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                                   Gasoline Direct Injection

CHAPTER -1
INTRODUCTION
                                                                                                                                             In recent years, legislative and market requirements have driven the need to reduce fuel consumption while meeting increasingly stringent exhaust emissions. This trend has dictated increasing complexity in automotive engines and new approaches to engine design. A key research objective for the automotive engineering community has been the potential combination of gasoline-engine specific power with diesel-like engine efficiency in a cost-competitive, production-feasible power train. One promising engine development route for achieving these goals is the potential application of lean burn direct injection (DI) for gasoline engines. In carburetors the fuel is sucked due to the pressure difference caused by the incoming air. This will affect the functioning of the carburetor when density changes in air are appreciable. There was a brief period of electronically controlled carburetor, but it was abandoned due to its complex nature. On the other hand in fuel injection the fuel is injected into the air. 

TRANSITION OF FUEL SUPPLY SYSTEM
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The transition of the fuel supply system used in automobiles is graphically shown below. In carburetor the fuel from the fuel chamber is sucked in by the pressure variation caused due to the incoming air. The fuel then mixes with the air and reaches the cylinder through the inlet manifold. Where as in a port injection system the fuel to the cylinder is supplied by a separate fuel injector placed near the inlet valve of the cylinder. And in a direct injection system the fuel to the cylinder is supplied by a fuel injector placed inside the cylinder.
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 CHAPTER 2
Theoryofoperation

The major advantages of a GDI engine are increased fuel efficiency and high power output. In addition, the cooling effect of the injected fuel and the more evenly dispersed mixtures allow for more aggressive ignition timing curves. Emissions levels can also be more accurately controlled with the GDI system. The cited gains are achieved by the precise control over the amount of fuel and injection timings which are varied according to the load conditions. In addition, there are no throttling losses in some GDI engines, when compared to a conventional fuel injected or carbureted engine, which greatly improves efficiency, and reduces ‘pumping losses’ in engines without a throttle plate. Engine speed is controlled by the engine control unit/engine management system (EMS), which regulates fuel injection function and ignition timing, instead of having a throttle plate which restricts the incoming air supply. Adding this function to the EMS requires considerable enhancement of its processing and memory, as direct injection plus the engine speed management must have very precise.
                                       The engine management system continually chooses among three combustion modes: ultra lean burn, stoichiometric, and full power output. Each mode is characterized by the air-fuel ratio. The stoichiometric air-fuel ratio for petrol (gasoline) is 14.7:1 by weight, but ultra lean mode can involve ratios as high as 65:1 (or even higher in some engines, for very limited periods). These mixtures are much leaner than in a conventional engine and reduce fuel consumption.
                                       Ultra lean burn mode is used for light-load running conditions, at constant or reducing road speeds, where no acceleration is required. The fuel is not injected at the intake stroke but rather at the latter stages of the compression stroke, so that the small amount of air-fuel mixture is optimally placed near the spark plug. This stratified charge is surrounded mostly by air which keeps the fuel and the flame away from the cylinder walls for lowest emissions and heat losses. The combustion takes place in a toroidal (donut-shaped) cavity on the piston’s surface.[citation needed] This technique enables the use of ultra-lean mixtures impossible with carburetors or conventional fuel injection.
Stoichiometric mode is used for moderate load conditions. Fuel is injected during the intake stroke, creating a homogenous fuel-air mixture in the cylinder. From the stoichiometric ratio, an optimum burn results in a clean exhaust emission.
Full power mode is used for rapid acceleration and heavy loads (as when climbing a hill). The air-fuel mixture is homogenous and the ratio is slightly richer than stoichiometric, which helps prevent knock (pinging). The fuel is injection.
                                      Direct injection may also be accompanied by other engine technologies such as variable valve timing (VVT) and tuned/multi path or variable length intake manifolding (VLIM, or VIM). Water injection or (more commonly) exhaust gas recirculation (EGR) may help reduce the high nitrogen oxides (NOx) emissions which can result from burning ultra lean mixtures.
It is also possible to inject more than once during a single cycle. After the first fuel charge has been ignited, it is possible to add fuel as the piston descends. The benefits are more power and economy, but certain octane fuels have been seen to cause exhaust valve erosion. For this reason, most companies have ceased to use the Fuel Stratified Injection (FSI) operation during normal running.
Tuning up an early generation FSI power plant to generate higher power is difficult, since the only time it is possible to inject fuel is during the induction phase. Conventional injection engines can inject throughout the 4 stroke sequence, as the injector squirts onto the back of a closed valve. A direct injection engine, where the injector injects directly into the cylinder, is limited to the suction stroke of the piston. As the RPM increases, the time available to inject fuel decreases. Newer FSI systems that have sufficient fuel pressure to inject even late in compression phase do not suffer to the same extent; however, they still do not inject during the exhaust cycle (they could but it would just waste fuel). Hence, all other factors being equal, an FSI engine needs higher-capacity injectors to achievethesa.
The first use of direct gasoline injection was on the Hesselman engine invented by Swedish engineer Jonas Hesselman in 1925. Hesselman engines used the ultra lean burn principle and injected the fuel in the end of the compression stroke and then ignited it with a spark plug, it was often started on gasoline
                                    The first use of direct gasoline injection was on the Hesselman engine invented by Swedish engineer Jonas Hesselman in 1925. Hesselman engines used the ultra lean burn principle and injected the fuel in the end of the compression stroke and then ignited it with a spark plug, it was often started on gasoline and then switched over to run on diesel or kerosene. The hesselman.

                                   Direct gasoline injection was used on production aircraft during WWII, with German (Junkers Jumo 210, Daimler-Benz DB 601, both 1937), Soviet (Shvetsov ASh-82, 1943, Chemical Automatics Design Bureau – KB Khimavtomatika) and US (Wright R-3350, 1944) designs. The first automotive direct injection system used to run on gasoline was developed by Bosch, and was introduced by Goliath and Gutbrod in 1952. The 1955 Mercedes-Benz 300SL, the first sports car to use fuel injection,[citation needed] used direct injection. The Bosch fuel injectors were placed into the bores on the cylinder wall used by the spark plugs in other Mercedes-Benz six-cylinder engines (the spark plugs were relocated to the cylinder head). Later, more mainstream applications of fuel inject
During the late 1970s, the Ford Motor Company developed a stratified-charge engine they called “ProCo” (programmed combustion), utilizing a unique high pressure pump and direct injectors. One hundred Crown Victoria cars were built at Ford’s Atlanta Assembly in Hapeville, Georgia utilizing a ProCo V8 engine. The project was canceled for several reasons: electronic controls, a key element, were in their infancy; pump and injector costs were extremely high; and lean combustion produced nitrogen oxides in excess of near future United States Environmental Protection Agency (EPA) limits. Also, the three way catalytic co

