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f we conducted a survey asking people to draw a propeller driven airplane, the majority would probably sketch a low- or high-wing design with the tail in the back and the propeller up front. If we then asked them to draw what they thought a futuristic, highperformance version would look like, I imagine many would draw one with a streamlined fuselage and the propeller in the back, or in other words, a pusher airplane. If we had posed the same question 50 years ago, I suspect we’d get the same results. Why is it, then, that we see so few pusher designs today, especially since the first airplanes were built that way?



Historical Overview Though the Wright brothers’ 1903 Flyer was a pusher design, they were not the first to propose this arrangement. William Henson is credited with it in his patented 1843 aerial steam carriage, which used two pusher propellers mounted just aft of the wing. Though he never actually built it, the design’s monoplane configuration and aft tail location made it look remarkably like the airplanes 70 years later. The debate of the pusher versus tractor (propeller up front) configuration was being waged even in the earliest years of powered flight. I couldn’t find why the Wrights first used it, but



If we then asked them to draw what they thought a futuristic, highperformance version would look like, I imagine many would draw one with a streamlined fuselage and the propeller in the back, or in other words, a pusher airplane. Orville’s thoughts on the subject were preserved by the Wright Company’s first engineer, Grover Loening. They were discussing the tractor configuration in 1913 when Orville commented, “This type is really an invention of the French, and should not be copied just to keep up. There must be better reasons than that. Since the chief use of airplanes for the military will be observation, how can you justify putting the pilot behind so much engine-propeller interference, spoiling his view?” He further noted, “Its only real merit is that the plane can go a little faster.” The French were quickly adopting the tractor arrangement, which allowed them to cover the fuselage for reduced drag. This, along with their preference for the monoplane configuration, resulted in much higher speeds than those being obtained by the pusher biplanes of the day. Though the aircraft makers in the United States and England before World War I tended to stick with the pusher arrangement, this would soon change. The U.S. Army had been using both Wright and Curtiss pushers to train its aviators, but it had suffered an appalling



64 percent fatality rate from 1909 to 1913. Loening had left the Wright Company by 1914 to become the Army’s first aeronautical engineer. Loening and other officials reviewed the situation and found that the aft-mounted engines were coming forward during accidents and killing the pilots in otherwise survivable crashes. They condemned the Army’s pusher airplanes as unsafe for training and recommended they be replaced with trainers with the engine up front. The Army followed their recommendations, and soon the fatality rate fell to about 3 percent. By WWI the tractor arrangement’s dominance was established and the pusher configuration was largely ignored by most airplane manufacturers. There have been successful pusher designs through the years, though, and many still feel that the advantages of a pusher installation outweigh its disadvantages.



Configuration Options The complete engine installation for a pistonengine airplane can be nearly 20 percent of its gross weight, so its location plays a big role in the overall weight and balance. A typical EAA Sport Aviation
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The Curtiss Junior, (top ) is a parasol pusher design produced in 1931. The Lesher Teal (above) and Woody’s Pusher (right) both used a long shaft drive to turn the propeller.



center of gravity (CG) range for a conventional, i.e., tail in back, airplane is about 15-30 percent of the wing’s mean aerodynamic chord. Airplanes can and have been designed with a greater CG range, but this requires a larger horizontal tail. That itself is not necessarily a big deal, except for the added weight of the bigger tail. The greater design challenge is keeping the pitch forces from varying too much between the forward and aft CG limits. The forward limit often results in much heavier pitch forces as compared to those experienced when flying with the CG at the aft limit. All things being equal, it’s desirable from a stability and control standpoint to keep the CG range as small as practical while still meeting the loading requirements for the airplane. One of the reasons that the tractor configuration works well is that the combined CG location for the engine and airframe is such that the resulting weight and balance for the normal arrangement of people, fuel, and baggage has a smaller impact on the CG range. If we move the engine aft, it’s easy to see that the people and payload will need to move forward. That’s great, if improved visibility is



ent pusher configurations that are most commonly used with this engine arrangement. The first two, the parasol pusher and the pod and boom arrangement, usually have the propeller mounted directly to the engine. The third configuration uses a drive shaft that turns a prop located aft of the tail feathers. An example of the parasol pusher is the Curtiss CW-1 Junior. Certificated and produced in 1931, this Depression-era design had outstanding visibility from its front seat and provided a great location for shooting aerial photography. Other pusher parasol designs have included the Woody Pusher and the Breezy, both built by homebuilders since the 1960s. These designs incorporate tandem seating, with the passenger sitting behind the pilot and under the wing, resulting in minimum impact on the CG location. The pod and single boom arrangement has been used on a few powered motorgliders, like the Strojnik S-2 and the Maupin/Culver Windrose, as well as the Seabee amphibian. In the Seabee’s case the “boom” is the aft portion of the hull. The prop is either located below the



