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THE DESIGNEE CORNER By Antoni (Tony) Bingelis EAA Designee Co-Chairman



8509 Greenflint Lane Austin, Texas 78759



ROUTING AND EXITING THE EXHAUST



EXHAUST SYSTEMS PARTI PLANNING YOUR EXHAUST SYSTEM



Many aircraft, we note, exit the exhausts coming out the bottom of the cowling. This is as true for those utiliz-



ing a single large exhaust pipe as it is for those having a two stack outlet. I have noticed, too, that the single stack outlets seem to be located more frequently on the lower right hand side. As a matter of fact, it would seem sensible not to outlet exhaust stacks on the left hand side (as viewed from the cockpit) at any point higher than the lower longerons. The propeller, due to its direction of rotation



would tend to swirl the exhaust gases up toward the cockpit area. (VW engines would have opposite tendency.) If cockpit vents are to be located near any exhaust outlet, try to determine if any fumes would find their way into BASIC CONSIDERATIONS



An aircraft exhaust should be designed to carry the exhaust gases and heat away from the engine and to do it without burning up the airplane or asphyxiating the pi-



lot. An equally commendable goal, in this age of environmental awareness, is to accomplish the aforementioned feat as quietly as possible. However, while you are contemplating the implications of all this, you should also be aware that there are many more factors to be considered in planning your exhaust system. Where do you begin? If the engine you have was acquired with a serviceable exhaust system installed, study the installation to see how you can convert it to fit under the cowl of your airplane. It might sound a bit fundamental but remember this: if you build and install the exhaust system first. . . your cowling must be made to fit around it. Naturally, if you already have a cowling then the exhaust system must be made to fit inside without touching any part of it. At any rate, don't be surprised to learn that a cowling you ordered won't fit around your exhaust system. Sometimes, with just a little cutting and welding here and there, you can adapt a standard production type exhaust system to fit your airplane. If at all feasible, this should be your first choice. Such modifications are relatively easy to make and provide you with an economical and quick way to get airborne. A standard aircraft stainless steel exhaust system in good shape should never be discarded without due consideration. Most modifications will require wedge cuts at appropriate points and the addition of welded extension sections where needed. All this is fine if you happen to chance onto a good used exhaust system, but some of the old patched-up exhaust installations one sees aren't fit to be in service in the first place. You probably wouldn't even allow some of those rigs on your plane. If construction of an exhaust system is to be undertaken in its entirety, why not build and install exactly what you want. The problem, I suspect, is trying to determine what that "want" is, or what you think you want!



the cockpit. Remember, it is possible for fumes to get in even though the cockpit or cabin is enclosed. Do not overlook safety requirements in locating your



exhaust outlets. The pipes should be long enough to clear the aircraft structure and not impose excessive heat on it. If necessary, protect the structure with metal and perhaps an underlying blanket of asbestos. Do not locate the exhausts ahead of the carburetor intake or ahead of the air inlet to the oil cooler. Naturally, you would not locate the gascolator fuel vents or overflow lines close to the hot stacks either.



Maybe the best reason to locate the exhaust pipes under the airplane is so you can't see those cherry red pipes with the flames leaping from them while flying at night. BACK P R E S S U R E . . . AN EFFICIENCY CONSIDERATION



With the introduction of manifolds and longer exhaust pipes that have to be curved and intersected with each other in their route through the crowded engine compartment, we increase the risk of causing unwanted back pressure. Back pressure is a condition where greater than normal atmospheric pressure is created at the engine's exhaust ports. This excessive pressure (back pressure) may be attributed to the design and construction of the exhaust manifold or stacks. That is to say, the exhaust gases aren't scavenged as rapidly as they are expelled from the engine's exhausts ports. Things get crowded there and the pressures build up. This back pressure is often caused due to the pipes being too small in certain areas. Sometimes the intersection of two pipes causes turbulence because of a poor joint and very often because of a poorly designed or defective muffler. The causes can be



many and cumulative. Excessive back pressure affects the power output of the engine and the result is a loss in horsepower. The back pressure of a well designed system is quite low . . . usually less than K difference. If the bends in the exhaust system are quite sharp or if the pipes are too small (Continued on Next Page) SPORT AVIATION 31



