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In baseball (and softball) the pitcher can impart a spin, Fig. 31, to cause the ball to drop, rise, curve left or right. Igor Sikorsky once made tests to discover that. 
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An Elementary Review Of How Air Is Pushed



hrast Part 2 of 4 Written and Illustrated by George B. Collinge (EAA 67 Lifetime) 5037 Marlin Way Oxnard, CA 93030



RELATIVE FLOW



IN



PART ONE, the flow was visualized while a plate or wing passed the observer. With this picture in mind it can now and only now be meaningfully transposed into the relative sense, that of viewing the moving flow past a stationary airfoil, as is typical in wind tunnels. In addition, Fig. 27 displays smoke puffs (ref. 10) which confirm the displacement of the upper and lower air masses in relation to each other. At station 1, the flow is moving upward in front of the wing because of the influence of the high and low pressure already fully developed around the airfoil (ref. 11).



station 2. The streamlines are closer together signifying increased velocity and reduced static pressure. The two stations 4 show that the combined effect of the upper and lower flows is a downward deflection of air. Air leaves the wing with a velocity it did not originally have, that from the top surface different from that off the bottom. This velocity differential is depicted in a slightly different manner in Fig. 28. As long as there is lift (circulation) the two separated layers of air never rejoin in phase but are always displaced; which is contrary to the common idea exemplified by the Dayton statement.



RELATED PHENOMENA



A forward moving cylinder, revolving, as represented in relative flow (Fig. 29), will produce lift by circulation. The rotor provides the same two necessary



Fig. 27 — Smoke streams with puffs



At station 2 the streamlines are farthest apart where



they are actually moving forward (to the left) though in a relative sense they are just slowing down. It is the slowing down, not compression, and the speeding up of



the stream tube, not rarefaction, that constitutes the mathematical basis for the pressure changes in accordance with the Bernoulli theorem. It neglects the influence of compressibility treating density as though it were a constant (ref. 12). The water-trough experiment described in part one is based on this hypothesis, namely, water is not compressible therefore pressure changes can be thought of as products of velocity changes (up to the speed of sound). At station 3 the flow is accelerating around the nose and upper leading-edge due to the high pressure from 18 MAY 1981



factors as does an airfoil. It bends the relative flow while accelerating it. If the rotation of the cylinder is rapid and its surface roughened the lift can be very great (ref. 13). The drag however is high. An airplane has flown with rotors for wings and air-rotors have been used experimentally for marine propulsion. Of the many other applications of Magnus effect, golf and baseball are two obvious examples. When a



golf ball is struck by a driver, it is caused to rotate as well as translate (Fig. 30). Clubs with extreme angles (irons and wedges) are for maximum lift. The dimples on the balls, usually standard with a total of 336, are necessary for best results. The rotation imparted, 3,000 to 4,000 rpm, creates an upward reaction or "slice" which can appear to start after 100 yards or more. A smooth ball might reach 90 yards whereas a dimpled



ball from the same driver may reach 250 yards. In baseball (and softball) the pitcher can impart a



spin, Fig. 31, to cause the ball to drop, rise, curve left or right. Igor Sikorsky once made tests to discover that a well thrown "screwball" or "roundhouse" at nearly



100 mph can rotate up to 600 rpm (ref. 14). Like the golf



Fig. 28 — Cleavage and phase shift



ball, if the linear velocity decays faster than the rotational velocity, rather than begin to curve immediately, at some point in the trajectory the ball will appear to "break".



tex sheet) in the shear line, sketched schematically in Fig. 32. These vortexes contribute to the turbulence in the shear line.



