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LIFT IS...



REDUCED PRESSURE



FIGURE 1 — Venturi illustrates Bernoulli principle increased velocity gives decreased pressure.



By



Luther D. Sunderlaiul (EAA 5477> Editor, T-18 Newsletter 5 Griffin Dr. Apalachin.N. Y. 13732



REDUCED PRESSURE



AIRFOIL SHAPE



J-JIFT IS WHAT keeps an airplane up. Lift is pushing the air down. Lift is lower pressure on the top of a wing than on the bottom. Lift is the result of angle of attack. Lift is a function of downwash angle. Lift can be predicted by Bernoulli's equation. Lift is complex. Lift is confusing. In this age of great scientific enlightenment 70 years after the Wright Brothers broke the bonds of gravity with powered flight — when flight to the moon and beyond has become routine, when thousands of do-it-yourselfers have built their own wings, when almost any backyard mechanic can design an airplane which will get up and fly — who would dream that there could be any confusion about what makes an airplane fly? Yet comments appearing in the non-technical aviation literature indicate a need for some clarification on the subject. They have made it appear that the experts don't know what lift is. It is always fair game to criticize the establishment and build up one's posture by attacking the experts; but have no fear, the engineers who designed your airplane did understand the lift process. The problem merely seems to be one of semantics. Do you know which of the foregoing statements about lift are true and which are false? It so happens all of them are true. Just like for any other complex process, it is possible to make many true statements about it and describe it in different ways. The main claim made by those criticizing the classical Bernoulli theory of lift generation is that lift can better be explained as a force generated by the acceleration of air downward rather than a lowering of pressure on top of the wing relative to that on the bottom of the wing. Bernoulli's Principle



In many textbooks which discuss lift generation, the author begins by stating that the lifting force on an airfoil must arise entirely from a pressure differential between the lower and upper surface. This pressure differential can be explained by the application of a principle of physics discovered in 1738 by a Swiss scientist by the name of Daniel Bernoulli who formulated laws of hydro-



FIGURE 2



dynamics. Bernoulli's principle states in effect that, as the velocity of a fluid is increased, there is a decrease of pressure within the fluid. Then there usually follows an explanation of a venturi with an accompanying sketch (like Figure 1) illustrating that the pressure of a fluid is reduced as the velocity is increased by showing lower pressure where the velocity has been increased by the constriction. The cross section of a venturi looks something like two airfoils turned back to back. Then they take away one half of the venturi as shown in Figure 2 and assume that the other half is straightened out to form a wing stating that the same principle applies when air flows past a wing. The pressure of the air flowing over the cambered surface is reduced below that of the air flowing underneath the airfoil, thus creating a net force upward. Note that lift can be generated without the lower surface being tilted upward to give it a positive angle with the wind. The airfoil can even generate lift with the lower surface having a negative angle of attack. Furthermore they show the reader how he can demonstrate the Bernoulli principle by having him blow across the top surface of a sheet of paper while he holds it at the two front corners as shown in Figure 3. The increased air velocity, and thus lower pressure over the top surface, will cause the paper to rise. (This principle of blowing high velocity air over a surface to create lift is no useless gimmick. It is used on all McDonnell F-4 Phantoms and Boeing uses upper surface blown flaps in their new YC-14 STOL aircraft now under development for the U.S. Air Force.) This demonstrates the fact that the lift process definitely requires a pressure differential between the opposite sides of an airfoil. Figure 4 shows the pressure distribution, represented by arrows, around an airfoil in flight. The outer solid line (1) represents the static atmospheric pressure and the inner solid line (2) represents the change of pressure on (Continued on Next Page) SPORT AVIATION 25
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FIGURE 3 — Decreased velocity gives decreased pressure causing paper to rise.



FIGURE 5 — Forces on Wing.



LIFT IS ...



(Continued from Preceding Page)



the surface in flight. Textbooks usually show only this second envelope giving the false impression that there is a vacuum over the top of the wing. The dotted line (3) is the total pressure on the wing in flight. There is a



decrease below atmospheric on the top and an increase above atmospheric pressure on the bottom. Notice that the pressure on the top surface is always positive, that is, never a vacuum. The total force downward on the top is simply less than the total force upward on the bottom so the net force on the airfoil is upward. Subtracting the arrows on opposite sides leaves the resultant shown in Figure 5 which can be replaced by only one long arrow



F representing the net aerodynamic force on the airfoil.



