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Laminar Light Plane,



By B. H. Carmichael (EAA 3133)



34795 Camino Capistrano Capistrano Beach, CA 92624



The Difficult Dream PART ONE OF TWO PARTS



THE PITCH



\a say ya want to fly 350 miles per hour on 130 horsepower? Ya say ya want to fly up to the transonic drag rise on 200 pounds of thrust? Ya say ya want to



fly around the world without refueling? Tell ya what I'm gonna do! I have on hand a limited number of contours and boundary layer stabilization devices that will almost do that for you. What's that you say? You're worried about insect contamination of the leading edge? You're worried about the effect of propeller slipstream and noise and vibration from the powerplant? You



wonder how to get the pilot in and out, and what to do about the landing gear? You think the weight penalty



of the required smooth, stiff skins may be excessive? As Jerry Colona used to say: "Stop, you're spoiling the illusion!" Seriously, I know only too well that those of you who have looked briefly at the possibilities for large improvements in light plane performance with



laminar flow think the title of this paper should be "The Impossible Dream," yet some of you, particularly from the soaring fraternity who have labored for years to build light, smooth, laminar wings may agree with



my chosen title, "The Difficult Dream." Let us first take a broad view of the maximum gains



we might achieve under ideal conditions. Next, let's look at specific drag data taken under ideal conditions, followed by a review of the practical problems involved in application, together with their solutions. We can then project some configurations tailored for extensive laminar flow and attempt a more realistic appraisal



of possible performance gains. THE GIMMICK — LAMINAR RATHER THAN TURBULENT BOUNDARY LAYERS



The induced drag or drag due to lift of a light plane



at high speed and low altitude is very small. If we do



(Photo by Bruce Carmichael)



A body of revolution (similar to the pod-type fuselages on the proposed aircraft in this article) in a wind tunnel. It has been painted with a transition detecting chemical film consisting of kerosene and talc. The kerosene evaporates rapidly in the turbulent region, leaving a layer of talc powder. A little speck of material was placed forward of the transition zone and this caused a turbulent wedge to form in the laminar area. Anyone interested in more detail on the design of laminar pod-type fuselages can purchase a paper on the subject from the author. Cost is $2.00, postpaid. A second paper by the author (presented at MIT a few years ago) on low drag, high altitude drones is also available for $2.00. The latter would be applicable for those interested in an aircraft with extreme range.



a careful job of streamlining and eliminate small drag producing details and leakages, most of the drag is



associated with the friction of the air in contact with the skin of our aircraft. This takes place in the region



next to the skin called the boundary layer. The intensity of the friction, and thus drag, can be drastically lower



if the layer is laminar rather than turbulent. The laminar value will be 20'?, 15^, and 10^ of the turbulent value for length Reynolds numbers of 3.5, 8, and 25 million, respectively. The Reynolds number at a given altitude may be thought of as the product of speed and length of surface in the stream direction. At sea level, a 1-foot chord at 100 mph will have a Reynolds number of about 1 million. A 4-foot chord at 200 mph would give a value of 8 million. At constant true airspeed, the Reynolds number will be reduced by '20r/r at 9000 feet and by 50^ at 26,000 feet of altitude. Although the gain from laminar flow increases with increasing Reynolds number, the difficulties in attaining laminar



flow also increase.



MAXIMUM SPEED OF LAMINAR VS TURBULENCE AIRCRAFT



For the first broad look at the potential gains, consider the increase in maximum speed of laminar aircraft over turbulent aircraft with identical geometry and propulsion. Laminar flow achieved by shaping alone is possible over about 50^ of the wetted area. The remaining 5Qf7< would require boundary layer suction for laminarization. Figure 1 presents the ratio of laminar aircraft speed to turbulent aircraft speed (vs the weighted Reynolds number of the turbulent airplane) for four cases including suction and non-suction



craft, both jet and reciprocating powered. The speed ratio of jet aircraft will be equal to the square foot of the mean friction ratio while the speed ratio of reciprocating aircraft will be equal to the cube root of SPORT AVIATION 13
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suction airfoils. At a Reynolds number of 20 million, the profile drag coefficient including the drag equivalent of the suction power is below 0.001. Even at a RN as low as 3.5 million, the value would only be 0.002. Extreme non-suction sections have not been used on aircraft to date because of the very limited angle of attack range for such extensive laminar flow and the



