed as a ratio of horizontal distance to vertical distance.  A glide ratio of 11:1 means that an airplane will travel 11,000 feet horizontally for every 1000 feet of altitude loss.  The glide ratio of the T-6A with gear, flaps, and speed brake up (clean) and propeller feathered is approximately 11:1.

Some factors that affect glide slope are:

· Altitude

· Higher you are, the further and longer you can glide 

· Wind

· Tailwind increases range
(note:  Wind has no effect on endurance)

· Headwind decreases range

Some other factors that affect glide performance are:

· Configuration

· Clean= farther, longer glide

· Dirty= nearer, shorter glide

· Weight-  If best glide speed is flown, range decreases as weight increases.  In the T-6A this is negligible due to the small amount of weight change possible.

· Propeller Drag-  Significantly decreases glide range and endurance if the propeller is not feathered to prevent windmilling and excess drag.

Take a look at the Thrust Required and Power Required curves (ha ha).  In a turbojet aircraft, you must increase thrust to overcome the increase in parasite drag to achieve an airspeed above L/Dmax.  In a turboprop aircraft like the T-6A, you must increase power to fly faster than the maximum endurance airspeed.

When you fly slower than L/Dmax in a turbojet or maximum endurance airspeed in a turboprop, you must increase thrust or power to maintain level flight.  This additional thrust or power is necessary to overcome the increase in induced drag (and total drag) caused by increasing angle of attack.  If you did not increase thrust or power while increasing AOA to maintain level flight, the aircraft would continue to slow and eventually stall.  The area where additional thrust or power required to fly more slowly is called the region of reverse commend.  This area is commonly referred to as being “behind the power curve”.  As you can see, it takes the same power as that required for a much higher airspeed.

For landing, the final approach speed is usually 30% greater that stall speed.  This allows a margin of safety when you are low and slow.  In the landing distance formula, just as in takeoff, the greatest factor is weight.  A weight increase results in a longer landing distance due to higher airspeed required to support the airplane.  The same factors that affect takeoff performance, the 4Hs – high, hot, heavy, and humid – also effect landing performance.  

A headwind will decrease landing distance due to a lower groundspeed and therefore less momentum to overcome with aerodynamic and wheel braking. 

On the other hand, a tailwind will increase landing roll due to an increase in groundspeed and momentum to overcome.

Propeller:

Some performance factors that have to be considered are related to the propeller.

Slipstream swirl is a corkscrewing airflow that travels around the fuselage.

This airflow strikes the vertical stabilizer, increasing its AOA.  The increase in AOA of the vertical stabilizer pulls the tail to the right and yaws the aircraft to the left.

This situation is more prevalent at high power settings and low airspeeds.

To compensate, RIGHT rudder is required.

Another propeller performance concern is P-factor.  P-factor is the yawing moment caused by one propeller blade creating more thrust than its opposing blade. 

If the freestream relative wind is above the thrust line (in a power-on decent) the up-going blade on the left side creates more thrust since it has a higher angle of attack.  This will cause the nose to yaw to the RIGHT.  Correction is to apply LEFT rudder.

If the free stream relative wind is below the thrust line, such as low speed, high angle of attack flight, the down going blade on the right side will produce more thrust, yawing the nose to the LEFT.  The corrective action is to apply RIGHT rudder.

For P-factor to be noticeable:

· The engine must be at a high power setting

· The thrust axis must be displaced from the relative wind

A third factor is Torque.  Torque is a relative force based on Newton’s Third Law of Motion  (Law of Interaction).  A force must be applied to a propeller to make it rotate clockwise.  An equal but opposite force is produced which rolls the airplane fuselage counterclockwise.  Counter with RIGHT rudder.

The T-6A uses and automatic trim aid device (TAD) to help compensate for engine torque and other effects due to power changes.

Gyroscopic Procession is one more force that affects an airplane.  When you apply a force to the edge of a spinning object (prop) parallel to the rotational axis, a resultant force is created in the direction of the applied force, but 90( ahead in the direction of rotation.  

Pitching the T-6A up produces an applied force acting forward on the bottom of the propeller, and backward on the top.  The resultant force is 90( ahead in the direction of rotation, causing the nose to yaw RIGHT.

Again, the T-6A helps compensate for gyroscopic procession effects with the TAD.

Turns:

Turning flight is changing the direction of an airplane’s flight path by reorienting the lift vector in the desired direction.  Changing the flight path of an airplane involves a little more than hanging a right or a left.

The pilot rolls the airplane to the right by deflecting the ailerons.  Initially the nose will track left from adverse yaw.  This is due to the down-deflection of the aileron on the up wing, outside the turn, creating more drag that the up-deflected aileron of the down wing.

By using rudder in the direction of the turn, adverse yaw can be minimized.

When you’re established in a bank the airplane tendency is to descend.  The corrective action is to add backstick pressure.  During a turn the lift vector is divided into two components:  


A horizontal component


A vertical component

The vertical component of lift is the only component that opposes weight.  To make this component equal to weight you must increase the AOA to compensate for loss in vertical lift.  

Turn performance is measured by radius and rate.  

· Turn radius is the radius of the circle that the flight path defines. 

· Turn rate is the rate of heading change measured in degrees per second.  

