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Aerodynamic Refinement Of Light Aircraft By Raymon H. Parker



(Photos by Peter M. Bowers,



The "Tiny Mite" sailplane, designed and built by Raymon



Parker, was thoroughly tested out by the Aerophysics Department of Mississippi State University. The "Tiny Mite" is shown in its original configuration with the dark paint trim, and in its later modified form which included



many improvements brought about by the tests.



INTRODUCTION



The material in this article was presented at a Los Angeles, Calif. Chapter 11 meeting. The subject is applicable to every airplane owned by EAA members. Whether the aircraft is a biplane or a fast cross-country type, these results of aerodynamic refinement are desirable: shorter take-off run, greater rate of climb, higher



cruise and top speed, increased gliding capabilities, and lower stall speed. A noted designer, builder and pilot of sailplanes. Raymon H. Parker, contributes his knowledge of the subject. Mr. Parker, a World War // graduate of the Central



Instructors School at Randolph Field, was Chief Pilot at the Twenty-Nine Palms Air Academy for Glider Pilots, and technician and pilot at Mississippi State with Dr. Raspet. He designed and built the "Tiny Mite" sailplane, placed second in the 1954 National Soaring Meet, and was a member of the 1958 U.S. Soaring team. Raymon



Parker designed and built the "T" Bird, and placed eighth in the 1962 National Soaring Meet. N MY OPENING statement I would like to point out Idynamic that the homebuilder has opportunities to obtain aerorefinements and aesthetic values not enjoyed by the manufacturers. We are not too greatly concerned with man-hour cost and short-cuts to make production easy. A little extra effort on our part, and we can produce a better than average aircraft. Those of us who have designed and built our own aircraft have done so for varying reasons. Some of these reasons are based on the extent of interest by the individual in aerodynamics or the desire for an artistic outlet, or to fly in competitive sports. In the sailplanes that I have built, the purpose has been a combination of these things. Most of the rules governing the design of a Class I sailplane and the techniques for its construction can be applied to a powered aircraft as well. In the competitive class sailplane, it is important that any and all methods to improve the aircraft must not be overlooked if the pilot desires to be a potential winner. To fly further than your competitor in a sailplane, your task will be much easier if you have built in the best aerodynamic principles that are readily available. The sailplane designer has only one approach to maximum performance, and that is to keep drag to a minimum by taking full advantage of all drag reduction techniques. In the field of drag reduction, I have had the opportunity to work on several projects where a sailplane was used as a test bed. The sailplane was modified to suit 24
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the requirements of the test, instrumented and then flown in the early morning hours to obtain as stable air as possible. The aircraft was usually towed to an altitude of 14,000 ft. and flown at the prescribed air speeds, plus or minus y2 mph. With this technique, the atmosphere makes a reasonably good wind tunnel. This method was applied by Dr. Raspet to many powered aircraft. After removing their propellers, they were tested in very much the same manner as a sailplane and for the same purpose. The first test would be to establish the existing condition of the aircraft and to decide its potential, then modifications were made and the aircraft retested. Every successful refinement to the aircraft meant that it could be flown a greater distance for a given amount of fuel and/or fly at a greater speed. In aircraft design, the area where the most often repeated mistake is made is in the wing root and fuselage junction. Even though extensive improvement programs have been made on sailplanes such as the "Tiny Mite", and papers published giving the results of correcting poor design in the aforementioned area, production sailplanes in some areas of Europe are still ignoring this information. The poorly designed intersection is most easily avoided by building a high-wing aircraft, but some of us prefer shoulder-wings and possibly lowwings. It is in these latter configurations that the prob-
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The simple form of drag reduction through the use of tape to seal the gaps, as referred to by the author, was also used to great advantage in the National Air Races. The light lines shown on the fuselage and tail of this North American P-51C-10-NT are cellulose tape seals over various joints and gaps. This racer, NX-1204, was flown by Thomas Mayson to 6th place in the 1947 Bendix Trophy Race.