When this is resolved into two components perpendicular



and parallel to the free stream airflow (direction of flight), we call the components lift and drag. Since the pressure on the top surface is always positive



one might wonder why there is a need for rib stitching on a fabric covered wing. True, if the wing were made of a solid block there would be only a downward force on the top surface, but since it is hollow and filled with air having some pressure, there is an upward force on the top



skin. In fact, since there are usually at least small openings on the bottom of the wing, the internal pressure may approach ram air pressure. Did you ever wonder why the experts tell us to seal up as well as possible all leakage paths between sides of an airfoil? Just try to blow



up a balloon with a hole in it and you'll soon get the



idea.
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Newton's Laws



Lift can also be explained with Newton's first and third laws of motion. If you have forgotten what you learned in



high school science, these laws are stated simply as follows: First law — A body in motion will continue to move in a straight path unless it is acted upon by some exterior force. Third law — For every action there must be an equal



and opposite reaction. As the air flows past a wing, the wing changes its direction deflecting it downward. (It makes no difference



whether the wing is moving in still air, or the air is moving past a stationary wing.) The force required to deflect the air downward imparts an equal and opposite force that pushes upward against the wing. This is illustrated by the photograph, shown in Figure



6a of airflow about an airfoil in a wind tunnel. The airflow was made visible by means of smoke introduced at the mouth of the tunnel. Note that the air leaving the trailing edge of the airfoil has a component of velocity (Vy) that is vertically downward in direction. In other words, the airfoil imparts a downward momentum to the



air through which it passes, and as a result, a lifting force is produced. This is simply an application of the
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(a)



FIGURE 8 — The Lift Process.



Unstalled



theory of impulse. Force \ Time = Mass x Velocity, or Force = Momentum per unit of time. For the airfoil, the lift is equal to the downward momentum given the air per unit of time. The lift generated by an airfoil as a function of angle of attack is practically independent of the shape of the airfoil. For instance, Figure 7, which is taken from NACA Technical Note No. 391, shows the lift curves for NACA



(b)



63 series airfoils. The curves are almost identical in slope; the main difference is in the maximum amount of lift generated before the airfoil stalls and begins to lose lift.



Stalled



A curve has been added to show the lift characteristics



FIGURE 6 — Airflow about Airfoil in Windtunnel.



of a flat plate which does not differ much from the airfoils with curved surfaces. Since a flat plate has no camber, it naturally generates no lift at zero angle of attack. Its lift curve passes through the origin of the graph with a slope of 0.1 I/degree. The flat plate also can obtain a lower maximum C^. The Total Picture Does this indicate that the Bernoulli explanation is incorrect? Let us look at the total picture of the lift process as illustrated in Figure 8. Notice that there is a pressure differential between upper and lower surfaces and the airflow does change direction. It approaches the wing with no vertical momentum and leaves it with some vertical momentum. There is a pressure differential which creates a lifting force and there is a change in the direction of flow, that is, air is accelerated downward causing an equal and opposite reaction. So the lift process involves both. It is a little like the chicken and the egg — one can't happen without the other. Air cannot be accelerated downward without a pressure differential between the surfaces of the airfoil and a pressure differential cannot be generated across the airfoil without accelerating air downward. There is thus no need for a controversy. Both explanations are correct and it should not be confusing to talk about both of them when explaining the lift generation process. Practical Aerodynamics



Perhaps some further comments about the lift process and airfoils would be of interest to those without a technical background. Lift Coefficient 0°
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Anyfo of attack /or infinite aspect ratio.



FIGURE 7 — Lift Curves for N.A.C.A. 63 Series Airfoils (N.A.C.A. Tech. Note No. 391)



For a given set of conditions, that is, for a given angle of attack and air density, the lift on a wing is a function of the area and the velocity squared. This can be written in equation form as follows: Lift = A Coefficient x Area x Velocity2, or L = KAV 2
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Since this equation is valid only for a particular air density, it is commonly used in a different form which includes the effects of density, referred to by the Greek letter,* (rho). The equation becomes: Lift = Coefficient < C L > x % Mass-Density of Air < /»I >