Photo No. 1 and 2 Examples of short stacks. Perhaps reminiscent of a bygone era. DESIGNEE CORNER . . .
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or are restricted, you can visualize how it would affect



the thorough scavenging of the exhaust gases and tend to allow excessive pressure buildup at the exhaust port. Most of us are not in a position to determine what effect the exhaust system will have on the power output of the engine as we do not have access to a dynamometer nor



are we inclined to run torquemeter tests to obtain the required data. What to do then? The best approach to planning and building an exhaust system is to pattern ours after a proven design. The



results should be, in most cases reasonably effective. EXHAUST SYSTEM CONFIGURATIONS SHORT STACKS



Well, how about the installation of short stacks to get rid of the exhaust gases safely and without unprogrammed pyrotechnic surprises? Photo No. 3 and 4 Note the random directions worked into the exhaust pipes in order to obtain exactly the same length in each pipe. Greater efficiency is attributed to exhaust installations achieving a balanced or tuned exhaust. The four stacks from each bank of this powerful V-8 join into a common outlet of large diameter.
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Before I try to shoot that idea down as being unsuitable for the builder who will be completing his airplane dur-



ing the next two or three years, it is only fair to admit to the advantages of the short stack installations. The term short stack applies to any installation that consists of comparatively short sections of individual exhaust pipes. (See photos 1 and 2) Ordinarily, the exhaust pipe that is



bolted to each exhaust port is no longer than necessary



for it to route the gases from the engine ports to the outside of the cowling. The Formula racers almost totally rely on this type of exhaust installation. If you examine



photos of these fast little aircraft, you will see that the pipes are trimmed off even with cowl ... no more, no less.



Can you imagine how noisy those engines are without the longer pipes and mufflers that most of us are accustomed to in the aircraft we fly? The perky bark of the engine might delight us at first, but not for long. In defense of short stack installations, though, it should be pointed out that they are economical . . . easy to fabricate and install. . . easy to maintain and to inspect, but perhaps even more important, they cause no significant back pressures. Furthermore, short stack installations help hold down exhaust valve temperatures to a minimum. All these things add up to greater available horsepower . . .



and that is good performance wise. For the average sportplane, unfortunately, the drawbacks to the short stack system are considerable. Who



needs the noisy unrestrained staccato bark of a mighty four lunger engine on a long cross country hop? Noisy aircraft are no longer welcome at many airports. So, it is beginning to look as if the time has come to bury the short



Photo No. 5 and 6 Although the chrome installation in Photo No. 6 doesn't look as sharp as the exhaust system in Photo No. 5, it may be the most efficient of the two. Note that the pipes in Photo No. 6 are of identical lengths ... a difficult achievement in a VW installation.



EXHAUST MANIFOLDS



A system where the exhaust pipes on one side of the engine are joined together with a manifold, is a decided improvement over the short individual stack arrangement. Using a common manifold to gather the individual



stack installations along with the bones of the Dodo Bird. We must try to make our aircraft quieter for our own sake and not necessarily for the Johnny-come-lately environmentalist. As an added prod (incentive) ... if we don't



exhausts and then to direct the gases overboard through a



"big brother" and his cronies, in one guise or another, will see to it that the job is done . . . their way. If you were not moved by the preceding impassioned



the manifold on each side of the engine is interconnected and only a single pipe exhausts the gases somewhere un-



show concern for our own health, hearing, and well-being;



plea and still persist in your intention to build a short stack system . . . consider this too. Short pipes do not do a



good job of conducting the exhaust gases away from the cockpit area. (Carbon monoxide in flight is nothing to joke about.) They also permit too rapid a temperature change at the exhaust ports whenever power is reduced suddenly. This can lead to warped valves and seats. And, there is more! Short stacks, being so short, leave no space



for heat muffs or heat exchangers, and that can make it quite difficult to arrange for carburetor and cabin heat. So? With short stacks, if you don't lose your hearing . . .



or get overcome by carbon monoxide fumes ... or freeze to death, you may wind up in the poorhouse buying new valves. (Wow! Talk about overkill!)



Photo No. 7



This VW exhaust features a nice large radius which should improve scavenging and hold back pressures to a minimum.



single pipe provides a quieter running engine even when no muffler is installed. One important factor affecting the quietness of an engine is the length of the exhaust pipes. The longer they are, the quieter the engine. Often



der the aircraft. Most often though, the homebuilder will



use a separate exhaust pipe for each side of the engine.



