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What The Smoke Tunnel Told Me

longer over the top surface, air must travel faster over the top to meet that at the bottom. Bernoulli showed that where a fluid travels faster, the pres- sure is less. 
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By Walter H. Carnahan (EAA 80722) 99 Van Voorhis Ave.



WHAT THE



Rochester, NY 14617



SMOKE TUNNEL TOLD ME windstream: at the top it is in the same direction as the main stream and has smooth sailing. But it grows. I'll bet if



one could introduce a tiny balloon at the center of Vortex No. 1 or No. 2, it INETY-NINE OUT OF a h u n dred articles on elementary aerodynamics say essentially this: "An airplane flies because the wing is curved as shown in Fig. 1. Since the path is



longer over the top surface, air must travel faster over the top to meet that at the bottom. Bernoulli showed that where a fluid travels faster, the pressure is less. Therefore there is top surface lift. Got it?" I've always wondered why the same molecules that parted at



the leading edge had to join at the trailing edge; and besides, I seem to remember Bernoulli was talking about incompressible fluids, and the last time I used a tire pump, air was compressible. Then there is the traditional explanation of the stall which is copied from one text book to the next: "When the angle of attack gets high as on the right hand side of Fig. 1, why, all of a sudden,the air flow separates from the wing and turbulence occurs on top of the wing. This is called a stall. It is often signalled by a shaking of the wing caused by the burble on top." That one never seemed quite plausible, either. Recently, I spent some time turning the knobs on the smoke tunnel in the Franklin Institute in Philadelphia. Within five minutes, what I observed



raised some big questions, and suggested some radical truths, such as: (1) Vortices start at the trailing, not the leading edge. (2) Vortices start at



a very low angle of attack and progress gradually, not "all of a sudden", to the stall point. (3) The vortices are well defined and stay put, not likecurley-cues in Fig. 1; and (4) The burble and shake before the the stall originates in the incoming airstream, not in the turbulence on top the wing. How's that for starters?



I have to admit, I was ripe for what I called "big questions" above. Thirtyfive years in scientific work have



taught me that too many authors just copy each others' glib pseudo-explanations and mathematicians are the worst of all. They love to take a graph of experimental results, pound and snip the equations to fit, then pretend God carved them on stone.



But, back to the smoke tunnel. Outside there was a quotation from Thomas Huxley which I applaud: 64 FEBRUARY 1976



"Sit down before fact as a child. Be prepared to give up every preconceived notion. Follow humbly where nature leads, or you w i l l learn nothing." Amen. So, let's turn some knobs and



see what nature says in the smoke of the tunnel.



We'll start with the wing section at zero incidence, Fig. 2-1 and the velocity as high as it'll go. Look right at the trailing edge of the airfoil and you'll see a tiny vortex. Note that it curls up and over the wing. The vor-



tex forms even though this wing section had a sharp trailing edge. I've seen worse, even in some "modern" airfoil sections. Keep your eye on that vortex as we increase the angle of attack gradually. By the time the angle of attack has increased, gradually, to that shown in the next position, Fig. 2-2, Vortex 1 has grown, gradually. Now at the top of the vortex, it is meeting the smokestream above the wing and closest to it headon. If you don't know what happens then, try going the wrong way on the freeway in rush hour traffic. Collision. Chaos. Cars



lor molecules) going every w h i c h way. Vortex No. 1 just sits there and keeps revolving, chipping off more and more air from the upper smokestream as it grows bigger and more powerful as the angle of attack increases. At the left hand side of Vortex No. 1, air splatters onto the upper wing surface at right angles. It has to go somewhere. What it does is a nice little stagnation point act, part going back to the right to rejoin Vortex No. 1, and part to the left toward the leading edge, scooping up the b o u n d a r y layer as it grows ( w i t h further increase in angle of attack.I Now a little triangle is evident on top of the wing. The short side is Vortex No. 1, and the log sides are the top of the wing itself and the as-yet-undisturbed smokestream nearest the upper side of the wing. But just wait.



Now we increase the angle of attack still more, Fig. 2-3. Vortex No. 1 and No. 2 continue to grow. They don't



jump around; they don't break up: they just sit there and and nibble away at the undisturbed air. Note the direction of Vortex No. 2. Unlike No. 1, it is at its bottom that it has trouble, bucking the



would just sit there and spin. ( A n d



head slowly for the wingtip, if this were a real, three-dimensional wing.) Further increase in the angle of attack produces gradual growth of the vortices until Vortex 2 has enough energy for the next phase. When it contains enough air, and therefore enough energy, things happen at the front of the wing where the front end of Vortex 2 impinges broadside against the