Area (S) x Vel 2 L = C L —SV
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NACA or newer NASA reports. Figure 7 shows a plot



of lift coefficient versus angle of attack for various airfoils. At zero angle of attack (cC-), there is some lift on any non-symmetrical airfoil. For a flat plate, however, the lift is zero at zero^ . Lift coefficient, and thus the lift, in creases on the wing as angle of attack is increased. Most common airfoils have a maximum C L ofbetween 1 and 1.7. Stall



When the angle of attack increases to the point where the airflow over the upper surface breaks up and begins to burble, the lift is destroyed and begins to decrease rapidly. This condition, shown in Figure 6b, is called a stall. When the air starts to burble over the top surface it is not as efficient in generating reduced pressure over the wing, nor is it as efficient in changing the overall direction of the airflow. For different airfoil shapes, the lift curve behaves differently around the point of maximum



lift. So we see that the shape of the airfoil affects the



maximum amount of lift which can be generated and the stall characteristics of the airfoil. It is evident that it is not desirable for the airfoil to suddenly lose lift at the point of stall, but rather for the lift to be lost gradually. The shape of the leading edge has a great effect on stall characteristics and in general,



low drag and docile stall characteristics, a designer will use a rectangular wing planform (tapered wings like to



stall from the tip inward while straight wings stall from



the fuselage outward), a low drag airfoil and stall spoilers. A stall spoiler only 5 inches long located 2 or 3 feet from the fuselage on the leading edge of each wing can be adjusted to completely stall the inboard portion of the



wing while the outboard portion remains unstalled. (For further information, see my March 1969 SPORT AVIATION article entitled "Improve Performance Through



Tuft Testing".) Any homebuilt with bad stall/spin characteristics should not be allowed to fly without stall spoilers. They do not reduce top speed by a noticeable amount. It should be noted that the foregoing discussion on airfoil performance at high angles of attack is limited to what might be termed classical aerodynamic theory. As related in Jack Cox's article in July 1973 SPORT AVIATION entitled "The Revolutionary Kasper Wing", Witold Kasper claims to have discovered a way to dramatically increase the maximum lift coefficient of a wing in the low speed regime. Wind tunnel tests at NASA Langley have shown that a 0.1 scale model of his wing in a 12 foot tunnel attains maximum lift coefficient at 12 degrees angle of attack and maintains this lift constant up to 50 degrees. It also has the same stability margin at 50° as it has at 0°, but
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Data corrected for tunnel-wall influence. the N.A.C.A. Date: 3-19-31. Tot No. 526



Tested in the variable-density wind tunnel of Model Siie: 5 in. by 30 in. Pressure Std. Atra.: 20.6



Reynolds No.: 3,030.000



FIGURE 9 — Airfoil Data, N.A.C.A. M-6. •
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the stall characteristics. Designers sometimes refer to an airfoil with a generous leading edge radius as an "old the life expectancy of a pilot flying airplanes with wicked stall characteristics. In order to achieve both reasonably
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the larger the leading edge radius, the more gentle will be



man's airfoil." This does not necessarily reflect on the abilities of older pilots but rather indicates something of
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The coefficient C L is called the lift coefficient of an airfoil and is commonly given with airfoil data found in the
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Tested in tbe variable-density wind



Model Si»: S in. by 30 in Pressure Std. Aim.: 20.7



FIGURE 10—Airfoil Data, Clark Y.



with this model and the particular wind tunnel used, it was not possible to achieve the proper air velocity per chord



length Rasper says is required and a significant increase in Ci. was not obtained. A 12 foot wingspan free-flight powered model is being readied for continued testing by NASA. SAAB in Sweden has tested a model of Rasper's wing which incorporated a moderate amount of span wise blowing and obtained C L of 5.5 There is still much to be learned about the high angle of attack flight regime. Drag



Now as everyone knows, the "good guy" lift is not the only force acting on an airfoil but we must also consider



the "bad guy" drag. Really, there are not two forces but rather only one force as shown in Figure 5. This total, or resultant force, is resolved into two components for convenience. We arbitrarily say that the component of force perpendicular to the free stream airflow is called lift and the component of this force that is parallel to the free stream air is called drag. This is a purely arbitrary definition, but it is quite logical since it separates the good guy from the bad guy. NACA airfoil data also shows drag data. Figures 9 and 10 show data for low and high camber airfoils. Now the coefficient of drag may not be too significant alone but



the important thing is the ratio of lift to drag. When the ratio of lift to drag is at a maximum, the airfoil is operating at its most efficient point. At this point it is generating the maximum amount of lift for the minimum amount of drag. It so happens that, for an aircraft, the lift to drag ratio (L/D) is the same as its glide ratio, that is, it will glide forward at zero thrust a certain distance for a certain loss of altitude. If it has a glide ratio of 20, it will glide 20 miles forward for an altitude loss of 5,280 feet in still air.