In 1996 gasoline direct injection reappeared in the automotive market. Mitsubishi was the first with a GDI engine in the Japanese market with its Galant/Legnum’s 4G93 1.8 L inline-four. It was subsequently brought to Europe in 1997 in the Carisma, although Europe’s then high-sulphur unleaded fuel led to emissions problems, and fuel efficiency was less than expected. It also developed the first six cylinder GDI powerplant, the 6G74 3.5 L V6, in 1997. Mitsubishi applied this technology widely, producing over one million GDI engines in four families by 2001.
In 1997 Nissan released the Leopard featuring the VQ30DD equipped with direct injection.
In 1998, Toyota’s D4 direct injection system first appeared on various Japanese market vehicles equipped with the SZ and NZ engines. Toyota later introduced its D4 system to European markets with the 1AZ-FSE engine found in the 2001 Avensis. and US markets in 2005 with the 3GR-FSE engine found in the Lexus GS 300. Toyota’s 2GR-FSE V6 uses a more advanced direct injection system, which combines both direct and indirect injection using two fuel injectors per cylinder, a traditional port fuel injector (low pressure) and a direct fuel injector (high pressure).
                                       In 1999, Renault introduced the 2.0 IDE (Injection Direct Essence), first on the Megane. Rather than following the lean burn approach, Renault’s design uses high ratios of exhaust gas recirculation to improve economy at low engine loads, with direct injection allowing the fuel to be concentrated around the spark. Later gasoline direct injection engines have been tuned and marketed for their high performance as well as increased fuel efficiency. PSA Peugeot Citron, Hyundai and Volvo licensed Mitsubishi’s GDI technology in 1999, with Hyundai building the first GDI V8. Although other companies have since developed gasoline direct injection engines, the acronym ‘ remainregistered.
                                        In 2000, the Volkswagen Group introduced its gasoline direct injection engine in the Volkswagen Lupo, a 1.4 litre inline-four unit, under the product name “Fuel Stratified Injection” (FSI). The technology was adapted from Audi’s Le Mans prototype race car R8. Volkswagen Group marques use direct injection in its 2.0 L FSI turbocharged and naturally-aspirated four-cylinder engines. Later, a 2.0 litre inline-four unit was introduced in the model year 2003 Audi A4. PSA Peugeot Citron introduced its first GDi (HPi) engine in 2000 in the Citron C5 and Peugeot 406. It was a 2.0-liter 16-valve EW10 D unit with 140 hp (104 kW),
                                         In 2001, Ford introduced its first European Ford engine to use direct injection technology, badged SCi (Smart Charge injection) for Direct-Injection-Spark-Ignition (DISI). The range will include some turbocharged derivatives, including the 1.1-litre, three-cylinder turbocharged unit showcased at the 2002 Geneva Show. This new 1.8-litre Duratec SCi naturally aspirated engine made its production debut in the Ford Mondeo in 2003.
In 2002, the Alfa Romeo 156 with a direct-injection engine, the JTS (Jet Thrust Stoichiometric) went on sale and today the technology is used .

In 2003, BMW introduced a low-pressure gasoline direct injection N73 V12. This initial BMW setup could not enter lean-burn mode, but the company introduced its second-generation High Precision Injection (HPI) system on the updated N52 straight-6 in 2006 which used high-pressure injectors. This system surpasses many others with a wider envelope of lean-burn time, increasing overall efficiency. PSA is cooperating with BMW on a new line of engines which made its first appearance in the 2007 MINI Cooper S. Honda released their own direct injection system on the Stream sold in Japan. Honda’s fuel injector is placed directly atop the cylinder at a 90 degree angle rather than a slanted angle.
Since 2004, General Motors has released three such direct injected engines: in 2004, a 155 hp (116 kW) version of the 2.2 L Ecotec used in the Opel/Vauxhall Vectra and Signum in 2005, a 2.0 L turbocharged Ecotec for the new Opel GT, Pontiac Solstice GXP, and the Saturn Sky Red Line, in 2007 the same engine was used in the Super Sport versions of the Chevrolet Cobalt and the HHR. Also in 2007, the 3.6 L LLT became available in the redesigned Cadillac CTS and STS. The 3.6 L was added to the 2009 model GMC Acadia, Chevrolet Traverse, Saturn Outlook, Buick Enclave and the 2010 Chevy Camaro. In 2004 Isuzu produced the first GDi engine sold in a mainstream American vehicle, standard on the 2004 Axiom and optional on the 2004 Rodeo. Isuzu claimed the benefit of GDi is that the vaporizing fuel has a cooling effect, allowing a higher compression ratio (10.3:1 versus 9.1:1) that boosts output by 20 hp (15 kW), and that 0-to-60 mph times drop from 8.9 to just 7.5 seconds, with the quarter-mile being cut from 16.5 to15.8seconds.
                                                   In 2005, Mazda began to use their own version of direct-injection in the Mazdaspeed6 and later on the CX-7 sport-utility, and the new Mazdaspeed3 in the US and European market. It is referred to as Direct                       
In 2006, BMW released the new N54 twin-turbo-charged direct injection inline-six engine for its 335i Coupe and later for the 335i Sedan, 535i series and the 135i models. Mercedes-Benz released its direct injection system (Charged Gasoline Injection, or “CGI”) on the CLS 350 CGI featuring common rail, piezo-electric direct fuel injectors. The CLS 350 CGI offers 292 BHP versus 272 BHP for the CLS 350, with reduced carbon dioxide emissions and improved fuel economy.
In 2007, Ford introduced its new Ford EcoBoost engine technology designed for a range of global vehicles (from small cars to large trucks). The engine first appeared in the 2007 Lincoln MKR Concept under the name TwinForce. The new global EcoBoost family of 4-cylinder and 6-cylinder engines features turbocharging and direct injection technology (GTDI – Gasoline Turbocharged Direct Injection). A 2.0-litre version was unveiled in the 2008 Ford Explorer America.
                                                 In 2009, Ferrari began selling the front-engine California with a direct injection system, and announced that its new 458 Italia car will also feature a direct injection system, a first for Ferrari mid-rear engine setups. Porsche also began selling the 997′s and Cayman equipped with direct injection. Ford produced the new generation Taurus SHO and Flex with a 3.5 L twin-turbo EcoBoost V-6 with direct injection. Holden has also added two direct injection engines as standard on the V6 variant Commodore’s under the name of SIDI or Spark Ignition Direct Injection.[citation needed] The Infiniti Essence concept car is powered by a direct injected twin turbo V6. The Jaguar Land Rover AJ-V8 Gen III 5.0-litre engine (introduced in August 2009 for the 2010 model In 2010 Infiniti will produce the M56 which includes DI.[citation needed]
Also in 2010: Motus Motorcycles is developing, with Katech Engines, a direct-injected V4 engine named the KMV4 as the powertrain for their MST motorcycles.
                                                 2010: Hyundai Sonata 2010 model will come with D
The benefits of direct injection are even more pronounced in two-stroke engines, because it eliminates much of the pollution they cause. In conventional two-strokes, the exhaust and intake ports are both open at the same time, at the bottom of the piston stroke. A large portion of the fuel/air mixture entering the cylinder from the crankcase through the intake ports goes directly out, unburned, through the exhaust port. With direct injection, only air comes from the crankcase, and fuel is not injected until the piston rises and all ports are closed.

