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An Elementary Review Of How Air Is Pushed



and hrast Part 1 of 4 Written and Illustrated by George B. Collinge (EAA 67 Lifetime) 5037 Marlin Way Oxnard, CA 93030



PROLOG



Many think that this is a boring and hackneyed subject, not especially popular with the average pilot. This could be so. "Theory of Flight" is usually a must somewhere along the path of learning to fly; but when a topic seems dull, effort and interest is naturally at a minimum. It is impossible under normal circumstances to "see the spray" therefore it is necessary to visualize the actual flow. And it is this visualization difficulty that is perhaps the reason for some of the pat and simple explanations persisting today. Regrettably, a number of them fall short under scrutiny.



A major problem addressed initially and in part throughout this series is the fact that science texts and numerous encyclopedias as well as a host of popular aeronautical literature all essentially describe "lift" the following way. It is supposedly caused by air, over the



Fig. 1 — Typical schematic of an airfoil "lifting"



paper is greater than that of the undisturbed air below.



farther to rejoin, at the trailing edge, air from the lower



Yet the paper will still rise! That doesn't fit the theory. The paper rises because of the stream of air that is de-



flat surface. This action so the story goes, creates a low



flected downward off the upper trailing-edge of the sheet



pressure above the wing resulting in "lift". Acceptance



and this because of the phenomenon of Coanda Effect. The term pertains to where a fluid stream (within limits) tends to attach to and conform to the contours of a surface. The surfaces should be rounded and smooth



upper curved portion of an airfoil, having to travel



requires that one imagine the wing somehow levitates,



as though the low pressure was drawing it upward like a magnet. It is usually depicted as in Fig. 1 and as a matter of interest an illustration of this kind has greeted all visitors (ref. 1) to the Air Force Museum at



Dayton. Now there has got to be a better description of lift than that. It may be quick and easy and seems to satisfy many people but it is misleading. It has spawned all sorts of misconceptions. A popular one is that lift can be developed over a windshield or a canopy, or over the



slope of an automobile hood. It remains a truth notwithstanding, that unless a i r , somewhere, is pushed downward there will be no lift. As it will become obvious, the lowered local pressure over a canopy or a wing leading-edge is only a part of the more involved total process. Also, there is the popular demonstration of blowing over the upper surface of a drooping piece of paper, held by the forward edges with the fingers. The assumption is that the increased velocity across and over the paper decreases the pressure, hence the paper tends to rise. Well, could be. But the "increased velocity" can have a large increase of energy injected into it (from the lungs) and so it is quite possible that the pressure above the 52 APRIL 1981



for maximum effect. If blowing over and across the relaxed sheet of paper actually reduced the pressure, then



by blowing only the underside should make the paper drop. It nevertheless rises, because of the impingement of the jet of air on the lower surface and the resultant deflection of the flow. It is difficult to have a light piece of paper that doesn't droop and it is the droop that is the key. A rigid flat piece of paper might not rise at all when blowing over it whereas a relaxed or curved piece always will. The French scientist who first delineated the effect that subsequently bears his name, Henri Coanda, proposed in 1969 that his "wall-attachment effect" be



utilized to laterally maneuver ships in port, so states Machine Design magazine of October 30, 1969. A jet of water or steam is directed downward out of a slot along either side of the vessel (Fig. 2) which attaches and travels around and across the bottom producing a gentle thrust. As the ship nears a berthing wall, the jet also cushions and prevents hard bumping. Before getting into more details, it might be suggested that the reader should not construe an incor-
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Fig. 2 — Coanda Effect



reel theory to necessarily damn an enterprise or inhibit success. By no means. There are just too many exceptions. For instance, a tribe of primative people in one of the more remote parts of the world, while apparently enjoying normal male/female relationships, believe that babies are created by kicking a special rock during a certain ceremonial dance. It works! They have lots of kids. Of course, animals, fish and bugs seem to arrange for offspring without any theory at all. So it might be argued that fussing over theory is not all that important or vital and that it is the result alone that really matters. At the same time it must seem strange that alongside the tremendous knowledge necessary to smash atoms and create lasers, such a clumsy portrayal of lift persists. What follows, while perhaps rare in its present form, can be gleaned from the better available literature though it is usually camouflaged amidst a plethora of mathematics, which admittedly turns off many an inquiring soul. It might be significant to note that theories as such or parts of theories can be looked on as merely work-aids. Aerodynamicists tend to use only those theories (or parts) that suit their own particular mathematics. They can switch around between quite incompatible hypotheses with facility. The subject of aerodynamics might not be the exact science the layman thinks it is. Take the case if two aerodynamicists are asked to estimate the drag of a body. They may come up with reasonably close answers but often use completely different approaches to the analysis. But what concerns ordinary aviation people or any other reasonably alert human, is that if lift is indeed generated a la Dayton et al, then how can this same type of airfoil, with the longest distance switched to the bottom and the flat part on top, provide lift in inverted flight? Surely a fall would automatically result if it was attempted. Obviously, there is more to it than one flat and one curved surface and as has been demonstrated since earliest days of flying, an airplane can be successfully flown inverted, though perhaps uncomfortably. Some airplanes do so with curved or cambered airfoils