lem of correct air flow is most acute. For illustration, a Schweizer TG-3 war surplus sailplane was used. The aircraft description briefly was a low-wing with no fillets. The fuselage sides were parallel to each other to a point adjacent to the trailing edge. On the right side only, a "quick and dirty" fillet was formed using cardboard and masking tape. The fillet extended higher on the fuselage than it did horizontally, the purpose being to prevent the air from decelerating at a greater rate than that in the immediate wing area. In all cases, this rate should to kept the same. Flown in this condition, the stalling speed was reduced by 3 mph, and it stalled away from the filleted wing. Wool tufts were also applied so observations could be made of the flow at various speeds. The method of studying the wool tufts will be discussed later in this article. The above mentioned "Tiny Mite", at the time of its original flights, was extremely poor due to incorrect flow path over the root. This particular aircraft is a good example of an old error in design, the one often repeated at the present time: the maximum width of the fuselage was forward of the wing at the pilot's compartment. At the leading edge the fuselage was already tapering rapidly in all planes towards the rear of the sailplane. The aircraft was a shoulder-wing with an oval fuselage cross-section. The original glide angle was 19. The major modification was to remove that section of fuselage above the wing, basically making the ship into a highwing. The only protuberance was the bubble type canopy. This was well forward of the wing. With this modification, the glide angle went up to 23. After several additional modifications, maximum efficiency was reached with the resultant glide angle of 31:1. To design a perfect wing root junction, the formula for area rule would have to be applied. It is doubtful if many individuals would go to this much trouble but very good results can be obtained by, if you will, the educated eyeball. (Note: Reference drawing). It is unfortunate that an improperly designed wing root junction makes a contribution towards early stall warning (the disturbed air flow over the empennage). Because of this stall warning, many designers have felt it unwise to work for increased efficiency. In fact, statements have been made in favor of this poor design technique for its contribution to stall warning. It is felt by the author that the reduction in drag by the use of correct design and the resultant lower stalling speed is far more desirable, a thought worth investigating further. The reduced stalling speed is a result of the clean aircraft being able to reach a higher angle of attack. At the higher angle of attack the stall can have a somewhat more violent pitching action. It can also have an increased tendency for roll prior to pitch. To prevent this



-rr.it. "A thing called 'drag' blasted all my dreams."



Pnolo by Peter M. Bowers;



"Tiny Mite" old configuration. Don't know whether it's pre-war or early post-war.



rolling off on a wing brings us to a point of improved wing tip design. If you are seeking the ultimate in low drag in your design, you are naturally going to want to reduce the wing tip vortices to a minimum. Some of the ideas to date have been the wing tip plates, streamlined bodies or special contoured wing tips such as the Hoerner design. The wing tip plates are known to improve the effective aspect ratio and contribute to better tip stall characteristics, but this is true of all the above mentioned approaches. The point is to select a technique that produces the greatest advantage. Compared to other low-drag wing tips, the tip plates are considered to be making minimum contribution. This statement is made on the fact that the end plate has the 90 deg. intersection with the profile. An investigation into comparisons was performed at Mississippi State, using a medium performance sailplane, aspect ratio of 15. One wing tip was modified to support a tip body. The other wing tip was not modified and remained somewhat rounded or elliptical in plan form. In high speed flight, the aircraft tended to turn into the unmodified wing tip. At the stall, the tendency was to roll in the same direction. These in-flight tests would indicate that the tip body was a definite improvement, mostly in high speed low drag, and in a lesser degree at the stall. The wing tip design becoming more common each year is the so-called Hoerner design. There are so many variations of this design it would be difficult to find an illustration of the true Hoerner wing tip. Two of the major aircraft producers, Cessna and Beechcraft, have brought out various modifications to Hoerner's ideas, and many of the modern competition class sailplanes are using this wing tip because of its low drag. Anticipating the question of the Hoerner wing tip versus the tip body, I need only to point out that one has far less wetted area than the other, yet appears to be giving the desired effect. It should be pointed out that the many variations in the Hoerner wing tip are often called the "raked tip", implying that the greatest wing span is adjacent to the trailing edge. We now come to the point where statements should be made pertaining to the construction of a wing that will do the greatest amount of work with the least amount of drag. To construct a wing with a high degree of efficiency is to constantly strive, during its period of design, to retain the contour of the selected profile to a high degree of accuracy. The fabric covered wing is (Continued on next page) SPORT
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The extensively modified Ryan L-17B assigned to the Mississippi State University has most of its surface carefully filled in for experiments in geometric boundary layer control. This smoothing of the aircraft's surface also



The Schweizer TG-3A, a war surplus type sailplane as mentioned by the author, has no fillets at the fuselage-



AERODYNAMIC REFINEMENT . . .



could make a suggestion that would be both aerodynamically proper and compatible with inspection and service. The one technique I did use was fabric and dope over the metal inspection strips. Another approach would be to



resulted in a substantial increase in performance.



