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Variable Camber Airfoil (Patent No. 2,969,207)



By Doyle F. Fain, EAA 2195 Box 27, R. 2, Green Valley, Saugus, Calif. INCE AN article on the above subject is deemed Sattempt apropos by people smarter than myself, I can only to explain the various aspects of this solution to



the old problem confronting most of us who fly for either pleasure or profit. That problem, simply stated, is this: how can we get our slow planes to fly fast, and our fast planes to fly slow? Some inventions are born of necessity, some of convenience, and some from laziness. This particular invention was born of frustration, regardless of what who says about necessity being the mother of what. If you don't think it was frustration, just try a long cross-country trip in a J4 "T-Craft", or some other nice cow pasture airplane with a cozy landing speed of about 35 mph. Since almost all conventional airfoils have similar under-cambers, it occurred to me to attempt a variation or modification of the upper camber, as most high-lift, low-speed airfoils have a thick wing, while the faster planes sport a thin wing. The telescoping wing seems highly impractical at this stage of materials development, the various systems of flaps are mechanically complicated as well as being easily forgettable and confusing to many pilots, and the use of slots, while helpful, nevertheless leave something to be desired as well as just making more holes in the wing. Having long enjoyed the Sunday-visiting convenience of the "Cub", while admiring the cross-country potentialities of the likes of the Bellanca, I became enamored of the idea of combining the better qualities of the two necessarily different types of airplane. This prompted the idea of a practical variable camber airfoil. I was not much surprised to find that the idea was not a brand new one, and a patent search disclosed that there had been attempts at the thing since 1918 or thereabouts. For instance, there were three patents cited as references in the file of the above patent. They were French patent No. 575,402 (April 19, 1924), and United States patents 1,856,957 (Jumonville, May 3, 1932) and 2,120,250 (Houston, June 14, 1938). The latter two should be available at the rate of 25 cents each from the United States Government Printing Office, Division of Public Documents, Washington 25, D.C., in case anyone should be interested in an examination of what has gone before. In my estimation, the mechanical and/or aerodynamic disadvantages involved in the various previous ideas were such as to make the construction or use of the principles involved impractical. Due to the fact that it was never my good fortune to b3 able to afford a large or expensive airplane, the idea that led to the previously mentioned invention concerned itself with small or inexpensive planes of from 90 to 200 hp, and usually of the high-wing monoplane type of construction. The wing, as visualized in the patent, would make an exciting experimental project, and could be used on a wingless but otherwise good fuselage, contingent, of course, on whether or not FAA approval could be obtained. A description of the variable wing will herewith be attempted. As visualized, the wing will consist of three principal parts: the main part, the upper surface, and the



leading edge arcuated section. In the following breakdown of the principal parts of the wing, I am assuming all-metal type construction, closely following conventional practices. The elastic leading edge cover will, of course, be an exception, as will rubbing strips, seals, control tube bushings and the like. The main part of the wing consists of the spars, ribs, lower wing surface, wing end-plates and wing-tip ailerons with their actuating torque tubes, bearings and bellcranks. This main part is connected transversely to the other two parts by means of what we usually term piano hinge, which extends the full length of the leading and trailing edges, excluding, of course, the wing-tip ailerons. The part comprising the upper surface would include the upper skin with stiffeners, one-half piano hinge at the rear to attach to the main part, safety cable attachments for limiting upward movement, and a rubbingstrip front edge to ride on the upper surface of the third member. The safety cables attach to the upper surface stiffeners at the rear and to the third member stiffeners at the front. Pneumatic seals are provided at the lateral extremities of this section and ride lightly on the tipplates. The third member, or leading-edge to upper surface arcuate section consists of an arcuated section of skin with its formed stiffeners attached to the leading edge of the main section by one-half piano hinge and to the upper surface by the aforementioned safety cables. Skin to tip-plate seals should also be provided on this part. The leading edge of the assembled wing, from tipplate to tip-plate, is covered with an elastic, air-tight membrane, possibly similar to but certainly much less complicated and thinner than the familiar de-icer boot material. This material is attached to and faired into the upper surface and the main section lower skin, at points near the forward edges of each, and completely covers the arcuated third member. This arrangement has the advantages of preventing possible air leaks, presenting a perfectly smooth and unwrinkled surface to the relatively fast-moving air flowing over it, and adds an extra degree of safety to the structure. An operating range factor of 10 was originally hoped for on this application, involving, for instance, a landing speed of 35 mph coupled with a cruise of 350 mph. However, such an operating range, while possible, would involve the use of several things either too expensive or complicated for most of us, such as retractable gear, special empennage, extreme range variable pitch prop, large engine and so forth. Considering the preceding paragraph, it would seem that a compromise should be in order to take care of the majority of us. Many of our small planes, equipped with the variable camber airfoil and a variable pitch prop, would be capable of an operating range of 6. This would mean an easily attainable landing speed of 30 mph coupled with a cruise of 180 mph. At present, many of our planes cruise at 140 mph, but are guilty of stalls at 60 mph or better. Such flight characteristics are sometimes embarrassing, especially when one can stop and visit with grandpa on a Sunday afternoon in a puddlejumper, but not in a "purty airplane." (Continued on next page) SPORT AVIATION
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(Continued from preceding page!



