CONTACT

STALLS AND SLOW FLIGHT

Pre-Stall Checklist Procedures:
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As the boundary layer separation point moves further and further forward on the wing, a point is eventually reached where there is insufficient wind surface producing lift to support the weight of the aircraft.  When this happens, the aircraft stalls.

An aircraft can stall at any altitude, airspeed, or configuration but as you’ve already learned, one constant about stalls is that they are always associated with high AOA, In fact, high AOA is the key indicator a pilot has that can signal an approaching stall.

Stall AOA:

 Constant for a given airfoil

 Measured in arbitrary units

Stall Airspeed:

 Variable based on conditions

Wise pilots always keep in mind that high pitch altitudes, high G loading, and flying at slow airspeeds all increase AOA and can put an aircraft very close to a stall.

Unfortunately a lot of pilots over the years have failed to remember these simple facts.  One example is the crew of this B-52 that stalled and crashed while practicing for an air show.  

Recognizing a stall is obviously critical to safe flight.  Following are some things that can alert you to an impending stall.

AS you gain experience through practicing stalls, you will learn to recognize the approach of a stall through a combination of many senses and sensations.  These senses include: 

Visual indications

Auditory indications

Pilot kinesthesia

Control pressure feedback

Vision is useful in detecting an impending stall condition by noting the attitude of the airplane and the readings of certain instruments.  When using vision to detect an impending stall by the aircraft attitude, you must be careful.  While unusually nose high attitudes may indicate an approaching stall, you have to keep in mind that an aircraft can stall at even normal attitudes, i.e. getting too slow on airspeed while flying an approach.

Many cockpit instruments can provide useful clues of impending stalls, unfortunately they can also me misleading or misread.  While visual clues are an important tool to detect stalls, they should be reinforced and confirmed using the other detection methods that are available.

Though it may surprise you, hearing can also be helpful in sensing a stall condition.  As airspeed decreases towards a stall, the tone, level, and intensity of sound incident to flight tend to decrease as well.  With experience, you’ll soon be able to notice the substantial reduction of noise in air flow along the canopy as the aircraft slows and approaches a stall.

Kinesthesia, or “seat of the pants”, is the sensing of change in direction or speed of motion.  To the trained and experienced pilot, it is probably the most important and best indicator of an impending stall. 

As this sensitivity develops it allows very early detection of decreasing speed and the beginning of a setting or “mushing” of the airplane. 

The feeling and response of the flight controls is another important tool for detecting impending or full stalls.  

As airspeed is reduced and AOA increases, resistance to pressures on the controls become progressively less.  At the same time, the lag between control inputs and aircraft response become progressively greater.  If a full stall is reached, controls can be moved with almost no resistance, and with little to no immediate effect on the airplane.

Used together, visual, audio, kinesthesia, and control pressures can provide reliable and early indications of a developing stall.  When flying the T-6A, there are several other clues the airplane provides that warn of an approaching stall or allows you to recognize when a full stall has been reached.

One indication of a developing stall in the T-6A is when the aircraft starts to buffet.  In the T-6A, this buffeting can occur from two different sources.  The first source is when the turbulent airflow from on top of the wing strikes the empennage of the aircraft causing the rudder and elevator to shake.  This usually occurs at about 3 knots above stall speed.  Prior to that however, the T-6A has a stick shaker that activates about 5-10 knots above stall and vibrates the control sticks in both cockpits.

During much of your stall practice maneuvers, you will intentionally ignore the impending stall warnings and take the aircraft into a full stall.  Then how exactly do you recognize when the aircraft is fully stalled?


To understand that, you need to review one more important factor about stall aerodynamics.
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Entry

Set up on simulated initial and adjust power to maintain 200 knots.  Roll into a 75(- 90( angle of bank, reduce power to idle, and extend speed brake (optional).  Pull to 4 Gs while maintaining altitude.  Attempt to maintain the pull force by increasing aft stick deflection until the first stall indication.

Recovery

Relax back pressure as necessary to decrease the AOA and, if needed, reduce the angle of bank to eliminate the stall warning.

Note:  in any of the traffic pattern stalls, if a full stall is inadvertently reached, execute power on stall recovery.

Once the stall warning is eliminated, reestablish/continue the turn to approximately the 180( point, simulating a downwind leg.

Nose-High Final Turn Stall:

Purpose

The nose high final turn stall is practiced to give you experience in recognizing and recovering from a high pitch/slow airspeed final turn.

