
CHAPTER FOUR

STALL AND SPIN

100.
INTRODUCTION

The purpose of this assignment sheet is to aid the student in understanding stalls and spins as related flight phenomena.

In Chapter 2, the production of lift was discussed in terms of changes in static pressure and the resulting pressure distribution over the surface of a wing. It was established that as AOA increased, the pressure over the wing decreased significantly which increased lift. The lift increase was quantified as an increase in CL. This process does not continue indefinitely. As AOA increases beyond a certain value, CL begins to decrease in a phenomenon known as stall.

101.
LESSON TOPIC LEARNING OBJECTIVES

Terminal Objective: Partially supported by this lesson topic:

1.0
Upon completion of this unit of instruction, the student aviator will demonstrate knowledge of basic aerodynamic factors that affect airplane performance.

Enabling Objectives: Completely supported by this lesson topic:

1.53
Define stall and state the cause of a stall.

1.54
State the cause and effects of boundary layer separation.

1.55
State the importance of CLmax and CLmax AOA with respect to stall.

1.56
State the stalling angle of attack of the T-34C.

1.57
Define stall speed.

1.58
Describe the effects of weight, altitude, and thrust on true and indicated stall speed, using the appropriate equation.

1.59
State the procedures for stall recovery.

1.60
List common methods of stall warning, and identify those used on the
T-34.

1.61
State the stall pattern exhibited by rectangular, elliptical, moderate taper, high taper, and swept wing planforms.

1.62
State the advantages and disadvantages of tapering the wings of the T-34.

1.63
State the purpose of wing tailoring.

1.64
Describe different methods of wing tailoring.

1.65
State the types of wing tailoring used on the T-34.

1.66
Define spin and autorotation.

1.67
Identify the factors that cause a spin.

1.68
Describe the angles of attack and forces on each wing that cause autorotation during a spin.

1.69
State the characteristics and cockpit indications of normal and inverted spins.

1.70
Identify the effects of control inputs on spin recovery.

1.71
State how the configuration of the empennage and placement of the horizontal control surfaces can affect spin recovery.

1.72
Describe the steps in the spin recovery procedures for the T-34

1.73
Define progressive and aggravated spin.

102.
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103.
STUDY ASSIGNMENT

Review Information Sheet 1.4.1I and answer the Study Questions.

104.
STALLS
A stall is a condition of flight where an increase in AOA has resulted in a decrease in CL. In Figure 4-1, we see that CL increases linearly over a large range of angles of attack then reaches a peak and begins to decrease. The highest point is CLmax, and any increase in AOA beyond CLmax AOA produces a decrease in CL. Therefore, CLmax AOA is known as the stalling, or critical, angle of attack, and the region beyond CLmax AOA as the stall region.
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	Figure 4-1


Boundary Layer Separation

Stall is caused by the separation of the boundary layer from the upper surface of the wing near the leading edge. As the air in the boundary layer moves aft along the wing surface it slows due to friction and viscosity, becoming turbulent. Once enough of the air slows to near zero velocity, it ceases to be a “flow” at all, and instead randomly shifts about as a turbulent wake. The air above this wake continues to flow as part of the boundary layer and it can be said that the boundary layer has been separated from the wing surface. Once the boundary layer separates from the wing, it ceases to help in the production of lift (Figure 4-2).
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	Figure 4-2 Boundary layer separation point


Friction and viscosity continued to sap the kinetic energy from the airflow as it travels aft along the wing and will tend to cause separation at a point fairly close to the trailing edge. Friction and viscosity, however, are not the only enemies of the boundary layer. The pressure gradients along the surface of a wing also have great effect. As discussed there is a high-pressure area at the leading edge stagnation point, a low pressure at the point of maximum thickness, and another high pressure at the trailing edge.

Any time there is a pressure gradient, there is a tendency for air to move from high to low pressure. The gradient from the leading edge to the point of maximum thickness promotes flow from the leading edge aft, which is good. This is called the favorable pressure gradient. The gradient from the point of maximum thickness to the trailing edge promotes flow from the trailing edge forward. This is generally bad, and is called the adverse pressure gradient (Figure 4-3).
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	Figure 4-3 Favorable and Adverse pressure gradient


The adverse pressure gradient on a wing will quickly sap the kinetic energy from the upper surface boundary layer, causing it to separate. The greater the gradient the more difficult it will be for the airflow to stick to the wing surface.

