FUEL INJECTION SYSTEM FOR CI ENGINES

The function of a fuel injection system is to meter the appropriate quantity of fuel for the given engine speed and load to each cylinder, each cycle, and inject that fuel at the appropriate time in the cycle at the desired rate with the spray configuration required for the particular combustion chamber employed. It is important that injection begin and end cleanly, and avoid any secondary injections. To accomplish this function, fuel is usually drawn from the fuel tank by a supply pump, and forced through a filter to the injection pump. The injection pump sends fuel under pressure to the nozzle pipes which carry fuel to the injector nozzles located in each cylinder head. Excess fuel goes back to the fuel tank. CI engines are operated unthrottled, with engine speed and power controlled by the amount of fuel injected during each cycle. This allows for high volumetric efficiency at all speeds, with the intake system designed for very little flow restriction of the incoming air.

FUNCTIONAL REQUIREMENTS OF AN INJECTION SYSTEM
For a proper running and good performance of the engine, the following requirements must be met by the injection system:

· Accurate metering of the fuel injected per cycle. Metering errors may cause drastic variation from the desired output. The quantity of the fuel metered should vary to meet changing speed and load requirements of the engine. 

· Correct timing of the injection of the fuel in the cycle so that maximum power is obtained. 

· Proper control of rate of injection so that the desired heat-release pattern is achieved during combustion.

· Proper atomization of fuel into very fine droplets.

· Proper spray pattern to ensure rapid mixing of fuel and air.

· Uniform distribution of fuel droplets throughout the combustion chamber

· To supply equal quantities of metered fuel to all cylinders in case of multi-cylinder engines.

· No lag during beginning and end of injection i.e., to eliminate dribbling of fuel droplets into the cylinder.

TYPES OF INJECTION SYSTEMS
There are basically two types of injection systems: Air injection system and solid injection system.

Air Injection System: In this system, fuel is forced into the cylinder by means of compressed air. This system is little used nowadays, because it requires a bulky multi-stage air compressor. This causes an increase in engine weight and reduces the brake power output further. One advantage that is claimed for the air injection system is good mixing of fuel with the air resulting in higher mean effective pressure. Another advantage is its ability to utilize fuels of high viscosity which are less expensive than those used by the engines with solid injection systems. These advantages are off-set by the requirement of a multistage compressor thereby making the air-injection system obsolete. 

Solid Injection System: In this system the liquid fuel is injected directly into the combustion chamber without the aid of compressed air. Hence, it is also called airless mechanical injection or solid injection system. It can be classified into four types. 
i. Individual pump and nozzle system 

ii. Unit injector system

iii. Common rail system

iv. Distributor system

Individual Pump and Nozzle System: In this system, each cylinder is provided with one pump and one injector. A separate metering and compression pump is provided for each cylinder. The pump may be placed close to the cylinder. The high pressure pump plunger is actuated by a cam, and produces the fuel pressure necessary to open the injector valve at the correct time. The amount of fuel injected depends on the effective stroke of the plunger.

Unit Injector System: In this system a pump and the injector nozzle are combined in one housing. Each cylinder is provided with one of these unit injectors. Fuel is brought up to the injector by a low pressure pump, where at the proper time, a rocker arm actuates the plunger and thus injects the fuel into the cylinder. The amount of fuel injected is regulated by the effective stroke of the plunger.
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Common Rail System: In the common rail system, a HP pump supplies fuel, to a fue l header. High pressure in the header forces the fuel to each of the nozzles located in the cylinders, at proper time. A mechanically operated (by means of a push rod and rocker arm) valve allows the fuel to enter the proper cylinder through the nozzle. The pressure in the fuel header must be so high it must enable to penetrate and disperse the fuel in the combustion chamber. The amount of fuel entering the cylinder is regulated by varying the length of the push rod stroke. 

Distributor System: In this system the pump which pressurizes the fuel also meters and times it. The fuel pump after metering the required amount of fuel is supplied to a rotating distributor at the correct time for supply to each cylinder. The number of injection strokes per cycle for the pump is equal to the number of cylinders. Since there is one metering element in each pump, a uniform distribution is automatically ensured. Not only that, the cost of the fuel-injection system also reduces. 
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COMPONENTS OF FUEL INJECTION SYSTEMS 
All the above systems comprise mainly of the following components.

i. Fuel tank.

ii. Fuel feed pump to supply fuel from the main fuel tank to the injection system

iii. Injection pump to meter and pressurize the fuel for injection.

iv. Governor to ensure that the amount of fuel injected is in accordance with variation in load.

v. Injector to take the fuel from the pump and distribute it in the combustion chamber by atomizing it into fine droplets.

vi. Fuel filters to prevent dust and abrasive particles from entering the pump and injectors thereby minimizing the wear and tear of the components.

FUEL INJECTION SYSTEM
The fuel from the tank is filtered before passing to the pumps, and the metered fuel is then passed to the injector which is fitted to the engine cylinder. The jerk pump system is the one which is used almost universally over the whole range of oil engines. The jerk pump is a piece of precision equipment, and consists of a barrel with plunger; the close fit is required to prevent leakage at the high pressures. The plunger is driven from the camshaft.
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Fuel is injected into the engine cylinders toward the end of the compression stroke, just before the desired start of combustion, by one or more injectors located in each cylinder combustion chamber. The liquid fuel, usually injected at high velocity as one or more jets through small orifices or nozzles in the injector tip, atomizes into small drops and penetrates into the combustion chamber. Injection time is usually about 20( of crankshaft rotation, starting at about 15( bTDC and ending about 5( aTDC. Fuel vaporizes and mixes with the 
high-temperature high-pressure cylinder air. Swirl and turbulence of the air is needed to spread the fuel throughout the cylinder and cause it to mix with the air. Since the air temperature and pressure are above the fuel’s ignition point, spontaneous ignition of portions of the already-mixed fuel and air occurs after a delay period of a few crank angle degrees. 