                                              Two types of GDi are used in two-strokes: low-pressure air-assisted, and high pressure. The former, developed by Orbital Engine Corporation of Australia (now Orbital Corporation) injects a mixture of fuel and compressed air into the combustion chamber. When the air expands it atomizes the fuel. The Orbital system is used in motor scooters manufactured by Aprilia, Piaggio, Peugeot and Kymco, in outboard motors manufactured by Mercury and Tohatsu, and in personal watercraft manufactured by Bombardier RecreationalProduct(BRP).
In the early 1990s, Ficht GmbH of Kirchseeon, Germany developed a high-pressure direct injector for use with two stroke engines. Outboard Marine Corporation (OMC) licensed the technology in 1995 and introduced it on a production outboard engine in 1996. OMC purchased a controlling interest in Ficht in 1998. Beset by extensive warranty claims for its Ficht outboards and prior and concurrent management-financial problems, OMC declared bankruptcy in December 2000 and the engine manufacturing portion and brands (Evinrude Outboard Motors and Johnson Outboards), including the Ficht technology, were                         Evinrude introduced the E-Tec system, an improvement to the Ficht fuel injection, in 2003, based on U.S. patent 6,398,511. In 2004, Evinrude received the EPA Clean Air Excellence Award for their outboards utilizing the E-Tec system. The E-Tec system has recently also been adapted for use in performance two-strokesnowmobiles.
Yamaha also has a high-pressure direct injection (HPDI) system for two-stroke outboards. It differs from the Ficht/E-Tec and Orbital direct injection systems because it uses a separate, belt driven, high pressure, mechanical fuel pump to generate the pressure necessary for injection in a closed chamber. This is similar .
EnviroFit, a non-profit corporation sponsored by Colorado State University, has developed direct injection retrofit kits for two-stroke motorcycles in a project to reduce air pollution in Southeast Asia, using technology developed by Orbital Corporation of Australia. The World Health Organization says air pollution in Southeast Asia and the Pacific causes 537,000 premature deaths each year. The 100-million two-stroke taxis and motorcycles in that part of the world are a major cause.

Code named Bobcat, the new twin-fuel engine from Ford is based on a 5.0L V8 engine block but uses E85 cylinder injection and gasoline port injection. The engine was co-developed with Ethanol Boosting Systems, LLC of Cambridge, Massachusetts, which calls its trademarked process DI Octane Boost. The direct injection of ethanol increases the octane of regular gasoline from 88-91 octane to more than 150 octane. The Bobcat project was unveiled to the United States Department of Energy and the SAE International in April 2009.



Direct fuel injection defined

Direct fuel injection is a fuel-delivery technology that allows gasoline engines to burn fuel more efficiently, resulting in more power, cleaner emissions, and increased fuel economy.

How direct fuel injection works

Gasoline engines work by sucking a mixture of gasoline and air into a cylinder, compressing it with a piston, and igniting it with a spark; the resulting explosion drives the piston downwards, producing power. Traditional (indirect) fuel injection systems pre-mix the gasoline and air in a chamber just outside the cylinder called the intake manifold. In a direct-injection system, the air and gasoline are not pre-mixed; air comes in via the intake manifold, while the gasoline is injected directly into the cylinder.

Advantages of direct fuel injection

Combined with ultra-precise computer management, direct injection allows more accurate control over fuel metering (the amount of fuel injected) and injection timing (exactly when the fuel is introduced into the cylinder). The location of the injector also allows for a more optimal spray pattern that breaks the gasoline up into smaller droplets. The result is more complete combustion -- in other words, more of the gasoline is burned, which translates to more power and less pollution from each drop of gasoline.

Disadvantages of direct fuel injection

The primary disadvantages of direct injection engines are complexity and cost. Direct injection systems are more expensive to build because their components must be more rugged -- they handle fuel at significantly higher pressures than indirect injection systems and the injectors themselves must be able to withstand the heat and pressure of combustion inside the cylinder.

How much more powerful and efficient is direct injection?

Cadillac sells the CTS with both indirect and direct injection versions of its 3.6 liter V6 engine. The indirect engine produces 263 horsepower and 253 lb-ft of torque, while the direct version develops 304 hp and 274 lb-ft. Despite the additional power, EPA fuel economy estimates for the direct injection engine are 1 MPG higher in the city (18 MPG vs 17 MPG) and equal on the highway. Another advantage: Cadillac's direct injection engine runs on regular (87 octane) gasoline. Competing cars from Infiniti and Lexus, which use 300 hp V6 engines with indirect injection, require premium 

Gasoline direct injection (GDI) continues to be a weapon in the technology armoury of automakers in their fight to reduce CO2.  Manufacturers believe that homogeneous applications of GDI will be dominant over the next five years and will become more closely associated with boosting (turbo or supercharged) to achieve high levels of engine capacity downsizing. Matthew Beecham reports.

Direct injection means injecting fuel directly into the cylinder instead of premixing it with air in separate intake ports.  Although this allows foremissions more precisely, it also demands more advanced engine management technologies.  

Gasoline injection is not a new concept.  In 1952, the Gutbrod Superior 600 and the Goliath 700 GP were the first vehicles world-wide to feature a direct-injection system (manufactured by Bosch) as standard equipment.  Compared to earlier models fitted with carburetors, this technology reduced fuel consumption by 20% while increasing the engine output by 20%.  Bosch had borrowed this idea from the aerospace industry; the company had been developing gasoline injection pumps for aircraft since 1937.  The manifold injection system gradually replaced the conventional carburetor.  In 1967, the D-Jetronic system by Bosch was the first electronically controlled gasoline injection system world-wide, and was installed in the VW 1600 TL.  By 1972, 18 automakers were installing this system.   Four years later, Bosch introduced a gasoline injection system with oxygen control providing the basis for effective exhaust-gas control using a three-way catalytic converter.  

In Japan, Mitsubishi Motors was the first to introduce GDI technology, launching it on the Galant/Legnum's 4G93, which was later rolled out in Europe in 1998.  In 1999, PSA Peugeot Citroen borrowed (under license) the GDI technology from Mitsubishi Motors and introduced a GDI engine. This was subsequently withdrawn from the market in 2001. VW and BMW subsequently introduced their own finely-tuned GDI engines, marketing their high performance.  

Going forward, according to Dr Sebastian Schilling, engineering director, Europe, Gasoline EMS & Powertrain Products, Delphi, the main drivers to introduce GDI are reduction in fuel consumption and improved vehicle performance. He said:  "The cooling effect caused by in-cylinder evaporation significantly reduces the knocking tendency and allows an increase in efficiency of the engine via an increased compression ratio. Especially for turbocharged engines this helps to reduce enrichment requirements significantly. The compression ratio on these new GDI engines can now be increased with less knocking tendency, which leads again to very efficient engines by using the benefits of the low-end torque like diesel engines. Running the engine in lean stratified mode like diesel engines, it is possible to reduce the pumping losses and increase the thermal efficiency, enabling very low fuel consumption. In addition, any new alternative gasoline combustion system, like controlled auto ignition or homogeneous charge compression ignition, will need a direct control of the combustion by direct injection of fuel into the combustion chamber. So GDI is clearly the preferred solution for future gasoline engines offering a broad range of different applications."