This kind of situation often develops when the aircraft is too wide in inside downwind or there are strong ‘undershooting winds’ and the pilot attempts to ‘stretch’ out the final turn without paying careful attention to the airspeed.

Entry

Establish aircraft landing configuration at level flight and 120 knots.  Reduce power as required and trim to establish a 500-700 fpm descent; then roll either direction to 30( bank and retard power to 10-15% torque.

Maintain angle of bank and smoothly raise the nose to a point just above the horizon; establish a smooth deceleration until first stall indication.

Recovery

Simultaneously:

Reduce back stick pressure.

Apply full power.

Use aileron and rudder to level the wings and counteract propeller effects.

Maintain optimum approach AOA/airspeed until no longer descending to minimize altitude loss and avoid secondary stalls.

When recovery is complete, reestablish normal downwind airspeed and power settings to set up for nose low turn stall.

Nose-Low Final Turn Stall:

Purpose

The nose low final turn stall gives you experience in recognizing and recovering from a high bank, excessive G final turn that can develop if the aircraft is too tight in inside downwind or there are overshooting winds and the pilot aggressively attempts to make the turn to final.

Entry parameters

With the aircraft reestablished on inside downwind at the proper airspeed following nose high final turn stall while still in landing configuration, initiate the nose-low final turn stall as follows.

Establish 500-700 fpm descent then roll to 30( bank and retard power to 10-15%.  Maintain bank and increase back pressure while retarding power to idle.  Establish smooth deceleration until first stall indication.

Recovery

Simultaneously:

Reduce back stick pressure

Apply full power

Use aileron and rudder to level the wings and counteract propeller effects

Maintain optimum approach AOA until no longer descending to minimize altitude loss and avoid secondary stalls.

When recovery is complete, retrim the aircraft and establish optimal approach speed to set up for the landing configuration stall.

Landing Configuration Stall:

Entry procedures

This stall demonstrates what can happen if airspeed gets too low on final or the aircraft is flared too high.

To enter the landing configuration stall:

Establish 100 KIAS in landing configuration and level flight.

Reduce power to idle and attempt to maintain altitude while gradually raising the nose into a flare (do not retrim the aircraft).

Maintain wings level until first stall indication.
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Torque 2

For the next phase of the demo, power is quickly reduced to idle.  Here the loss of torque will drive the nose down and right.  Since the aircraft is trimmed for the higher power setting, this uncoordinated power change will again decrease airspeed and cause the aircraft to once again approach a stall.  After seeing these demonstrations in the aircraft you should quickly appreciate the importance of smooth and coordinated power inputs.  Too rapid a power change at slow airspeeds may be all this is required to cause a stall.  

Steep Turns

The next demonstration illustrates the effects of steep turns at slow airspeeds.  To accomplish this demo, slowly increase bank towards 60 degrees while adding power and back pressure to maintain level flight.  You should notice two things during the steep turn demo:

_The aircraft turns very quickly

_AOA rapidly approaches a stall

You should recall from basic aero that an aircraft’s rate of turn is determined by two factors: angle of bank and airspeed.  The slower an aircraft is flying, the greater the turn rate for any given bank.  This accounts for the rapid rate of the turn.  You should also recall that higher bank required increased AOA in order to maintain level flight.  At slow airspeeds where you’re already at high AOA, a large bank angle can quickly lead to a stall.

Abrupt Control Movement

The abrupt control movement illustrates the small margin between slow flight and stall.  TO experience this movement, simulate a flare by slowly raising the nose.  At the stick shaker, abruptly apply back stick pressure to simulate snatching the sick in the flare.  The aircraft will then progress quickly towards a full stall.  This response illustrates that increases in pitch can quickly result in a stall with little or no stall warning, depending on the abruptness and magnitude of the pitch change.  Recover by releasing back stick pressure.  

Flap Retraction

The flap retraction demo is started from straight and level slow flight.  Retract the flaps to the up position.  Notice initially that the airspeed increases slightly (due to reduced drag).  As the flaps continue retracting, watch the AOA increase and notice how quickly the aircraft progresses towards a stall.  Recover at the first indication of a stall by reselecting landing flaps.  Retracting the flaps changes the camber of the wing., reducing drag somewhat, but greatly reducing lift.  This demo illustrates what may happen if you attempt to fly an approach with the wrong flap setting or perhaps are too quick to retract the flaps on a go around/waveoff.  

