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Laying Out a Wing-Rib Curve

case several methods are available for computing the sizes and shapes of .... feet of wing surface (S), with an aspect ratio of 6. Hence: Cr. = 390 x 800 = 390 x ... 
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EAA CHAPTER 20 TECHNICAL COMMITTEE REPORT NO. 3



2.87



By Noel Becar, EAA 725 316 Del Rosa Way, San Mateo, Calif.



HIS REPORT is a condensed version of information on layout of wing ribs from airfoil ordinates as covered in the following references: No. 1—Aircraft Layout and Detail Design (1946), by N. H. Anderson. No. 2—Mathematics for the Aviation Trades (1942), by James Naidich. No. 3—Introduction to Aircraft Design (1942), by T. P. Faulconer. No. 4—Airplane Design Manual (1950), by F. K. Teichmann. No. 5—N.A.C.A. Technical Report No. 824, Summary of Airfoil Data. Airfoil section ordinates can be obtained from various sources, notably from NACA Technical Report No. 824, after the selection of a desired airfoil section has been made. The wing area, planform and thickness ratio decided upon will control the need for taper, in which case several methods are available for computing the sizes and shapes of intermediate wing ribs required between root and tip sections, and will be described later. As an example, we shall assume the NACA 4415 airfoil section has been chosen. We shall also assume that a straight rectangular wing without taper is desired, and area computations indicate that a 50 inch chord should be used. Turning now to NACA Technical Report No. 824, we find a table of stations and ordinates which is reproduced below as TABLE 1:



T



NACA 4415 Table 1



Station



0 1.25 2.5 5.0 7.5 10 15 20 25 30 40 50 60 70 80 90 95 100



Upper Ordinate 0 3.07 4.17 5.74 6.91 7.84 9.27 10.25 10.92 11.25 11.25 10.53 9.30 7.63 5.55 3.C8



Lower Ordinate 0 —1.79 —2.48 —3.27 —3.71 —3.98 —4.18 —4.15 —3.98 —3.75 —3.25 —2.72 —2.14 —1.55 —1.03 —0.57 —0.36 0



1.67 0 L. E. radius: 2.48 Slope of radius through L. E. : 0.20



Stations and ordinates are given in percent of chord in the NACA reports. We must now change these percent values to actual dimensions in inches, in order to use them in laying out a wing rib. Referring to the second



Fig. 1



TABLE 2



Station 0 .63 1.25 2.5 3.75 5.0 7.5 10.0 12.5 15.0



20.0 25.0 30.0 35.0 40.0 45.0 47.5



Upper Ordinate 0 1.54 2.09 2.87 3.46 3.92 4.64 5.13 5.46 5.63 5.63 5.27 4.65



Lower Ordinate 0 —0.90 —1.24 —1.64 —1.86 —1.99 —2.09 —2.08 —1.99 —1.88 —1.63 —1.36 —1.07 —0.78 —0.52 —0.29 —0.18 0



3.82 2.78 1.54 0.84 50.0 0 L. E. radius: 1.24 Slope of radius through L. E.: 0.20or 11°— 19'