smokestream sweeping over the top of the leading edge of the wing. With a small increase of the angle of attack, Vortex 2 blasts the top surface, streamlined smokestream higher, so it jumps to the position shown as a dashed line. Fig. 2-4 This is the only action that in any way resembles the conventional concept of an "all of a sudden" break away from the upper surface, but it is long after Vortices No. 1 and 2



have grown and prospered. The next observation was, to me, the most surprising of a l l . At the high



angle of attack now reached, the incoming airstream at least a chord length ahead of the wing's leading edge began to vibrate very markedly, with a frequency of about two per second, and an amplitude of at least ICK^ of the chord length. If this occurs with



a real wing, there is little wonder the whole plane shakes just before the nose drops in a stall! The position of the stagnation points, of the incoming airstream on the bottom of the wing is itself unstable. Naturally, the details of the vortices seen depend on the dimensions and velocities of the particular smoke tunnel, but, qualitatively, the action must be characteristic of wings. Why have no articles mentioned such a phenomenon? Well, most are illustrated by instantaneous photographs at one particular phase or angle of attack. Few of us ever get to see the change of air currents as a moving phenomenon,



yet that is what they are when we fly a plane into a stall, deliberately or quite otherwise. If the wing is returned to the almost



stalled condition, Fig. 2-3, a further interesting observation can be made. If the air velocity is now turned down from maximum to a lower velocity,



the wing becomes unstalled: the vortices disappear, and the airflow conforms to the shape of the upper wing



again. Obviously, with the lower momentum of the windstream at lower velocity, the pressure in the free atmos phere is adequate to deflect the upper smoke streams down to fill the partial vacuum and unstall the wing. If the conventional explanation for lift contained in the first paragraph in these notes is inadequate, can we propose a better one? Yes. Pass the salt. That's right, pass the salt, please. Take a salt shaker and s p r i n k l e salt over the top of a table. (Don't forget to throw a pinch over your left shoulder if you are superstitious. There. Done.) Now. cut out a simulated wing section from a piece of thick cardboard, place it in the salt and move it a short distance forward as if it were a wing moving through the air, at both a low and then a high angle of attack: then, stop and observe. The result should look like Fig. 3. Watch the salt be bunched up on the under side of the wing, and swept clear from above and behind it. Naturally, it isn't about to pass through the wing. Also note that there is a line of excess salt that dribbled off the trailing edge and got left. If the salt were air molecules this pattern is just what would appear after the wing had progressed a short distance except for two things: ( 1 ) air is invisible, and (2) i n d i v i d u a l molecules move with a random motion in every conceivable direction even when there is no wind movement in a coordinated direction. This random motion, called Brownian movement, is like a balloon full of mosquitoes: the individual mosquitoes dart about even though the balloonfull does not. After a wing has passed, there is a partial vacuum above the wing and an excess, which means pressure, below. If our immobile salt were transformed back to l i v e l y air molecules, they would tend to escape from the high congestion under the wing to the vacuum above, since there is less resistance to motion into the vacuum. Also, note t h a t the volume of this vacuum is not proportional to the length of the chord of the wing as usually stated, but to the frontal projected area of the wing (from the topmost arch of the wing to the bottom tip of the trailing edge). Of course, what we are describing is the old-fashioned impact theory of lift, which was accepted u n t i l the sophisticates distorted Bernoulli's theorem and text book writers climbed on the band-wagon, and were made to feel ashamed of themselves for ever having been so naive. We contend t h a t airflow speeds up



FIG. 1. Conventional Theory of Lift and Stall
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over a wing because there is re-



duced pressure; it does not reduce



pressure because it speeds up. The



l a t t e r e x p l a n a t i o n was adduced by



Bernoulli to apply to incompressible water in confining pipes, where all that goes in comes out, not to airfoils



FIG. 2. Growth of Vortices with Angle of Attack
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FIG.



in free, compressible air.



3. Impact Theory of Lift



this produce a measurable positive



pressure above the wing where we want negative pressure i l i f t ) , but, to compound the problem, it gives an Attack" knob back and forth from a mid-point setting like Fig. 2-2, it is upward momentum to the airstream over the leading edge. This carries it amazing how high above the wing the higher than it would otherwise have smoke stream feels it, and how far begone. (See Fig. 2-1, 2-2, and 2-3.) low the wing, and how far in front. How does the air two chord lengths in In the book "Smoke Streams" by front know it is going to hit a wing Ludington, there are pictures of airpretty soon? The answer is that it feels foils in smoke streams. In the same picthe edge of a crowd of air particles that tures are shown a manometer bank. is all bunched up by the leading edge. That is a gadget to reveal the pressure Now, for another interesting look at nature! As one turns the "Angle of



Choosing the easiest path, as air always does, it starts a detour around



the pile-up. The incoming air splits, some going upwards and some downwards. If you sight downstream toward the leading edge with your eye almost in line with the page, in Fig.



2-2 (or any smoke stream photographs), it is easy to see the deviation of the smoke streams.