Turn performance is a factor of bank angle and velocity.  Weight, engine performance, altitude, load factor, stall angle of attack, and wing loading will affect bank angle limit or airspeed limit, but not turn performance directly.  These factors limit minimum turn radius or maximum turn rate, but turn rate and radius are calculated purely on velocity and bank angle.  

 In instrument flight, turns are made at a standard rate.  Standard rate turns are 3 degrees per second.  The bank angle required is dependent on airspeed. 

Due to the increase in total lift required in a turn, the amount of drag is increased.  To overcome the drag, you have to increase thrust/power in order to maintain a level altitude and constant airspeed.  The turn and slip indicator gives the pilot a visual indication of coordinated flight.  Ina turn, if the ball is not centered, the airplane is not in coordinated flight.  If the ball is displaced in the direction of the turn, the airplane is in a “slip”.  If the ball is displaced in the opposite direction, the airplane is in a “skid”.  

In order to fly in coordinated flight, always remember to “step on the ball”.  This means to apply rudder on the side the ball is deflected until id centers up.  Once the bank angle is constant then the need for rudder input is eliminated.

A slip is caused by opposite or insufficient rudder in the direction of turn.  The yawing moment is toward the outside of the turn, and the ball will be deflected toward the inside gravitational pull.  In a slip, turn radius will increase and turn rate will decrease.

A skid on the other hand, is caused by using too much rudder in the desired direction of turn.  The yawing moment is toward the inside of the turn and the balance ball is deflected toward the outside of the turn due to centrifugal force.  In s skid, turn radius is decreased and turn rate increased.  Skids are dangerous due to the possibility that the airplane could roll inverted and even crash if a stall (skidded turn stall) occurs at low altitude.  

Load Factors:

When an airplane is in flight it is always subjected to pushes and pulls between lift and weight.  Load factor, or n, is the ratio of the load divided by weight.  It is also called G force or G loading.  Remember, during level, uaccelerated flight, an airplane is subjected to 1G.  As you roll into bank and increase the lift, the G force will also increase.  A turn in which the total lift is 5 times the force of gravity would be a 5 G turn, or a turn with a load factor of 5 (n=5).  In a level turn, as a bank angle increases, G loading increases.  

At 30( of bank, 1.15 G’s are required to maintain level flight.

At 45( of bank, 1.4 G’s are required to maintain level flight.

At 60( of bank, 2.0 G’s are required to maintain level flight.

At 80( of bank, 5.72 G’s are required to maintain level flight.

At 90( of bank, the G’s required to maintain level flight is infinite because there is no lift vector perpendicular to the ground.  At this point all lift is parallel to the horizon.  If the turn is continued, the aircraft will begin to descend.

The chart in p.3-26 is also called a Vn diagram because velocity, V1 and load factor n, define the axes.  Sometimes the chart is referred to as a Vg diagram.

As you can see, a Vn diagram identifies aircraft limits at various altitudes.

A Vn diagram defines the structural, aerodynamic and airspeed limitations for an aircraft.  These lines define the normal, or safe operating envelope for the aircraft.

Limit load factor is the greatest load factor an airplane can sustain without risk of permanent deformation or damage.  Notice on the chart that there are positive and negative load factor limits for symmetric and asymmetric G loadings.

Ultimate load factor is the maximum load factor that an aircraft can withstand without structural failure.  This is 150% of a limit load factor.

Symmetric G’s are encountered anytime the only control that is deflected is the elevator.  The airplane can be in a bank, inverted or any other attitude, but as long as the ailerons or rudder are not deflected, only symmetric G’s are involved.  The T-6A limits are +7 to –3.5 symmetric G’s.

Asymmetric loads are encountered anytime the ailerons or rudder are deflected in flight, or there is a yawing moment produced by an uneven weight distribution.

Usually the asymmetric loads are small unless the elevator is also deflected to pull the nose up or down at the same time.

The asymmetric clean limits of the T-6A are +4.6 to –1.0 G’s.  These lower limits are imposed because the lift (G force) on the up-going wing is more than what is read on the cockpit accelerometer.

The vertical lines on the right side of the Vn diagram are the maximum operating, or redline, airspeeds for the aircraft.  The maximum operating airspeed for the T-6A is 316 KIAS or .67 Mach, whichever is less.

Flight above maximum operating airspeed should be avoided due to the possibility of aircraft instability, structural damage, or both.

The curved lines that start at zero and intersect the load limit lines are called stall or aerodynamic limit lines.  These lines represent the total load factor that can be generated at a particular airspeed before stall occurs.

One use of the chart is to determine the minimum airspeed required to sustain a specific G load.  In this example, the minimum airspeed necessary to sustain a 2 G turn is 135 KIAS at sea level.

For the T-6A

( At sea level cannot overstress the aircraft with positive Gs below approximately 190 KIAS because the aircraft will stall first

( Notice that you cannot overstress the aircraft with positive, symmetric Gs at any airspeed when at 31,000’ MSL

Notice that the lowest airspeed that you can obtain the positive symmetric load limit is 240 KIAS.

Maneuvering speed is the maximum airspeed at which you can safely maneuver.  Full or abrupt control movements or encountering a wind gust while flying above this airspeed can overstress the aircraft.  The T-6A is restricted to a maneuvering airspeed of 227 KIAS to provide a margin of safety.