Delphi used the 2007 IAA show in Frankfurt to launch its new gasoline direct injection system that is optimised for the increasing use of turbochargers and bio-fuels.  At the centre of the company's system, dubbed Multec 10, is a new multi-hole injector, designed for homogeneous lambda combustion.  It is available with spray preparation options optimised for a variety of combustion chamber shapes and static flow requirements. 

 "In the past, stricter emission legislation always triggered the development and introduction of new technologies," said Schilling. "The main driver for GDI is the reduction of fuel consumption and CO2 emissions, while maintaining or improving the engine performance. Especially while there are different competitors already on the market, it is an exciting challenge for Delphi. Delphi has a two-GDI injector strategy in order to fulfil the market demands for both homogeneous [with the Multec 10 injector] and as stratified engines [with the Multec 20 injector]."

Schilling believes that there are several synergies between diesel direct injection systems and gasoline direct injection systems. He said:  "The GDI technology for gasoline engines is using today injection pressures up to 200 bar, while in the meantime the diesel injection systems, depending on application, are around 2,000 bar. Independent of the differences in working pressure range, there are synergies in the area of production processes, especially for injector and pump manufacturing. In addition, the sensing and the control software can offer some additional synergies following a consequent systems approach."

Bosch designs and develops injection systems which allow vehicles to run on diesel, gasoline, gasoline and natural gas or gasoline and ethanol, either alternatively or as a mixture.  This year, Bosch will deliver about 900,000 gasoline direct injection systems, and estimates for 2010 exceed 2 million. The company believes that its new generation of the GDI systems makes combustion more efficient and increases overall engine efficiency.  Dr Steffen Berns, executive vice president Engineering Gasoline Systems, Bosch, told us:  "With DIG [direct injection gasoline] it is possible to reduce fuel consumption and CO2 [carbon dioxide] emission by about 15% and to meet current and future emission regulations. That's the reason why car manufacturers are more and more interested in using DIG. For Bosch this opens up significant market potential."

Bosch claims that its current, second generation gasoline direct injection system, known as DI-Motronic, contributes to improved mixture preparation and further reduces emissions of carbon dioxide, hydrocarbons and nitrous oxides. The main elements of the DI-Motronic system include the HDP5 high-pressure pump, which is characterized by compact dimensions and low weight.  The magnetically controlled high pressure injection HDEV5 valve permits a spraying pattern with up to seven individual jets depending on the application.  "The second-generation DI-Motronic contributes to improved mixture preparation and provides for considerably reduced emissions of CO2, hydrocarbons and NOx [nitrous oxides]," added Berns.  "Using optimised cold-starting combustion processes which provide for faster heat-up of the catalytic converter, emission values are even below the strictest SULEV (super ultra low emission vehicle) limits in the U.S. And the DI-Motronic even has the potential to fulfil future emission regulations. At the same time our second generation of gasoline direct injection system provides the basis for a whole series of new approaches to reduce consumption and CO2: the spray-guided combustion process, control of intake and exhaust valves, and above all turbocharging, which allows engines to be smaller. This 'downsizing' has now been adapted in several series-manufactured engines - and further projects are set to follow."

Meanwhile, Denso's engineers are developing high-pressure fuel injection (2,000 bar) technology, precision fuel injection technology and sensors for auxiliary control. Their aim is to reduce exhaust gas emissions and create systems that contain total costs by simplifying after-treatment processes.  The company is developing various after-treatment systems for exhaust gas, including cordierite-based diesel particulate filters, lean NOx traps, and urea selective catalytic reduction systems. Denso used the 2007 IAA show in Frankfurt to reveal its latest generation common rail system.  In a speech to journalists, Koichi Fukaya, president and CEO of Denso Corp, said:  "Our 200 Mega Pascal diesel common rail system will be introduced to the market next year. [It] achieves the world's highest fuel injection pressure - up to nine injections during each combustion cycle.  In addition, the injector for the new system features a unique mechanism that reduces the amount of leakage fuel returning to the tank.  In turn, this reduces the amount of fuel supplied from the pump to the injector, decreasing the pump's workload."

Denso Corp also believes that there is a large amount of commonalities and synergy effect between GDI and diesel. "To realise low-costs, reduced development time and high quality, we partly commonise production processes and structures of GDI and diesel components, such as injectors, pumps and sensors, and their control software," said Osamu Fukasawa, senior manager, Powertrain Management Systems Engineering department, Denso Corp.  "But the balance between flexibility and commonality is important." In responding to stricter emission regulations, Denso has continued to develop and provide high quality performance products. Fukasaw added: "The key point is to realise low cost after treatment systems for NOx and PM reduction.  We believe that this will lead to business expansion."

Despite the initial forecasts for a booming GDI market, the reality is that the adoption of the technology has been slower.   Going forward, however, just-auto expects to see an increasing adoption of GDI for gasoline engines over the next few years. However, if the fuel economy benefits can be truly demonstrated and gasoline direct injection can be proven to be a better solution over competing technologies, the potential market could be much higher.  In North America, however, the relatively low fuel price has resulted in little incentive to introduce fuel saving technologies, whether GDI or diesel.  Emission legislation, however, could change that and lead to the future expansion of GDI technology. 
- Daimler rally drivers Spielvogel/Singhartinger: “Respect for the challenges to come” / “The greatest adventure I have ever let myself in for”
                                                   Bettina Singhartinger and Andrea Spielvogel, two female Daimler AG employees, left Stuttgart in their Mercedes-Benz Viano 4matic today to join the official lineup for the Aicha des Gazelles women’s rally. After a short sea-crossing from Sete, France to Tangiers, Morocco, followed by the team presentation and technical verification on 18 March, the Aicha des Gazelles Rally will start off and end in Essaouira on Morocco’s Atlantic coast on 27 March 2010. “I have enormous respect for the challenges to come,” says Andrea Spielvogel,.
                                                 Her colleague Bettina Singhartinger, a communications employee, adds: “This is probably the greatest adventure I have ever let myself in for.” Another highlight awaits them even before the start of the rally: the ship with all the participants and equipment will be the very first to dock in the newly constructed harbor in Essaouira. The king of Morocco has also confirmed that he will be present to welcome the rally participants in person.
The Aicha des Gazelles Rally
                                                   The “Aicha des Gazelles Rally 2010″ is organised by women for women, and its patron is the king of Morocco. A total of 30 mainly African nations are taking part. The route covers a distance of almost 2500 kilometres, and there are seven stages. In contrast to other competitions of this kind, the key requirement of the Rallye des Gazelles is navigation using only maps, coordinates and a compass – without the aid of GPS. It is not the fastest team that wins, but rather the team that finds the shortest route between the checkpoints in the given time. There are penalty points if a detour is taken, technical assistance is requested or any checkpoints are missed out. Overnight stops during the two marathon stages of the rally are spent in the desert. Helping each other is very much in the spirit of this rally, which has a humanitarian purpose. All the takings go to a charity which subsidises mobile clinics, orphanages and the construction of wells in Morocco. The “Gazelles” also bring many tons of donated items to Morocco with them each year, and these are distributed during the rally.