and some do it with airfoils as much rounded on the bottom as they are on top; so for no other reason a better theory should be common, one that applies equally to any type of airfoil. The term "inverted" is here not intended to mean simply that position assumed momentarily during a positive G roll or roll-off or at the top of a normal loop, but to denote true upside-down flight, "eye-balls out" with a definite period of negative G (Fig. 3). Otherwise the aerodynamic picture would be substantially that for normal upright, positive G flying. It is hoped that the visualization of the dynamic process of lift (and thrust) presented now will readily and more correctly relate to any following observation and study of flow phenomena including the "clap, fling and flip" mechanisms utilized by some insects and birds in takeoff and hovering flight.



Fig. 3 — Genuine inverted flight — Ref. 2



FUNDAMENTALS



Air "at rest" isn't really. It is composed of different gasses. many quintillions of molecules per cubic centimeter, all darting and colliding in "Brownian Motion" (ref. 3) and possessing the characteristic of passing on or distributing pressure changes. If air is heated, Brownian motion increases, then pressure transmissions can naturally occur faster; which is why early post-war jet



speed attempts were made in hot desert climates (Fig. 4). Be that as it may, adequately correct is the assumption that air is composed of discrete particles each exerting a Certain amount of stationary or static pressure on all sides. This pressure is dictated largely by the weight



Fig. 4 — Early Jet speed records



of the atmosphere above the particle. If something causes the particle to move, the time it spends at any one place or point is reduced, the external pressure it can exert there is consequently lowered. But as it moves it gains a moving or dynamic pressure according to Bernoulli's theorem. On coming up against an obstruction its inertia would cause it to press against the object until its kinetic energy was expended whereupon it would then regain its normal static pressure. The effect of repeating a pressure change to its neighbor particles gradually diminishes with distance from the disturbance source. Sound is an example. However, if there is no air (or gas) there can be no sound, regardless of the big



bangs heard in space-war movies. Free air is slippery



and strongly resists any attempt to compress it. If there is a local pressure or density change for any reason, surrounding particles must physically move. To be sure, they will scatter in a thousand directions to avoid being compressed. If this were not so, it would be possible to push the volume of air A through the constriction B



(Fig. 5), merely by forcing the molecules closer together or in other words entirely enclose the volume of A within the volume shown at B. This does not happen because the tube is open at C and the air seeking to escape compression would rapidly spill out at high speed, being pushed by the piston or the air behind the constriction. In much the same way a water jet from a garden hose can be lengthened by reducing the nozzle diameter to some degree. If the tube did not have an open end, but SPORT AVIATION 53



one way or another. Each particle can therefore be shown as a line denoting direction and velocity (Fig. 8). Nothing draws or pulls the air particles into the lowpressure region above the plate. They are in reality pushed, they are pushed by the higher pressure elsewhere; that is what the term "suction" truly means, according to any dictionary. A "vacuum" cleaner lowers the pressure at its mouth so that prevailing atmospheric pressure can then push air into the orifice, incidentally taking dust and loose items with it.
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Fig. 5 — Air In a tube
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for example expanded back to the original diameter, the air while in the constriction would speed up just the
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same until it reached the larger diameter where it would slow down, then continue to flow as at A. While it is in the reduced section of the tube, with its velocity increased and its volume stretched out or expanded, it would have less static pressure than while at A. AIRFOIL ACTION



A horizontally-moving inclined plate (or airfoil) divides a mass of air into two distinct layers, an upper and a lower. The bottom layer is pushed forward and downward, the top layer is accelerated rearward and downward. Adding the two, the net movement of air is downward and a little bit forward. To review this occurrence more closely, imagine a hypothetical inclinedplate approaching some air particles which are at rest (Fig. 6). It will be appreciated that separate stages are to be described even though they are all happening and interacting at the same time.



