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Here is what needs to be said about experience gained in developing small scale blades of various configurations.
I along with several others began testing small sheet metal blades at facilities available some time ago. Blade designs evolved which ran exceedingly well, producing high torques (which produce high electrical currents) and high speeds (which produce high voltages) concurrently. A thin metal yardstick segment conveniently served as the backbone structural support. Having witnessed the high performance of what we did, we would not see advantages to going back to the aviation wing style of airfoil that is seen without exception – at least in small scale. Blade thickness, in particular, any blade thickness at all, was found to have a negative impact on performance. This result was then considered to support the Deflection Theory, which states that blade thickness has no benefits for aerodynamic performance and in fact contributes unwanted drag.
Here is the progression of blade designs as they evolved. First was found that a simple arc profile worked much better if it had a long trailing edge tail. A drawing was made by one of Phil’s associates and it looked like this:
[image: C:\Documents and Settings\owner\Desktop\P14082301FromP10021201YardstickBladeDrawingByPhil.JPG]
The leading edge curves downward and the trailing edge, pitched to a zero degree pitch angle, is straight and long. The configuration could be readily bent on what is called a “roll former” tool. The sheet metal piece is fed between two rolls and proceeds to a third roll that is not in a direct line, requiring that the piece bend. A hand crank turns the rolls. The sharp leading edge deserves comment. We found to some amazement that the blade would run at a higher rotation rate than appeared possible. The angle of incidence of the wind as calculated from measurements was less than the angle of the attack of the sharp leading edge, which normally would cause flow separation under the blade. The answer may be that some flow was feeding back from the trailing edge underneath the blade and increasing the angle of incidence of the oncoming wind from beneath. It was a surprise that modified my earlier disbelief in the Circulation Theories. (Yes, circulation can occur but is not a factor, as now understood, in creating a force that can produce energy.) In any event, it would not be difficult to fold back the leading edge into a small radius of curvature that would better accept aerodynamically airflow of higher and lower TSRs (less and greater angles of incidence) without flow separation than the sharp leading edge seen here.
The long, straight trailing edge also deserves comment. The flow resists being deflected due to its mass momentum as wind moving toward the rotor. Following the curvature of the blade, the flow adjacent to the blade surfaces may very well deflect better than the flow some distance away. This is a mistake often seen in small turbines of early years. Much more flow farther away from the blade surfaces is deflected with a long trailing edge such as this. The flow direction is changed with the zero degree pitch angle to be parallel to the rotor plane as is the best direction to give the blade a straight ahead force in reaction. Here again a mistake is often made in giving the blade a positive pitch angle as if it is necessary to develop a force all along it. The driving force occurs herein only on the curved leading edge. Plenty of force is produced there. It is not necessary to produce the force anywhere else. The longer the straight trailing edge, in other words, the higher the force produced on the curved leading edge. Believe it.
This, then, was step one. It was discovered next that the leading edge and the trailing edge could be separated and the one overlap the other. This allowed use of the popular tapering pipe wall type of blades, either PVC plastic or, later, the thin metal blades bent and cut the same way. An example of such a blade as fabricated from bent thin metal is shown below:
[image: ]
 What is to be gained here is that the trailing edge element finds a greater amount of flow mass rate upon which to act. It therefore appears to be longer than it would be otherwise, thereby acting more efficiently. Here is a drawing of how this looks in cross section out at about a midpoint on the blade length:
[image: C:\Documents and Settings\owner\Desktop\P14082801FromP12062002FlowAerodynamicsOfBifoilBladesAtHighRotationRates.JPG]
Something like this looks far different from what has become accepted as ordinary wind turbine blade design. Our experiments proved it to run very well and with a great deal of efficiency.