                                                                                                                                        Daimler AG employees taking part in the rally
Vehicles from Mercedes-Benz were already successful in this rally last year. In the 19th event of this series, the world’s only rally for women, the two professional drivers Jeanette James and Anne-Marie Ortola achieved first place in their category in a Mercedes-Benz Viano 4matic. This Irish/French duo also won the separate ranking for first-time participants in their class. This year the two professionals will be driving for Daimler again – this time in an all-wheel drive Mercedes-Benz Sprinter 4×4.

                                             The opportunity for the two amateurs Andrea Spielvogel and Bettina Singhartinger to be at the starting line is due to an in-house competition organised by Daimler AG. “Lady racing drivers wanted!” – this was the online announcement in January with which Daimler invited its female employees to apply for a place in the Aicha des Gazelles desert rally. More than 200 responded, and twelve of these were eventually shortlisted. Andrea Spielvogel and Bettina Singhartinger emerged as the final winners.                                                                                                                                                                              Andrea Spielvogel and Bettina Singhartinger will drive a Mercedes-Benz Viano 4matic for Daimler in this year’s rally. This all-wheel drive, standard specification vehicle was already used in last year’s rally, and has only been given a complete technical overhaul and minor racing modifications for this year’s event. Items in the list of “extras” for the 110 kW (150 hp) four-cylinder diesel Viano include a rollover cage, bucket seats, harness seat belts, an aluminium underbody guard and special sand tyres. Bettina Singhartinger: “Last year the team won the event - Daimler rally drivers Spielvogel/Singhartinger: “Respect for the challenges to the 

Bettina Singhartinger and Andrea Spielvogel, two female Daimler AG employees, left Stuttgart in their Mercedes-Benz Viano 4matic today to join the official lineup for the Aicha des Gazelles women’s rally. After a short sea-crossing from Sete, France to Tangiers, Morocco, followed by the team presentation and technical verification on 18 March, the Aicha des Gazelles Rally will start off and end in Essaouira on Morocco’s Atlantic coast on 27 March 2010. “I have enormous respect for the challenges to come,” says Andrea Spielvogel,.
Her colleague Bettina Singhartinger, a communications employee, adds: “This is probably the greatest adventure I have ever let myself in for.” Another highlight awaits them even before the start of the rally: the ship with all the participants and equipment will be the very first to dock in the newly constructed harbor in Essaouira. 
Best new tech:sAutomobile Magazine recently recognized stability control as its ”technology of the year.” As much as I value this feature, the award confuses me, as stability control has been widely available for a few years. I’d have given the award to direct injection instead.

Only in the 2006 model year did direct injection become available in the United States in more than one or two models, and it remains far from common. But it should spread quickly over the next few years, and I suspect that in five years the majority of gasoline-powered cars will have it. So you can probably look forward to more power and better fuel economy in your next ride engines produce more power AND get Direct benefits include a more even fuel-air mixture and a cooling effect inside the cylinder. As a result, it’s possible to compress the mixture more without risking premature detonation. Compression ratios for direct injected engines tend to be about 12:1 without boost from a turbocharger or supercharger, and about 10:1 with it. Both numbers are about 1.5:1 higher than conventional engines.
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Why does this matter? Well, owing to the higher compression and the more even mixture, direct injection better fuel economy. Taken toTaken to the extreme, we get the new Lexus LS, which earns EPA ratings of 19 city and 27 highway despite weighing in at over 4,200 pounds and being powered by a 380-horsepower 4.6-liter V8. The previous LS earned slightly lower ratings despite weighing a couple hundred pounds less and having 102 fewer horses under the hood. Similarly, VW’s GTI and GLI with their 200-horse turbo four and nifty DSG transmission earn ratings of 25 city and 31 highway.
Only in the 2006 model year did direct injection become available in the United States in more than one or two models, and it remains far from common. But it should spread quickly over the next few years, and I suspect that in five years the majority of gasoline-powered cars will have it. So you can probably look forward to more power and better fuel economy in your next ride.
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Bosch Motronic MED7 gasoline direct injection. 

Diesel vs. gasoline: the fight goes on 
Diesel was once a dirty word in the automotive industry. It represented particulates, pollutants, and poor performance, and its attraction for car users was limited mainly to those who wanted low fuel consumption and covered great distances such as taxi operators. However, from the late 1970s, its private car potential improved, partly due to the effect of turbocharging. Then in the early-1990s, its popularity started to plateau in some areas as gasoline-fueled cars became more efficient. There were those who thought that diesel had had its day; but they were wrong. Diesel is making a come back in many parts of the world where fuel is costly — and it is likely to go on strengthening its position, particularly because of its low CO2 emissions. It is also gaining acceptance at the top end of the market. Volkswagen unveiled a luxury concept model at the Frankfurt Motor Show powered by a V10 diesel and BMW revealed its sporty concept Z9 with a diesel engine. Mercedes-Benz, Audi, and BMW all have diesel engine options for their executive cars and Alfa-Romeo offers a fine common-rail diesel engine option for its 156 sports sedan. Jaguar is likely to enter the diesel market fairly soon. Ten years ago, the diesel segment in Western Europe accounted for some 14% of sales; now it has almost doubled to 27%. Particularly significant is the profile of diesel passenger vehicles fitted with direct-injection engines over the same period — from almost nothing to 75%. 
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So diesel can now combine performance, economy, low CO2 levels — and demonstrate reduced noise levels. But gasoline technology is on the move, too. If direct injection was good for diesel power units, it was equally good for gasoline, and now that technology is gaining momentum in the market place. A company with a particularly significant role in both areas is Bosch, which sees the application of advanced technology bringing significant gains in terms of economy and emissions efficiency. Bosch has developed the Motronic MED7, an electronically controlled system for gasoline direct injection. 
Rolf Leonhard, Engineering Manager of Bosch Engine Management (Gasoline Division) said that MED7 allows an average fuel consumption savings of 15%, with up to 40% in the part-load range: "To be able to meet our ambitious goals, we propose a path that we have already successfully implemented, from direct injection in a pre-chamber or intake channel to direct injection in the combustion chamber." In the 1930s, Bosch developed direct-injection gasoline technology for aircraft engines and in the early 1950s applied it to cars at opposite ends of the car performance spectrum: the Mercedes-Benz 300SL gull-wing sports car and the little 600-cm3 Gutbrod. It was originally employed to raise available engine power; now the targets are also improved fuel consumption and emissions. 

Reduction of emissions in Europe is a mix of voluntary action by the auto industry and legal requirements by international legislators. These changes include the reduction of CO2 emissions from an average of 186 g/km in 1995 to 140 in 2008. 

Said Leonhard: "High-pressure direct injection has helped the diesel engine gain a new image — from the thrifty diesel engine with an undeniably harsh combustion noise, to a powerful, even thriftier engine with a noise level acceptable for even luxury-class automobiles." 

