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Things You Didn't Know About Engines By Boh Whittier. EAA 1235 Box 543, S. Uu.xbury, Mass.



T



HK HIGH-SPEED, f o u r c y c l e gasoline engine is one of tho major



triumphs of modern mechanical en gineering. It represents a high degree of refinement in mechanical design technique and metallurgy. A readily grasped example of this is the sue cess that advanced engineering enjoys in the matter of taking into account the expansion under operating heat of the various kinds and shapes of metal, in various heat zones of an engine, to produce smooth and reliable operation. Another example is the successful mingling of different kinds of fluids —air, gasoline, oil, and coolant in either gaseous or liquid form — to achieve controlled and efficient combustion by means of which latent energy in the fuel is converted into



usable power. Few airplane pilots or mechanics



have much of an understanding of the principles and problems involved in designing an engine to handle those different fluids satisfactorily. But such an appreciation is necessary for those who would undertake to experiment with engines of various kinds



to be used for aircraft propulsion, so that they will not unwittingly upset the careful figuring and reasoning of



the engineers who designed these engines. We will consider in this article the matter of how one fluid — the air-andgasoline mixture produced by the carburetor — is handled so as to obtain efficient results. To do this we



must start by considering the matter



of piston speed, for t h i s velocity directly affects i n t a k e m a n i f o l d design



and intake valve t i m i n g . In modern gasoline engine design work, it is usual to base a new power plant's dimensions and rotational speed on the average m a x i m u m piston



speed of 3.000 f p m . This average piston speed has been found by experience to mark the upper limit if acceptable reliability and durability are to be achieved from today's m e t a l s and lubricants. Persons u n f a m i l i a r with engine design practices tend to assume t h a t reliability and d u r a b i l i t y are f u n c t i o n s of rotational speed, but this is not so at all. To understand why piston speed is the most reasonable and accurrt'. 1 figure on which t:> base an evaluation of an engine's reliability and durability, consider first an engine h a v i n g a stroke of 6 in. The piston will travel 1 ft. for each complete revolution of the crankshaft. Thus, the engine could revolve at 3.000 rpm without exceed ing the maximum recommended piston speed of 3,000 fpm. It follows t h a t an engine having a 3 in. stroke can revolve at 6,000 rpm. and one having a stroke of 1'z in. can revolve at 12,000 rpm without exceeding the recommended maximum average piston speed. Practical examples of this general rule are seen everywhere. The huge diesel engines used in ships and the large natural gas engines used as stationary power plants operate at such seemingly low speeds as 300 and 400 rpm, while tiny model airplane en-



gines often revolve at the "alarming" speed of 20.000 r p m . or even more. But figure it out for yourself on the basis of stroke and rpm. and y o u ' l l find they all operate w i t h i n the accepted l i m i t s of piston speed. When you f i n d an exception to the 3.000 fpm rule, if it's very m u c h below t h a t f i g u r e the engine is e i t h e r a very old one w i t h cruder m e t a l l u r g y and m a c h i n i n g , and if it's much above t h a t figure the engine is probably one that was designed for a short but merry life. The pist'Mi speed of 3.00!) fpm used in design work refers to average piston speed. The piston of a reciprocating engine comes to a stop at each end of its stroke, at w h i c h times it is momentarily m o v i n g at /ero f p m . Now if we're w o r k i n g on the basis of 3.000 fpm m a x i m u m average piston speed, it can be found by comput a t i o n of c r a n k p i n travel t h a t the highest instantaneous speed reached by the piston is on the order of 4.000 to 5.000 f p m . occurring when the c r a n k p i n has reached the 90 cleg, point in its rotation. In gasoline engine textbooks it is common to find references to piston speed. Always take into consideration the age of any surh book. One published 50 years ago will mention piston speeds of 1.000 fpm, the average speed rising through the years from those days to the modern average of 3.000 f p m . And. always remember t h a t such references usually mean average piston speed. When considering the matter of valve timing t pogo)
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