Fig. 31 — The fine art of circulation control Fig. 29 — Magnus effect



Fig. 30 — The aerodynamic golf ball COMPLETE WING



So far, only two dimensions have been defined regarding the passage of air over and under a hypothetical slice or section of a wing. But complete wings always have tips and due to the developed high and low pressure zones, the flow veers towards the tips under the wing and towards the roots over the upper surface. Adding this characteristic now makes the visualization three-dimensional. The upper and lower flows moving off the trailing edges at different angles, results in the formation of an infinite number of small vortexes (vor-



Fig. 32 — High pressure always moves toward a lower pressure



The movement of air around a wing tip manifests in a separate large vortex which usually forms just inboard of the upper wing-tip edge. It attains full development in about two to three chord lengths and continues to be active downstream for a time, depending on wing loading; tip planform having little influence. On the



other hand, conducive to high core-vorticity is the prac-



tice of shaping the wing bow to a sharp edge. Because



aircraft weight is unchanged at low and high speeds SPORT AVIATION 19



the wing must push the same weight of air downward in either situation. But at the low end of the speed



range, it has to push slower air at a greater angle to



accomplish the same end result. In so doing, the vertical shear at the wing tips is greater, creating bigger vortexes. At low angles of attack the tip vortexes diminish in intensity but still create a significant percentage of the total drag of a clean airplane at cruise. Slightly more elegant than the familiar tip plates, "winglets"



are intended to oppose and slow down the vortex rotation by the positioning of two surfaces, one above and one below the chord line (Fig. 33), the larger surface naturally the upper one. In some trade offs it is put forth that winglets can offer advantages over simple span increases.



turbed flow over the wing, eliminating pitch up. The tip-vortex system on an unswept low-aspect ratio wing can also act as a fence or end plate thereby improving the L/D ratio (ref. 15). When an airplane is flying very low, the ground provides a barrier to the downward path of the air particles and directly helps to support the aircraft's weight. As the airplane climbs, the effect disappears in two or three wing spans of altitude. While close to the ground (but not too close) the greater pressure or slowing down of air under the wing allows the airplane to fly at a slightly reduced angle and still carry the same load (ref. 16). Ground effect can pare induced drag by as much as forty percent (ref. 17), hence the tendency of many aircraft to "float". Because of the low downwash angle during a landing, the download on the stabilizer is diminished. The pilot will possibly have to apply more than the usual stick-pressure to lower the tail. Ground effect is very noticeable on aircraft with high span-loadings such as



deltas which create large values of induced drag at their landing angles of attack. They benefit from the cushioning effect and the less precise flare requirement (Fig. 35). It is general experience (conveniently so) that in ground effect (ref. 18) deltas do not require an inordinately strong back-pull nor do they tend to sink or pitch forward with up-elevator or up-elevon. Ground effect will be favorable up to lift coefficients of 2.5, but above this, theory shows it is detrimental to maximum lift (ref. 19). Part 3 will review basic propeller flow.



Fig. 33 — Reducing vorticity of the tip flow



But vortexes per se are not all bad, and as already shown by the Viggen are sometimes put to very good use especially on aircraft with high span-loadings. The generation of a vortex along the forward fuselage by sharp strakes, or by sharp leading-edges at root sections or on leading edges of deltas or swept wings can constitute a fundamental feature of lifting surfaces and occasionally is the basis for stability-control and supersonic-trim, a detailed explanation of which is beyond the desired scope of this present review. Suffice to say that a vortex formed at a station in the span, by "saw-cuts" or fences causes a highly energized flow which serves to delay or reduce separation or act as a restriction to unwanted spanwise motion. In Fig. 34, the notch and leading-edge extension constricts the size of the wing-vortex envelope, reducing the area of dis-



Fig. 35 — A Concorde grease job
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Fig. 34 — Beneficial vortex 20 MAY 1981
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Lift and Thrust, Part 3 
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Lift, Thrust and Drag 
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Lift, Thrust and Drag 
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blind rivets application considerations (part 2 of 2 parts) - Size 
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Comments to 815 Part 1 and Part 2 

Alternating long and short sheds are beneficial in areas where heavy wetting can occur. An alternating housing profile can be designed in general with all kinds ...
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Sep 12, 2005 - 2 CONSTRUCTION. The glider is constructed ... crumpled valves will not adversely affect the safety of the wing. 5 TRIMMING ..... rather than resist the inflation; this reduces the tendency of the glider to lift the pilot prematurely.
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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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Because the blades rotate, the tip moves faster than the hub. ... The angle of attack of the airfoils at the tip is lower than at the hub because it is moving at a.
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