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PART TWO



Selecting Wing Area, Planform And Thickness By Noel Becar, EAA 725 316 Del Rosa Way, San Mateo, Calif.



HIS ARTICLE will be a summarization of essential points in choosing wing area, planform and thickness as digested from "Introduction to Aircraft Design" by T. P. Faulconer, "Airplane Design" by K. D. Wood, "Airplane Design Manual" by F. K. Teichmann, "The Design of a Light Airplane" by L. Pazmany and NACA TM 311, "The Light Airplane" by Ivan Driggs. These are basic and well-known publications, available in most aviation libraries. The wing's area should be calculated after the airfoil has been chosen, based on the factors discussed in the preceding article. Wing area controls landing and take-off speeds, therefore by using the estimated total weight W in pounds, the maximum lift coefficient CLmax of the selected airfoil section and the desired landing or stalling speed Vs (in feet per second) it is possible to compute the area in square feet required: W S area = .001189 (CLmax) (Vs)2where S= This equation is applicable at sea level; for any other altitude the value .001189 must be replaced by Vi>p where p= density of the air at the pertinent altitude in slugs per cubic foot. A typical example is given in the Appendix. More thorough explanations of factors controlling CLmax may be found in the Teichmann and Pazmany books mentioned above. The wing's planform must be such as to provide the required area as computed above after the span has been decided upon. These points must be considered in determining the span: The less drag, the higher will be performance and the less fuel will be needed for a given range. Total wing drag is composed of parasite and induced drags. The parasite, or profile, drag is the result of the shape of the particular airfoil being used. Induced drag is dependent on wing span, and varies inversely as the square of this dimension. At the "minimum power required" speed, induced drag is three times the profile drag. Increasing the span by 10 percent will reduce the induced drag by approximately 20 percent. Therefore the greater the span, the greater the efficiency. Too much span, however, will increase wing weight. If the plane's weight is supported at a greater distance out from the wing root as a result of increased span, there will be a greater bending moment in the spars. This in turn requires a heavier spar for the same design



Rectangular



load factor. A compromise must therefore be made, based on good judgment and consideration of the spans of other aircraft which are dose to the projected design in size and weight and have satisfactory flying qualities. The two most important problems confronting designers of light airplanes are lowering the weight and reducing the drag. If these factors are lowered sufficiently the rate of climb, ceiling and time to altitude may be increased as desired through the device of lowering the plane's span loading. A design which makes a good top speed could be revised by increasing the span — but not the wing area — and thereby be made to outperform other designs of similar weight and power. Considering now the wing's planform, the elliptical shape is considered ideal because it has the lowest induced drag. However, the work of making ribs of several graduated sizes and neatly constructing curved leading and trailing edges is such that this shape is not often used. A tapered wing has about one percent more drag than an elliptical wing and is somewhat easier to build. A rectangular wing having an aspect ratio of six has approximately five percent more drag than the elliptical wing. Elliptical and tapered wings allow wing spar depth to be graduated, with the deeper, stronger end at the root where bending forces are greatest, but their small chord at the tip leads to early stalling of the tips, a bad feature. Rectangular wings have better stalling characteristics and are to be recommended for amateur designs. The thickness of a wing depends on the planform, airfoil and type of wing structure. In regard to cantilever wings, elliptical and tapered ones are lighter than rectangular ones due to the taper in chord and thickness. If the spar depth at the wing root, chosen for adequate strength at that point of maximum stress, is continued undiminished to the tip, the tip portion is obviously far stronger and heavier than required. Sometimes rectangular cantilever wings can be lightened by reducing the cross sectional area of the flanges of a box spar, toward the tip. In normal tapered wings, depth at the root runs from 15 percent to 18 percent of the chord and depth at the tip from 9 percent to 12 percent. The larger the aspect ratio, the greater the thickness of the root section. A semi-cantilever (strut braced) wing with an aspect ratio between 6 and 8 must have a thickness of at least 12 percent of the chord. If it is tapered, the thickness should decrease linearly to about six percent of the chord at the tip. If thickness ratio varies from root to tip it is necessary to select one airfoil for the root and another for the tip. They should be of approximately similar shape because if they are much different it will be awkward and tedious to plot all the intermediate ribs and work the skin to different curvatures. APPENDIX NO. 2 EXAMPLES AND DEFINITIONS OF TERMS USED IN REPORT NO. 2
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(Drawing by Don Cookman)
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(Listed in the order of their appearance). EXAMPLE of Wing AREA computations: Given: W = 800 pounds. V8 = 73.35 feet per second. (50 mph). CL max = 1.2