Maneuvering speed is also called cornering velocity because the aircraft can safely make the smallest radius turn at this point.  This speed is especially important to fighter pilots during a dogfight where abrupt control movements are often required.

Stability:

Another performance factor to consider is airplane stability.

Stability is the tendency for the airplane to return to a state of equilibrium.  There are two types of stability:  Static and Dynamic.

· Static stability is the initial tendency of an object to move toward or away from its original equilibrium position.

· Dynamic stability is the position and measure of displacement of an object after it has been disturbed with respect to time.

The initial tendency of an object to return to its original equilibrium is positive static stability.  A ball, when displaced in the bottom of a bowl, will want to roll back to the bottom where it started.  It exhibits positive static stability.

Negative static stability is the initial tendency of an object to move away from its original equilibrium.  Take the ball in the previous example and turn the bowl upside down.  The ball will now roll away from its original center point, exhibiting negative static stability.

Neutral static stability is the initial tendency of an object to accept the new position as a new equilibrium.  If the ball is placed on a flat surface, and moved, it does not move toward or away from its originating position.  Thus it exhibits neutral static stability.

Static stability only tells us about an object’s initial tendency for movement.  It does not indicate whether the object will ever reach equilibrium.

Dynamic stability of an object provides this information.  To look at dynamic stability assume that the object has positive static stability.

If the ball in the bowl moves through the equilibrium point when released, but each oscillation over time becomes smaller until it stops at the equilibrium pt, it exhibits positive dynamic stability.

If the ball continues to climb higher in each pass, it would exhibit negative dynamic stability or undamped oscillation.  This is very unlikely but sometimes airplanes exhibit this property.

If the same ball oscillation never dampen but remain at constant amplitude, it would possess neutral dynamic stability. 

Stability and maneuverability are inversely proportional.  If an airplane is stable and tends to remain at equilibrium, its hard for the pilot to turn the plane, but easy to control

Large cargo type airplanes tend to be inherently stable but less maneuverable.

On the other hand, if an airplane is unstable it is easy to turn or maneuver but this responsiveness can make it hard to control otherwise.  Fighter/attack planes are much more maneuverable and less stable.

Two of the four forces that act around the center of gravity, Lift and weight, have an affect on longitudinal stability.

If an airfoil is disturbed so that the AOA is increased, it now will produce more lift.  An airplane with the CG ahead of the AC (Aerodynamic Center) will pitch down after the increase of AOA because the increased lift caused a pitch down movement around the CG.  This is a positive contributor to longitudinal static stability.

If the Cg is aft of the AC, the airplane will tend to pitch up more away from equilibrium- a negative contributor to longitudinal static stability.

Directional static stability is stability of the longitudinal axis around the vertical axis.  As and airplane yaws, it continues along it flight path for a short period, causing a sideslip.

The difference between the flight path and the longitudinal axis is called a sideslip angle.

The component of the relative wind that is parallel to the lateral axis is sideslip relative wind. 

There are some components that made a contribution to directional static stability.

· Straight wings:  In a sideslip the advancing wing has a momentary increase in airflow velocity, increasing parasite drag and pulling that wing back to it s equilibrium position.  This is a small positive contribution to directional static stability.

· Swept wings:  Wing sweep increases directional static stability because the advancing wing also experiences an increase in induced drag due to increased chordwise flow.  The retracting wing, experiences an increase in spanwise flow (less induced drag).  This pulls the advancing wing back to the equilibrium point.

The fuselage and vertical tail also affect directional stability.

* The fuselage is a symmetric airfoil with its aerodynamic center forward of the airplane’s CG.  At zero angle of a attack or zero angle of sideslip it produces no net lift. When the airplane enters a sideslip an angle of attack is created, creating lift and pulling the nose away from the relative wind.  This is a negative contributor to directional stability.

*  The vertical stabilizer is the greatest positive contributor to directional static stability.  A sideslip causes an angle of attack on the vertical stabilizer, creating a horizontal lifting force.  This swings the tail back toward its equilibrium point. 

Lateral Stabilty

Lateral, or roll stability, is stability around the longitudinal axis.  An airplane exhibits lateral stability if after a disturbance that rolls the airplane, it generates forces that reduce the bank angle and return it to wings level.

Dihederal wings

Dihederal causes an increase in angle of attack and life on the down going wing during a sideslip.  The upgoing wing has a reduced angle of attack and a decrease in the lift.  The difference causes a rolling moment that rights the airplane.  Wing dihedral is the greatest positive contributor to lateral static stability.

Location of Wings

The location of the wings of an aircraft affects lateral stability.  A high wing placement (above longitudinal axis and aircraft CG) is a positive contributor to lateral stability.  During a sideslip the fuselage impedes airflow which increases upwash (increase in lift/AOA) at the wing root of the down going wing, and downwash (decrease in lift/AOA) of the up going wing.  The imbalance rolls the airplane back to wings level.

A low mounted wing (below the longitudinal axis and aircraft CG) has the opposite effect making it a negative contributor to lateral static stability.