Ignition Delay: is the time lapsed from the issuance of the spray pulse by the pump to the commencement of regular ignition/combustion. Typically = 0.6 to 0.7 ms.

Ignition Delay = Mechanical delay + Chemical delay 

Mechanical Delay is the time lapsed from the issuance of the spray pulse by the pump to the start of fuel injection. Chemical Delay is the time lapsed from the start of fuel injection to the start of regular combustion. It dominantly depends on fuel properties. 

Ignition delay is fairly constant in real time, so at higher engine speeds fuel injection must be started slightly earlier in the cycle. As it takes a short period of time for the fuel to evaporate, mix with air, and then self-ignite, so combustion starts shortly before TDC. The cylinder pressure increases as combustion of the fuel-air mixture occurs. The consequent compression of the unburned portions of the charge shortens the delay before ignition for the fuel and air which has mixed to within combustible limits, which then burns rapidly. It also reduces the evaporation time of the remaining liquid fuel. Injection continues until the desired amount of fuel has entered the cylinder. Atomization, vaporization, fuel-air mixing, and combustion continue until essentially all the fuel has passed through each process. In addition, mixing of the air remaining in the cylinder with burning and already burned gases continues throughout the combustion and expansion processes. A distribution of fuel droplet sizes is desirable so that the start of combustion of all fuel particles is not simultaneous, but is spread over a short period of cycle time. This slows the start of the pressure pulse on the piston and gives smoother engine operation. Time duration of injection in a CI engine must be much higher than that in SI engines. Injection pressure for CI engines must be much higher than that required for SI engines. The cylinder pressure into which the fuel is first injected is very high near the end of the compression stroke, due to high compression ratio of CI engines. By the time the final fuel is injected, peak pressure during combustion is being experienced. Pressure must be high enough so that fuel spray will penetrate across the entire combustion chamber. The fuel is introduced into the cylinder of a diesel engine through a nozzle with a large pressure differential across the nozzle orifice. The cylinder pressure at injection is typically in the range 50 to 100 atmospheres. Fuel injection pressures in the range of 200 to 2000 atmospheres are used depending on the engine size and type of combustion system employed. These large pressure differences across the injector nozzle are required so that the injected liquid fuel jet will enter the chamber at sufficiently high velocity to

1) atomize into small-sized droplets to enable rapid evaporation and

2) traverse the combustion chamber in the time available and fully utilize the air charge.
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Average fuel droplet size generally decreases with increasing pressure. Orifice hole size of injectors is typically in the range of 0.2 to 1.0 mm diameter. It is desirable that the crank angle of rotation through which injection take place be almost constant for all speeds. To do this, as engine speed changes, requires that injection pressure be related to speed. It requires very high injector pressure at higher engine speeds. On some modern injectors, orifice flow area can be varied some to allow greater flow at higher speeds. Big, slow engines with large open combustion chambers have low air motion and turbulence within the cylinder. The injector is mounted near the center of the chamber, often with five or six orifices to spray over the entire chamber. Because of the low turbulence, evaporation and mixing are slower and real time between start of injection and start of combustion is longer. However, engine speed is slower, so injection timing in cycle time is about the same. Large engine must have vary high injection pressure and high spray velocity. With lower air motion and turbulence, high liquid spray velocity is needed to enhance evaporation and mixing. Also, high velocity is needed to assure that some spray reaches fully across the large combustion chamber. Injector with multiple orifices require higher pressure to obtain the same injection velocity and penetration distance. Fuel velocity leaving the injector is usually about 100 to 200 m/s but it can be as high as 250 m/s. However, viscous drag, evaporation and combustion chamber swirl reduce this very quickly. For optimum fuel viscosity and spray penetration, it is important to have fuel at correct temperature. Often, engines are equipped with temperature sensors and means of heating or cooling the incoming fuel. The vapor jet extends past the liquid jet and ideally just reaches the far walls of the combustion chambers. Evaporation occurs on the outside of the fuel jet while the center remains liquid. 
Figure shows how the inner liquid core is surrounded by successive vapor zones of air-fuel that are:

A: too rich to burn
B: rich combustible

C: stoichiometric
D: lean combustible

E: too lean to burn
Self-ignition starts mainly in zone B. Solid carbon soot is generated mostly in zones A and B.

[image: image6.wmf] 

Liquid drop diameter size leaving the injector is on the order of 0.01 mm and smaller, generally with some normal distribution of sizes. Factors that affect droplet size include pressure differential across the nozzle, nozzle size and geometry, fuel properties, and air temperature and turbulence. Higher nozzle pressure differentials give smaller droplets. Small high-speed engines need much faster evaporation and mixing of the fuel due to shorter real time available during the cycle. This occurs because of the high turbulence and motion within the cylinder caused by high engine speed. As speed is increased, the level of turbulence and air motion increases. This increases evaporation and 
mixing and shortens ignition delay, resulting in fairly constant injection timing for all speeds. Injectors with high swirl are designed to spray the fuel jet against the cylinder wall. This speeds the evaporation process but can only be done in those engines that operate with very hot walls. This practice is not needed and should not be done with large engines operating at slower speeds. These have low swirl and cooler walls, which would not evaporate the fuel efficiently. This would lead to high specific fuel consumption and high HC emissions in the exhaust. [image: image2.png]



(a) Fuel sucked in (b) Fuel compressed into injector  (c) delivery ends and plunger completes stroke      (d) the engine is stopped when the plunger is rotated so the angular groove meets the spillway port just before it covers the fuel port
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