Now Bosch is extrapolating its diesel engine high-pressure direct-injection experience into gasoline engines. It uses a pressure reservoir and a fuel rail charged by a pump to a regulated pressure up to 12 MPa (1740 psi). Fuel is injected directly into the combustion chamber by electromagnetic injectors. Bosch's MED7 regulates the operating modes of the direct-injection gasoline engine. Controlled by the test values of a broadband oxygen sensor, MED7 enables various operating modes including stratified charge with Lambda values greater than 1.0 (a high amount of excess air) — a significant element in the reduction of fuel consumption. Stratified charge is used in the part-load range of a spark-ignition engine with direct injection. Leonhard said Bosch's particular expertise is in dividing the combustion chamber into two zones: a combustible air/fuel mixture at the spark plug cushioned in a thermally insulated layer comprising air and residual gas. With this specific stratified charge, the Lambda value in the combustion chamber is between about 1.5 and 3.0. "Consequently, gasoline direct injection in part-load operation has the greatest cost savings compared to traditional processes, achieving savings at idle up to 40%," he said. "With increasing load, the MED7 switches to an homogenous cylinder charge." An added bonus is torque is increased by up to 5%. Leonhard also underlined the importance of low-sulfur fuel as part of the attainment of maximum benefit from direct-injection gasoline technology. Sources at Bosch believe that by 2007 "every second new spark-ignition engine will have direct injection." 

Klaus Krieger, Manager of Development of the Diesel Injection Technology division of Bosch, made it clear that although V8 diesel engines are now fitted to luxury cars, this is just the beginning: "Engines with a higher number of cylinders, and more power and torque, are currently being developed for production readiness. A major motivation for development work of diesel passenger vehicles is the reduction of harmful pollutants," he stated. In fact, emissions from diesel engines with regard to NOx and particles show a reduction of about 85% over the past 10 years, while specific engine power has risen by about 90%. 

Reduction of CO2 levels is also a priority for automakers. Krieger said that this requires a wide range of technical work to achieve permanent reductions including lower average vehicle weight; the use of smaller, highly stratified engines; new transmission technologies; and new methods of subsequent treatment of exhaust for a more consumption favorable/performance-friendly design. Krieger said the next generation of common-rail technology would allow injection pressures of up to 160 MPa (23 ksi) and was now under development: "In addition, by using a new generation of control units, the precision of injection amount and start is raised further." The single-cylinder unit injector system (UIS), now in production and with 205 MPa (30 ksi), "has the highest pressure potential of all injection systems." One module is used per cylinder, with pump and nozzle combined. 

Bosch is now working on next-generation UIS said to be significantly more compact and suitablefor four-valves-per-cylinder engines. It features electrical control of pre-injection. A piezo actuator for common-rail injector systems is also being developed and is scheduled for series production in 2002. It is also more compact than the current solenoid-controlled design. "It allows multiple injection at very flexible time increments between individual injections," said Krieger. "Pre-injection amounts of less than 1 mm3 (0.0006 in3) per stroke can be controlled. Our further
injection amounts of less than 1 mm3 (0.0006 in3) per stroke can be controlled. Our further development work is now focused on three- to five-fold injection. This splitting helps to reduce noise even more, reduce emissions further, and control the subsequent treatment of exhaust." Development work is also focusing on Lambda control for 

A major challenge still facing diesel technology engineers is the reduction diesel engines to meter the injection amount even more precisely. of noise. Although engines are quieter, the effect of low temperatures presents a problem, causing an unacceptable "trucky" sound. However, said Krieger, this is being addressed via a faster warmup period: "With the development of a ceramic glow plug, advance glow temperatures increase to values up to 1200°C (2200°F). The pre-glow time has been reduced to less than 2 s. At the same time, the energy requirement is significantly less compared to present glow plugs                                     

CHAPTER 3
OPERATING DIFFICULTIES FOR A CARBURETOR.
Some problems associated with comfortable running of the carburetor are discussed here.

1. Ice formation: The vaporisation of the fuel injected in the current of the air requires latent heat and the taken mainly from the incoming air. As a result of this, the temperature of the air drops below the dew point of the water vapour in the air and it condenses and many times freeze into ice if the temperature falls below dew point temperature. 

2. Vapour Lock: The improved volatility of modern fuels and the necessity of providing heat to prevent the ice formation, has created carburetion difficulties due to vaporisation of fuel in pipes and float chamber. The heating may also occur due to petrol pipes being near the engine. If the fuel supply is large and supply is small, a high velocity will result causing high vacuum. This causes considerable drop which may also cause the formation of vapour bubbles. If these bubbles formed accumulate at the tube bend, then they may interrupt the fuel flow from the tank or the fuel pump and engine will stop because of lack of fuel. Vapour lock is formed because of rapid bubbling of fuel and usually happens in hot summer.

3. Back Firing: During the starting of an engine under cold working conditions, the usual manipulation of the choke varies the mixture from too lean to too rich. A very lean mixture will burn very slowly and the flame may still exist in cylinder when the exhaust valve is about to open. The fresh charge in the intake manifold is about to open. The fresh charge in the intake manifold is not so diluted as when inducted into the cylinder and mixed with the clearance gases and consequently burn more rapidly than the charge in the cylinder. If lean charge comes in contact with flames existing in the cylinder, there will be flash of flame back through the intake manifold, burning the charge therein and causing the customary back firing in the carburetor.                                                                                                                    
CHAPTER4 
ADVANTAGES OF FUEL INJECTION OVER CARBURETOR:The fuel injection eliminates several intake manifold distribution problems. One of the most difficult problems in a carbureted system is to get the same amount and richness of air-fuel mixture to each cylinder. The problem is that the intake manifold acts as a storing device, sending a richer air fuel mixture to the end cylinders. The air flows readily around the corners and through various shaped passages. However the fuel, because it is heavier is unable to travel as easily around the bends in the intake manifold. As a result, some of fuel particles continue to move to the end of the intake manifold, accumulating there. This enriches the mixture going the end cylinder. The center cylinder closest to the carburetor gets the leanest mixture​​​​​. The port injection solves this problem because the same amount of fuel is injected at each intake valve port. Each cylinder gets the same amount of air-fuel mixture of the same mixture Another advantage of the fuel injection system is that the intake manifold can be designed for the most efficient flow of air only. It does not have to handle fuel. Also, because only a throttle body is used, instead of a complete carburetor, the hood height of the car can be lowered.

· With fuel injection, fuel mixture requires no extra heating during warm up. No manifold heat control valve or heated air system is required. Throttle response is faster because the fuel is under pressure at the injection valves at all times. An electric fuel pump supplies the pressure. The carburetor will depend on differences in air pressure as the force that causes the fuel to feed into the air passing through.
· Fuel injection has no choke, but sprays atomized fuel directly into the engine. This eliminates most of the cold start problems associated with carburetors.

· Electronic fuel injection also integrates more easily with computerized engine control systems because the injectors are more easily controlled than a mechanical carburetor with electronic add-ons. 

· Multi port fuel injection (where each cylinder has its own injector) delivers a more evenly distributed mixture of air and fuel to each of the engine's cylinders, which improves power and performance. 

· Sequential fuel injection (where the firing of each individual injector is controlled separately by the computer and timed to the engine's firing sequence) improves power and reduces emissions. 
ELECTRONIC FUEL INJECTION
The main components of electronic fuel injection are described below.

1. Engine Control Unit (ECU)

2. Sensors

3. Fuel Injectors

Engine Control Unit (ECU): This unit is the heart of electronic injection system which is responsible for metering the quantity of fuel supplied to each cylinder. The unit contains a number of printed circuits boards on which, a series of transistors, diodes and other electronic components are mounted. This makes the vital data analysing circuits responding to various input signals. After processing the input data, the power output circuits in the control unit generates current pulses which are transmitted to the solenoid injectors to operate the injector for the required period. 