Wing Sweep

During a sideslip, the part of a swept wing toward the sideslip has more chordwise flow than the opposite part.  This created more lift than the opposite wing, causing the aircraft to roll back wings level.  Wing sweep is therefore a positive contributor to lateral stability.

Vertical Stabilizer

The vertical stabilizer is also a positive contributor to the lateral stability of an aircraft.  During a sideslip, there is a change of angle of attack on the vertical stabilizer causing it to produce lift.  Since the tail is above the CG, this lift produces a moment that tends to right the airplane.

 Interrelation

Lateral and directional stability are interrelated.  This interrelation is called cross-coupling, meaning that a yaw will cause a roll and a roll will cause a yaw.

Several dynamic effects are brought about due to cross-coupling.  These are directional divergence, spiral divergence, Dutch roll, Proverse roll, and Adverse yaw.

Directional divergence 

An aircraft with directional divergence will continue to yaw and increase its sideslip angle in response to a small initial sideslip.  It is the result of negative directional static stability in an aircraft.

Spiral Divergence

An aircraft that exhibits spiral divergence will continue to yaw and roll in reaction to an initial sidestep, resulting in a tight descending spiral.  This is caused by an airplane with weak lateral stability (unable to correct back to wing level) sensing a new relative.  The airplane aligns with the new relative wind (strong directional stability) by yawing into it.  The advancing wing, now creating more lift, causes the plane to roll once again.

Dutch Roll

Dutch roll is caused by a combination of strong lateral and weak directional stability.  A disturbance causes a roll that produces a sideslip.  The airplane reacts with a strong lateral stability by correcting to wings level, but causing the nose to yaw on the direction of the sideslip.  The weak directional stability now reorients the nose to the relative wind, where the advancing wing causes a roll opposite the original sideslip.  The string lateral stability takes over and the cycle repeats itself.  The nose of an airplane experiencing Dutch roll scribes a figure eight in the air.

--Proverse Roll.  The tendency for an airplane to roll in the same direction as it is yawing.  This is caused by increased airflow on the advancing wing, creating more lift, which in turn increases the roll.  This is more prevalent in swept wing aircraft.

--Adverse Yaw.  The tendency of the airplane to yaw away from the direction of the aileron input.  Due to increased lift on the up-going wing, more induced drag retards the forward movement of that wing, resulting in the nose yawing opposite the direction of roll.

Phugoid oscillations are not a result of cross-coupling.  Phugoid oscillations are long period oscillations (20-100 seconds per cycle) of altitude and airspeed while maintaining a nearly constant angle of attack.  An upward gust will cause an airplane to gradually gain altitude but lose airspeed.  When enough airspeed is lost the airplane will nose over and the reverse occurs.  Usually a pilot collects this situation without being aware that it is happening.

Can pilot input make an aircraft go unstable?  The answer is yes, by Pilot Induced Oscillations, or PIOs.

Pilot Induced Oscillations are short period (1-3 seconds per cycle) oscillations of pitch attitude and angle of attack.  PIOs occur when a pilot is trying to correct oscillations that occur over a short period of time.  The inherent longitudinal stability of the airplane is correcting the oscillation when the pilot tries to correct it.  The pilot’s input comes too late and results in an overcontrol situation.  The amplitude of pitching can progress to dangerous levels.  To eliminate this problem, either neutralize the stick and let the aircraft correct itself or freeze the stick just aft of neutral and let the aircraft settle to this stick position.  

END OF LESSON

STALLS -- AE105

Note: Notes for pages 5-18 and 5-19 were identical to the CAI handouts and are not included below.

Stall Aerodynamics:

5-7

Adverse Pressure Gradient

· Cause

· Low pressure behind max point of thickness

· Impact

· Creates turbulent flow 

Control

· Kinetic energy of the relative wind is enough to overcome pressure gradient and create lift. (Instructor footstomped here)

Impact of High AOA on Boundary Layer

· Kinetic energy decreases (because of lower airspeed)

· Adverse pressure gradient increases (turbulent air begins to move forward on the wing.  Remember turbulent air does not produce lift and no lift= a stall).

· Boundary layer separation point (turbulent flow) moves forward on the airfoil.

Definition of Boundary Layer Separation

· Point in streamline where airflow no longer adheres to the airfoil.

· Cause

· Decreasing ration of kinetic energy vs adverse pressure gradient

· Impact

· As turbulent airflow area increases, amount of airfoil producing lift can become insufficient to support aircraft’s weight.  

Boundary Layer Separation Depiction

· Point of beginning boundary layer separation is at 15 units on the chart (Fig AE105-10)  This is where aircraft buffeting or the stick shaker would occur.

· Point of Stall (CL Max) = 18 units for the T-6.  Any more increase in AOA results in a decrease in lift.  (this was footstomped by the instructor)

Definition of a stall

· Condition in flight where increase in AOA results in decrease in CL (lift). (this was repeatedly footstomped)

· Stall AOA

·  remains constant for any given airfoil 

· Measured in arbitrary units

· Stall airspeed

Variable based on conditions

Stall Characteristics:

Power-on Stall

Two key differences:

Vertical component of thrust creates greater lift (LIFT INCREASES).  Stall airspeed is LOWER. 

Propeller acceleration factor:

Produces a HIGHER airflow rate and a LOWER stall speed.