An airfoil at a high angle of attack creates an adverse pressure gradient on the upper surface that is too strong for the kinetic energy in the boundary layer to overcome. When the boundary layer cannot adhere to the surface near the leading edge, stall has occurred. Even at low angles of attack there is a small adverse pressure gradient behind the point of maximum thickness, but it is insignificant compared to the kinetic energy in the boundary layer until we approach CLmax AOA.

Figure 4-4 shows the boundary layer attached at a normal AOA. The point of separation will remain relatively stationary near the trailing edge of the wing until AOA approaches CLmax AOA. The separation point then progresses forward as rapidly AOA is increased, eventually causing the airfoil to stall. At high angles of attack, the airfoil is similar to a flat plate being forced through the air; the airflow simply cannot conform to the sharp turn at the leading edge to follow the upper wing surface. Note that the point where stall occurs is dependent upon AOA and not velocity.
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	Figure 4-4 Angles of Attack


It is important to remember that regardless of the flight conditions or airspeed, the wing will always stall beyond the same AOA and the only cause of a stall is excessive AOA. Stalls result in decreased lift, increased drag, and an altitude loss. They are particularly dangerous at low altitude or when allowed to develop into a spin. The only action necessary for stall recovery is to decrease the AOA below CLmax AOA.
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	Figure 4-5


105.
STALL SPEEDS

As angle of attack increases up to CLmax AOA, true airspeed decreases in equilibrium level flight. Since CL decreases beyond CLmax AOA, speed would have to increase to maintain equilibrium flight in the stall region. Therefore the minimum airspeed attainable in level flight will occur at CLmax AOA.

Stall speed (VS) is defined as the minimum true airspeed required to maintain level flight at CLmax AOA. Although the stall speed may vary, the stalling AOA remains constant for a given airfoil. Since lift and weight are equal in equilibrium flight, weight (W) can be substituted for lift (L) in the lift equation. By solving for velocity (V), a basic equation for stall speed results. Substituting the stall speed equation into the true airspeed equation and solving for indicated airspeed. The equation for the indicated stall speed is found by (IASS).

Weight, altitude, power, maneuvering, and configuration affect an airplane's stall speed. Maneuvering will increase stall speed, but this will not be discussed in depth until Chapter 9, Turning Flight.
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	Figure 4-6 Stall speed equation 


As airplane weight decreases stall speed decreases, because the amount of lift required to maintain level flight decreases. When an airplane burns fuel in combat or drops ordnance, stall speeds decrease. Carrier pilots often dump fuel before shipboard landings in order to reduce their stall speed and the approach speed.

Comparing two identical airplanes at different heights will demonstrate the effect of altitude on stall speed. The airplane at a higher altitude encounters air molecules that are further apart. In order to create sufficient dynamic pressure to produce the required lift, it must fly at a higher velocity (TAS). Therefore, an increase in altitude will increase true stall speed. Since 0 is constant the effect of altitude is cancelled out of the indicated stall speed equation and indicated stall speed will not change as altitude changes.

The stall speed discussed up to this point assumes that aircraft engines are at idle, called power-off stall speed. Power-on stall speed will be less than power-off stall speed because at high pitch attitudes, part of the weight of the airplane is actually being supported by the vertical component of the thrust vector (Figure 1.4-15). In addition, for propeller driven airplanes the portion of the wing immediately behind the propeller disc produces more lift because the propeller accelerates the air flowing over it. Power-on stall speed in the T-34C is approximately 9 knots less than power-off stall speeds.
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106.
STALL INDICATIONS

To produce the lift required to maintain level flight at slow airspeeds, a pilot must fly at high angles of attack. Because flying slow at high angles of attack is one of the most critical phases of flight, normally performed close to the ground (as in takeoff or landing), recovering from several types of stalls is a vital part of flight training.

The steps in a stall recovery involve simultaneously adding power, relaxing back stick pressure and rolling wings level (also called: max, relax, roll).

The pilot adds power to help increase airspeed and break any descent that may have developed during the stall (especially if at low altitudes).

The pilot relaxes back stick pressure to decrease the angle of attack and recover from the stalled condition. Remember, the only reason the aircraft has stalled is that it exceeded its stall angle of attack. The pilot’s initial reaction, especially at low altitudes, might be to pull the nose up. However, the exact opposite must be done. By lowering the nose, angle of attack is decreased and the boundary layer separation point moves back toward the trailing edge.

