
AN INNOVATION IN AUTOMOTIVE INDUSTRY

SIX STROKE ENGINE

ABSTRACT

-The increasing demands for low emissions and low fuel consumption in modern combustion engines require improved methods for combustion process.

          The Beare Head is a new type of six-stroke engine head design known as the “Beare Head” after its designer, Malcolm Beare. The Beare Head uses a piston and ports very much like a two stroke engine to replace the overhead valve system that is found in four stroke engines today. The four-stroke block, piston and crankshaft remain unaltered. This combination of two stroke and four-stroke technology has given the technology its name the “six stroke engine”.

I.INTRODUCTION
          Malcolm Beare, an Australian wheat farmer began working 17 years ago on a stratified charge opposed-piston two-stroke design, but after building a couple of prototypes. The flow control was a problem, with too many ports going everywhere. So he simplified it into a six-stroke with the objective of improving efficiency and increasing performance compared to a conventional engine by overcoming the drawbacks of poppet valves, by means of a rotary valve application to four-stroke engine technology. Rotary valve designs aimed at overcoming the problems of poppet valves - inertia, inhibiting flow and especially the exhaust valve hot spot in the combustion chamber.

          Of course, a two-stroke doesn't suffer such problems because it has no poppet valves – so he tries to resolve these drawbacks. By taking the basic components of a rotary disc induction two-stroke engine, and grafting them on to a four-stroke to produce the best of both worlds.
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Fig.1.View of a 6-Stroke Engine 



Fig.2. Transplantation of Beare Engine
  II.CONSTRUCTION USES

Below the cylinder head gasket, everything is conventional; so one advantage is that the Beare concept can be transplanted on to existing engines without any need for redesigning or retooling the bottom end. But the cylinder head and its poppet valves get thrown away. To replace the camshaft and valves, retained the cam drive belt and fit an ultra short-stroke upper crankshaft complete with piston, which the belt drives at half engine speed just as it previously drove the cam. This piston drives up and down in a sleeve, past inlet exhaust ports set into the cylinder wall, very much like on a two-stroke: these are all exposed during both inlet and exhaust strokes.

During the compression and expansion strokes, the upper piston seals off both ports, leaving the pressure contained between the two pistons, with the lower one a conventional flat-top three-ring design, while the conical upper one (so shaped to aid gas flow during both inlet and exhaust cycles by guiding it towards the ports) has two rings - one compression, one oil. In the combustion phase, twin spark plugs provide ignition via the stock Ducati CDI and a pair of Harley coils - one per cylinder - and not only does the engine run on pure petrol (no need to add oil, because all required surfaces are positively lubricated, in spite of the application of two-stroke technology), it's also happy on low octane unleaded fuel. Obviously there are no valve seats to suffer from lack of lead, and it is said that the compression ratio can be increased significantly from the Ducati motor's 10.6:1 quite safely because of the lack of hotspots, without problems with detonation.

So now the claimed advantages of all this start to come to light - allowing a higher compression while still happy with low octane unleaded makes this an efficient and cleaner engine. There are no poppet valves to float or bend. In turn, this implies a far higher safe rev limit for the six-stroke - 28,000rpm in theory, given the half-engine speed operation of the upper crankshaft, and the fact that GP reed-valve two-strokes peak at 14,000rpm. But the rev limit, as on such two-strokes, depends only on what the main (conventional) crankshaft is able to bear, and he's arbitrarily limited the Ducati-based 6S-V2 to 9,000rpm for that reason, at which point he says (according to computer predictions) 86bhp is delivered at the rear wheel.
Comparisons are hard to make, because of the difficulty of determining the exact cubic capacity of the 6S-V2's six-stroke engine: what began as an elderly Pantah V-twin now has a total 744cc's of compression/expansion volume, and 602cc of inlet/exhaust volume, and instead of absorbing about 10% of engine power in driving the camshafts, the cam belts now deliver about 9% net power to the main crankshaft after combustion via the upper, conical porting piston. But if you figure that a '97 model Ducati 900SS delivers 73bhp at the rear wheel in stock form, that's quite an impressive claimed power increase.

III.COMBUSTION PROCESS

1. INTAKE STROKE
              The intake stroke begins when the bottom piston is on its downward stroke. And the rotary valve cuts exhaust port and the inlet port is opened by the top piston. Suction of charge is due to the pressure difference.
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2. INTAKE CONTINUES
                Intake continues till the bottom piston reaches the bottom dead center and the top piston seals the inlet port completely. 

