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Laminar Flow Airfoils

P. O. Box 401, South Milwaukee, Wis. MOST HOMEBUILDERS have heard of laminar flow ... Jurca Tempete (MJ.2). Smith Miniplane. Eklund. Lincoln Sport. 
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Laminar Flow Airfoils By Ray Borst, EAA 1526 P. O. Box 401, South Milwaukee, Wis. OST HOMEBUILDERS have heard of laminar flow M airfoils. However, few people know how or why they work to give reduced drag. It is hoped that this short article will remove some of the mystery surrounding laminar flow airfoils. There are two types of airflow—laminar and turbulent. Laminar flow has about one-seventh the drag of turbulent flow at the Reynolds numbers that homebuilders encounter. Thus you can understand why all the effort was made to develop laminar flow airfoils. All airflow is laminar at the start. However, after a while—when velocity multiplied by distance reaches a critical value, the flow becomes turbulent. Notice that the smoke curling upward from a cigarette is nice and
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smooth for a while and then, all of a sudden, it tumbles and twists. The smooth portion is laminar flow and the tumbling portion is turbulent flow. Laminar flow can be coaxed into remaining laminar for extended periods (beyond the critical value mentioned above) if the airflow is moving into a region of continually decreasing pressure. That is, the air is sucked back along the surface of the wing. This is what the laminar flow airfoils do. They are designed so that, within certain values of lift coefficient, the pressure on the surface of the wing decreases back to a specified position on the chord. If we plot pressure for the 23012 and a 65-412 along the chord, we note that the pressure for the 23012 decreases just to the 15 percent point while for the 65-412 the pressure decreases back to the 50 percent chord point. Thus, the 65-412 retains laminar flow over 50 percent of its surface area and has a much lower drag. The 23012 has about 50 percent higher drag than the 65-412 with values of about .0062 vs .0042. The NACA numbering system describes a laminar flow airfoil rather completely. For instance—65-412 6 means laminar flow series 5 means laminar flow to 50 percent chord multiply number by 10 to obtain laminar percentage



4 means cruising lift coefficient of .4 multiply number by one-tenth to obtain the design cruising lift coefficient. 12 means 12 percent maximum thickness.
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Chord in Percent



SEQUENCE OF DESIGN . . . (Continued from page 29)



Empennage Dimensions—Here again a comparison of empennage areas of several successful light aircraft will give a good indication of correct proportions for a new design. As in the determination of tail length, one can use the average value, or select the percentages applicable to a design closest to the one under consideration. The average values (in percent of wing area) obtained from the aircraft listed in Table 2 are as follows: Stabilizer .8.35%



Elevator 6.64% Horizontal tail 15% F i n . . . . . . . . 3.78% Rudder . . . . . . 4.60% Vertical tail 8.4% For comparison, equivalent values from Reference No. 2 are: S t a b i l i z e r . . . . . . . . .27 (MAC) S/Tail length E l e v a t o r . . . . . . . . . .25 (MAC) S/Tail length



Fin . . . . . . . . . .009 (b) S/Tail length R u d d e r . . . . . . . . . . .03 (b) S/Tail length where: MAC is the mean aerodynamic chord, S is the wing area, b is wing span, and all values are in feet or square feet.
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DATA ON EMPENNAGE AREAS Wing LIGHT AIRPLANE



Druine Turbulent Jurca Tempete (MJ.2) Smith Miniplane Eklund



Lincoln Sport Drigg's Dart



Ercoupe Globe Swift Luscombe Silvaire 30



JULY 1962



Area



80.70 85.00 100.00 50.00 108.00 70.00 142.60 131.60 140.00



Stabilizer



Area |



%



7.30 10.77 8.22 8.22 5.00 10.00 7.50 6.94 5.57 3.90 10.20 7.16 13.10 9.94 13.00 9.28 5.91



9.15



EU» otor Area %



Fin Area | %



Hud der Area %



5.38 6.68 8.61 10.13 4.86 4.86 5.00 10.00



1.29 7.00 3.02 3.50 3.00



4.08 5.81 3.89



5.50



3.30 9.40 7.12 8.75



5.09 4.72 6.60 5.41 6.25



2.00 3.30 3.60 4.90



1.60 8.24 3.02 7.00 2.78 2.86 2.32 2.73 3.50



3.50 3.00 2.40 6.00 5.53 5.65



5.06 6.83 3.89 7.00 2.78 3.43 4.20 4.21 4.03



The following references were used in preparing this article: Reference No. 1 —L ight Aircraft Performance Calculation by Serralles. No. 2—TM-326, The Light Airplane by Ivan H. Driggs. No. 3—Design of a Light Airplane by L. Pazmany. No. 4—Airplane Design Manual by F. K. Teichmann.
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Laminar Flow Airfoils 

P. O. Box 401, South Milwaukee, Wis. ... turbulent flow at the Reynolds numbers that homebuild- ... Thus, the 65-412 retains laminar flow over 50 percent.
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Laminar Flow Fuselages 

petitor's airplane for his charter operations. 1 asked him why and got the expected "cost too much" answer first. He then told me he couldn't af- ford our airplane ...