The pilot rolls out of bank to wings level to help decrease the stall velocity and use all the lift to help break any descent that may have developed during the stall (especially if at low altitudes).

Numerous devices may give the pilot a warning of an approaching stall. They include AOA indicators, rudder pedal shakers, stick shakers, horns, buzzers, warning lights and electronic voices. Some of these devices receive their input from attitude gyros, accelerometers, or flight data computers, but the most common source is the AOA probe. The AOA probe is mounted on the fuselage or wing and has a transmitter vane that remains aligned with the relative wind. The vane transmits the angle of the relative wind to a cockpit AOA indicator or is used to activate other stall warning devices. Most USN and many USAF airplanes have standardized AOA indicators graduated in arbitrary units angle of attack, or graduated from zero to 100 percent.
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	Figure 4-8 Stall Warning Devices


The T-34C AOA indicator is calibrated so that the airplane stalls between 29.0 and 29.5 units angle of attack regardless of airspeed, nose attitude, weight, or altitude. The AOA system in the T-34 is self-adjusting to account for differences in full-flap or no-flap stall angles. The T-34 also contains AOA indexer and rudder shakers that receive their input from an AOA probe on the left wing. The rudder pedal shakers are activated and airframe buffeting will occur at 26.5 units AOA. Stalls at idle in a clean configuration are characterized by a nose down pitch with a slight rolling tendency at near full aft stick. The effect of the landing gear on stalls is negligible. Extending the flaps however, will aggravate the stall characteristics by increasing the rolling tendency. Increased power will degrade the stall characteristics by increasing nose up stall attitude, increasing buffet and roll tendency.

107.
STALL PATTERN/WING DESIGN

Stall does not typically occur simultaneously along the wing’s entire span. The boundary layer separates based on the pressure gradients generated at that point on the wing, meaning the pattern of lift production over the wing determines the way in which the wing will stall.

The most desirable stall pattern on a wing is one that begins at the root. The primary benefit of a root first stall pattern is to maintain aileron effectiveness until the wing is fully stalled. Additionally, turbulent airflow from the wing root may buffet the empennage, providing an aerodynamic warning of impending stall.

The wing’s planform (Figure 4-9) is the primary predictor of stall pattern, because planform determines the distribution of lift production over its span.
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	Figure 4-9 Wing planforms


The lift distribution on the rectangular wing ( = 1.0) is due to low lift coefficients at the tip and high lift coefficients at the root. Since the area of the highest lift coefficient will stall first, the rectangular wing has a strong root stall tendency. This pattern provides adequate stall warning and aileron effectiveness. This planform is limited to low speed, lightweight airplanes where simplicity of construction and favorable stall characteristics are the predominating requirements.
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	Figure 4- 10 Rectangular wing


A highly tapered wing ( = 0.25) is desirable from the standpoint of structural weight, stiffness, and wingtip vortices. Tapered wings produce most of the lift toward the wingtips, and therefore have a strong tip stall tendency.

	[image: image9.jpg]HIGH TAPER





	Figure 4-11 wing


Swept wings are used on high-speed aircraft because they allow the airplane to fly at higher Mach numbers with reduced amounts of drag and better stability. They have a similar lift distribution to a tapered wing, with strong tip stall tendencies. When the wingtip stalls it rapidly progresses over the remainder of the wing, making it easy to stall the entire wing before the pilot can affect recovery.
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	Figure 4-12 Swept wing


The elliptical wing has an even distribution of lift from the root to the tip and produces minimum induced drag. An even lift distribution means that all sections stall at the same angle of attack. There is little advanced warning and aileron effectiveness may be lost near stall. It is also more difficult to manufacture than other planforms, but is considered the ideal subsonic wing due to its excellent lift to drag ratio.
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	Figure 4-13 Elliptical wing


Moderate taper wings ( = 0.5) have a lift distribution and stall pattern that is similar to the elliptical wing. The T-34 uses tapered wings because they reduce weight, improve stiffness, and reduce wingtip vortices over the rectangular planform. However, the even stall progression of tapered wings is undesirable because the ailerons are located near the tip. As a stall progresses, the pilot will lose lateral control of the airplane.
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	Figure 4-14 Moderate Taper wing


Wing Tailoring

Stalls cannot be eliminated but they can be made to occur gradually and behave predictably. The only wing planform with a desirable, safe stall pattern is the rectangular wing. Most aircraft, however cannot use rectangular wings due to their limitations, and rely on other planforms to increase performance. Wing tailoring techniques are used to force those planforms into a root to tip stall progression and give the pilot some stall warning and control through the stall. Several types of wing tailoring are used, they include: geometric twist, aerodynamic twist, stall fences, and stalls strips.