This is because at high pitch attitudes, part of the weight of the airplane is actually being supported by the vertical component of the thrust vector.  In addition, for propeller driven airplanes the portion of the wing immediately behind the propeller disc produces more lift because the air is being accelerated by the propeller.

Power-off Stalls (given pitch attitude)

Power setting: idle

Stall airspeed is HIGHER

Stall warning: closer to the stall

Roll tendency: RIGHT

Yaw characteristics: LESS oscillation
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Effect of altitude on stall true airspeed.  As altitude increases, stall true airspeed increases.

Load factor and stall speed (accelerated stalls).  As load factor increases, stall speed increases.

Effect of bank angle on stall speed.  Higher bank angles require higher G-loading to maintain level flight.  As load factor increases, stall speed increases.

Anti-Stall Devices:

Boundary Layer Control (BLC)

Concept: To deflect high kinetic energy airflow from bottom of wing to top of the wing to suppress boundary layer separation

Most Common Boundary Layer Control Device

leading edge slats:  Allows airflow from bottom of the wing to cross to the top, creating less boundary separation.  With slats extended Cl max increases.  Curve shifted up and right.
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SPINS -- AE106

Note: Notes for pages 6-20 and 6-21 were identical to the CAI handouts and are not included below.
Spin Development:

6-6

Sources of Yaw (Continued)

· Misapplication of controls

· Out of trim condition

Sources of Yaw:  Non-pilot inputs

· Wake Turbulence

· Fuel/aircraft balance

Autorotation Definition

· Combination of roll and yaw that propogates itself and progressively gets worse due to asymmetrically stalled wings.

· Cause

· Unequal lift and drag forces acting on each wing

Wing Lift and Drag Characteristics  

· In a stall, lift and drag of both wings are balanced unless yaw is introduced.

· When the aircraft is stalled, introduction of yaw creates an AOA difference between left and right wings. 

· Lift and drag become unbalanced

· Creates rolling and yawing tendency

· Can cause spin entry and autorotation (instructor taught that in a left spin, the Left wing has a higher AOA which= less lift and more drag.  The downgoing wing will have a Higher AOA in a spin ** Footstomped)

Wing Lift and Drag Characteristics

Rotation affects relative wind sensed by each wing.  

Roll induced relative wind vectors combine with free airstreams relative wind vectors resulting in new average relative wind.

Wing Lift Characteristics in a Spin: Outside Wing:
Lower AOA on outside wing. 

In a stall, lower AOA = more lift

Wing Lift Characteristics: Inside Wing

Inside wing has higher AOA

Higher AOA means less lift (in a stall)

Impact on spin

Lift differential between inside and outside wings sustains aircraft rolling motion around the spin axis.

What did all that mean?

In a left spin the Down-going wing will have HIGHER AOA.  Since both wings are stalled (the inside one a little more stalled than the outside one) and lift DECREASES with AOA in a stall, the high AOA on the inside, down-going wing produces LESS lift than the outside, up-going wing.  This higher lift on the outside wing serves to roll the airplane LEFT, and perpetuate the spin.  Drag also plays a part in the spin, yawing the airplane left (see Wing Drag Characteristics)

Interpretation of the plots in figure AE106-5

The CL vs. AOA curve (top) shows the lift generated by each wing.  In normal flight, both wings produce the same amount of lift, but that is not the case here since one wing is stalled MORE THAN THE OTHER in a spin.  

The outside wing has LOWER AOA, which means that it is producing MORE lift than the inside wing since both wings are at an AOA beyond CLMAX and lift DECREASES with AOA beyond this point.  The inside wing has a HIGHER AOA and is producing LESS lift.

Wing Drag Characteristics

Wing Lift Characteristics in a Spin: Outside Wing:
Outside wing has lower AOA than inside wing. 

Interpreting the CL (and CD) vs. AOA graph:

The bottom plot in figure AE106-5 shows both CL and CD for each wing in a left spin.  The outside wing is represented by the left vertical dashed line and the Inside wing is represented by the right vertical dashed line.  From the plot, the outside wing has greater LIFT than the inside wing and the inside wing has greater DRAG than the outside wing.  The greater lift of the outside wing serves to ROLL to airplane left.  The greater drag of the inside wing serves to YAW the airplane left.  These Lift and Drag differentials perpetuate the spin.   
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Elevator effect on spin

Elevator and horizontal stabilizer create little lift, and a great amount of drag in a spin.

Vertical drag component creates a nose down force.

Nose down force increases rotation rate: Minimized with full up elevator.

Nose down elevator (accelerated)

Maximize vertical drag.

Nose pitches down.

Spin accelerates.

Nose up elevator (unaccelerated)

Minimizes vertical drag.

Nose pitches up.

Spin decelerates.

Progressive spin

May inter if full up elevator maintained while anti-spin rudder is held.

Characterized by lowering of the nose and reversal of spin direction.

Aircraft weight factors

Munitions drops.

Airdrops

Primary factor in aircraft weight changes is fuel burn. (Including T-6A)

Fuel located in wings places large portion of weight away from center of gravity.

Creates larger moment if inertia for a spin to overcome.

