Innovations In IC Engines

Introduction
IC engines are widely used in automobiles for transportation. Fuels used to produce power in IC engine are on the verge of depletion. In recent times the need for fuel conservation is very much into light. This has led to extensive research on IC engine in order to save fuel by increasing the fuel efficiency. The paper focuses on various technologies developed in recent times to improve efficiency of IC engine and also cut down the emissions from the exhaust. The following topics are discussed below:

1. Working of conventional IC engine

2. 6 Stroke IC engine

3. Homogeneous charge combustion Ignition

4. Variable valve timing and Lift electronic control
Let us understand the working of IC engine in brief. IC engine is classified into tow major categories as 2 stroke and 4 stroke engine. 

Working of 2 stroke engine
1st stroke
 
The air or charge is sucked in through the spring loaded inlet valve when pressure in crank case reduces due to upward movement of piston during the compression stoke of engine when piston is at TDC a spark is applied/fuel is injected which causes charge to ignite, this causes extensive force on the piston causing expansion to occur.
2nd stroke
During the expansion stoke the charge/ air in crankcase is compressed. During further expansion exhaust port is uncovered & this causes exhaust to occur the pressure in cylinder is atmospheric. Further expansion causes transfer port to be uncovered & charge from crankcase enters the cylinder & cycle continues.
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Working of 4 Stroke Engine

Today, internal combustion engines in cars, trucks, motorcycles, aircraft, construction machinery and many others, most commonly use a four-stroke cycle. The four strokes refer to intake, compression, combustion (power), and exhaust strokes that occur during two crankshaft rotations per working cycle of the gasoline engine and diesel engine.

The cycle begins at top dead center (TDC), when the piston is farthest away from the axis of the crankshaft. A stroke refers to the full travel of the piston from Top Dead Center (TDC) to Bottom Dead Center (BDC). 

Stroke 1 of 4: On the intake or induction stroke of the piston, the piston descends from the top of the cylinder to the bottom of the cylinder, reducing the pressure inside the cylinder. A mixture of fuel and air is forced by atmospheric pressure into the cylinder through the intake port. The intake valves then close.

Stroke 2 of 4: With both intake and exhaust valves closed, the piston returns to the top of the cylinder compressing the fuel-air mixture. This is known as the compression stroke.

Stroke 3 of 4: While the piston is at or close to Top Dead Center, the compressed air–fuel mixture is ignited, usually by a spark plug (for a gasoline or Otto cycle engine) or by the heat and pressure of compression (for a Diesel cycle or compression ignition engine). The resulting massive pressure from the combustion of the compressed fuel-air mixture drives the piston back down toward bottom dead center with tremendous force. This is known as the power stroke, which is the main source of the engine's torque and power.

Stroke 4 of 4: During the exhaust stroke, the piston once again returns to top dead center while the exhaust valve is open. This action evacuates the products of combustion from the cylinder by pushing the spent fuel-air mixture through the exhaust valve(s)
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6 Stroke IC Engine

In a traditional IC Engine cycle, 

1) the fuel/air valves open as the piston moves down, which draws air and fuel into the chamber; 2) the valves close as the piston moves back up, putting the air/fuel mixture under pressure;       3) the mixture is then ignited, causing a small explosion which forces the piston back down, which turns the crank and provides the torque;                                                                               4) and finally the exhaust valves open as the piston moves back up once again, pushing the byproducts of the fuel explosion out of the chamber. This leaves the piston back in its starting position, ready for another cycle. This process is repeated thousands of times per minute.

In a 6 stroke engine after the exhaust cycles out of the chamber, rather than injecting more fuel and air into the chamber ordinary water is injected inside the combustion chamber. Inside the extremely hot chamber, the water immediately turns to steam– expanding to 1600 times its volume– which forces the piston down for a second power stroke. Another exhaust cycle pushes the steam out of the chamber, and then the six-stroke cycle begins again.

Besides providing power, this water injection cycle cools the engine from within, making an engine’s heavy radiator, coolant, and fans obsolete.

Advantages of 6 stroke Engine
1) Reduction in fuel consumption by 40% as compared to 4 stroke engine.

2) Cooing systems like radiator, fan, cooling jackets are not required.

3) Since the work cycles occur on two strokes the torque is much more even. This lead to very smooth operation at low speed without any  significant effects on consumption and the emission of pollutants, the combustion not being affected by the engine speed. 

Limitations of 6 stroke IC engine
1) Separate water storage tank will be required.