Geometric twist is a decrease in angle of incidence from wing root to wingtip. The root section is mounted at some angle to the longitudinal axis, and the leading edge of the remainder of the wing is gradually twisted downward. This results in a decreased angle of attack at the wingtip due to its lower angle of incidence. The root stalls first because of its higher AOA. T-34C wing is geometrically twisted 3.1, from +4.0 at the root to +0.9 at the tip. (Figure 4-15).
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	Figure 4-15


Aerodynamic twist is a decrease in camber from wing root to wingtip. This causes a gradual change in cross section shape from positive camber at the wing root to a symmetric shape at the wingtip. Since positive camber airfoils stall at lower angles of attack, the wing root stalls before the wingtip. The T-34 wings are aerodynamically twisted to create a reduced camber at the tip (Figure 4-16).
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	Figure 4-16  T-34 Aerodynamically twisted wing


The spanwise flow on a swept wing is not accelerated over the wing, so it does not contribute to the production of lift. Instead, it induces a strong tip stall tendency. Stall fences redirect the airflow along the chord, thereby delaying tip stall and enabling the wing to achieve higher AOAs without stalling 

(Figure 4-17).
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	Figure 4-17  Spanwise flow


Stall strips are sharply angled pieces of metal mounted on the leading edge of the root section of the wing. Since subsonic airflow cannot flow easily around sharp corners, it separates the boundary layer at higher angles of attack, ensuring that the root section stalls first. Stall strips are located near the root at the leading edge of the T-34C wing (1.4-24).
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	Figure 4-18 Stall strips


Some other design considerations used to force root stall tendencies deal with the placement of aircraft control surfaces and devices. Trailing edge flaps are placed near the wing root because they decrease the stalling angles of attack in their vicinity, causing initial stall in the flap area. BLC devices are normally found nearer the wingtips because they generally delay stall in their vicinity. Propeller-driven airplanes may have a tip stall tendency during power-on stalls due to the increased airflow over the wing root.

108.
SPIN AERODYNAMICS

A spin is an aggravated stall condition—in which the wings are asymmetrically stalled—that results in autorotation. Autorotation is a combination of roll and yaw that is self-sustaining. Despite its appearance, once a spin is fully developed, it is a stable condition, maintaining a constant rate of rotation and descent.

For an aircraft to spin it must have some sort of yaw introduced during a stall. If an aircraft is not stalled, it will not spin. A yawing moment can be induced with the rudder, by adverse yaw, gust loading, etc. If a stalled condition is maintained long enough, wing drop-off could allow the nose to yaw, eventually becoming significant enough to enter a spin.

The aerodynamics of a spin involves a combination of motions. Every aircraft exhibits different spin characteristics, however, they all have rotation about what is known as the spin axis. For the T-34, the spin axis is through the cockpit. Due to the combination of the rotation of the aircraft and its rapid descent through the air, it is apparent that the airplane experiences not one but several relative winds.

Examine the AOA and relative wind on each wing (Figure 4-19). Suppose the airplane stalls and begins a yaw to the left. The right wing experiences a faster airflow than the left and a roll is induced due to a slight increase in lift.

The left wing becomes the down-going wing and experiences a relative wind from beneath due to roll. This roll relative wind is added to the existing, free airstream relative wind coming up and creates an average relative wind that is further from the chordline. Therefore, the down-going wing has an increased AOA. This wing becomes more deeply stalled. Conversely, the right wing becomes the up-going wing and experiences relative wind from above due to roll. When added to the original relative wind, the average relative wind it creates is closer to the chordline. The up-going wing has a lower AOA but is still stalled. While both wings are stalled, they still produce lift to some degree. Because they are not equally stalled they are producing different amounts of lift.
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	Figure 4-19  Angle of Attack 


The increased AOA on the down-going wing decreases the CL generated by that wing. The up-going wing has a greater CL due to its smaller AOA, and therefore has greater total lift. The greater total lift on the up-going wing results in a continued rolling motion of the airplane. The down-going wing has a higher CD due to its increased AOA. The greater drag on the down-going wing results in a continued yawing motion in the direction of roll. The combined effects of roll and yaw cause the airplane to continue its autorotation (Figure 4-19 ).