Fig. 8 — Air particles induced into a circular motion



The inclined plate continuously cuts througn the mass of air which is rising in front of it. Obviously many particles already set in an upward motion do not continue to go up and around the leading edge. The plate intercepts them. Those that do not go up and around are shown as being below an imaginary demarcation line as in Fig. 9. To observe the air movement



Fig. 9 — Upwash about to be divided



more closely, picture that of all the air particles, only two are visible, one above and one below the demarcation line. A plate approaches them (Fig. 10). Due to the already developed variance in the pressure field, both particles are being pushed in a general upward direcFig. 6 — An approaching plate



As the plate moves through the group, particles underneath will be pushed forward and downward especially near the front edge (Fig. 7). As air naturally resists compression, a rapid general escape from this high-pressure region takes place. An escape to where? Any place that is of lower pressure! And the lowest would be in that area or "void" created over the upper surface of the moving plate. So that is where they go. Meanwhile, the constant impellent action of the surrounding air mass to even up the overall pressure field has caused just about every local air particle to move



Fig. 7 — Air being pushed by plate 54 APRIL 1981
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Fig. 10 — Before plate arrives



tion. When the advancing plate slices between them, the upper one is forced up to the right; and then down as the plate passes. The lower particle is moved forward and downward (Fig. 11). Their resultant positions (still moving) indicate roughly how much the two air masses (upper and lower) are displaced in relation to each other. Both are deflected downward but the lower one moves well forward. The upper one rearward. If there is any creation of lift at all, the two air masses are dislocated in this manner. It cannot be otherwise. In spite of the Dayton explanation, the upper particle will never again meet its lower companion. A trailing-edge shear line shows where the two air masses come together and are scrubbing and mixing.



Fig. 13 — A mass of air is pushed down



Rg. 11 — After plate passes



Looking at the entire region around the moving plate, although each air particle describes its own small individual pattern either above or below the plate, at any one split second in time the combined movements of all the particles would indicate a circular movement of the whole pressure field (Fig. 12). This is probably the most difficult part of the process to visualize. The rotational action or circulation travels along with the plate and is the basic property of a lift-generating device of this kind. The result of all this activity, when the com-



Fig. 12 — Circulation



plete upper and lower movements are totalled, is an aggregate movement of air, downward, with a small forward component. The reaction (Fig. 13), being equal and opposite, is felt by the plate in an upward direction. The greater the circulation the greater the reaction. After the plate passes, the particles eventually come to rest and the pressures equalize. With an efficient modern airfoil at low angles of attack, the forward push is small so that the L/D ratio is large. This and other types of drag constitute the price to pay for "lift". It is impossible to eliminate drag entirely otherwise a state of perpetual motion would prevail. Water, though about 800 times as dense as air, has many similar characteristics (ref. 4). A simple water trough can be used to clearly show circulation. Nail a



narrow fence around the edge of a long flat board. Paint black then waterproof with a coat of resin. A small foam airfoil is also sealed and arranged at a moderate angle of attack on a light-framework slider (Fig. 141. Fill with water or old light oil and sprinkle the surface uniformly with some very light beads or grains of foam. When the fluid is calm, the slider is steadily moved to the left. Other than a small counter-clockwise "starting vortex" shed off the trailing edge, the particles will apparently rotate completely around the airfoil in a clockwise direction as it translates to the left. MORE PARTICULARS



The description of the lift process could be terminated at this juncture and be almost complete. However, at higher angles of attack the condition of increased pressure under the leading edge intensifies so that the air particles which make it up and around are literally catapulted by the extreme or steep pressure gradient. They move so fast that their inertia tends to take them some distance vertically before they are pushed into the low-pressure zone, along with the rest of the upper group. As they move down and into the upper-surface area some may go forward with the plate trying to fill the "hole". This causes a local rotation or vortex motion which spoils the low pressure over the plate, discouraging the overall downward movement of the upper-air mass (Fig. 15). Some particles can actually become trapped in this area and continue to rotate. Others just mill around staying with the plate as it moves along. This is energy consumption that is not contributing to the desired downward push, so it is a wasteful occurrence. Consequently, it was early in the history of manned flight that the pioneers curved the leading edges to make it easier for the air particles to remain smoothly in line with the surface contour (Fig. 16). This was important as they were flying at comparatively slow speeds, i.e. at substantial angles of attack. As the air particles accelerate upward around this curved leading-edge, they are more spread out, like the air in the constriction in Fig. 4. Their static pressure lowers which augments the normal inward push of the



CL WB of Borrow Fig. 14 — Circulation demonstrator SPORT AVIATION 55



Some airplanes have the up-elevator travel limited to prevent bringing the wing to a high enough angle of attack to precipitate other than a mild or partial burbling. This would apply only to the low-speed mode where the elevator power is weakest. Control limitation supposedly makes for safer flying but it certainly restricts performance by hindering the use of trailing-edge flaps, unless there is some kind of interconnection to delimit the elevator.