Coordination Exercise

Maintaining aircraft control during slow flight requires proper application of aileron, elevator, rudder, and power.  Practicing the slow flight coordination exercise will help you develop the skills needed to operate in this critical regime.  To accomplish this exercise, conduct a series of left and right 15-20 degree bank, level flight turns using coordinated rudder.  Expect to use about 3 degrees of right rudder for the right turn and about 1 degree for the left turn.  Remember to keep your control movements smooth and to blend in the power changes as required to maintain airspeed.       

END OF LESSON

RECOVERIES

Recoveries:

Throughout your flight career, but particularly during aerobatic training, you will occasionally find that the maneuvers do not always go as planned due to improper filgh procedures or pilot disorientation.

In these situations you may arrive at a flight attitude and airspeed where you can lose aircraft control unless the proper recovery procedure is initiated.

When you recognize a deteriorating situation, you must apply the appropriate recovery procedure immediately.  Do not delay a recovery pin an attempt to salvage a poorly flown maneuver.

Remember: The Key to aircraft recovery from unusual attitudes is early detection.

When practicing planned unusual attitude recoveries, reference the “Pre-stalling, spinning and aerobatic checks” portion of your checklist.  Be sure each of these checklist items are complete before beginning the maneuver.

Inverted Flight:

While flying, you will experience inverted flight anytime you exceed 90o of pitch or bank.  Most commonly you will enter inverted flight while performing an aerobatic maneuver.  These maneuvers, such as loops and barrel rolls, may not always  go as planned, resulting in excessive airspeed or the possibility of exceeding your area boundaries.

In this instance you will need to recover from the maneuver and then set up for a second attempt.  Never continue with a maneuver that you feel is flawed or has placed you in an unintentional attitude.  Remember, the key to recoveries is early detection.
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It can be encountered when aerobatic maneuvers are performed incorrectly or when you begin a climb and suddenly need to recover due to approaching aircraft or overlying clouds.

Unless immediate and proper recovery procedures initiated, aircraft may enter an aggravated stall or spin.  Remember, the key to recovery is early detection.

Recovery procedure

When recovering from a nose-high attitude, you must bring the aircraft to a level flight attitude without inducing a stall.

Adjust power to max and initiate a coordinated roll with back pressure to fly the aircraft back down towards the nearest horizon.  Don’t apply back pressure until you have more that 90( of bank.

Cross-check your wingtips to find the closest horizon.  It is important that you keep the aircraft coordinated due to the effects of high power settings at lower airspeeds.  Be aware that at lower airspeed and high power settings, the aircraft will roll left from propeller effects.
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If airspeed is very low you may need to delay the aircraft’s rollout until the nose is below the horizon and the airspeed has increased.  

OCF Recovery

During some nose-high recoveries, the airspeed may be low or rapidly decreasing.  This condition may negate the use of normal recovery control inputs, and place the aircraft in or near a stall.  Under these circumstances, or during a disorienting nose-high situation, transition to an out-of-control flight recovery (PCL-IDLE and neutralize the flight controls).  The out-of-control flight recovery will be discussed in detail in the CO 103 Spins lesson.  

END OF LESSON

SPINS

OCF Recovery:

Out-of-control flight (OCF) is any flight condition in which the aircraft does not respond immediately and properly to flight inputs.

Except for situations resulting from structural damage, OCF results from a stall combined with yaw induced by one of the following conditions.

· Uncoordinated (out-of-balance) flight

· Improper control inputs

· Overly aggressive control inputs

There are three phases, or stages, of OCF.  These stages are:

· Post-stall gyration

· Incipient spins

· Steady-state spins

The aircraft will progress form one phase to the next as long as pro-spin controls are applied.  This means failure to promptly apply proper OCF recovery procedures during the first two OCF stages will eventually result in a steady-state spin.

This topic will cover the indications and recovery procedures for the first two types of OCF.  Since spin recovery procedures are different from those used to recover from both post-stall gyrations and incipient spins, spin reveries will be discussed in a later topic.

Indications of post-stall gyrations include:

· Loss of control effectiveness

· Post-stall gyrations are the initial phase of OCF.  Depending on airspeed, control inputs, and aircraft configuration the aircraft could appear to be violently spinning, tumbling, or cart wheeling.  OCF encountered at high airspeed can overstress an aircraft, causing structural damage.

· Stalled AOA with Stick Shaker activated

· Transient or erratic airspeed indications.