109.
SPIN INDICATIONS

The T-34 will spin either erect (upright) or inverted. Erect spins result from positive-g stall entries. Inverted spins can occur from either a negative-g stall or an improperly applied recovery from an erect spin that results in a negative-g stall. The type of spin is not dependent upon aircraft attitude at the time of the stall.

In case of spatial disorientation during a spin, the pilot must be aware of what the cockpit instrument spin indications are for each type of spin. The instruments that can be scanned to confirm that you are in an actual spin are the AOA indicator (if available), airspeed indicator, altimeter, and turn needle. The turn needle is the only reliable indicator of spin direction. The balance ball (slip indicator) gives no useful indication of spin direction and should be disregarded (Table 4-1,and 4-2).

	T-34C INDICATIONS OF AN ERECT SPIN

(characterized by nose-down, upright attitude, and positive g's)


GAUGE
SPIN INDICATIONS
REMARKS

ALTIMETER
Rapidly decreasing
May indicate up to 1000 ft




above actual altitude.


AIRSPEED
80-100 kts.
Stable


AOA
30 units (pegged)
Stalled


TURN NEEDLE
Pegged in direction of spin
Spin rate: 110-170o per sec.


VSI
6000 fpm ind. (pegged)
9000-12000 fpm.


Attitude gyro
Gyro may be tumbling
45o nose-down


Accellerometer
1 g



	Table 4-1 T-34C Erect Spin Indications


An inverted spin is characterized by an inverted attitude and negative g's on the airplane. Stabilized inverted spins are uncommon because the positioning of the vertical stabilizer in this spin causes the airplane to recover easily. Inverted spins are very disorienting to the aircrew and difficult to enter. The T-34 is prohibited from performing intentional inverted spins (Table 4-1 and Table 4-2).

	T-34C INDICATIONS OF AN INVERTED SPIN
(characterized by nose-down, upside down attitude, and negative g's)


GAUGE
SPIN INDICATIONS
REMARKS

ALTIMETER
Rapidly decreasing
May indicate up to 1000 ft




above actual altitude


AIRSPEED
Zero
Stable


AOA
2 to 3 units


TURN NEEDLE
Pegged in direction of spin
Spin rate: 140o per sec.


VSI
6000 ft ind. (pegged)
8700 fpm


Attitude gyro
Gyro may be tumbling
25o nose-down


Accelerometer
1 negative g

	Table 4-2 T-34C Inverted Spin Indications


A flat spin is characterized by a flat attitude and transverse or "eyeball out" g's. Since the relative wind is from directly below the airplane, the control surfaces are ineffective. The cockpit indications will be similar to an erect spin, except airspeed may vary depending on how flat the spin is. Due to design characteristics, the T-34 will not enter a flat spin.
110.
SPIN CHARACTERISTICS

During a spin, the control surfaces continue to generate forces and affect the way in which an aircraft spins. Let's look more closely at how the control surfaces affect the spin.

Ailerons
Ailerons are not used to recover from a spin in the T-34 since they rarely assist in the recovery. This makes sense in that the wing is stalled and there is not much useful air going over the ailerons. Testing in some aircraft also found that ailerons might hamper the recovery of certain types of spins. Therefore, during spin recoveries neutralize the aileron position should be neutralized.

However, on some high performance aircraft, recovery using the ailerons is necessary. The aileron on the up-going wing puts it at a higher angle of attack. This results in increased drag on the wing and produces adverse yaw to oppose the large yawing moments of the spin.

Rudder
The rudder is generally the principal control for stopping autorotation. Due to the direction of the relative wind in a spin, the dorsal fin area or vertical stabilizer acts as a flat plate, instead of as an airfoil, with the aerodynamic force parallel to the relative wind. If the rudder is deflected in the same direction as the spin (pro-spin rudder), the vertical stabilizer exposed to the relative wind will be minimized. If the rudder is deflected in the opposite direction as the spin (anti-spin rudder), the vertical stabilizer exposed to the relative wind will be maximized. The drag created by the vertical stabilizer can be divided into a horizontal and vertical component. The horizontal component creates a force that opposes the yawing of the airplane. The vertical component creates a force that pulls the tail up and pitches the nose-down. Opposite rudder maximizes both of these components.