At about this point in the proceedings, I hear an



agonizing cry from the rear ranks wanting to know what makes it work. The answer is air pressure. Not like you air up your car tires with, but the same air pressure (and lack thereof) that makes your airplane fly in the first place.



If we suppose a wing loading of 14.4 Ib./sq. ft., that would amount to only 1/10 Ib./sq. in. This kind of pressure is so easy to find on even a slow-moving plane that appropriately set safety pop-off valves, vented to a static pressure area, will be needed in the practical operation of said wing. These are to prevent excessive suction or pressure build-up within the wing. Suitably located scoops (facing forward for pressure) and vents (vented rearward for suction) would supply adequate pressure or suction for all desired changes of camber in the wing. Should failure of the seal (air leak) occur, the lower pressure air above the wing would cause the wing to assume high-lift, low-speed characteristics, thus facilitating an easy landing.



Now let us smoke a pipe of opium and contemplate the case of Joe Blow. This part the editor will probably leave off anyhow. Joe Blow is a young (he must be to be) energetic, sober (can't afford to drink; he's married), A&P (A&E in my day) and recent owner of a Luscombe 8E which, the other day, very ungratefully flew itself between a couple of very tough trees which de-winged it. The opium seems to be taking pretty good, so let's give Joe a buddy who has just built one of the variable camber wings herein envisioned, and it seems to fit the 8E fuselage to perfection, so it's not long till the wing and fuselage become a whole airplane. Another shot of something-or-other and we have FAA approval. While in happy euphoria, we'll get the flight test over with and retire for a while to sober up enough to be able to comprehend the performance figures when we get around to seeing them. Joe's plane used to take off at 55 mph IAS and cruise out at 110 mph. Below 70 mph it didn't fly so well. (Some unkind person even said it FELL). 'What with the new wing, small tires with wheel pants, a good variable pitch prop and his already good 90 hp engine, Joe finds that his plane will now fly fully loaded at 40 mph in high-lift position. After gaining a little altitude, increasing prop pitch and putting the wing in high-speed position, Joe finds himself cruising at around 200 mph. Exit happy Joe Blow. At this writing, the patent herein described has been neither sold nor committed, and I should like at this time to say that the use of same by EAA members will be considered an honor by me providing, of course, that commercial use without licensing is not attempted. A word concerning the cost of construction of this wing would point out that, by eliminating flaps and conventional ailerons we can approximate the cost of conventional wing structure. The tip-plates should be sturdy in order to provide a satisfactory surface for the air seals and to withstand the operating pressures and suctions of the wing in operation. The ailerons may be of a suitable size to give low-speed control, but should be of the high-speed foil section in order to minimize drag. The elastic leading edge cover can probably be made



of any number of the modern plastics, but if I were to



feel safe, I should consult with Goodyear, U.S. Rubber or



some other manufacturer of de-icer boots or other aircraft plastic products, whose engineers are familiar with the problems encountered in flight. 20



FEBRUARY 1964



2,969,207 VARIABLE CAMBER AIRFOIL Doyle F. Fain, 816 NW. 97th St., Oklahoma City, Okla., an* Emil Center, Rte. 2, Box 276B, Saugus, Calif. Filed Oct. 16, 1958, Ser. No. 767,594 1 Claim. (Cl. 244—44)