An example of the parasol pusher is the Curtiss CW-1 Junior. Certificated and produced in 1931, this Depression-era design had outstanding visibility from its front seat and provided a great location for shooting aerial photography.



a main design goal. However, it does make the weight and balance problem more of a challenge—particularly if more than two people are to be carried. Successful pusher designs have shown that you don’t want to move the engine too far aft or it becomes nearly impossible to achieve a workable CG range. This typically means that the engine is located just aft of the rear spar or near the trailing edge of the wing. There are three differ-



boom (like the Windrose) or above (like the S-2 and Seabee). Both motorglider designs have shown that acceptably low drag can be achieved with this configuration. Placing the prop below the boom can greatly limit the maximum prop diameter though, so keep that in mind if you are considering that location. The other pod and boom configuration uses dual booms back to the tail, such as the Cessna 336 and 337 Skymasters, Adam A500, and Anderson-Greenwood AG14. Technically, the Cessna and Adam are both tractor and pusher designs, but we’ll ignore their forward engine for this discussion. Cessna also explored a pusher-only design back in the early ’70s with its experimental Magic Carpet, or XMC for short. Though never produced, it did provide valuable insight into some of the challenges facing a pusher design (including installing a ducted fan). The twin-boom configuration allows a larger prop diameter before clearance with the booms becomes an issue. Both the pod and boom and the parasol pusher designs have the pusher propeller bolted directly to the engine, and often a short prop extension is used to move the prop farther away from the wing and allow for a more EAA Sport Aviation
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The Quicksilver GT-500 runs a Rotax powerplant to spin its pusher propeller.



streamlined afterbody. Great visibility and the opportunity to make a centerline thrust twin engine design (like the Cessna and Adam) are advantages of the tandem boom pusher arrangement. Perhaps the most successful example, at least in terms of units made, of this arrangement is the Quicksilver ultralight. Thousands of these were built in the ’70s and ’80s. Though our discussion so far has centered on conventional tailed pushers, we certainly can’t forget the canard pusher layout found on the Rutan VariEze and Long-EZ and others modeled after them. The Rutan designs have certainly been the most popular pushers built in the homebuilt arena, and their engine and prop installation are similar to those found on the other pod and boom pushers. Mounting the propeller directly to the engine is the simplest and lightest approach available to the pusher designer. It can make it more of a challenge to sculpt an aerodynamically clean shape around the engine, though, particularly if a horizontally opposed engine is used. Tuft testing on pod and boom pusher designs has shown that it’s not uncommon to have separated flow on the aft portion of the fuselage ahead of the propeller at idle power. Fortunately, with the power on, the prop inflow causes the air to stay better attached, and the large drag increase due to separated flow is reduced. This is one of the reasons the Cessna 336 and 337 had better single-engine performance operating on the rear engine as compared to the front. Even with the power effects reducing the aft fuselage’s separated flow, the overall drag for the conventional tailed pod and boom configuration still tends to be higher than expected. An example of this was seen on the Cessna XMC airplane, which had a sea level maximum airspeed of 126 60
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figure 1



mph using a Continental O-200 engine. This was the same speed as the Cessna 150 equipped with the same engine. Both airplanes were of comparable size, and a casual comparison would lead you to believe that the XMC would be much faster, given its cantilever wing and sleeker fuselage. What’s not so obvious is that there are more abrupt changes and intersections with the two booms and twin verticals than with a conventional tractor design. Intersections tend to be costly from a drag standpoint. The solution for getting rid of the booms and abrupt afterbody is to go back to a conventional style fuselage and move the propeller behind the tail. This approach was first used on the Paulhan-Tatin monoplane in 1911, which was equipped with a Gnome rotary engine turning the prop on a long drive shaft. After World War II, this configuration was adopted by Molt Taylor on his Aerocar flying car as well as on his Imp. It was also used by Ed Lesher on his record-setting Teal, the BD-5, and the Cirrus VK-30.