The air going downwards is OK: the purpose of a wing is to deflect air downwards, but what about the air going up? That isn't good. The wing has



to have some thickness to provide bending strength but upward flow defeats the purpose, producing a down-



at many points above and below a



wing. The manometer often shows readings in the wrong direction local-



ly, even though the summation of all



combines to upward lift. You'd t h i n k aeronautical engineers



would have eliminated the adverse



effect of upward flow causing downward thrust by clever design, but no — they just put in more powerful engines! A rounded leading edge makes for a gentler stall — the wing is not much worse at one angle than another! No wonder one conventional wing



performs about the same as another. Look at any airplane wing from the



dash past it; you'll see a region above



LETTERS . . .



Dear Mr Jobst: The more than 400 members of the Fond du Lac Area Association of Commerce thank you and others involved with IAC and EAA for coming to our community. We trust your visit has been enjoyable and comfortable Our members are anxious to be of service to you because we appreciate the economic help you bring to the Fond du Lac area. We know. too. your competition is valuable publicity for the Fox River Valley



Dear Mr. Poberezny: Just a note to tell you how much enjoyment EAA and IAC have brought me these last few years. Oshkosh has been pure joy the two years we visited. But my IAC membership is the extra bright spot in my life. Through it I met 9 Juliet Tango, my no. 1 factory built Pitts Special and many hours of the very best flying ever — either down, up or upside down, but never straight and level! Someday I hope to see the museum Be assured that Bob Hoover s letter was worth the effort. To a grass root type aerobatic pilot, his flying is so beautiful So of course I read what he wrote very carefully. I hope my small contribution will be a drop in a bucket just full of ones like it. Sincerely. Nancylee Malm 19466 Frazier Or Rocky River, OH 44116 66 FEBRUARY 1976



the leading edge where you have to climb. Don't apologize for eyeballing your wing. Even the experts do, as



soon as the computer turns it's back! Birds do not study textbooks, so they still use a sharp leading edge which cleaves the incoming airstream cleanly, with no upward deflection and a recurved trailing edge which prevents



eddies. Fig. 3-3 shows a section of a



bird's feather with the same projected



frontal area as Fig. 3-2. If there is a



pile-up of air under the leading edge,



it is far enough back not to cause upward deflection above the feather. Stall is not the problem it is with fixed w i n g s , because the wing is flexibly attached to the body. A knowledge of the way vortices form should help in designing streamlining, as well as better wing sections. Also, if projected frontal area of the wing is the determining factor, as we contend, then theories of wing forces due to changes of profile of the wing or due to changes of angle of attack should allow for this. True knowledge seldom comes from false assumptions.



front like an air molecule planning a



ward push on the wing instead of the desired upward one. Not only does



(Continued from Page 5)
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The Fond du Lac Area Association of Com-



merce welcomes comments from pilots, families and others associated with IAC and EAA We will do our best to provide you with the finest hospitality now and in the future. With kindest regards. I am Sincerely. Keith Mulligan Executive Vice President Fond du Lac Area Association of Commerce 207 N. Main St.



Fond du Lac. WI 54935



Dear Paul:



I would like to take this opportunity of



thanking yourself, your wife and Tom. for your



hospitality extended towards me when I visited Oshkosh this year. I tried to get round and see as many people as I could before I left, just about the only person I did not see was you as you were attending a meeting of the governors of the EAA and I did not want to intervene and thank you. I had a great time, and have many fond memories of the truly great and friendly people I met. to a guy from England the hospitality was sometimes embarrassing, but I guess it is a way of life in your part of the world, you sure could teach us a thing or two The words Sport Aviation and the EAA tend to break down all



barriers between people and unite them in a common cause, truly a great thing you have got going. I met so many wonderful people while I was at Oshkosh who immediately absorbed me into the family. To name them all would be



a massive task. People like Vern and Ed
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tures are shown a manometer bank. That is a gadget to ... The manometer often shows readings in the ... To a grass root type aerobatic pi- lot, his flying is so ...










 








what the parliament buildings mean to me reflexions ... AWS 

This What The Parliament Buildings Mean To Me Reflexions Sur Les Edifices Du Parlement Canadian. Parliament. Buildings. By. Canadian. Parliamentary. Review. PDF on the files/S3Library-Ec119-77ae4-9301e-Ab577-B6aec.pdf file begin with Intro, Brief Dis










 








what the parliament buildings mean to me reflexions 

Read and Save Ebook what the parliament buildings mean to me reflexions sur les edifices du parlement canadian by parliamentary as PDF for free at Online ...










 








Smoke on the Water - Drums and co 

... by Kevin Tuck. From Australian Percussion Web http://www.senet.com.au/~tuckrkb. Page 2. Tighter Hi-Hats. (RRLL). Guitar Solo. Page 3. Repeat To Fade.