 


[image: alt]





How a laminar flow hood functions 

In a laminar flow hood the air is passed through a HEPA (High Efficiency Particulates Air) filter which removes all ... sterile area because they become too hot.
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1 laminar flow hood construction - UC Davis Plant Sciences 

is needed to change the filters. ... shaft to work without taking the switch apart and reversing the plate with the screw ... Switch - ELECTROSWITCH part #21301A.
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MaxEnt Velocity Profiles in Laminar to Turbulent Flow 

Feb 28, 2006 - This work applies the differential equation method developed by Chiu ... Vennard (1996) Elementary Fluid Mechanics, 7th ed., John Wiley, NY. 5. H. Schlichting, K. Gersten (2001), Boundary Layer Theory, 8th ed., Springer, NY.
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Incompressible laminar flow - newtonian and non-newtonian fluids 

The problems of incompressible flows dominate a large part of the fluid mechanics ..... involve an explicit time marching algorithm, the higher-order elements are not ... convenient methods available for the determination of curvatures of the ...
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Laminar Magic 

crease the speed by 14% if the aircraft can be held ... cost, does not weigh and does not gen- ..... installation of the bulkheads and of the ..... Can you estimate.
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Airfoils and Aspect Ratios 

going together . . . a high-powered Stits "Playboy", for example. Keep in mind, though, that we must make com- parisons on a basis of similar power-to-weight ...
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05 Airfoils and Airflow 

in the wind tunnel. The logical thing to do is to measure the velocity of the free stream; that .... path, there must be a net force on it, as required by Newton's laws. 7 ... The right hand side has dimensions of energy per unit volume (i.e. mass ti
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Airfoils - How They Work 

Stits Playboy Mod. N75P. Joan Trefethen J. Trefethen (1957). 8. Stits Flut-R-Bua SA-6B N6065C Charles Bray. Matt Peck (1956). 9. Stits Playboy SA-3B.
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AIRFOILS de Chris Heintz 

Our small aircraft have a wing chord, which is the "length" to use when talking ... molecules of modern physics), there is obviously an average distance between ... When the air hits the airfoil leading edge it will separate into the upper and lower 
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What Are Wortmann Airfoils 

edge radii, feature camber relief be- tween 40% and 70% of chord and have ... Figure 2 polar diagram presents cl vs. cd' data for the three airfoils, as deter-.
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Laminar Magic - Size 

LAM NAR MA. "When it comes to speed, ... I will show that by cleaning up your act, literally, you can get .... destroy laminar flow and leave a widen- ing path of .... two awards there), I noticed that Jack .... and that it never overheats. Then, one
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Optimum Performance Laminar Chromatography 

these tests. OPLC is a form of liquid chromatography that is especially well suited for the task of isolating preparative scale quantities of prospective drugs.
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Laminar Lightplane's - Size 

autoclave are also likely candidates. The methods dis- cussed so far are all in the form of building from the inside out. It would be best to construct accurate fe-.
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Airfoils - How They Work - Size 

Harold Terrill. Builder & Year. Art Chester (1937). Lou Stolp (1957) .... Ronald Press, 1931. 9. Technical Aerodynamics, by K. D. Woo. â€”McGraw-Hill, 1935. 10.
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FLOW 

COMPOSANTS DE LA SOLUTION . ..... d'enregistrer leurs listes de classe, de sauvegarder les rÃ©sultats et d'Ã©diter diffÃ©rents types de rapport. Flow! LP est une ... Le logiciel Flow! est compatible avec Windows XP, Vista et Windows 7. Selon la .....
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FLOW 

marche/arrÃªt Â» du boÃ®tier de rÃ©ponse, entrer le numÃ©ro du canal (ici 20). ... boÃ®tiers CPS IR ne nÃ©cessitent pas d'Ãªtre mis en marche et fonctionnent sans canal #.
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Visualization Analysis and Selection of Airfoils 

GRC.NASA.gov/. WWW/K-12/airplane/map.htm, was created by Tom Benson at NASA's ..... consultant for companies with a desire to simulate their aircraft designs.
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What's New In Low Speed Airfoils? - Size 

question was posed recently to a number of government ... flight tests on a full scale airplane were conducted ... rox IQ-. FIGURE 2b â€” Variation of drag coefficient with Rey- nolds number for GA(W)1 and GA(W)-2 airfoils. ... answer.) For a T-18 wi
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Unsteady Flow 

-+ 2[0,-+. 0i.z = 0 where on = - and [ = -- dt2 dt. The general solution of eqn (14.7) is as follows .... The velocity of a pressure wave depends on the bulk modulus K.
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escalier Flow 

facilitÃ© et Ã©lÃ©gance, remplir vos tÃ¢ches quotidiennes sans gÃªne et vivre avec indÃ©pendance et mobilitÃ©. Voici le monte- escalier Flow. BONHEUR. ElÃ©gance ...
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Flow Divider 

3 Technical data. A. B. MTDA. Maximum operating pressure bar. 315 ... nominal size 08 nominal size 16. 4. 3. 2. 1. 0. --1. --2. --3. --4 nominal size 08 nominal ...
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Plant Drug Analysis by Optimum Performance Laminar 

salts is shown in Figure 2, where hydrastinine, hydrastine a nd berberine are clearly separated (peaks 1, 2 & 3). Compounds. hRf. Fluorescence exc. @ 365 nm.
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