This invention relates to a variable camber airfoil, and has as its primary object the provision of an improved airfoil or wing for aircraft, having means whereby the aero-dynamic characteristics of the wing may be varied. An additional object of the invention is the provision of such means which may be operated pneumatically, in accordance with the position of a suitable control valve, to vary the camber of the wing, and change the same from a high lift low speed airfoil section, for example to a high speed low drag airfoil section. An additional object of the invention is the provision of such a wing or airfoil characterized by means for changing the cross sectional configuration thereof without destroying the aero-dynamic symmetry of the wing. Still another object of the invention is the provision of such a device characterized by a minimum of operating parts, and provided with a safety factor wherein leakage or puncture of the wing causes the same to assume high lift shape due to the naturally lower pressure over the upper wing surface. Still another object of the invention is the provision of such a wing characterized by a low weight strength ratio. Still another object of the invention resides in the provision of a wing of this character which is sturdy and durable in construction, reliable and efficient in operation, and relatively simple and inexpensive to manufacture and assemble. Still other objects reside in the combinations of elements, arrangements of parts, and features of construction, all as will be more fully pointed out hereinafter and disclosed in the accompanying drawings wherein there is shown a preferred embodiment of this inventive concept. In the drawings: Figure 1 is a top plan view of an airfoil or airplane wing embodying elements of the instant inventive concept. Figure 2 is an enlarged sectional view taken substantially along the line 2—2 of Figure 1 as viewed in the direction indicated by the arrows. Figure 3 is a view similar to Figure 2 showing the parts in a different position of adjustment. Figure 4 is an enlarged sectional view taken substantially along the line 4—4 of Figure 2 as viewed in the direction indicated by the arrows. Figure 5 is an enlarged sectional view taken substantially along the line 5—5 of Figure 2 as viewed in the direction indicated by the arrows. Figure 6 is an enlarged sectional view taken substantially along the line 6—6 of Figure 2 as viewed in the direction indicated by the arrows. Figure 7 is an enlarged detailed sectional view of one of the control valve elements for the apparatus. Figure 8 is an enlarged detailed sectional view taken substantially along the line 8—8 of Figure 2 as viewed in the direction indicated by the arrows. Figure 9 is an enlarged sectional view of a constructional detail. Similar reference characters refer to similar parts throughout the several views of the drawings. Having reference now to the drawings in detail, and more particularly to Figure 1, there is generally indicated at 10 an airplane wing, which may be of any desired shape or size, the configuration of Figure 1 being chosen
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for illustrative purposes. In this construction the wing



includes a relatively straight leading edge 11, and a trailing edge 12. This leading edge is comprised of elastic material, constructed and arranged in a manner to be more fully described hereinafter, and the trailing edge 12 is of conventional metal or other material. The central portion of the wing is bounded by tip plates 13, in a known manner, at the extremities of which are provided ailerons 14. As best shown in Figures 2 and 3 the lower wing surface 15 is substantially contiguous throughout the major



portion of its length, and is fixedly secured to fore and



aft longitudinal spars 16 and 17. At suitable intervals the spars and the lower wing surface are connected to ribs, including a main body portion 18, and tapered rear portion 19, as well as a front portion 20, which includes an upper angled surface 21, having an offset 22 therein. The fonvard portion of the lower edge 15 is inwardly



offset as at 22, and has smoothly secured thereto, one edge of an elastic member 23, the securing means being flush, and taking any desired form. Secured to the forward edge of the offset portion 22 is a hinge 24, which carries an arcuate plate 25. When the wing is in its high speed low drag position as shown



z* 22



in Figure 3, the arcuate portion is inwardly curved, and is adapted to engage a plurality of safety cables 26,



which are connected between suitable apertures in sustaining ribs 27 which comprise integral portions of the arcuate members 25, and corresponding apertures in reinforcing ribs 28, which support the upper surface 29 of the wing. The upper surface 29 is hingedly secured as



by hinges 30 at the trailing edge to the lower surface



15, and may extend from the position of Figure 3 to the



position of Figure 2 under circumstances to be more fully



/*_



described hereinafter. The top wing surface 29 is also



provided with an inwardly offset portion 31, to which the other end 32 of the elastic member 23 is secured. The (Continued on next page) SPORT AVIATION
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VARIABLE CAMBER AIRFOIL . . . (Continued from preceding page)