(Continued from preceding page)



probably the poorest method of construction from the standpoint of low drag, but it is not meant to imply that the use of fabric cannot be properly controlled. The most common errors are too widely spaced ribs or not carrying the leading edge skins far enough aft. Reference is made to the modern lightplane. If a careful observation is made of a station between two ribs, it would be found that this cross section had very little resemblance to the adjacent ribs. One of the finest examples of a good fabric covered wing can be observed on the old stagger wing Beeches. The ribs are closely spaced and the leading edge plywood skins are carried aft to near the maximum depth. To obtain the ultimate in low drag, it would be best to avoid this type of construction and turn to either all metal or all plywood. In both these cases, it is still extremely difficult to produce a true laminar flow wing. To obtain this type of flow, the contours must be held within .002 in. of being wave free. The contours can vary in actual profiles, but there must be no possibility of waviness. It would be unwise to go into this subject any deeper at this time except to illustrate the work that has been done. A large percentage of all competitive sailplanes are contoured each year prior to competition (ref: filling low spots, sanding off high spots). Experiments on geometric boundary layer control were carried out at Starkville on the Ryan "Navion" which has an overlapping of the skins at the spar line. Behind this overlap, the contour was carefully filled in and all waviness was corrected forward of the spar line. If my memory serves me correctly, there was a 15 mph increase in speed. Using the same technique, several Beechcraft "Bonanzas" were modified and realized an increase of 11 mph. This increase in speed was never intended to be a selling feature for this process, but was encouraged on the basis that a large increase in fuel range was available if the pilot was content to fly on previous manifold pressure settings. One of the more simple forms of drag reduction used by the sailplane pilots is the sealing of gaps with masking tape. In the area where wing panels are bolted together, the use of masking tape is very common. The use of sheet metal gap covers pulled tightly over the junction of two wing panels is common on most types of small aircraft. Because these areas must be easily accessible for inspection or dismantling, the design approach to the problem is usually a strip of metal with varying methods of holding this cover in place. Masking tape is not the solution where a long period of assembly is necessary, but not enough importance can be placed upon



getting a true air seal in these areas. Even a well fitting aluminum strip held on tightly does not prevent cross flow between the upper and lower surfaces of the wing. It is only the first step in the right direction. There are



many ways to obtain a perfect seal but I do not feel that I
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wing junction. Early experiments involved the simple filleting of this area, which reduced the stalling speed by several miles per hour.



design a one-piece wing. In the belief that many individuals will be curious as to the actual performance of their aircraft, I would like to suggest the two test techniques common to the



sailplane pilot. The use of wool tufts is very good, but used to the best advantage involves in-flight photography. Large placards of the speed to be flown are carried in the test aircraft. The selected speed will be identified in the photographs by the placard displayed during the speed run. It is wise to know the abilities of the pilot of the photographic airplane because of the close proximity of the two aircraft. Telephoto lenses increase the chances of success. The less costly type of test is the



flight of two identical or similar aircraft in close proximity. In the case of the powered aircraft, manifold pres-



sure settings would be established prior to take-off, the rate of climb timed to a given altitude. The various drag reduction techniques mentioned in this article could, each in itself, be subject matter for several thousand words. Therefore, it is hoped that the reader will realize the important point, and that is: never bs satisfied with your aircraft unless you are positive



there is nothing more that you can do to improve its efficiency factor. A



CROSS HATCHING IS ADDED BODY VOLUME FOR WING TO FUSELAGE AIR FLOW CONTROL
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Shafts In Light Aircraft 

power for what they wanted to do â€” fly with a man aboard their machine. While some early aircraft designers were able to use remote propellers with.
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Construction Details of Light Aircraft Wings 

Types shown in Figs. 1 and 2 are used for externally braced wings, either in mono- ... 1 Two-spar wing structure, internal wire bracing. Fig. ... Adjustment of the wire tension is made by ... a report by Bob Nolinske, entitled, "EAA MEMBERS.