Aerodynamic Considerations Propeller location affects both the performance and stability of an airplane. A propeller creates thrust by accelerating the oncoming air as it passes through the propeller plane. This accelerated slipstream velocity 62
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is highest at low speeds and decreases with increasing airplane speed. An example of this can be seen in Figure 1, which was measured on a 180-hp BD-4 equipped with a 74-inch propeller. What this means for the tractor airplane is that the slipstream causes the fuselage to be “flying” at a speed higher than the rest of the aircraft. Since parasite drag is proportional to the airspeed squared, the drag caused by the fuselage is increased by the propeller slipstream. For example, Figure 1 shows that at an airspeed of 80 mph, the fuselage would be exposed to a slipstream speed of 120 mph. This 50 percent increase in speed results in a 125 percent increase in fuselage drag (if the whole fuselage was exposed to this higher speed air). This drag increase reduces to 27 percent at a cruise airspeed of 160 mph. This is still a large increase and is one of the advantages of locating the propeller aft of the tail cone. Figure 1 is also a reminder of the importance of keeping the fuselage as streamlined as practical when building a tractor-configured airplane. This is particularly true of the nose gear, which bears the full brunt of the propeller slipstream. The second impact of the propeller on the tractor fuselage is that the slipstream does not flow over it uniformly, but instead has a spiral pattern. This affects the airplane in a couple of ways. First, the spiraling slipstream causes a vertical tail with



no offset to experience airflow at some angle of attack. This is particularly true in climb and is why you need to hold some rudder during climb in order to keep the “ball centered” on some airplanes. Sometimes an offset thrust line or vertical fin are used to offset this. The second impact that the spiraling slipstream has on the tractor fuselage is that fairings for the gear legs, wheels, and other items really need to be shaped so that they are pointed directly into the local flow in order to have minimum drag. This is difficult to do without a lot of testing and can result in asymmetric clocking of the fairings. Even then, these clocked positions are only optimized for one speed. The good news is that this phenomenon has a minor impact on the drag of these items, but placing the propeller behind the tail cone eliminates the problems associated with the spiraling slipstream. At first glance, you would think removing the propeller’s slipstream effects and rather blunt cowl and instead replacing it with a streamlined nose would lead to lower drag. However, that’s not necessarily the case. Figure 2 provides a comparison of several high-performance singleengine tractor and pusher designs. The data came from David Lednicer and various CAFÉ Foundation flight tests and has been adjusted to remove the estimated landing gear drag area in order to provide a fair comparison. If we take the drag area for a particular design and divide the value by its exposed surface (wetted) area, we get its wetted drag coefficient. This coefficient is an overall indication of how clean a design is. For example, the VariEze and Long-EZ wetted drag coefficient falls near the 0.0050 line, or 50 “drag counts” in aerodynamic speak. You can also see that the Questair Venture, Glasair, and Thorp T-18 also fall near this line. Figure 2 also shows that significantly lower drag coefficients have been achieved by conventional configured designs, EAA Sport Aviation
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such as the record-setting AR-5 and Nemesis, as well as the Lancair Legacy kit plane. Perhaps the most important lesson from Figure 2 is that many factors come into play in determining the ultimate performance of an airplane. Construction material, smooth fuselage shape transitions versus abrupt changes, and attention to detail at all levels play a role. History and the record books indicate that it is hard to beat the conventional tractor design from a performance standpoint. Engine cooling is also an important aerodynamic consideration for any design, whether tractor or pusher. The slipstream effect shown in Figure 1 actually has a benefit for the tractor



The Adam Aircraft A500 is powered by twin Continental 550Es in a tractor-pusher configuration.



configuration, as it provides a good flow of cooling air on the ground or in climb. Still, pusher installations with the prop mounted directly to the engine have been successfully designed to have adequate cooling. The trick on these installations is to have the cowl cooling exit ahead of the propeller so that the propeller helps pull the cooling air through the engine cowl. This is not possible when the propeller is located at the back of the tail cone, and these designs have a fan blade installed on the extension shaft to provide cooling air to the engine.