The design of the vertical stabilizer and rudder and the placement of the horizontal control surfaces will significantly affect spin recovery. In the case of a swept vertical fin, the rudder is almost entirely blocked by the horizontal surfaces and therefore not very effective at stopping the autorotation. With the T-34 tail design, the rudder has not been blocked

The T-34 uses a dorsal fin, strakes, and ventral fin(s) to decreases the severity of spin characteristics The dorsal fin is attached to the front of the vertical stabilizer to increase its surface area. This decreased the spin rate and aids in stopping the autorotation. Two ventral fins on the T-34 are located beneath the empennage. Ventral fins decrease the spin rate and aid in maintaining a nose down attitude. The T-34 has strakes located in front of the horizontal stabilizer. These strakes increase the surface area of the horizontal stabilizer in order to keep the nose pitched down and prevent a flat spin.

Elevator
In a stabilized spin, the horizontal stabilizer and elevator are fully stalled due to an angle of attack in excess of 50 degrees. This results in very little lift and a great amount of drag. The drag will be maximized with full down elevator and minimized with full up elevator. This drag will also have a vertical and horizontal component like the vertical stabilizer.

Rotation rate increases as the pitch attitude in a spin becomes steeper, either from the increased nose down force from the rudder or the elevator. This is due to the conservation of angular momentum. As the pitch becomes steeper, the aircraft's center of mass, which is aft of the spin axis, moves closer to the spin axis. The shortened moment arm necessitates an increased angular velocity in order to conserve angular momentum. This can best be shown with the ice skater analogy. As a spinning skater's arms are brought in, the spin rate increases for the same reason.

111.
FACTORS THAT AFFECT THE SPIN

Aircraft Weight
The aircraft's weight varies due to fuel usage mainly, but can also vary if items are dropped off the airplane (i.e., bombs, fuel tanks, air drops, etc.). We will discuss changes in weight due mainly to fuel usage. If an aircraft carries fuel in the wings, a large portion of the weight of the airplane is away from the center of gravity. This creates a large moment of inertia for a spin to overcome. A heavier airplane will have a slower spin entry with less oscillations due to this large moment of inertia. A lighter airplane will enter a spin more quickly, with greater oscillations possible, but will also recover from a spin faster.

Pitch Attitude
The pitch attitude will have a direct impact on the speed the aircraft stalls. The higher the pitch attitude, the greater the vertical component of thrust, and the lower the stall speed. Slower stall speeds make the spin entry slower and with less oscillations. At lower pitch attitudes, the aircraft stalls at a higher airspeed and entries are faster and more oscillatory.

Spin Direction
The propeller of the T-34 is a clockwise rotating gyroscope (when viewed from behind for rotation direction). If an airplane is in a right spin (nose yawing right), the nose will tend to pitch down due to gyroscopic precession. We will find that the T-34 will have a flatter attitude when spinning to the left. This makes for smoother entries into spins that stabilize quicker. A T-34 in a right spin will have a more oscillatory entry.

112.
SPIN RECOVERY

The spin recovery is the most positive recovery available and is 100 percent effective when properly applied. 

T-34 Spin Recovery

Step 1. Landing gear and flaps – Check Up.

Step 2. Verify spin indications by checking AOA, airspeed, and turn needle. If recovery from erect spin does not occur within two turns after applying recovery controls, verify cockpit indications of AOA, airspeed and turn needle for steady state-spin and visually confirm proper spin recovery controls are applied.

Step 3. Apply full rudder opposite the turn needle. If positive force is not applied to maintain full deflection, spin recovery may take several additional turns.

Step 4. Position stick forward of neutral (ailerons neutral).

(1) Erect Spin: Expect a push force of approximately 40 pounds to keep the stick forward of the neutral position.

(2) Inverted Spin: Expect a pull force of approximately 30 pounds to place the stick in the neutral position.

Step 5. Neutralize controls as rotation stops. Also reduce power to idle to minimize altitude loss and rapid airspeed buildup.

Step 6. Recover from the ensuing unusual attitude. Aircraft will consistently recover in a steep, nose-down attitude. Slowly apply back-stick pressure until nose reaches the horizon and wings are level.
If proper recovery procedures are not followed in the T-34, a progressive or aggravated spin could result. In a progressive spin, instead of a smooth spin recovery, the spin will merely reverse direction. Progressive spins result if, upon recovery, full opposite rudder is applied but the stick is inadvertently maintained full aft. After 1 or 2 more turns in the initial spin direction, the nose will pitch steeply down and the airplane will snap into a reversed direction of rotation. The spin reversal is disorienting and the entry is more violent than with a normal erect spin.