To determine area required at sea level: S = 800/.001189 x 1.2 x (73.35)2 = 800/7.67 = 104.3 square feet. To determine area required at 5000 feet elevation: Standard air density (p) at 5000 ft. from reference No. 3 is .002049, therefore, M>p = .002049/2 = .001024, hence: S = 800/.001024 x 1.2 x (73.35)2



= 800/6.61 _ 121.0 square feet.



Approximately 16.3 percent more area would be required to make possible a 50 mph landing speed at 5000 ft., than



at sea level.



DEFINITIONS



SLUGS per cubic foot—An engineering unit of MASS equal in pounds to the number of feet per second of acceleration of a freely falling body at the location or altitude in question.



144"



/



2 Ibs. per in.



/



BENDING MOMENT is the product of a force times the distance of its application from a given point to produce a bending stress. EXAMPLE: Given a cantilever wing spar 12 feet long with a uniform load of 2 Ibs. per inch of run, as shown: Solve for the maximum bending moment at the root. 2 Ibs. per in. x 144 inches = 288 Ibs. This is considered as being applied at mid-span, which is 6 ft., or 72 in. out from the root, giving a bending moment equal to 288 Ibs. x 72 in., or 20,736 inch-pounds at the spar root. SPAN LOADING is the number of pounds per foot of span or, weight/span. The span loading of an 800 Ib. light plane with a 20 ft. span would be: 800/20 or 40 Ibs. per ft. of span. CANTILEVER WING is a wing which is supported at one end only, this end being referred to as the root and having no external bracing. SEMI-CANTILEVER WING is a wing supported at one end and at a point located approximately between one quarter and two thirds of the semi-span out from the root. THICKNESS RATIO of a wing refers to the ratio obtained by dividing the thickest portion of a given wing-section by its chord. For example: a wing-section measuring 5 in. at the thickest point, with an overall chord of 50 in. would be equal to a thickness ratio of 10 percent.



(Drawing by Don Cookman)



CHAPTER 65 FLY-IN . . . (Continued from page 7)



Most Original Use of Material in Homebuilt — Pete



Prisner, for his ingenuity in using an aluminum screen door latch and lock assembly for his cockpit canopy, trophy donated by Chapter 65 President Russ Norman; Oldest Aircraft Attending—Cessna C-37 built in 1937 and in mint condition, award donated by Hamilton Flying Club and awarded to G. Morley; Best Static Display—W. Bittner for his Jodel D-ll, prize donated by Standard Aero Engines of Toronto;



Once again, it was a pleasure to welcome chapter members from various cities on both sides of the border, and we trust the slight delays with customs will not discourage our American friends from returning next year. A mark of enthusiasm generated by EAA members was shown by the presence of W. R. McBride of Vancouver, British, Columbia, who is building a Jodel D-9. All in all, it was a very fine show and the hard working committee headed by Chairman Andy Keenan is to be congratulated. See you all at the 1963 Fly-In, the first Saturday in June, we hope, at Mount Hope, Ontario!



Best Homebuilt—D. Wolley for his "Miniplane", award donated by Falconar Aircraft, and judged by S. Wellman of Buffalo Chapter 46.



The spot landing contest was won by R. Hutchison, flying the "Miniplane". In view of the poor start of the morning, we were very gratified to see so many arrivals in the afternoon.



Don Wolley is the proud owner of the first "Miniplane" to be completed in Canada, and the craft was adjudged the best homebuilt at the Fly-In.



"Oh, yes, Dorothy, the plans for my Broomerang are on the market and I expect them to outsell the X X X X B-70 three-to-one!" SPORT AVIATION
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