Dirty airplanes (aerodynamically speaking) like a J-3 Cuo have an L/D of about 5 while clean airplanes like a T-18, P-51 or supersonic jet may have an L/D of about 15. This means a T-18 will glide three times as far as a J-3 Cub for a given altitude loss in still air. Those who say that a jet fighter "glides like a brick" do not speak with accuracy. They really may be referring to rate of descent which is governed completely by wing loading, i.e., weight for a given wing area. The higher the wing loading, the higher will be the speed where the angle of attack is achieved for maximum L/D. Notice that in Figure 9 the C,./C n curve reaches a maximum of 21. If an aircraft consisted of nothing but this ideal airfoil, it would be most efficiently operated at an angle of attack of 4 degrees. If this airfoil were used in a propeller, it would most efficiently be operated at an advance ratio which would give an angle of attack of 4 degrees. The Clark Y airfoil has more camber than the M-6 so the m a x i m u m C,/C,, occurs at a lower angle (0 degrees). Center of Pressure



Another very important characteristic of an airfoil is the location of the total force on the airfoil along the chord line. Unfortunately, as the angle of attack of an airfoil changes, the resultant force does not act at the same location, but rather migrates along the chord line. The direction the center of lift moves is determined by the airfoil shape; it can be caused to move forward or aft with increased angle of attack. If it moves forward, as is commonly the case in conventional airfoils, it is in the direction of aerodynamic instability. (See Figure 11). An increase in angle of attack causes an added moment in the direction tending to further increase angle of attack. The Clark Y of Figure 10 has a center of pressure (CP) shift from 55% to 28% of chord. Most airfoils need a tail



FIGURE 11 — Pressure Distribution Altered by Angle of Attack.



to stabilize them by adding a restoring moment to overcome the unstable moment of the airfoil itself, but an airfoil can be given a shape (like the M-6 of Figure 9) which will cause its center of pressure to move aft with an increase of angle of attack. This type airfoil usually has a reflex (reverse curvature) at the trailing edge and is used in helicopter rotor blades and flying wing aircraft. Some of the early sailplane pioneers didn't know about center of pressure shift and when they built the first high-aspect ratio (long slender) wings without external bracing they met with disastrous results. The wings actually twisted apart because they were not torsionally stiff enough to withstand the increased twisting moment. So before you arbitrarily change the airfoil section on an existing design, be sure to investigate center of pressure travel with angle of attack. Aspect Ratio



Of course there are other factors than the shape of the airfoil which affect L'D. For instance, you know that sailplane wings are very long and narrow. They are given



a high aspect ratio



A = span divided by chord Qr



(A =



span 2



area to reduce the wing tip losses. Where the high pressure air circulates up around the tip into the low pressure region above the wing, it generates what is known as a tip vortex. This is no more than a horizontal cyclone laid out behind each wing tip, the size of which is a direct function of the width of the tip. The energy used to generate the vortex is wasted, so the most efficient wing is one of infinite length with zero tip width. No one has yet managed to develop a safe spar for such a long wing, but it sure would be easy to keep clean. Figure 12 shows the effect of aspect ratio on lift and drag. For instance at a CL of 1, the lift to drag- ratio 1 is 16, 20 and 42 for aspect ratios of 6, 9 and infinity ' respectively.