securing means may take the form of a cutaway portion 33 as best shown in Figure 9 of the elastic strip 23, in which is seated a fairing strip 34, the assembly being held in position by counter sunk bolts 35 secured interiorly by nuts 36 in order to prevent disruption of the aero-dynamic symmetry of the upper wing surface in either position of adjustment. Similar securing means may secure the lower portion of the elastic member 23 to the lower offset portion 22. The arrangement of the wings is such that in normal level flight when higher speed is desired, the wing assumes illustratively the shape disclosed in Figure 3, which may correspond illustratively though not arbitrarily to air foil section N.A.C.A. #2422. When it is desired to provide a high lift low speed section, such for example, as air foil N.A.C.A. #2412, air under pressure may be introduced into the wing in a manner to be described more fully hereinafter. The air so introduced will cause the wing to assume the shape of Figure 2, at which time the end 36 of the arcuate leading edge section 25 will seat flush with the end 37 of the offset portion 31 of the top surface of the wing. This position will be normally maintained as long as there is air pressure in the interior of the air foil. When the requirement for low speed high lift air foil configuration has been terminated, reduction of the air pressure will permit the wing to assume the shape of Figure 3. Such air pressure may be introduced into the wing in any desired manner, but one preferred form comprises a valve arrangement which includes a pivot 40 having a double leaf valve attached thereto, positioned over an opening 41. The valve includes a forward leaf 42 and a rearward leaf 43 positioned at a relatively wide obtuse angle to each other, the arrangement being such that when the aircraft is traveling in the direction indicated by the arrows in Figure 7, the leaf 42 will be opened, to provide air pressure, which is conducted to a duct 44, and thence through any suitable duct system (not shown) to the interior of the air foil or wing for the purpose of inflating the same to the position shown in Figure 2. Conversely when the leaf 42 is closed, the leaf 43 is open, which provides an air suction, to a minor degree, the air pressure in the wing section thus being relieved, and the airfoil being permitted to assume the configuration of Figure 3. Any suitable number of valves may be employed, and they may be positioned in any suitable location on the aircraft. Control for the valves may be effected (as for example) by means of a rod 45 affixed to the axle 40, which



Trinnnintj



in turn is controlled by suitable cables 46 which extend



to the pilot's cockpit or other desired locality. From the foregoing it will now be seen that there is herein provided an improved variable camber airfoil section, which accomplishes all of the objects of this invention, and others, including many advantages of great practical utility and commercial importance. As many embodiments may be made of this inventive concept, and as many modifications may be made in the embodiment herein before shown and described, it is to be understood that all matter herein is to be interpreted merely as illustrative and not in a limiting sense. What we claim is: In an airfoil, the combination of a bottom surface portion, a top surface portion, a hinged connection between the top and bottom surface portions at the trailing edge of the airfoil, a rigid arcuate leading edge section, a hinged connection between the bottom of said leading arcuate edge section and the front edge of said bottom surface portion, an elastic leading edge member extending between the front edge of said top surface portion and the front edge of said bottom surface portion overlying said rigid leading arcuate edge section, and means to move said top surface portion and said leading arcuate edge section about their respective hinged connections to vary the aerodynamic characteristics of the airfoil, said last mentioned means comprising remotely controlled means for introducing air under pressure into the interior of the airfoil, said elastic leading edge member being permanently sealed to said top and bottom surface portions and passed thereinto to provide a smooth exterior surface, said top and bottom surface portions having forwardly and inwardly offset extensions therein and said elastic leading edge member being secured to said offset extensions in flush relation with the outer airfoil surface, the hinged connection of said arcuate rigid leading edge section to said bottom surface portion being positioned at the forward edge of said offset extension of said bottom surface and the free edge of said rigid leading edge section abutting the forward edge of the offset extensions of said top surface, said top and bottom surface portions having reinforcing ribs, and elastic members extending between aligned reinforcing ribs of said top and bottom surface portions underlying said arcuate rigid leading edge section to limit the inward movement thereof about its hinged connection. References Cited in the file of this patent UNITED STATES PATENTS



1,856,957 2,120,250 575,402



Jumonville May 3, 1932 Houston June 14, 1938 FOREIGN PATENTS France Apr. 19, 1924



Windshields



By P. Richard Coughlin, EAA 7333 109 W. Seneca Turnpike, Syracuse 5, N.Y.



H tive edge moulding to the plastic windshield of an open-cockpit plane. There is on the market a product ERE'S AN IDEA on how to apply a very neat, attrac-



called "Silvatrim", a plastic channel material of "U"



shape, or, to be more accurate, of pear shape as the upper ends of the "U" are tapered down to fair into the surface to which the stripping is applied. It is made by Glass



Laboratories, 883 65th St., Brooklyn 20, N.Y., and sold



through auto supply shops in strip and roll form. It is supposed to be applied to the rear edges of auto doors for 22
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trimming, and for this use it has a chrome-plated plastic exterior surface of good appearance. The inside of the groove is coated with pressure-sensitive material which



holds tighter with the passage of time. It is very inexpensive, is easy to form, and readily cut. It will bend to



any curvature down to about six inches radius. When applied to the edge of an airplane windshield it looks just like a tailor-made metal edging. It is quite weather resistant and besides looking well no doubt can increase the resistance to cracking of a plastic windshield. ' A
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