Effect of gross weight on spin

Lighter aircraft


Faster spin entry


Increased oscillations


Faster recovery

Heavier aircraft


Slower spin entry


Fewer oscillations


Slower recovery
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WAKE TURBULENCE AND WIND SHEAR -- AE107

Wake Turbulence

Causes:

7-7
A second factor affecting the strength of vortices is the airspeed of the generating aircraft.

As this chart shows (FIG AE107-4), the slower an aircraft flies, the greater the induced drag.  Vortex strength has a direct correlation to the amount of induced drag being produced.  The greater the induced drag, the stronger the vortex strength.

Based on this relationship, you see that slow flying aircraft will produce stronger vortices.

As you should recall from basic aerodynamics, higher AOA means greater induced drag.  Based on that knowledge and what you just learned about the relationship between induced drag and vortex intensity, which flap configuration do you think will cause increased wake turbulence strength? (FIG AE107-5)

Configuration is the last factor affecting vortex strength.  

Most people initially believe that a dirty wing (flaps down) will cause the strongest vortices.  

Notice the aircraft is able to maintain level flight at a much lower pitch with the flaps extended.

Now look at this chart which depicts the lift curve for an aircraft in level flight with the flaps retracted. (note* chart is not in the study guide) 

· The lift curve now shows a lower AOA required to maintain the same coefficient of lift.  

· This means that with the flaps extended, an aircraft can maintain level flight with a lower angle of attack.  Of course this also means that with flaps up, the aircraft will have a higher AOA requirement to maintain level flight.

The main thing you need to keep in mind about the factors affecting wake turbulence intensity is that the greatest vortex strength will occur when the generating aircraft is heavy, clean, and slow.

Never forget that all aircraft generating lift produce a vortex hazard regardless of their size, speed, or wing configuration.

Vortex core diameters equal about one-fourth of the generating aircraft’s wingspan.  On heavy aircraft, this can be as much as 25 to 50 feet.  

As the vortices trail behind the aircraft, they also tend to stay close together (with about three-fourths of the generating aircraft’s wing span).  Because of this, the vortices tend to interact and merge creating an even larger field of influence.

Short wing span aircraft flying into these vortices are most susceptible to wake turbulence.  The core of each vortex can produce extreme rotational velocities.  Countering roll rates may be difficult or impossible even in high performance aircraft with excellent roll control authority.  

Evidence gathered by the FAA shows that the vortices from heavy aircraft start to sink immediately at about 400 to 500 feet per minute.

The vortices then level off about 800 to 900 feet below the generating aircraft’s flight path.  They tend to lose strength with time and distance and eventually dissipate to just light chop.

Hazards:

The primary hazard of wake turbulence is loss of control because of induced roll.  During flight tests, aircraft intentionally flown directly in the core of a vortex tended to roll with that vortex.

The capability of counteracting this roll depends on the wing span and control responsiveness of the encountering aircraft.  If it has insufficient flight control authority to counter the induced roll, the aircraft will be out of control.  

If this occurs at too low an altitude, or in close proximity to another aircraft, an accident or structural damage can occur.

Along with induced roll, a second hazardous condition exists as a result of vortices.  This hazard is the induced flow field.  An induced flow field is created by the interactions of both vortices as shown in the graphic.

An aircraft that penetrates the downwash field parallel to the flight path of the generating aircraft could encounter a downward flow of air equal to nearly 1500 feet per minute.

Induced flow field can be disastrous to an aircraft at traffic pattern or approach altitudes.

For example, if the encountering aircraft had a climb capacity of only 100 feet per minute, a 1500 foot per minute induced flow field could cause a 500 foot per minute altitude loss, even while the pilot tried to maintain maximum climb.

If the encountering aircraft was already descending at 1500 feet per minute, the combined sink rates could exceed almost any aircraft’s recovery capability.

Most accidents involving wake turbulence have occurred during landing or takeoff operations.  This is simply due to the fact that there is little altitude available for recovery if induced roll or an induced flow field is encountered.  To help you avoid these hazards, it's important that you understand the characteristics of vortices in the runway environment.

This illustration shows typical vortex movement with no wind. As vortices reach the ground effect, they move apart laterally at about 5 knots until eventually dissipating.  Depending on the generating aircraft's weight, speed and configuration, the vortices usually break up within 2500 feet of the point they entered ground effect.

Crosswind can have a significant effect on the characteristics of wake vortices in the runway environment.  While any wind does hasten the wake breakup, the effect it has on the vortex movement can lead to significant hazards.

A crosswind component of 5 knots can cause one vortex core to remain laterally stationary while the other vortex travels across the airfield at its own lateral rate plus that of the effective crosswind.

This results in the upwind vortex remaining near the touchdown zone as the downwind vortex speeds towards a possible parallel or intersecting runway.

Helicopters create another hazard that is most often encountered in the airfield environment.

A helicopter at hover can create tremendous downwash form its main rotors.  This downwash is similar to the prop or jet blast generated by conventional aircraft at high power settings.  In forward flight this energy is transformed into a pair of trailing vortices similar to wingtip vortices.

Small airplanes should avoid operating within three rotor diameters of any hovering helicopter.  Pilots should give helicopters in forward flight the same spacing consideration as any conventional airplane of similar size and weight.