Basic exhaust manifold sections may be purchased from any one of the few advertisers in SPORT AVIATION who handle complete inventories of materials for the



homebuilder. These standard aircraft units were origi-



nally manufactured for some of the older aircraft models that were equipped with Continental and Lycoming engines. The prices are reasonable and sometimes less than



if new raw materials were purchased to build up similar components. With two of these manifolds (to fit the type engine being used), and a few sections of exhaust pipe material, it is possible to custom build your own system. (Continued on Next Page)



Photo No. 8 An excellent exhaust/muffler installation modified from a Continental ground power unit. Note where additional sections of pipe were welded in to permit the lowering of the muffler.
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CROSS-OVER SYSTEM



If you don't already have a clear-cut image of what a cross-over system is, try this explanation. A cross-over exhaust system is one where the front cylinder exhaust ports are joined together with a single exhaust pipe that



routes the gases overboard through a single stack. The



back cylinders are also interconnected in a similar manner



and their exhaust gases are scavenged overboard through



their own pipe. In other words, the right front cylinder's



exhaust pipe crosses over to connect with the left front exhaust pipe. The rear cylinders are likewise connected by a cross-over pipe making the exhaust system look like spaghetti leaking out of the engine. As complex looking as it is, its proponents lay claim to increased efficiency through reduced back pressures. This, of course, would result in a better power output and increased rpms with the properly constructed cross-over system. The usual practice is to have both pipes crossing in front of the engine although there are cases where the builder takes the rear pipe around the rear of the engine. However, to do so may complicate the installation of heat muffs and mufflers. A cross-over system must be carefully planned to clear other vital components in the engine compartment. It should be compact enough to be easily cowled without any unusual bulges. One problem is that the long pipes will be conducting heat through a long route inside the engine compartment. Consideration must be given to assure that this does not cause problems. If the pipes come too close to the cowling they may burn through. OUTLETS



Avoid excessive back pressures in the exhaust manifold by providing an easy out for the exhaust gases. Do not build in sharp angles or changes of direction or too small a discharge pipe in the outlet pipes. Exhaust outlets should not be located so that the slipstream retards the exhaust gases as this has the same effect



as an obstructed opening. Also, because of the high drag created, the exhaust pipes should not jut out into the slipstream at a 90° angle to the slipstream. It is better to exit the stacks at a swept angle. (See phots No. 1 and No. 4.) A reduction in drag is possible if you can arrange to have the tail pipes one behind the other . . . outside of the cowl-
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ing. The outlet pipes can also be flattened somewhat in a vise to give an oval shape to reduce drag. Somewhere I heard that exhaust pipes should not be flattened to more than a 5:3 ratio. Seems reasonable enough, doesn't it? MUFFLERS



Straight stacks, even long ones will not reduce the noise of the engine significantly therefore, mufflers are required to do the job. Unfortunately, mufflers are fairly heavy. This



could be bad news to the VW engine user and other small



engine fans as weight is a critical consideration. In addition to the weight, is the very real possibility of increased



back pressure in the exhaust system and the attendant erosion of available power. Still, a well-designed muffler has become essential and we had best start developing ways and means of reducing engine noise without reducing available power. Our "hot rod" friends seem to be way ahead of the sportplane builders in this respect. The biggest difference between most hot rod installations (in addition to imaginative approaches) and the sportplane installations is, of course, weight . . . still, we can learn much by adapting some of the methods they use. It seems to me that aircraft exhaust systems have been patched onto aircraft engines with great indifference. There has been little new from the industry in the way of imaginative thinking or experimentation. Certainly, there is very little written about exhaust systems. Even the engine manufacturers seem to ignore exhaust requirements for their engines. When was the last time you saw a complete exhaust system or even a partial one illustrated or described in an engine overhaul manual? Some builders have had excellent results with their exhaust installations but very few people ever hear about it. There is virtually no exchange of expertise in this area. Hopefully, we will get some useful feedback which we can pass on at a later date.



Photo No. 9



All exhaust pipes don't always head for the aft end. This Lycoming installation routesthe pipes across the front of the engine, interconnecting the left and right cylinders.
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