· Random turn needle indications

The aircraft progresses to an incipient, or developing spin whenever initial post-stall gyrations are not corrected.  Aircraft motion in an incipient spin becomes less random and more spin-like.  Normally this phase lasts at least two turns before progressing to a steady-state spin.
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An unaccelerated erect spin occurs with full aft stick, idle power, and full rudder applied in the direction of spin.  During entry, the aircraft will appear to roll inverted, then upright and eventually stabilize in a spin with the following indications:

60( nose low

2 to 3 seconds per turn

VSI pegged at 6,000 fpm descent

Airspeed approximately 120 KIAS

Preparation for a practice spin entry is the same as for practice OCF.  Ensure proper altitude and cloud clearances and clear the area.  Complete Pre-Stalling, Spinning and Aerobatic check.

To enter a practice erect spin:

( Raise the nose 15 to 20( above the horizon in wings-level flight at 80 KIAS (provides best entry into a spin).

( Retard the PCL to idle after raising nose but prior to applying pro-spin rudder.

( At the first indication of stall, smoothly apply and hold full back stick pressure and full rudder deflection in the desired direction of spin.

( Do not apply side stick pressure, keep ailerons neutral.

( Maintain control deflection until applying anti-spin controls for the recovery.

Begin recovery once established in a steady-state spin.  However, before performing the flight manual spin recovery procedures, check altitude – eject if below 6,000 feet AGL

Confirm aircraft is in an erect spin before applying the erect spin recovery procedures.  Check AOA indicating full stall (12’Oclock position), turn needle deflection in the direction of spin, and airspeed stabilized at 120-135 KIAS.

Once an erect spin is confirmed, apply the flight manual procedures.

1.  Gear, flaps and speed brake – Retracted

Verify position of gear, flaps and speed brake

2.  PCL – Idle

Verify PCL idle.  Like the OCF recovery, this minimizes power and torque effects and altitude loss in the ensuing dive.

3.  Rudder – Full opposite to turn needle deflection.

Confirm the spin direction using the turn needle, then apply full opposite rudder immediately after placing PCL in idle.  A properly functioning turn needle will ALWAYS indicate actual spin direction.
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Aggravated Spins

An aggravated spin occurs when pro-spin rudder is maintained while moving the stick forward of neutral.  The result is an immediate increase in nose down pitch accompanied by an increased roll rate.  With full forward stick and pro-spin rudder, the aircraft will be appox. 70 degrees nose low with a rotation rate as high as 280 degrees per second.  Other cockpit indications may include oil pressure below 40 psi and illuminated fuel low annunciator lights until the recovery in complete.  

To recover from an aggravated spin, check altitude, confirm the PCL at IDLE, maintain forward stick pressure, and apply full rudder opposite the spin direction.  Recovery from the aggravated spin will occur between 1 and 1 ½ turns from the point opposite rudder is applied.  

Inverted Spins

Inverted spins are possible but unlikely in the T-6A.  Intentional inverted spins are prohibited.  Inverted spins have the following characteristics:

_Pitch appox. 30 degrees nose low

_AOA indicating zero units

_Turn needle fully deflected in the spin direction

_Airspeed indicator reading zero

_Accelerometer indicating negative 1.5 g’s

Once an inverted spin is confirmed, apply the Flight Manual procedures.  These are:

1. Gear, flaps, and speed brake – retracted

2. PCL Idle

3. Rudder – Full opposite to turn needle deflection

4. Control stick – aft of neutral with ailerons neutral (up to full aft stick may be used) 

5. Smoothly recover to level flight after rotation stops.  Neutralize the controls after the rotation stops and determine the aircraft attitude (nearly vertical nose down).  Complete recovery by using the appropriate contact usual attitude recovery procedure.  

Spirals

A spiral is often mistaken for a spin.  It is characterized by a nose low attitude with rapidly increasing airspeed (through 180 KIAS) and AOA gauge indicating no stall.  The aircraft may be rolling, yawing, or both, making it appear that it is in a spin.  The turn needle cannot be used to discriminate between a spiral and a spin since it will defect in a spiral in the same way it will in a spin.  If a spiral is confirmed, check altitude.  IF altitude is sufficient for a recovery, reduce power to idle, neutralize the controls until the rolling and yawing stops, then recover from the dive.  Ejection is recommended if encountering a spiral below 600o ft AGL and recovery is not imminent.  

END OF LESSON

ENERGY MANAGEMENT
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