An aggravated spin in the T-34 results from pushing the stick forward while maintaining rudder in the direction of spin. Neutralizing rudder while advancing the stick may also be sufficient to enter an aggravated spin. Aggravated spins are characterized by a steep nose-down pitch and an increase in spin rate. In addition, aggravated spins tend to induce severe pilot disorientation. Recovery procedures from an aggravated spin are the same as from a progressive spin.

It is interesting that although an inverted spin in a T-34 is difficult to enter and very disorienting, it is, ironically, easy to recover from. This is because the entire vertical stabilizer is in an inverted position and, thus, 100% into the relative wind. Inverted spin direction is hard to determine visually so the turn needle must be referenced.

STUDY QUESTIONS

Stall and Spin

1. What is pitch attitude?


A.
The angle between the chordline and the tip path plane


B.
The angle between the chordline and the relative wind


C.
The angle between the longitudinal axis and the relative wind

D. The angle between the longitudinal axis and the horizon.

2.
Define flight path.

3.
Define relative wind.

4.
How is angle of attack measured?


A.
Between the top surface of the airfoil and the chordline


B.
Between the relative wind and the bottom surface of the airfoil


C.
Between the relative wind and the chordline

D. Between the mean camber line and the relative wind.

5.
Define mean camber line. How does the mean camber line define the type of airfoil?

6.
Define aerodynamic center.

7.
What is the effect on static pressure of increasing angle of attack on a symmetric airfoil?

8.
Define aerodynamic force, and state the aerodynamic force equation.

9.
What are the two component forces that make up the aerodynamic force?

10.
State the lift equation, and identify the three factors that the pilot can normally control.

11.
In order to maintain level flight while decreasing airspeed, what action must the pilot take?

12.
Draw the CL curves for both symmetric and a positively cambered airfoils and explain their differences.

13.
At what angle of attack is maximum lift produced?

14.
What is the orientation of the lift vector to the relative wind?

15. An aircraft that has been flying straight-and-level encounters the following changes. Match the changes with the effect on the aircraft.

A.
Constant airspeed, increase  below CLmax (1) maintain level flight

B.
Decrease airspeed, constant  (2) increase lift & climb

C.
Increase airspeed, decrease  (3) decrease lift &

D.
Increase airspeed, increase  beyond CLmax descent

E.
Constant airspeed, decrease  (4) stall

16.
Describe laminar and turbulent flow.

17.
What is the primary feature of airflow separation? During boundary layer separation, the separation point moves _________ along the airfoil.

18. Define stall. What is the cause of stall?

19. How does increasing the speed of an airfoil affect its stalling angle of attack?


A.
Increases the stalling angle of attack

B. Reduces the stalling angle of attack

C. Has no effect on stalling angle of attack

D. Eliminates the stalling angle of attack

20. In a stall, what is the result of increasing AOA?

A. CL increases and lift decreases

B. CL increases and lift increases

C. CL decreases and lift increases

D. CL decreases and lift decreases

21.
Define stall speed and state the normal stall speed equation.

22.
State the relationship of stall speed to gross weight and altitude.

23. The vertical component of thrust supports a portion of gross weight during _____ stall, reducing stall speed by approximately ____ knots in the T-34 and _____ knots in the T-37.


A.
turning, 7, 9


B.
power on, 9, 4

C.
accelerated, 9, 4

D.
normal, 7, 4

24. What is the purpose of high lift devices? What are the two types? How does each type affect stalling AOA?

25.
Name two types of BLC devices. In general, how do slots work?

26.
What effect does lowering the flaps have on lift and drag?


A.
Increases lift and increases drag


B.
Decreases lift and decreses drag


C.
Increases lift without increasing drag


D.
Does not affect lift but increases drag

27.
List several high lift devices that increase the camber of an airfoil. Which will you find on the T-37 or T-34? Which produces the greatest increase in CLmax?

28.
Why do we want the wing root to stall first?

29. Define geometric and aerodynamic twist.

30. How do you recover from a stall?
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Figure 4-7 Power-on stall speed equation 
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