For example, when the pedal of the vehicle is stepped on, the throttle valve (this is the valve that regulates how much air enters the engine) opens up more, letting in more air. The engine control unit (ECU) "sees" the throttle valve open with the help of sensors and increases the fuel rate in anticipation of more air entering the engine. It is important to increase the fuel rate as soon as the throttle valve opens; otherwise, when the gas pedal is first pressed, there may be a hesitation as some air reaches the cylinders without enough fuel in it. Sensors monitor the mass of air entering the engine, as well as the amount of oxygen in the exhaust. The ECU uses this information to fine-tune the fuel delivery so that the air-to-fuel ratio is just right.

The ECU generally works in two operating modes, namely open loop and closed loop. In closed loop Oxygen sensor is used to sense the quantity of excess Oxygen in the smoke and this information is used for the next cycle of injection. This is also called feedback mode. On the other hand in open loop system the Oxygen sensor is not used.
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Engine Sensors: In order to provide the correct amount of fuel for every operating condition, the engine control unit (ECU) has to monitor a huge number of input sensors. Here are just a few:


· Mass airflow sensor - Tells the ECU the mass of air entering the engine 

· Oxygen sensor - The device measures the amount of oxygen in the exhaust gas and sends this information to the electronic control unit. If there is too much oxygen, the mixture is too lean. If there is too little, the mixture is too rich. In either case, the electronic control unit adjusts the air fuel ratio by changing the fuel injected. It is usually used with closed loop mode of the ECU.
· Throttle position sensor - Monitors the throttle valve position (which determines how much air goes into the engine) so the ECU can respond quickly to changes, increasing or decreasing the fuel rate as necessary 

· Coolant temperature sensor - Allows the ECU to determine when the engine has reached its proper operating temperature 

· Voltage sensor - Monitors the system voltage in the car so the ECU can raise the idle speed if voltage is dropping (which would indicate a high electrical load) 

· Manifold absolute pressure sensor - Monitors the pressure of the air in the intake manifold. The amount of air being drawn into the engine is a good indication of how much power it is producing; and the more air that goes into the engine, the lower the manifold pressure, so this reading is used to gauge how much power is being produced. 

· Engine speed sensor - Monitors engine speed, which is one of the factors used to calculate the pulse width.
· Crank Angle sensor - Monitors the position of the piston and gives the information to the ECU. Accordingly the ECU adjusts the valve timing.
Fuel Injectors:
The solenoid-operated fuel injector is shown in the figure above. It consists of a valve body and needle valve to which the solenoid plunger is rigidly attached. The fuel is supplied to the injector under pressure from the electric fuel pump passing through the filter. The needle valve is pressed against a seat in the valve body by a helical spring to keep it closed until the solenoid winding is energized. When the current pulse is received from the electronic control unit, a magnetic field builds up in the solenoid which attracts a plunger and lifts the needle valve from its seat. This opens the path to pressurised fuel to emerge as a finely atomised spray. 

The amount of fuel supplied to the engine is determined by the amount of time the fuel injector stays open. This is called the pulse width, and it is controlled by the ECU.  The injectors are mounted in the intake manifold so that they spray fuel directly at the intake valves. A pipe called the fuel rail supplies pressurized fuel to all of the injectors. 


 
                                                                                                              CHAPTER 5                                                                                                                                                                                                                                                                                            
  ELECTRONIC FUEL INJECTOR                                                                                                                                                                                                                                                                                                                                                                        
1. Multipoint Fuel Injection (MPFI)

2. Gasoline Direct Injection (GDI)

MULTI POINT FUEL INJECTION (MPFI)
Engines with multi port injection have a separate fuel injector for each cylinder, mounted in the intake manifold or head just above the intake port.
Thus, a four-cylinder engine would have four injectors, a V6 would have six injectors and a V8 would have eight injectors. Multi port injection systems are more expensive because of the added number of injectors. But having a separate injector for each cylinder makes a big difference in performance. The same engine with multi port injection will typically produce 10 to 40 more horsepower than one with carburetor because of better cylinder-to-cylinder fuel distribution. 

Injecting fuel directly into the intake ports also eliminates the need to preheat the intake manifold since only air flows through the manifold. This, in turn, provides more freedom for tuning the intake plumbing to produce maximum torque.

GASOLINE DIRECT INJECTION (GDI)
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Fig7: A GDI System

In conventional engines, fuel and air are mixed outside the cylinder. This ensures waste between the mixing point and the cylinder, as well as imperfect injection timing. But in the GDI engine, petrol is injected directly into the cylinder with precise timing, eliminating waste and inefficiency. By operating in two modes, Ultra-Lean Combustion Mode and Superior Output Mode, the GDI engine delivers both unsurpassed fuel efficiency and superior power and torque. The GDI engine switches automatically between modes with no noticeable shift in performance. All the driver notices is a powerful driving experience, and much lower fuel bills. It's the best engine on the market. A Gasoline direct injection system consist various components as shown in the figure below.
                                                                                                           CHAPTER 6
MAJOR OBJECTIVES OF THE GDI ENGINE
Ultra-low fuel consumption, which betters that of diesel engines.
Superior power to conventional MPI  
THE DIFFERENCE BETWEEN NEW GDI AND CURRENT MPI For fuel supply, conventional engines use a fuel injection system, which replaced the carburetion system. MPI or Multi-Point Injection, where the fuel is injected to each intake port, is currently the one of the most widely used systems. However, even in MPI engines there are limits to fuel supply response and the combustion control because the fuel mixes with air before entering the cylinder. Mitsubishi set out to push those limits by developing an engine where gasoline is directly injected into the cylinder as in a diesel engine, and moreover, where injection timings are precisely controlled to match load conditions. The GDI engine achieved the following outstanding characteristics.  
· Extremely precise control of fuel supply to achieve fuel efficiency that exceeds that of diesel engines by enabling combustion of an ultra-lean mixture supply.

· Very efficient intake and relatively high compression ratio unique to the GDI engine deliver both high performance and response that surpasses those of conventional MPI. OUTLINE: Major Specifications (Comparison with MPFI)

	Item
	GDI
	Conventional MPFI

	Bore x Stroke (mm)
	81.0 x 89.0
	(

	Displacement
	1834
	(

	Number of Cylinders
	IL-4
	(

	Number of Valves
	Intake: 2, Exaust: 2
	(

	Compression Ratio
	12.0
	10.5

	Combustion Chamber
	Curved Top Piston
	Flat top Piston

	Intake Port
	Upright Straight
	Standard

	Fuel System
	In-Cylinder Direct Injection
	Port Injection

	Fuel Pressure (MPa)
	50
	3.3


TJNJBBNNBMMBVMJBNBBJJJECHNICAL FEATURES                                                             C
                                                                       CHAPTER-7      TECHNICAL FEATURES 
The GDI engines foundation technologies
There are four technical features that make up the foundation technologiesN described below. 

The Upright Straight Intake Port supplies optimal airflow into the cylinder. 