Here is an end-on photo of this blade configuration from a small model in practice:
[image: C:\Documents and Settings\owner\Desktop\P14010612MidMad29InchBladeEndView.JPG]
It should be said that air velocity angles of incidence of fast rotating blades can become quite small. The mnemonic is “7.5 / 7.5”, that is, a TSR of 7.5 produces an angle of incidence of only about 7.5 degrees. The blade is expected to produce a driving force at a heading almost directly into this oncoming airflow. Thus, the blade “width” seen by the airflow approaching from this angle is much less than that seen from the angle directly in front of the rotor, otherwise known as the “chord width”. The introduction of a blade element gap as seen here allows more wind to be conveniently “addressed” across its actual flow path in the blade frame of reference. This relatively simple idea saves blade material to be otherwise added as a wider blade to produce the same benefits. This saving, of course, is reduced for lower TSRs such as those acting on the blade closer to the blade roots. So the second blade element adds blade width more effectively with the blade gap than if the second element were attached without the gap directly to the trailing edge of the first element as in the first case above. This then results in a narrower blade. TSRs, in fact, of 8 and greater at the blade tips were routinely measured. The five foot diameter rotors running at 1000 or so rpms had tip speeds of close to 175 mph. This is like sailing a sailboat at 8 times the speed of the wind, the relative wind seen by the sails coming from a direction only 7 degrees off of straight ahead.
Also to be mentioned is that the Coanda Effect is given some assistance here. It is well known that the flow can be made to curve around the convex surface while the surface pressure is dropping to a low point some distance behind the leading edge. Beyond this, the flow is less constrained to follow the blade contour. Flow curvature is more effectively produced on the undersides of the blade elements, there being two of these undersides available to do so. Again, it is the effect of the blade at some distance from the blade surfaces not just the effect adjacent to the blade surfaces that carries importance. Also the flow deflection angle may be small at high TSRs but must not be lost to even the slightest degree for efficient blade operation.
Structural considerations have so far not been mentioned. Any mechanical or civil engineer would recognize the better stress design advantages of the gapped blade elements in resisting bending moments. The standard approach taken in composite materials design is a “sandwich beam” design in which two outer skin laminates containing the impregnated fibers enclose a relatively thick core of lighter weight material. These diagrams pertain and were taken out of a recent issue of “Reinforced Plastics” magazine:
[image: C:\Documents and Settings\owner\Desktop\P14050203CompositeBucklingFailureModes.JPG]
So a newer, different approach not seen heretofore is being suggested in which the core plays a lesser role. This would require time and attention to study within the field of composite materials engineering. The two skins shown above would become the two blade elements. Between them and within the gap some sort of bracing would be required. The bracing would necessarily be of low aerodynamic drag yet strong enough to satisfy the design requirements normally provided by the core as shown above. Composite design has taken pride in being capable of solving most any shape and stress problem faced in many industries. To limit itself to stay within the sandwich beam for wind turbine blades seems to be a little out of character.
Until work such as this is done, a partial approach may be taken. Existing blades designed in the conventional way may be modified with an add-on feature. The stress design is already accounted for and so needs no further consideration. Here is a drawing of such an arrangement:
[image: C:\Documents and Settings\owner\Desktop\P14041804AirfoilWithAddedNDFlapR.JPG]
The second element is renamed as a “No Drag Flap” and added on the upwind side of the blade at the trailing edge. This retains some of the features of the double element blade design, including effectively adding blade chord width without actually doing so. The drag of the thin flap is so much less than that of the standard blade to which it is attached that it may be considered to have “no” drag.
The scaling up potential is clear here. What has worked well in small scale may produce good results also when scaling up is tried.
A series of drawings may be presented of the effect of the No Drag Flap on the incident air flow addressed for a range of tangential speed ratios (TSRs) of the blade. High TSRs have always found disadvantage in seeing a narrowing of the blade within the streamline flow pattern due to its reduced angle of attack. Yet at the same time blade design for most wind turbines prefers high aspect ratios and narrow blades for various reasons. According to Air Mass Flow Deflection Theory in predicting the effect of the No Drag Flap, then, a solution may be available that allows the blade to retrieve some of the amount of flow otherwise lost to the narrowing and unaddressed 
[image: C:\Documents and Settings\owner\Desktop\P14091101NoDragFlapCrossSectionAllTSRsR.JPG]
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