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T H E D E V E L O P M E N T O F T H I S E S S E N T I A L C O N T R O L S U R FA C E levator, rudder, aileron…what do they have in common? They are all flaps. Wait, aren’t “flaps” those things that hang down on the wings when airplanes land? When Wilbur and Orville Wright built their 1903 Flyer, they were the first to have controls for all three axes of the aircraft: pitch, roll, and yaw. Because experience prior to flight had been restricted to boats, early attempts at controlled flight only used fully moving rudders and control wings. Turns were uncoordinated skids. The Wrights used these methods but added wing twist to change the relative pitch of the two wings and create the roll control they needed for coordinated turns and true three-dimensional flight. The Wrights quickly patented their three-axis control system, including wing-twist controls. Some modern aircraft are now looking at going back to that system; however, most of us use the hinged control surfaces known as ailerons, elevators, rudders, or flaps. In aerodynamic speak, all of these surfaces are referred to simply as “flaps.”
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Control surfaces are simply trailing edge flaps. A trailing edge flap changes two things when it is deflected: the camber of the airfoil and the effective angle of attack (the direction the wing thinks it is pointing). Some flaps also move back as they deflect, in which case they increase the area of the flying surfaces. All three of these changes to the airfoil shape and orientation increase the maximum possible lift the surface can produce. Controlled flight is all about manipulating and balancing lift forces to direct the aircraft in the desired direction of flight. Flaps are the tools we use to do this. The sizes of flaps can vary widely. Plain flaps for elevators and rudders are commonly 30 to 60 percent of the entire surface. Ailerons are typically 15 to 25 percent of wing chord, and “flap” flaps can be as small as 5 to 10 percent of the wing (e.g., on the Vmax Probe) or as large as 50 percent of the wing (e.g., on the B-52).



Why Flaps? Flaps are differentiated as control flaps and landing flaps, but time and tradition have conspired to return the control flaps to their common names—elevator, rudder, and aileron. The term “landing flaps” has been shortened to just plain old “flaps.” Flaps modify several aerodynamic traits of an airfoil. Depending on the situation, these traits can be favorable or unfavorable. The primary function of flaps is to increase the maximum coefficient of lift temporarily for flight at speeds slower than the normal operations for which the design has been optimized. If the design will always fly at high coefficients of lift or slow flight, the flaps may be permanently fixed in deployed positions as on some STOL aircraft. Flaps increase lift by increasing the camber of the airfoil. Most increase the area of the wing as well. The lift of the wing is directly a function of the camber and area, so increasing these are good things if you want more lift. All flaps that increase the wing area have centers of rotation outside of the airfoil section. This motion is achieved by the use of hinges below the wings, scissor mechanisms, tracks, or, in some cases, all of these. Unfortunately, it seems the more lift you want to produce, the more complicated the mechanism becomes. The triple-slotted flaps of a 747 are engineering marvels. Altering Flight Characteristics As trailing edge flaps deflect and increase the camber, they also alter five traits; three of these alterations are generally beneficial, the other two are not.
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B-52 Fowler flap



Slotted flap



C-17 flap



C-17 leading edge



The first is an increase in the maximum coefficient of lift. This is a good thing, and the reason the flap was invented. The second is a change in the effective angle of attack (AOA). The wing will produce more lift at the same relative fuselage angle. This is a good thing, because it means the nose can be lower at high coefficients of lift, providing better forward visibility along the flight path. This allows the pilot to see the runway on approach or see directly ahead on departure and climb. The third change is an increase in drag. Drag can be either good or bad depending on the aircraft’s flight situation. If the plane is trying to slow down and/or lose altitude in a short distance, drag is good. If, on the other hand, it is using every extra bit of power to climb, the added lift potential may be canceled by the additional drag. Reference the pilot’s operating handbook to know whether flaps will help or hurt your performance for a takeoff. The other two changes are not beneficial. The first is an increased downward pitching moment (the tendency to push the nose downward). This requires more down force on the tail surface to counteract this tendency. Depending on the aircraft configuration, this can require a lot of adjustment by the pilot, or almost none. Canard aircraft usually do not have flaps because both surfaces are lifting. If the main wing has flaps to increase lift, the canard must also increase in lift to maintain trim. Coordinating flaps on both surfaces is more complicated than most canard aircraft can justify implementing. The second nonbeneficial change when it comes to flap deployment is a reduction in the angle of attack at which the airfoil will stall relative to the original airfoil. The