2) Water used needs to be distilled.

3) Mixing of moisture and fuel may cause improper burning.
Homogeneous Charge Compression Ignition (HCCI):
HCCI is not a new technology but with advent of sophisticated computer controlled electronics it has gained serious attention in the quest for improving fuel efficiency and reduce emissions.
In an HCCI engine fuel delivery control is of paramount importance in controlling the combustion process. On the intake stroke, fuel is injected into each cylinder's combustion chamber via fuel injectors mounted directly in the cylinder head. Air is separately induced from intake plenum. By the end of the intake stroke, fuel and air have been fully introduced and mixed in the cylinder's combustion chamber.

As the piston begins to move back up during the compression stroke, heat begins to build in the combustion chamber. When the piston reaches the end of this stroke, sufficient heat has accumulated to cause the fuel/air mixture to spontaneously combust (no spark is necessary) and force the piston down for the power stroke. Unlike conventional spark engines (and even diesels), the combustion process is a lean, low temperature and flameless release of energy across the entire combustion chamber. The entire fuel mixture is burned simultaneously producing equivalent power, but using much less fuel and releasing far fewer emissions in the process.

At the end of the power stroke, the piston reverses direction again and initiates the exhaust stroke, but before all of the exhaust gases can be evacuated, the exhaust valves close early, trapping some of the latent combustion heat. This heat is preserved, and a small quantity of fuel is injected into the combustion chamber for a pre-charge (to help control combustion temperatures and emissions) before the next intake stroke begins.
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Advantages of HCCI

1) Lean combustion returns 15 percent increase in fuel efficiency over a conventional spark ignition engine. 

2) Cleaner combustion and lower emissions than a conventional spark ignition engine. 

3) Fuel is burned quicker and at lower temperatures, reducing heat energy loss compared to a conventional spark engine. 

Disadvantages of HCCI

1) High cylinder pressures require stronger engine construction. 

2) More limited power range than a conventional spark engine. 

3) The many phases of combustion characteristics are difficult to control.

The HCCI technology no doubt give reduced emissions and better efficiency but it is not certain whether the technology is inexpensively reliable for long usage.
Variable Valve Timing and Lift Electronic Control

                    VTEC (Variable Valve Timing and Lift Electronic Control) is a valve train system developed by Honda to improve the volumetric efficiency of a four-stroke internal combustion engine. This system uses two camshaft profiles and electronically selects between the profiles. It was invented by Honda R&D engineer Ikuo Kajitani.
                   This is another application made possible due to the advent of computer controlled electronics. In simple IC engine the intake and the exhaust valves are operated by cams mounted on the camshaft. The valve opening and closing is done at same rate during heavy load or less load conditions. Unlike the simple IC engine the VTEC technology employs two cam profiles to operate the valves. For low rpm or less load conditions the cam profile is different. This cam opens the intake valve for less time and so is the timing of the exhaust valve. When there is heavy load on engine or high rpm is required the other cam profile is used which keeps the intake and exhaust valve open for longer duration. This causes more intake of charge in the cylinder thereby producing more power.
                    Switching between the two cam lobes is controlled by the ECU which takes account of engine oil pressure, engine temperature, vehicle speed, engine speed and throttle position. Using these inputs, the ECU is programmed to switch from the low lift to the high lift cam lobes when the conditions mean that engine output will be improved. At the switch point a solenoid is actuated which allows oil pressure from a spool valve to operate a locking pin which binds the high RPM cam follower to the low rpm ones. From this point on, the poppet valve opens and closes according to the high-lift profile, which opens the valve further and for a longer time. The switch-over point is variable, between a minimum and maximum point, and is determined by engine load. The switch back from high to low rpm cams is set to occur at a lower engine speed than the up-switch to avoid a situation in which the engine is asked to operate continuously at or around the switch-over point.
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3STAGE VTEC
It is a version using 3 different cams to control valve timing and lift. At low RPM, only one intake valve is used; at medium RPM, two intake valves are used; at high RPM, the high speed valve cam is used to increase power.
Advantages of VTEC technology:

1) Fuel economy is achieved.

2) Engine performance is improved.

Limitation of VTEC technology:

1) Due to complicated electronic systems initial cost of the vehicle is increased.
Conclusion

There are many new technological developments done in the IC engine. But the above discussed technologies are revolutionary and need mention. They are constantly under research and development and are slowly applied to new vehicles.
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