 








Wind Tunnel 

with the positions of the major masses, ... weight and balance calculations to come. The initial ... major masses, both airplane components and useful load items.










 








Wind Tunnel 

the next few months, we will consider all of these, but for this month we will start with cruise performance. ... wing and AR is the wing aspect ratio. Optimum Lift ...










 








The Wind Egg: Wind Tunnel World 

l'Université de Zurich, dirigé par le Prof. Florian Dombois et soutenu par la Swiss National Science. Foundation ; Clara Herrmann et l'académie Schloss Solitude ...










 








Wind Tunnel 

S = Wing area in square feet. P = Engine rated power in horsepower Ïƒ = Atmospheric density ratio. (1.0 at sea level). Total takeoff distance over a 50-foot.










 








Smoke oil system for 

The basic system uses a smoke oil tank with an internal flop tube on the Pitts plans. An electronic pump and electrically actuated solenoid valve are mounted on ...










 








smoke 5 - BroadcastStore.com 

Multiple DVE layers with independent control of key, color correction, tracking, and axis attributes. - DVE setup compatibility with flameÂ® and infernoÂ® Action ...










 








smoke 5 - BroadcastStore.com 

Paragraph animation channels. - Independent character adjustment of fill, transparency, shadow, outline, underline, kerning, and axis control, logo import.










 








54104 - Salmon - Peppered Smoke 

COOKING INSTRUCTIONS: DEFROST IN REFRIGERATOR OVERNIGHT OR MICROWAVE ON DEFROST SETTING FOR 2-3 MINS PER. FILLET. CONVENTIONAL OVEN: PREHEAT OVEN TO 375F, PLACE SALMON ON BAKING SHEET UNCOVERED. FOR 15-18 MINS. PAN-FRY: COOK FROM DEFROSTED: HEAT ...










 








Wind Tunnel 

(Photo: Marostegui [CC BY-SA 3.0 ... more limited because the higher CLmax ... ultralights combine very large wings with highly cambered airfoils. Because.










 








ISD Smoke Detector - FCC ID 

Increase the separation between the equipment and receiver. > Connect the equipment into an outlet on a circuit different from ... rayonnements IC établies pour un environnement non contrôlé. Cet équipement doit être installé et utilisé avec un minim










 








Smoke Detector - FCC ID 

Two AA-size Alkaline batteries. â€¢ Over two years battery's lifetime. SIZE and WEIGHT: â€¢ H: 46.7 mm, Diameter: 135 mm. Weight â€“ 210 grams including batteries. ENVIRONMENT: â€¢ Storage range: -20oC â€“ +50oC. â€¢ Operating Ambient Temperature ran










 








Smoke and Mirrors 

Smoke and Mirrors. Jamiroquai h = 116. ;. EEEE. 44 c. Intro. 1. $. B. $. B. $. B. R. +. C. %. B. %. B. %. B. R. +. C. I. I. ' B. ' B. ' B. Q P. " B. H. $. B. $. B. $. B. R. +. C.










 








What Is the Stack? - Description 

7. Images for Non-E-Series. There Are Three Images Available for ..... Catalyst 3750 Series. Architectural Differences. P. H. Y. Port ASIC. TCAM. SRAM. SDRAM.










 








What killed the monk seals? 

allowed momentum quantization values compare with the preferred directions for conduction. In other words, the electronic properties of tubes are controlled by ...










 








Layer 2 Tunnel Protocol 

The Layer 2 Tunnel Protocol (L2TP) is an emerging Internet Engineering Task ... cloningâ€”Creating and configuring a virtual access interface by applying a ...










 








What colour is the ... ? It's 

11. 9. 8. 7. 6. 5. 4. 3. 10. 2. 1. It's ... Page 2. COLOURS. 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. COLOURS. 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. What colour is the ... ? It's ...










 








What Surrogate Mothers Reveal about What Makes the French Tick 

Sep 13, 2009 - process of renewing the French bioethics law, which must be revised ... immoral, often in some religious sense, we tend to think people should ...










 








Cause you were born this way, baby My mama told me whe - locos26 

Don't be a drag, just be a queen. Don't be. Give yourself prudence and love your friends. Subway kid, rejoice of truth. In the religion of the insecure. I must be ...










 








DEEP PURPLE - Smoke On The Water - Niko's art site 

Oct 29, 2008 - Q=112 4/4 Gtr I. E E E E Q E E E E E E Q Q E E E E Q E E E Q. +Q Q 5x ..... E E E E Q E E E E E E Q. E E E E E Q. E +E Q. +Q Q.










 








1. Painting: Frederick Remington. The Smoke Signals. 1905 

They were not expressible in words, but seemed rather to translate themselves into attitudes of body, into degrees of muscular tension or relaxation; the naked ...
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