unacceptable penalties in maximum lift coefficient. It was first demonstrated by Pfenninger 1 and explored in more detail by Wortmann 2 that when a 17% chord trailing edge flap is deflected through modest up and down deflections, one can shift the low-drag bucket over a considerable lift coefficient range with zero drag penalty compared to an airfoil without flap optimized for that lift coefficient. This full-span, harrowchord flap can also be used as aileron, and the inboard half of it can be deflected 90 degrees for a powerful glide path control and a nice large increment in maximum lift coefficient. This has been standard practice in high-performance sailplanes for some years now. The King Cobra flight tests of 1945 revealed the lowest profile drag ever measured in flight behind an active curtain and rub strip sealed aileron. 6 Bikle has recently repeated the experience on a production sailplane with 20% chord flap.24



FIGURE 1. Speed Increases Due to Laminarization.



the fraction ratio. In the non-suction case, the laminar friction has been set equal to the sum of 50% of the turbulent value and 50% of the laminar value. In the suction case, the laminar friction has been set at 30% above the laminar plate value to account for the cost of the suction power. A further refinement has been introduced through iteration in that the increase in speed for the laminar aircraft requires us to figure its friction value at a higher Reynolds number than that for the turbulent aircraft. If we chose the smallest single-place racing craft we could build around a 130-hp reciprocating engine and a 200 Ib. jet engine, the weighted Reynolds number of the turbulent craft might be about 15 million and 25 million, respectively. A fully laminar suction stabilized jet plane would go 3.9 times as fast as the turbulent jet if it were not for the fact we would hit the compressibility drag rise first. The reciprocating powered suction craft would only go twice as fast, but accounts for the 350 mph pitch at the start of the lecture. The gains for the non-suction craft are much more modest, but still worth going after. They amount to a 40% increase for the jet and a 25% increase for the recip. As we shall show a bit later, it is very difficult to arrive at a configuration which will permit 100% laminar flow even with suction. Therefore, the ultimate limits we have shown are likely to remain unattainable. AIRFOIL DATA
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FIGURE 2. Low-Drag Airfoil — Experimental Data.



A collection 1 through 8 of the profile drag values



for laminar airfoils both with and without suction is shown in Figure 2. The majority of the data was taken in low turbulence wind tunnels with a few cases from flight. I have selected extreme sections with minimum pressure at 60 and 70%. Once the chord RN exceeds 3.5 million, it should not be hard to obtain a Crj n of 0.004 and at 15 million, a value of 0.003. It is my hope that an optimum section of 15% thickness with laminar flow to the flap hingeline at 83% chord on the lower surface and laminar flow to 60% on the upper surface would in flight yield a profile drag coefficient s= 0.003 at about 10 million RN. The data closest to the Blasius curve is for laminar 14 AUGUST 1976



BODY DATA



Data on the frontal drag coefficients of bodies of revolution is summarized in Figure 3 as a function of the length-to-diameter ratio. The upper curve represents completely turbulent bodies9 and the lowest coefficient of 0.05 based on frontal area occurs at an L/D of 3. The lower curve is for bodies with extensive laminar flow. The minimum value of 0.013 occurs at a lengthto-diameter ratio of about 3.3. This low drag value occurred" 12 at a length Reynolds number of 27 million where the favorable pressure gradient required for such extensive laminar flow is absolutely dependent upon



the low length-to-diameter ratio in the absence of suction. Experimental data is available for a suction stabilized body16 of fineness ratio 8, and here the frontal area coefficient is only 0.006, but in the absence of strong favorable pressure gradient it is necessary to start suction very near the nose, which is incompatible with pilot vision on our small aircraft. While one could produce a test model with even



edge of the pylon is coincident with the wing leading edge. The possible drag increment from unfavorable interaction of the wing and pod pressure fields would be difficult to predict accurately without tests. Proper contouring in the high velocity regions can eliminate most of this intersection drag. FIGURE 4A. Wing-Body Interference.



lower frontal area coefficient (by combining a low L/D



non-suction laminar forebody with a suction stabilized afterbody), the problems of pilot entry, landing gear stowage, and wing-body intersection make a completely laminar body unlikely in practical application.
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FIGURE 4B. Minimum Drag Wing-Body Junction.
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