Avoidance:

The best way to prevent a wake turbulence accident is to avoid the vortices caused by landing and departing aircraft.  To help pilots prevent an unexpected encounter with wake turbulence, minimum takeoff spacing requirements of 2 minutes behind heavy aircraft (300,000 pounds or more) have been established.  This spacing is also encouraged behind large aircraft (12,500 - 300,000 pounds). 
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Since relative wind has a direct impact on airspeed and lift, wind shear can cause dramatic changes in aircraft performance.  In fact, shears are actually classified as either “increasing performance wind shear” or “decreasing performance wind shear”

These graphics (P. 7-16) depict two aircraft in climb out.  The top one is shown encountering an “increasing Performance” wind shear.  As this aircraft crosses the shear line, the stronger headwind will cause a higher airspeed and lift.  The bottom aircraft is depicted in a typical “decreasing performance” wind sheer.  As it crosses the shear line, there will be an abrupt drop in headwind velocity and a corresponding decrease in lift and performance.

Increasing performance shear can also affect landings.  This figure (P. 7-17) depicts decent through a shear that increases its indicated airspeed.  In this example, the increased performance is caused by transitioning from a strong to a light tailwind.  If an increasing performance wind shear is encountered on approach, the airspeed will increase and the aircraft will tend to rise above the desired glide path.

If the pilot is slow to recognize the wind shear, a steep, fast approach can quickly develop.  An overly aggressive correction at that point can easily lead to a high rate of descent with a dangerously low power setting.

Decreasing performance wind shear on takeoff can be quite a different matter.  This figure (P.7-16) depicts a T-6A encountering a shear shortly after takeoff which decreases indicated airspeed by 20 knots.

While in decreasing performance wind shear, the airspeed will drop and climb rate will decrease.

In this depiction, (P.7-17) a T-6A descends through a shear that decreases its indicated airspeed.  This type shear causes an aircraft to pitch down and descend below the glide path.  The pilot will counter this by adding power and raising the nose.  However, in this type of situation pilots often over correct and rise above glide path.  If and when normal glide path is reestablished, a lower power setting will be required to compensate for the higher groundspeed.

Failure to recognize decreasing performance wind shear in landing can result in impacting short of the runway.

Micorbursts

A microburst is a down draft that is generally small, ranging from a few hundred feet to 2.5 miles in diameter.  Microbursts are associated with heavy rain showers and are usually short lived, lasting less than 20 minutes.

Microbursts are caused when heavy rain showers generate intense, violent outflow of air near the ground.  This outflow of air is in all directions of the downdraft, much like water hitting the bottom of a sink.

Along with severe downdrafts, sudden vertical and horizontal wind changes and strong rotational vortices can also be produced.  Statistically, microbursts are most likely in mid afternoon, during the summer months.

Microburst effects

Aircraft will initially experience a strong increase in headwind with a resulting increase in indicated airspeed and lift.  This will cause the aircraft to pitch up and climb. A pilot’s natural reaction at this point would be to reduce power and apply nose down stick force.  While this will initially  help  correct the problem, its not such a good idea.  

As the  aircraft continues through the microburst, it will encounter a  severe downdraft immediately followed by a transition from a strong headwind to a strong tailwind.  The resulting loss of indicated airspeed an lift causes the aircraft to pitch down and descend.  At that point, most pilots will certainly wish they had no just pulled their power back.

To correct for this sudden loss of lift, the proper reaction is to add power and apply backpressure.  After that, about the only other thing you can do is hope your aircraft has enough performance capabilities and that there is enough altitude for you to recover. 

The average wind speed change in a microbust at full intensity is 50 knots.  Some wind speed changes have been recorded in excess of 200 knots.  Downdrafts exceeding 7000 feet per minute have also been measured.  As you can imagine, encountering a microburst on final approach or takeoff can be disastrous. (click on the video…()

The bottom line is that there are some microbursts that no aircraft can successfully traverse.  This video is not shown on this paper. Sorry.

If an aircraft with the power of an L-1011 could not make it through this microburst, how do you thing a t-6 would have fared.

The best, and sometimes only, course of action is to avoid microbursts at all costs.  You must stay alert for the warning signs and avoid, avoid, avoid.

Procedures:

Because wind shear is such a dangerous phenomenon, early detection is vital to preventing mishaps.  Fortunately, several methods exist to help pilots detect and avoid wind shear.  These include:

*Formal weather briefings, visual cues, airport alert systems and PIREPs.  

In most wind shear accidents there have been warning signs that were ignored, misinterpreted or misunderstood.  You must learn to evaluate the warning signs and make quick and accurate decisions.

Airfield weather reports that call for gusty winds, heavy rain or thunderstorms should be a clue that a high potential for microbursts or wind shear activity exists.

During your preflight briefing and enroute update, be alert for any convective activity that might be building.  Weather can change quickly however, and even the best briefings may not prepare you for every situation.  It’s important that you be alert to other clues as well. 

Visual cues are very important because they help substantiate the information given by the weather briefer.  Too often, fatal wind shear mishaps have occurred when pilots continued approaches or takeoffs in visible and known thunderstorm conditions.

Be alert for signs of virga, localized blowing dust (especially in circular of elliptical patterns), rain shafts with rain diverging away from the core of the cell, an of course lighting or tornado-like activity. 