3. COMPRESSION   STROKE

                   During the compression stroke the bottom piston moves from bottom dead center to top dead center this reduces the volume inside the cylinder and this increases the temperature and pressure.
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4. EXPANSION STROKE
          During the expansion stroke, the fuel ignites and the combustion starts at the end of compression stroke when the piston approaches top dead center position. In the combustion process the chemical energy of the fuel is released and there is rise in temperature and pressure. Thus the explosion forces the bottom piston down to turn the engine’s crankshaft, delivering the power via the gearbox and clutch to the driving wheels.          
5. EXHAUST STROKE
           During the exhaust stroke the rotary valve opens, allowing the exhaust gases to escape and the bottom piston moves from bottom dead center to top dead center 
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6. EXHAUST STROKE CONTINUES

         The piston is in the second upward path. Exhaust stroke continues till all the exhaust gasses escape and the rotary valve cuts the exhaust port. Exhaust stroke ends, intake port opens and the fresh charge is drawn in and the whole process is repeated again

V.THEORY OF SIX STROKE IC ENGINE 

VOLUME ANGLE DIAGRAM
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PRESSURE VOLUME DIAGRAM
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TORQUE ANGLE DIAGRAM
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V.DISCUSSION ON THEORY

According to the theory more torque is derived if the upper piston drive is advanced in relation to the main crank. This would be so if all other factors remain constant. Advancing the upper piston drive has detrimental effects on valve timing, combustion chamber volume and rate of change in volume during the combustion period and total engine volume. 

(1) Valve Timing. The effect is to open the exhaust port earlier, reduce the amount of valve overlap and close the intake port earlier. Opening the exhaust port earlier means that the expansion stroke is effectively shortened and less energy is extracted. Reducing the amount of overlap does not allow enough time for intake to clear the combustion chamber and the exhaust extraction effect is reduced. The earlier intake port closing reduces charge filling and volumetric efficiency. 
(2) Combustion chamber volume is effectively increased thus lowering compression ratio. The rate of acceleration of expansion is faster in the earlier periods, contrary to the ideal of a constant volume during combustion.  
(3) Total Engine Volume. The effect is to reduce change in volume during intake and compression and increase expansion and exhaust, thus reducing volumetric efficiency of intake.  

If we do advance the timing we would have to compensate in the design of the engine by  

·  Reducing combustion chamber volume

· Raising exhaust port lower lip to provide later exhaust opening 

· Lowering intake port lower lip to provide later intake closing. 

· Altering disc timing to allow later exhaust port closing 

NON-PARASITIC DRAG

       In practical tests, actually retarding the upper piston drive has a positive outcome on power output and efficiency largely because it effectively increases compression ratio, reduces the rate of change in volume during the combustion period, opens the exhaust port later, increases the period of valve overlap thus utilizing the exhaust extraction effect and closes the intake port later. The negative effect of this is to increase the amount of energy input to the head, but this is more than compensated by the positive outcomes. 

The Six-stroke engine is fundamentally superior to the four stroke because the head is no longer parasitic but is a net contributor to - and an integral part of - the power generation within the engine. The Six stroke is thermodynamically more efficient because the change in volume of the power stroke is greater than the intake stroke, the compression stroke, and the exhaust stroke. The compression ratio can be increased because of the absence of hot spots and the rate of change in volume during the critical combustion period is less than in a Fourstroke.The absence of valves within the combustion chamber allows considerable design freedom. 

 VI.THERMODYNAMIC ADVANTAGES

Referring to the graph-volume angle, the intake begins at 0 degrees on the X-axis. The effect of the additional volume changes that the upper piston has on the volume of the engine is all positive from a thermodynamic point of view. If the engine were a normal 4 stroke the cylinder capacity would be 340cc. Of note - maximum volume at the end of the intake stroke occurs at 173 degrees instead of 180 degrees- the change in volume is 308cc which is less than a 4 stroke (340cc)- yet the total volume at the end of the intake stroke is 415cc as opposed to 375cc for a conventional stroke.  

This means that the extra volume is best swept by gas velocities and not mechanical movement, and therefore mechanical input energy is less. Also, maximum volume is before bottom dead center 173 deg. Consequently valve timing, if the same as a 4 stroke is more radical and is of longer duration in relation to engine volume and hence volumetric efficiency is considerably improved. 

The change in volume during the compression stroke is slightly greater than a 4 stroke after the ports are closed. The expansion stroke is much greater than a 4 stroke; both from T.D.C. to B.D.C. and from T.D.C. till the exhaust port are open. It is possible to leave the opening of the exhaust port later than in a 4 stroke because maximum volume is not reached until after B.D.C.-548 deg. Instead of 540 deg. hence the 6-stroke system is better from a thermodynamic point of view because more energy is extracted from the expansion process. 