reduction is a function of the original airfoil shape and the type of flap used, but decreases of 5 to 10 degrees of AOA are not uncommon. This is also why your instructor told you not to use aileron to correct roll near stall. If you deflect the aileron to counteract a roll, the down-going aileron will increase the effective AOA of that piece of the wing. This may push the airfoil beyond its stall AOA, which will induce an immediate stall on that portion of the wing. This will then cause the wing to drop, increasing the AOA for the entire downward-moving wing, and a classic stall spin results. The rudder on the other hand will be at nearly zero AOA and will have full authority. Flap History The most basic flap is the plain flap. It is typically used for elevator, rudder, and aileron control and is even used for “flaps.” These flaps are usually hinged at or near the chord line of the wing (the vertical center of the airfoil shape) and at or near the leading edge of the flapped surface. Some have diamond-shaped leading edges with the point of the diamond falling on the hinge line. Other designs have the hinge on the top or bottom surface with a triangular cut to clear the flap when actuated toward the interfering side. These flaps are seen most commonly on fabric-covered aircraft or composite aircraft where this arrangement simplifies covering the surfaces and securing the hinges. Metal aircraft more commonly have the hinge near the centerline with just enough setback to form a nice radius so the gap between the wing and the control surface stays constant. As aircraft go faster, the force necessary to deflect plain flaps, especially on larger aircraft, becomes more EAA Sport Aviation
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than pilots can comfortably manage. Many novel methods have been developed to reduce the forces required, but two are commonly seen today on small aircraft. The first method widely used in early aircraft was the addition of balancing horns. These are small areas of the control surface, which extend far forward of the hinge. Many early German fighters, such as the Fokker Dr.1, had prominent control horns. The second method draws on the same concept but uses the entire control surface. In this approach, the hinge line of the entire surface is moved rearward toward the aerodynamic center of the control surface so the forces pushing on the surface are largely balanced. The air ahead of the hinge is trying to make the surface deflect more while the forces behind the hinge are trying to push the surface back into trail. On the downside, large deflections of surfaces with this scheme can cause disruption of the flow when the forward part of the surface protrudes into the flow. The disruption of the flow can cause the airfoil to stall sooner than it might otherwise. The stick forces of these schemes can be nonlinear, which is disconcerting to pilots. Other schemes were also developed to reduce the forces, including control tabs, which function like power steering. Aerobatic aircraft often reduce the control forces by using spades offset from the surface and forward of the hinge line to act like power steering. Larger aircraft reduce the forces by using hydraulics or motors, which offer other advantages to large, fast aircraft. A common type of flap seen today is the single-slotted flap. This type of flap is generally used for elevators and flaps. The slotted flap is similar to a plain flap, except it produces more lift in one direction than the other. It achieves this because it has a slot that opens when deflected downward and closes when deflected upward due to a slight offset in the hinge line from the center of the wing. The shape of the slot creates an energized flow that travels from the higher-pressure underside of the wing and spills out onto the top surface of the flap. The high-energy jet of air keeps the flow of air attached to the top surface at higher angles of attack, delaying the stall and increasing the maximum lift. This type of flap 58
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is usually used on canard aircraft for elevator control because of the need for positive lift on this surface in all stable flight conditions. Occasionally this type of flap is seen on the tail surfaces of other aircraft where concerns over a tail stall are present or the lift is always negative. In this case, the airfoil will be inverted. The hinge forces are not symmetrical, meaning its natural tendency is for the surface to float in a direction out of trail. When used for control surfaces, it is common to see smaller surfaces attached to these surfaces to balance the forces, as on the Dragonfly. A Fowler flap has all of the previously mentioned characteristics when deflected; it increases camber, increases AOA, and, most importantly, increases the wing area. Fowler flaps work primarily by increasing the wing area but also rotate downward to increase camber. The B-52 has enormous Fowler flaps. The main complication when it comes to this type of flap is that the motion is nearly always achieved by the use of tracks. Tracked flap mechanisms are difficult to design, implement, and maintain. For these reasons, pure Fowler flaps are rarely used on small aircraft. Whereas plain flaps dominated early aircraft designs, single-slotted Fowler flaps are dominant in modern light