(Continued on Next Page')? SPORT AVIATION 29



IJO



1.6



-/x A /i / r/ 1 '/ / A-



1.4



S



O' 1.2 .§ 1.0 ic 80.8 U



i



where S is in square feet, W is in lbs., V is in mph and sigma (6 ) is the ratio of air density with sea level standard air density. Sigma is 1 at sea level and 0.786 at 8,000 feet.
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FIGURE 12 — Aspect Ratio Effects. (For N.A.C.A. 4412 Airfoil from TR669) LIFT IS . . .
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Performance When an airplane is operated at the speed and loading which gives maximum L/D, it achieves maximum range. Unfortunately it is not usually practical to configure the wing such that maximum L/D occurs at cruise speed, for the area might be so small that stall speed would be unreasonably high. To illustrate this, let us calculate the wing area required to give a Clark Y airfoil a cruise speed of 160 mph on a 1400 pound gross weight aircraft at 8,000 feet altitude. Figure 10 shows that the lift coefficient at m a x i m u m L/D is 0.36 at zero angle of attack. A convenient equation for calculating wing area at a given condition (assuming no lift on other parts of the aircraft) is:



391W



(Photo by Dick Stouffer)



Not a homebuilt, but a very interesting modification of the certificated Air and Space 18A Gyroplane of the early 1960s. Updated and being sold on a limited basis by the Farrington Aircraft Corporation, P. O. Box 9, Paducah, Kentucky 42001, N-6119S was flown to Oshkosh by J. T. Potter. He made daily demonstrations of the jump take-off and zero roll landings possible with a new collective trim system. Potter was attending his first EAA Fly-in and expressed amazement at the size and order of the show. He was also astounded at the number of potential customers — more than at, any of the "trade" shows he had previously attended. 30 MAY 1974



0.36xl60 2 x 0.786



With the wing area of 75.5 square feet, let us calculate landing speed with no flaps. From Figure 9, we find C L max is 1.56. Rearranging our lift equation again to calculate velocity it becomes: W VS = 19.78



§ 0.6



S =



391 x 1400



If it is desired to lower the stalling speed to 60 mph by increasing wing area, simply substitute in the above equation and solve for wing area, S. This gives an area of 87.6 ft.2. Solving for CL at 160 mph and 8,000 feet using this area gives CL = 0.31. Figure 9 shows that the L/D is reduced 5c/< from maximum. Use of a slotted flap could increase CL max to 2 and reduce stall to 60 mph. This is a greatly simplified example which ignores such factors as tail down-lift and tip losses, but it does illustrate some of the effects of certain parameters on airplane performance. So you see, the lift process isn't really • confusing once you know some of the fundamentals, and without anything more complicated than high school mathematics, it is possible to calculate important parameters for an airplane which are not too far from reality. Just compare our figures with the data on the Thorp T-18 and see for yourself. T-18 Specifications (0-290 Engine) Wing Area . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 6 ft.2 Gross Weight . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .1413 lbs. Cruise Speed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 5 2 mph Minimum Speed (No flaps) . . . . . . . . . . . . . . . . . . . . . 7 1 mph Minimum Speed (Slotted flaps) . . . . . . . . . . . . . . . . .63 mph
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Lift on a Wing - EPDF.TIPS 

An airplane moves in three dimensions called roll, pitch, and yaw, illustrated in ... The vertical part of the lift must always be equal to the weight of the airplane if ...
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Lift and Thrust, Part 2 - Size 

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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DROP LIFT WALL RACK - Etilize 

SUPPORT MURAL DE PINCE DE SUSPENSION ... DÃ©terminer l'emplacement des bras du support mural ... Safco Products Company, New Hope, MN 55428.
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Lift and Thrust, Part 3 

veloped Fig. 43. As the mass of fluid remains con- ... the end of a flex hose, with a drop of oil on the burn- ing tip every ... Aero and Hydro magazine, page 162.
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tramadol 85 93 s 10 lift kit 

tramadol wiki pl sql decode tramadol cause irritability causes and cures can you drink alcohol while on tramadol withdrawal symptoms tramadol capsule.
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komatsu repair manual fork lift pdf 

You are entirely free to find, use and download, so there is no cost at all. komatsu repair manual fork lift PDF may not make exciting reading, but komatsu repair ...
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komatsu repair manual fork lift pdf 

Manual, La Invencian De Morel Penguin Ediciones, La Plus Ancienne Gravure Connue Avec Une. Date, Lambeth And The Vatican Vol 1 Or Anecdotes Of The ...
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Application Profile for Lift Control Systems 

Jul 14, 2003 - 1712h. 01h. Load signaling. 6C82 01 08h. 5.3.8.35 Receive PDO lift number 3 load measuring. This RPDO contains the current status ...
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Lift And Thrust - Part 4 - Size 

It was not put into production. Many factors .... matter what shape, behind the hub area, tractor fashion, .... to disrupt assembly lines too much, large sections of.
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