Fig. 15 — Leading-edge separation



Fig. 17 — "An early D-7 hanging on its prop during tests, moving forward at 30 mph under perfect control." —



Hg. 16 — One cure for early separation



encompassing air-mass. But because of their high velocity they are still difficult to turn. Fortunately, Coanda effect comes to the rescue and helps hold the flow to the contour and so resist separation. If the leading edge and the local upper-surface are smooth, laminar flow can pertain close to the contour or in the "boundary layer" for some distance back, with a low-drag factor. At a point usually where the maximum airfoil thickness occurs, the boundary layer ceases to maintain an orderly laminar pattern. It suddenly changes to a "turbulent" character which does not mean it is separated or stalled but rather a non-laminar or rapidly-mixing type of flow which has higher drag than laminar. As much laminar flow as possible is a desirable condition, much sought after, especially in sail planes where very low-drag is a prerequisite. On the contrary, flying insects with their more or less flat-plate wings and because of their very small physical size or scale, require the boundary layer to be turbulent right from the leading edge. To ensure this they incorporate such things as saw-tooth or hairy leading edges, external veins and ribs. Regardless of the curvature and smoothness of the airplane-wing leading-edge shape, increasing the angle of attack will eventually cause separation to take place. Thin or pointy airfoils understandably begin to separate or stall near the leading edges, blunter ones farther back. When a stall occurs over the upper surface, the total downward push of air is reduced, though a substantial push still remains from the lower surface. The primary lift loss obviously causes an airplane to drop. Furthermore, the very high-drag associated with separation slows the forward speed, light low-inertia aircraft perhaps more rapidly than heavy ones. The slower velocity then further diminishes what lift remains, making the loss of height even more rapid. Also, the actual dropping of the airplane can automatically increase the angle of attack to additionally aggravate the condition. Other factors such as C.G. position, aspect ratio, flaps and slats, amount of useable engine power and effectiveness of the pitch control all vary with each type of aircraft, hence a wide variety and range of airplane stall behavior. For example, if enough thrust was available to overcome the drag, at least in the initial stages, level flight might still be possible even though it was beyond the stall (Fig. 17). Some of the missing lift can be provided by thrust from the propeller (ref. 6). 56 APRIL 1981



Ref 5



HIGH LIFT DEVICES



The solid lower surface of an airfoil pushes air down easily. It is the upper surface that has the much more difficult job performing its share of the total task. It needs all the help it can get particularly at very high angles of attack. If and when lift-increasing trailingedge flaps are lowered or put out, the already high underside-pressure increases considerably, to force even more particles around the leading edge, with the attendant danger of separation. Therefore, many wings have quite round, large-radius leading edges while others incorporate a slat which extends forward to form a slot. The slot helps to force the flow into conforming to the main upper-surface curvature (Fig. 18). Slats can be



Fig. 18 — Slat forms slot



made automatic in operation, for both low and highspeed modes. When the upper nose static-pressure reduces to a certain value, the higher pressure inside or under the wing pushes the slat out. On resumption of a low angle of attack the slat goes back in because of ram or internal-spring pressure. They can also be actuated mechanically by sensors. Some moderate-speed aircraft have fixed slats, designed to be helpful only at low speeds (Fig. 19). The intersection of the line of demarcation and the airfoil lower surface moves rearward with increase in angle of attack. Some air particles consequently move forward to the slot mouth, then up and around. Another lift-enhancing device, used in conjunction with trailing-edge flaps, is a leading-edge surface that can be lowered to temporarily provide a large radius instead of a sharp corner (Fig. 20). Unless there is an understanding of the function of a Kreuger flap it can appear a very strange sight to a layman, to see an airplane sail by with these great boards hanging down like snow-plows at the front edge of the wing (Fig. 21). As mentioned earlier and shown in Fig. 15, the air over the upper surface at high angles can become slowed



the inclined body-flow and the airfoil leading-edge up-



flow could create too great an upwash thereby causing separation in the joint area. A vane or cuff is occasionally employed to control this compound flow. In Fig. 23, strakes are fitted on the 1949 Avro CF102. In recent
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Fig. 19 — Low-speed fixed-slat wing, Moraine Saulnier 502 Fig. 23 — CF102



times, a number of transport-type aircraft have resorted to special slat-segments in this root region. Fig. 24 calls attention to the anti-stall vanes on the Macchi and F-104 tip-tanks. Other aircraft with tip-tanks use vortex



Fig. 20 — Kreuger flap



and take on a case of the blind staggers, lessening the effort of pushing air downward. Even with slats, too high an angle of attack will still stall a wing. By injecting into this region, in a rearward direction, a thin flat stream of very high-speed air (which automatically clings to the surface) the boundary-layer flow is reenergized and lift renewed. In usual practice the blowing comes out of a gap where the trailing-edge flaps hinge, though the future might seem commonplace, blowing



near the slat.