As you go on to more advanced aircraft, you may find onboard systems that monitor changes in wind velocity and acceleration to provide wind shear warning. 

NEXRAD Doppler Radar was first used in Norman, Oklahoma in 1970.  NEXRAD Doppler’s ability to accurately measure wind speed and direction provides observers real time data on areas of possible wind shear or microbursts.  While NEXRAD Doppler radar is becoming more and more common, the vast majority of airports today are still not covered by these systems.  

Low Level Wind Shear Alert Systems (LLWAS) measure the wind speed and direction at several points around the airfield.  Data from each point is the compared to a central reference sensor located near the center of the field.  A computer provides continuous monitoring data and relays a wind shear alert to the tower, and other controlling agencies, should a wind shear be indicated.  One drawback to this system is the fact that sometimes microbursts are so small that enough sensors will not be affected to activate the alert.  Pilots must continue to use all data, including visual information, when evaluating the possibility of wind shear or microburst affecting the airfield.  

Many modern commercial and military aircraft have onboard systems that monitor changes in wind velocity and aircraft acceleration to provide shear warning to the crew.  In most of these systems, the pilot first loads the reported surface winds.  With that done, the system is able to run a constantly updated comparison of winds outside the aircraft to those preset values.  If the difference between the detected winds and the reported winds become significant, a visual and/or audio wind shear alert is activated.  In more advanced systems, aircraft pitch, speed, and other guidance is also displayed to help the pilot negotiate the wind shear.  

PIREPSs

One of the best sources of wind shear information is PIREPs.  Since wind shear and microbursts are often localized and short lived weather phenomena, PIRERPs are sometimes the only way that information can be disseminated in a timely enough manner.  If you encounter wind shear, it is imperative that you make a PIREP so that other crews may be notified.  You PIREP should include location of the wind shear encounter, estimate of its magnitude, and a description of what was experienced (turbulence, airspeed, gain or loss, glidepath problems, etc.).

Recovery Techniques

The best technique for dealing with wind shear and microbursts is to avoid them.  If a moderate to strong shear is expected, delay your takeoff or landing until the conditions improve.  If you are airborne and are unable to delay, consider diverting to a place with more favorable conditions.  If diverting is not possible or wind shear is inadvertently encountered, there are some techniques that can be used to minimize its effects.

Here are procedures used in the T-6A for taking off in areas of suspected wind shear:

_Use the longest suitable runway.  Consider crosswind, obstacles, and runway surface conditions when selecting the runway.

_Use takeoff flaps, but delay rotation (Vrot) by the amount of predicted shear (up to 10 additional knots).

_Rotate to normal climb attitude at increased Vrot and maintain attitude.

_If windshear is encountered near Vrot, abort if possible.

Here are T-6A procedures for wind shear on approach:

_Set flaps to “Takeoff” and increase approach speed by the amount of the shear potential (up to 10 knots above normal).  For example, if planned approach speed is 110 knots and there is a 15 knot windshear, plan and fly your approach at 120 knots with “Takeoff” flaps set.  The higher airspeed will provide a margin of safety should any shear induced airspeed loss be encountered.  By setting flaps to “Takeoff”, there will be less drag and the aircraft will be able to accelerate more quickly.

 _Establish the proper approach pitch, trim, and power settings by 1000 ft AGL.  Resist the temptation to make large power reductions.  Accepts higher indicated airspeeds and use pitch and trim to establish and maintain the gligepath.  

Here are T-6A procedures for wind shear on approach:

--Set flaps to “Takeoff” and increase approach speed by the amount of the shear potential (up to 10 knots above normal).  For example, if planned approach speed is 110 knots and there is a 15 knot windshear, plan and fly your approach at 120 knots with “Takeoff” flaps set.  The higher airspeed will profide a margin of safety should any shear induced airspeed loss be encountered.  By setting flaps to “Takeoff”, there will be less drag an the aircraft will be able to accelerate more quickly.

--Establish the proper approach pitch, trim, and power settings by 1000 feet AGL.  Resist the temptation to make large power reductions.  Accept higher indicated airspeeds and use pitch and trim to establish and maintain the glidepath.

--Keep in mind that increased landing speed means longer landing distance.  On a short runway, if you are unable to land in the touchdown zone, go around.  If a go-around/waveoff becomes necessary, establish a nose-up attitude and apply maximum power.

These techniques should help you contend with moderate shears that cannot be avoided.  However, strong shears, like those associated with microburst activity, must be avoided.

In case you ever encounter an unexpected wind shear in the T-6A, use the following procedures to attempt recovery:

--Ensure PCL is at MAX

--Increase pitch attitude to no less than 15 degrees for best rate of climb.

--Do not allow airspeed to decrease below 110 KIAS or AOA to increase above 10.5 units, whichever is greater.

--If ground impact is certain, consider immediate ejection.

--Once climb is established, raise flaps and retract gear as required.  Do not rely solely on the VSI to determine when a positive rate of climb has been achieved.  Once climbing at a positive rate, begin reducing pitch and angle of attack in anticipation of exiting the downdraft.

These techniques should help you safely negotiate a light or moderate wind shear.  If strong or severe wind shear is present, do not attempt to takeoff.

END OF LESSON