Fixed Fowler flap



Fixed slotted flap



BASIC AIRFOIL



PLAIN FLAP



SPLIT



ZAP



SLOTTED



FOWLER



SLOTTED FOWLER



DOUBLE SLOTTED



LEADING EDGE



KRUGER



DROOP



aircraft designs. This is because of their ability to produce high lift coefficients while remaining mechanically simple. This is achieved by hinging the flap well below the wing, which causes the flap surface to move aft, increasing wing area at the same time it increases camber. This type of flap has a significantly higher lift-producing capacity than plain or slotted flaps, but it does not come without a cost. These flaps have higher pitching moments and higher drag. Steps must be taken to counteract these forces; usually a more powerful tail surface is employed. The hinges protruding into the airstream are sources of drag. Some aircraft have elegant aerodynamic covers for the hinges, and others leave them hanging dirty in the airflow. The double- and triple-slotted flaps used on many airliners are extensions of this type of flap. Aerodynamicists found that the more slots, the higher the lift coefficient they could achieve. Wings that looked like Venetian blinds were tested and found to have incredible lift capabilities. Mechanical and structural engineers had to step in at this point to stop the insanity. It seems that most aircraft can be made to work with one, two, three, or even four slots for the extreme cases. I have only seen a double-slotted flap on one homebuilt aircraft; interEAA Sport Aviation
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estingly, it was an aileron. The aircraft is for short takeoff and landing (STOL), and the ailerons are drooped with the flaps to maximize lift. The ailerons are double-slotted whereas the flaps are single-slotted. This presumably keeps the flow attached to the ailerons below the stall speed of the flaps and allows full aileron control down through stall. One more trailing edge flap worth covering in detail is a flap originally invented by Orville Wright in 1922. The split flap is a simple hinged surface on the bottom of the wing. The top surface of the wing remains stationary, and the bottom surface swings down, creating a large gap in the trailing edge. This increases the camber of the wing and makes the air behave as though the wing has a larger area by creating stable vortexes in the space behind the wing. At small deflections, these flaps have less drag and more lift than a plain flap, but as they increase in deflection, they have as much as three times the drag of a plain flap of equal area. These characteristics allow small deflections to be used for increased take-off performance and large deflections for use in making steep approaches for landing. These flaps saw a lot of use on World War II aircraft, notably the B-17, P-38, P-40, and the C-47. Their popularity during this period, when the National Advisory Committee for Aeronautics (NACA) was developing most of its airfoils, is likely why most NACA airfoil data includes lift curves for split flaps. The Zap flap is a hybrid of the Fowler flap and the split flap. It increases the wing area by moving rearward as the trailing edge droops but prevents flow between the flap and the wing. It creates more lift than a simple split flap, but its mechanical complexity and marginal benefit have prevented widespread usage.
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Cruise flaps deflect upward instead of, or in addition to, downward. These are used on some aircraft to improve efficiency at cruise speeds where the airfoil has been optimized for lift, either at lower speeds or higher altitudes. This allows the wing to have minimum drag at the design point without creating too much drag at higher speeds. They may also be used to counteract pitching moments for high-speed flight, which reduces the drag from tail surface lift. These are commonly seen on high-performance sailplanes and some powered aircraft designed for highaltitude flight, both of which are designed for minimum drag at high lift coefficients but need to occasionally fly fast and still minimize drag. Moving to the front edge of the wing, there are some options here as well. Leading edge flaps are effective and have some beneficial characteristics in certain situations. There are generally two types of leading edge flaps: a slotted flap and droop flap. These two devices work in very different ways but achieve the same result, which is to extend the range of useful lift to a higher angle of attack. This allows the wing to stall at a significantly increased angle; more angle equals more lift. The big advantage of leading-edge flaps is that they do not affect pitching moments. Take notice on some commercial flights; leading-edge flaps will be deployed for landing with no trim change because these flaps do not shift the center of lift or increase the lift at normal lift angles. See chart on page 56. The slotted flap was developed very early in the history of aircraft design as a means of stabilizing the flow over the wing, preventing it from stall separation until higher angles of attack are achieved. Simple implementations have the slots fixed, but versions that are more complex were made retractable or even automatic on early jet fighters, such as the German Me-262 Swallow. Since the air stays attached at higher angles of attack, the lift continues to increase beyond the normal stall. The droop flap works by increasing the camber of the wing at the leading edge but does not move the center of lift as trailing edge flaps do. More camber equals more potential for lift. Both types of leading edge flaps can be used with trailing edge flaps with added benefit in maximum lift coefficient. The disadvantage is they achieve the increased lift at increased angles relative to the original pitch angle, so forward visibility is reduced when these are used to achieve high lift. The increase in angle of attack to stall can be significant, as much as 8 degrees for thick airfoils and perhaps double that for thin airfoils as on fighter aircraft. Nearly all modern fighters and commercial jet aircraft have some sort of leading edge flap to obtain higher coefficients of lift. I often wonder where they hide the fuel in a complex wing when it seems nearly all of it moves or contains mechanisms. I always look at the control surfaces and flaps to see which types have been chosen, and then I ponder the choices. A few simple observations can tell a lot about the airplane and what forces will be used to control and land it using its various flaps. Todd S. Parker is president of EAA Chapter 58 in Ogden, Utah, and a member of Chapter 23 in Salt Lake City. He works as an engineer for the U.S. Air Force.
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