Fig. 24 — Tip tanks



generators placed aft of mid-chord on the outer, upper wing-surface to pull down more energetic air to mix



with and restore a slowed and perhaps separated



Fig. 21 — Full-span Kreuger flaps on Convair 990A



surface-flow. The "pinion" tanks on the Comet 3 were without cuffs. Comet 4 and subsequent marks all had cuffs (Fig. 25), though only on the inboard sides as wing leading-edges swept away from the tanks on the outboard sides.



A moving inclined-cylinder also creates a circulation, due to the high and low pressure above and below it. It is weak because there is considerable leakage around the sides. If the body shown in Fig. 22 was a tank or a



fuselage with a wing attached to it, the combination of



Fig. 25 — Pinion tank



Fig. 22 — Very low-aspect ratio



The original Swedish Viggen (Fig. 26) was planned to put to use the Coanda effect to maintain orderly flow over the main delta (ref. 8). It was not used because of the discovery that the tip vortexes created by a plain low-aspect ratio forward-surface served to sufficiently energize the air and delay stagnation over the rear wing, the combination allowing very high angles of attack (ref. 9). This interaction effect has been proposed by a number of other manufacturers. The canard is not a SPORT AVIATION 57



Fig. 26 — Saab 37 "Jet Flap" (after Design News)



pitch controller but has flaps for take-off and landing only, trim being maintained by automatically deflected elevens. The powerful forward-wing vortexes also result in making the fin and rudder very effective, especially at low speeds, which mitigates the short fuselage. The large curvature or camber that produces high lift at low speed, is not necessary at high speed where sufficient lift is obtained by bending the flow less but on a correspondingly larger volume of air. The movement of air particles at the leading edge, due to the very small angle of attack, is "easily accommodated by a small radius on the entry shape. Supersonic considerations dictate sharp leading-edges, exemplified by those of the Lockheed Starfire. Some high-speed thin-winged airplanes experience a small leading-edge separation or bubble. The flow reattaches immediately after passing over this small vortex. As a counter, there is the seeming paradox of high-subsonic airfoils with large-radius leading-edges. Part 2 will continue with relative flow.



References For Part One 1. The example illustration is essentially that as displayed at the Air Force Museum at Dayton, Ohio, September 1978. 2. This sketch is from a photograph printed in Flight, Dorset House, Iliffe & Sons Ltd., London, 8 September 1938. It shows a Hurricane with a fixedpitch wooden propeller, flying hands off. 3. Willy Ley, Laws of Utter Chaos, Bell Publishing Company, N.Y., 1969. 4. A. C. Kermode, Mechanics of Flight, page 39, Sir Isaac Pitman & Sons Ltd., London, 1942. 5. Robert C. Hare, The Development of the Fokker Fighters, Universal Model Airplane News, March 1935. The sketch is a facimile of a photograph published with this series on Fokker airplanes. The caption is reproduced exactly. 6. Edward P. Warner, Airplane Design, page 553, McGraw-Hill Book Company, Inc., New York, 1936. Describes the transference of up to 15 or 20 percent of the aircraft's weight from the wings to the propeller, further amplified by the slipstream effect on the lift of the wings. 7. Best F-4 Yet, Product Support Digest, McDonnell Aircraft Company and reprinted in Air Force Airscoop magazine, January 1974. Illustrated is the inboard slat. 8. Design News, Rogers Publishing Co., Englewood, Colorado, January 1962. 9. R. R. Rodwell, Combat Biplane, Flight International, 20 April 1967, and Stefen Geisenheyner, Viggen Means Thunderbolt, Air Force magazine, March 1968.



(Photo by Dick StouHer)



An interesting study in gear retraction cycles — think of the horrendous drag being produced at this point. This is a NA T-28A owned by Jack Magie (EAA 15/55) of 90 Martin Point Ct., Roswell, GA 30076. 58 APRIL 1981
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Lift and Thrust, Part 1 of 4 
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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.










 


[image: alt]





Metal Part 10 - Size 

So on that note, I'd like to take you on a tour ... save your money for other toys. Obvi- ..... Next month, like it or not, we're going to attack this final topic in earnest!
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Human Factors: Part 1, Physical Dimensions in Cockpit Design - Size 

design and construction of a homebuilt aircraft, the de- signer and builder frequently become so engrossed in the mechanical problems of the project that human ...
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Thrust Propellerst 

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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