line of Table 1, under "Station," we note the value, 1.25. As this is in percentage we must multiply by .01, (to do this, simply move the decimal point two places to the left) giving us .0125, then multiply by the desired chord, (in this example, 50 inches) or: .0125 x 50 = .625, the distance from station O, or the leading edge, to the first station in inches. As hundredths of an inch are considered far enough to carry out these values past the decimal point, we shall change .625 to .63, following the commonly recognized practice of changing the second place past the decimal point to one number higher, if the third place reads 5 to 9, or leaving it unchanged if the third place reads 0 to 4. This practice will be followed from here on. Now take the value 3.07 shown on the same line, but in the "Upper ordinate" column and after moving the decimal point, as explained above, multiply by the chord again, thus giving: .0307 x 50=1.535 or 1.54". If we do the same with the "Lower ordinate" shown on the same SPORT AVIATION
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across line O-C. Relocate the compass point on the mark drawn across line O-C, (shown as point D on Fig. 1) and draw the radius through station O on the chord as shown in Fig. 1. Lay out all the points for the upper and lower ordinates from the second and third columns of Table 2, then using a spline or Ving reference line French curves, connect all these points with a fair line, thus constructing the airfoil secFig. 2 tion to full scale. To draw in the spars so that they will be perpendiculine, we get: —.0179 x 50= —.895, or —.90". The negalar to the line of flight, it is necessary to determine what tive sign (—) means that the value applies to a dimension the angle of attack of the wing should be for the normal under the chord line, whereas values without a minus cruising condition. This is solved by first estimating the sign are to be measured above the chord line. If we concruising speed and then computing the value of the lift tinue these computations, we will be able to set up a new coefficient, (C,) at this speed, by use of the following table shown as Table 2. The values in this table repequation: resent measurements in inches for layout of a wing rib C, = 390 x W with a 50 inch chord. "V2~ If We have also multiplied the L. E. (leading edge) As an example, we shall assume the airplane using radius in percentage by 50 to get the actual radius in this wing section will have a cruising speed of 100 mph inches, (1.24") as shown in Table 2 but note, particularly, (V), weighs 800 pounds gross (W) and requires 105 square that we do not multiply the "Slope of radius through feet of wing surface (S), with an aspect ratio of 6. Hence: L. E.", as this is expressed as the tangent of the slope C r = 390 x 800 = 390 x 7.62 = .297 angle in degrees and not in percentage. This value cor1002 T05 10,000 responds to an angle of 11 degrees, 19 minutes or, (to By referring to page 142 of NACA Technical Report state it by another method), it represents the hypotenuse No. 824, we find the angle of attack of the NACA 4415 of a right triangle with a base of 5 inches and an altiairfoil for a C, value of .297 is —1 degree. The next step tude of 1 inch. is to rotate the airfoil for incidence by drawing a line Layout of rib curve should begin by drawing a base E-F through the 40 percent point on the chord and at —1 line horizontally such as line A-B in Fig. 1 and call it the degree to the chord line as shown in Fig. 2. This line is "chord line." Lay out the horizontal distances listed known as the "wing reference line" and is always paralin column 1, (headed "stations") on Table 2, beginning lel to the normal line of flight. When the incidence is at the left side for station O and draw vertical lines of positive, the L.E. of the wing is elevated above the referindefinite length through the points just laid out. ence line, when incidence is negative, the L.E. is below Through the "station O" point on the chord line, the reference line. At the percent of chord locations where construct the line O-C at an angle of 11 degrees, 19 minthe wing spars are to be located, draw lines at right utes to the chord line, by measuring 5 inches to the right angles to the wing reference line in order to establish the of station 0 and establishing a vertical line through vertical plane of the spars where they intersect the rib. this point. Measuring 1 inch up from the chord line In the example given, it will be assumed the front spar is and perpendicular to it, draw a line through this point to be located at 20 percent of the chord and the rear and station O on the chord, thus completing line O-C. spar at 70 percent of the chord from the L.E., shown as Set a compass for a 1.24" radius and with the comspar axis G-H and J-K, respectively, in Fig. 2. pass point set at station O on the chord line draw a mark ROTATION of AIRFOIL for INCIDENCE



AVIATION DAY TO BE OBSERVED AT OMAHA, NEBR.



HE OMAHA Chamber of Commerce and AAA member T Don Gerken, 4448 Sunnyslope, Omaha, Nebr., announced that June 8 and 9 has been set aside as Aviation Day. Two full days of aviation festivities are planned, and a special treat for you AAA and EAA members attending with your aircraft has been arranged. Where else can hospitality, such as free fuel, food and lodging be given, plus trophies? Everyone is urged to contact Mr. Don Gerken for further details and he hopes you will be able to participate in this true sport aviation event. And for those of you who would like the pleasure of meeting AAA President Bob Taylor, be there. EAA Headquarters plans to have the EAA Biplane make its appearance — and would like to see an equal turn-out of homebuilts.
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Well, he makes me nervous"
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