During the critical combustion period the rate of change in volume in the 6 stroke is less than a 4 stroke. Minimum volume is not reached until after T.D.C., at 361 deg. This is because of the phasing of the upper piston. It is retarded in reaching its T.D.C. until 20 deg. after T.D.C. (380). This is much better from a thermodynamic view in that combustion occurs at a more constant volume; hence ignition timing is not as critical as in a 4 stroke. There is room in the combustion chamber for up to 4 spark plugs and two direct injectors if needed. 

The change in volume during the exhaust stroke is less than a 4 stroke. This means that the negative pumping work is less than a 4 stroke. Extractive gas velocity is very important. Easily accomplished at T.D.C. with a fully open exhaust port. The design with 4 intake ports fed by 2 reed blocks per cylinder allows the use of several different intake manifold types: 
(1) 4 separate manifolds fed by 4 carburetors or injector bodies, of various length and diameters or all equal length and diameter.  
(2) 2 separate manifolds bifurcated to each cylinder so that each has its own carburetor or injector body, with various lengths and diameters. 
(3) 2 separate manifolds bifurcated to each cylinder in turn, so that each cylinder is fed by 2 carburetors in turn even though the system has a total of 2 carburetors or injectors, with various length and diameter runners.  
(4) 3 intake manifolds, with 3 carburetors or injector bodies, 1 bifurcated to each cylinder with long small diameter runners, the other 2 with short large diameter runners.  

The design can cope with various runner diameters and lengths because the reed valves allow any positive pressure pulses to pass through and cancel any negative ones, as well as providing good secondary atomization. Hence at low revs the long thin runners are in tune and at higher revs the shorter fatter ones take over with no need to shut down the long thin ones or visa versa as would be necessary with a normal 4 stroke. Swirl is in one direction at low revs and moves to tumble when the flows are in balance reverting to swirl in the other direction as the short fat ones predominate. A good spread of torque is achieved. 

BENEFITS OF COMBINED TECHNOLOGY
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VII.REASONS FOR ITS HIGH EFFICIENCY

The reasons for this high torque output are: 

(1) The reed valves keep gas velocity high at low throttle openings and prevent spit back through the carburetor. 
(2) There is a gain in mechanical efficiency because the cylinder head is returning power to the main crank, unlike a conventional four stroke, which suffers parasitic losses from the valve train. 
(3) The compression pressure is maintained at low throttle settings because of the stratification of the intake charge keeping the fuel mixture swirling on the outside next to the spark plugs and retaining some exhaust towards the center. The cranking compression pressure was the same as the standard bike, at 135 PSI. 
(4) The effective change in volume of the expansion stroke is actually larger than either two- or four-strokes, which means that more energy is extracted during the combustion process.

Fuel economy at these rev levels is more than 35% better than the 4stroke. 

Yes, you can try it, In fact, I challenge anyone with a Yamaha SR500 (or anything other than a steam locomotive) to emulate this feat - I guarantee it will stall. 

      There’s also no transmission snatch at very low revs, indicating a responsive, torque motor, while the manner in which it pulls hard from way down low bears all the hallmarks of a long-stroke engine design, whereas the opposite is in fact the case: the lower ‘four-stroke’ crankshaft assembly has 86 x 57mm dimensions, while the upper ‘two-stroke’ measures 60 x 25mm.
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VIII.CONCLUSION

 
An allied with the so-responsive pickup and a wide spread of usable power, makes the bike ridiculously easy to ride. You hardly need to use the gearbox, just park it in top gear and ride. Even backing off the throttle in the middle of a turn doesn’t require hooking down a gear — just crack it open when you’re ready and feel the front wheel start to aviate on you. And hands-on assessment of the six-stroke leads to some inescapable conclusions. What we have here is a hybrid engine design with the advantages already recounted above, allied with good squish, the ability to run radical bore/stroke ratios, quiet mechanical operation, and no exotic materials such as ceramic coatings or costly alloys required, nor complicated machining operations. As such, the six stroke engine design surely seems worthy of serious consideration for powering low-cost transportation in developing countries like India, where expense of manufacture, fuel economy and torque (delivering carrying capacity for people and/or goods) are all paramount factors, yet where emissions matter too. The industry trend away from cheaper two-stroke power in favor of costlier but cleaner four-stroke engines in both Europe, Japan and South East Asia makes a concept like the Beare six-stroke, which offers the best of both worlds, project a strong case towards volume manufacture. 
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