 


[image: alt]





Construction Details of Light Aircraft Fuselages 

2. Wooden fuselage, truss type, fabric covered (Piel. "Emeraude"). 3. Welded steel tube fuselage, truss type, fabric cov- ... The box is held rigid by four main bulk-.
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Construction Details of Light Aircraft Wings - Size 

Types shown in Figs. 1 and 2 are used for externally braced wings, either in mono- ... 1 Two-spar wing structure, internal wire bracing. Fig. ... Adjustment of the wire tension is made by ... a report by Bob Nolinske, entitled, "EAA MEMBERS.
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Covering and Finishing of Light Aircraft 

five pounds per square foot) for aircraft in the ultra-light category. Openings must be cut in the fabric for passage of control cables. They should have their edges ...
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Cowling and Cooling of Light Aircraft Engines 

Waste heat from the combustion process is conducted through the cylinder ... Most contemporary light airplane cooling systems may be ..... required 5 in. of water pressure difference between up- ..... The kind of work coming under the industrial.
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Construction Details of Light Aircraft Fuselages - Size 

Light Aircraft Fuselages. By Georges Jacquemin, EAA 3618. (Reprinted in part from the magazine Canadian Aviation). The first part of this article dealt with the ...
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Source of Aerodynamic Force 

Turbojet. Rocket Engine. Thrust. Efficiency. Low. High. Higher. Substantial. Lower. Poor ... (Note: we are neglecting the pressure force on the stream tube for this simplified ... Since power is energy per unit time, the power wasted in the air jet b
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Source of Aerodynamic Force 

cruise speed and altitude field length for takeoff/landing fuel reserves climb requirements maneuvering requirements. Certification base (experimental, FAR 23, ...
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Drela-Aerodynamic-of 

length. I (i.e., the thickness) of the radiator: rh --= I o'A, _ passage area. (2). Ah passage .... Pl. 2 m 7P_. (13) and the drag power and equivalent radiator drag coefficient can then ..... suring the performance of the overall configuration, t_ A
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Propellers for Light Aircraft - Size 

Propellers For Light Aircraft. By Georges Jacquemin, EAA 3618. Reprinted in part from the magazine CANADIAN AVIATION. For engines of 40 hp and up, ...
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Landing Gears for Light Aircraft 

simplicity. It consisted of a steel tube passed through the fuselage and held to it by shock cords wound around the lower longeron and the tube. Side loads as ...
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balancing - the Light Aircraft Association 

Aug 2, 2011 - protective leading-edge and resealing the end grain against moisture .... the 7Ëš predicted requirement from the polar diagram (right). Run 4 (Fig ...
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Propellers for Light Aircraft - PDFHALL.COM 

GRAIN: Direction of face groin to lost dimension. PRICE EXTRAS: For quantities less than 5 sheets, add $2.00 per shipment for bundling. ON ORDERS OF 25 ...
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balancing - the Light Aircraft Association 

Aug 2, 2011 - They may then drift into assuming that the vibration levels to which ... A single bolt with washers to make up the required balance weight may be ...Missing:
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Source of Aerodynamic Force 

This is bad: wind tunnel time is very expensive and the whole process is time consuming. ... S as planform area - the projected area we see when looking down at .... separation of boundary ... free stream Mach number at which drag rapidly diverges ..
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Source of Aerodynamic Force 

Source: Shevell, Fundamentals of Flight. Anhedral .... You can use the nifty tables in the back of Anderson's book (Appendices A, B). Be careful which units you ..... Kershner, William K., The Student Pilot's Flight Manual, 7th Edition,. Iowa State .










 


[image: alt]





Cowling and Cooling of Light Aircraft Enginesâ€”Part Two - Size 

surfaces downstream of the exhaust nozzles. Since design data on ejector cooling systems is scarce and frequently conflicting, it seems to be advisable to.
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A Study of Structural Methods and Concepts for Light Aircraft 

J. position where he has to cover all facets of light air- plane design ... type of studies being performed by the Mission Analysis. Division. A few weeks ago, NASA ...
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Cowling and Cooling of Light Aircraft Engines - Size 

lems. This is because cooling takes engine power that is needed for performance. The designer wants the engine in his plane to cool, but because he wants all ...
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Landing Gears for Light Aircraft - Size 

simplicity. It consisted of a steel tube passed through the fuselage and held to it by shock cords wound around the lower longeron and the tube. Side loads as ...
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Theoretical and Experimental Investigations of Aerodynamic 

Problems associated with aerodynamics and flight dynamics for small and very small unmanned ... Very small. Reynolds numbers are from the range Re < 104.
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Evaluation of the acoustic and aerodynamic constraints of a 

particular care to optimise its response time, linearity and ... an aim of solving the problem of the response time of the .... Medical Research, Flight 11, pp. 113- ...
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Aerodynamic tests comparison - Puig 

Aerodynamic tests comparison [email protected] - www.puig.tv. [email protected] - www.puigusa.com. TEST CONDITIONS. SPEED (Velocidad). 150 km h 93 mph.
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