figure 2
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Locating the cowling exit close to the prop will help with the cooling, but the pusher designer needs to be careful of how close the propeller is located to the cowl, or even the tail feathers for that matter. Molt Taylor found that the pusher propeller should be located at least three times the propeller blade chord aft of any structure. Placing it any closer can lead to increased propeller blade stresses and cracking of the structure just ahead of the propeller. The tail feathers can also have a negative effect on the propeller if they line up with the blades. This should be avoided, as Molt Taylor did by using a Y and inverted V tail configuration so that the two-bladed propeller would only have one blade at a time passing behind one of the tail feathers. Lesher’s designs had the propeller centerline pass below the horizontal tail perhaps to avoid this also.



Engine cooling is also an important aerodynamic consideration for any design, whether tractor or pusher. The propeller’s location also affects an airplane’s stability because it behaves like a little horizontal tail. Its diameter and distance from the wing’s ¼ chord dictates how much impact, with it being a negative effect when the prop is located ahead of the wing and positive when located aft of it. The propeller’s slipstream velocity also affects an airplane’s stability. Specifically, it’s the ratio of the dynamic pressure at the tail feathers compared to the dynamic pressure due to the speed that the airplane is traveling. A higher-pressure ratio has a more favorable impact on stability. On a conventional tractor design this dynamic pressure ratio at the tail can vary from about 0.8 to 1.0 or so, depending on airspeed and power EAA Sport Aviation
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Cirrus Design Corporation’s first homebuilt design was a pusher, the VK-30. The plane, manufactured in 1991, was an early test-bed for the corporation, which went on to become famous for innovation and its best-selling SR20 and SR-22 aircraft (It is also marketing a new jet, see www.cirrusdesign.com). About 13 VK-30 kits have been built and flown. The company donated a Cirrus VK-30 to the EAA AirVenture Museum in 2005.



setting (higher typically at full power climb). However, this variation in pressure ratio at the tail is much greater when the pod and boom pusher arrangement is used. Cessna Wings for the World II, by William Thompson, reported that the twin boomed 337 had a pressure ratio ranging from less than 1 at idle to about 2.5 in low-speed climb. This large variation requires that the designer pay careful attention to ensure that the design has acceptable control forces throughout the whole speed and CG range. Though I have largely focused on the aerodynamic considerations of the pusher configuration, historically the biggest design challenge has been developing a robust driveshaft installation for a remote propeller. This has caused a lot of headaches for pusher designers in the past, and Molt Taylor is credited with coming up with one solution for the problem. In a nutshell, he found that adding a Flexidyne dry-fluid coupling to the drivetrain reduced the destructive torsional resonance problem to a manageable level. Molt shared much of his experiences regarding this in EAA Sport Aviation articles over the years, and the interested reader will find them educational. The pusher configuration, like the tractor layout, has both pros and cons for a general aviation airplane. However, when all factors are considered, it is hard to beat the conventional tractor configuration for most applications. 66
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As Orville Wright observed, the pusher’s undisputed advantage is outstanding visibility. If that’s the primary goal for a new design you may be considering, then perhaps the pusher configuration is for you. A second-generation EAA member since 1981, Neal Willford learned to fly in an ultralight in 1982 and received his pilot certificate in 1987. He has done design work on a variety of aircraft at Cessna, from the 172 to the Citation X. In recent years he has been heavily involved in the development of the Cessna NGP and LSA proof-of-concept aircraft. In his spare time he is finishing a Thorp T-211 Sky Scooter. References: Takeoff Into Greatness: How American Aviation Grew So Big So Fast, Grover Loening, G.P. Putnam’s Sons, 1968. Laminar Flow Fuselages, Do They Pay or Cost?, Terry, James, EAA Sport Aviation, May 1997. Cessna Wings for the World II, Thompson, William, Maverick Publications, 1995. Bede Design 18 “Slipstream Velocities,” EAA Sport Aviation advertisement. Propeller Drive Systems and Torsional Vibration by Donald Hessenaur, www.Prime-Mover.org/Engines/Torsional/ index.html Modern Aircraft Design, Volume 2, Hollmann, Martin.
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