· The Curved-top Piston controls combustion by helping shape the air-fuel mixture.

·  The High Pressure Fuel Pump supplies the high pressure needed for direct in-cylinder injection. 

· The High Pressure Swirl Injector controls the vaporization and dispersion of the fuel spray.
                                                                                                CHAPTER 8
· MAJOR CHARACTERISTICS OF THE GDI ENGINE                Direct Injection Engine Efficiency
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A 2010 Ecotec 2.4L engine fuel rail. This part distributes fuel to the injectors.
Direct injection engines literally give you more bang for your buck, for two main reasons. One, they use a "leaner" fuel-air mixture ratio. Second, the way the fuel disperses inside the chamber allows it to burn more efficiently. Let's take a quick look at each.

The ratio of air to fuel as it burns in an engine will have certain, predictable effects on engine performance, emissions of pollutants and fuel efficiency. When the amount of air in the mixture is high, compared to the amount of fuel, it's known as a "lean" mixture. When the reverse is the case, it's called a "rich" fuel mixture.

Direct injection engines use a mixture of 40 or more parts air to one part fuel, written as 40:1. That compares to a normal gasoline engine's mix of 14.7:1. A leaner mixture allows fuel to be burned much more conservatively.

A second efficiency plus for direct injection engines is that they can burn their fuel more completely. The fuel can be squirted directly where the combustion chamber is hottest -- in a gasoline engine that means it ends up close to the spark. With a traditional gasoline engine, the fuel air mixture disperses widely within the chamber, leaving a substantial amount unburned and therefore ineffective.

So what about the rest of the engine? Do direct injection engines represent a radical departure from the known and accepted principles of internal combustion?

The short answer is "no." To be sure, direct injection engines do use a few special bits and technical tricks:

· A nifty piece of hardware called a fuel rail, to distribute fuel to the injectors

· Special programming for the engine management computer to handle the calculations of flow rate, fuel droplet size, emissions controls and other things you don't want to think about while driving

· Special catalytic convertors to handle direct injection engines' notoriously high oxides of nitrogen emissions (NOx)

The NOx issue notwithstanding, gasoline direct injection engines get high marks in particular for their cleaner emissions. It's for this reason that numerous engine companies have toiled to build two-stroke versions of the gasoline direct injection engine. While four-strokes are found on most automobiles and street-legal motorcycles, two-strokes rule when it comes to off-road motorcycles, small boat and personal watercraft engines and many of the motorbikes that serve as primary transportation in developing nations.

Lower fuel consumption and higher output: 

 Using methods and technologies, the GDI engine provides both lower fuel consumption and higher output. This seemingly contradictory and difficult feat is achieved with the use of two combustion modes. Put another way, injection timings change to match engine load. 

For load conditions required of average urban driving, fuel is injected late in the compression stroke as in a diesel engine. By doing so, an ultra-lean combustion is achieved due to an ideal formation of a stratified air-fuel mixture. During high performance driving conditions, fuel is injected during the intake stroke. This enables a homogeneous air-fuel mixture like that of in conventional MPI engines to deliver higher output. 

Two Combustion Modes: In response to driving conditions, the GDI engine changes the timing of the fuel spray injection, alternating between two distinctive combustion modes- stratified charge (Ultra-Lean combustion), and homogenous charge (Superior Output combustion).

Under normal driving conditions, when speed is stable and there is no need for sudden acceleration, the GDI engine operates in Ultra-Lean Mode. A spray of fuel is injected over the piston crown during the latter stages of the compression stroke, resulting in an optimally stratified air-fuel mixture immediately beneath the spark plug. This mode thus facilitates lean combustion and a level of fuel efficiency comparable to that of a diesel engine. 

The GDI engine switches automatically to Superior Output Mode when the driver accelerates, indicating a need for greater power. Fuel is injected into the cylinder during the piston's intake stroke, where it mixes with air to form a homogenous mixture. The homogenous mixture is similar to that of a conventional MPI engine, but by utilising the unique features of the GDI, an even higher level of power than conventional petrol engines can be achieved. 
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In-cylinder Airflow: The GDI engine has upright straight intake ports rather than horizontal intake ports used in conventional engines. The upright straight intake ports efficiently direct the airflow down at the curved-top piston, which redirects the airflow into a strong reverse tumble for optimal fuel injection. 

Precise Control over the Air/Fuel Mixture: The GDI engine's ability to precisely control the mixing of the air and fuel is due to a new concept called wide spacing," whereby injection of the fuel spray occurs further away from the spark plug than in a conventional petrol engine, creating a wide space that enables optimum mixing of gaseous fuel and air.

In stratified combustion (Ultra-Lean Mode), fuel is injected towards the curved top of the piston crown rather than towards the spark plug, during the latter stage of the compression stroke. The movement of the fuel spray, the piston head's deflection of the spray and the flow of air within the cylinder cause the spray to vapourise and disperse. The resulting mixture of gaseous fuel and air is then carried up to the spark plug for ignition. The biggest advantage of this system is that it enables precise control over the air-to-fuel ratio at the spark plug at the point of ignition. 



The GDI engine's intake ports have been made straight and upright to create a strong flow that facilitates mixing of the air and fuel. Air is drawn smoothly and directly down through the intake ports toward the cylinder, where the piston head redirects it, forcing it into a reverse vertical tumble flow, the most effective flow pattern for mixing the air and fuel and carrying the mixture up to the spark plug. The GDI engine's pistons boast unique curved tops-forming a rounded combustion chamber-the most effective shape for carrying the gaseous fuel up to the spark plug.

In addition to its ability to mix thoroughly with the surrounding air, the fuel spray does not easily wet the cylinder wall or the piston head. In homogeneous combustion (Superior Output Mode), fuel is injected during the intake stroke, when the piston is descending towards the bottom of the cylinder, vapourising into the air flow and following the piston down. Again, it's all in the timing. By selecting the optimum timing for the injection, the fuel spray follows the movement of the piston, but cannot catch up. In this case, as the piston moves downward and the inside of the cylinder become larger in volume, the fuel spray disperses widely, ensuring a homogenous mixture.
Fuel Spray: Newly developed high-pressure swirl injectors provide the ideal spray pattern to match each engine operational modes. And at the same time by applying highly swirling motion to the entire fuel spray, they enable sufficient fuel atomization that is mandatory for the GDI even with a relatively low fuel pressure of 50kg/cm2. 
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Optimized Configuration of the Combustion Chamber: The curved-top piston controls the shape of the air-fuel mixture as well as the airflow inside the combustion chamber, and has an important role in maintaining a compact air fuel mixture. The mixture, which is injected late in the compression stroke, is carried toward the spark plug before it can disperse. 

Realization of lower fuel consumption 

In conventional gasoline engines, dispersion of an air-fuel mixture with the ideal density around the spark plug was very difficult. However, this is possible in the GDI engine. Furthermore, extremely low fuel consumption is achieved because ideal stratification enables fuel injected late in the compression stroke to maintain an ultra-lean air-fuel mixture. 

An engine for analysis purpose has proved that the air-fuel mixture with the optimum density gathers around the spark plug in a stratified charge. This is also borne out by analyzing the behavior of the fuel spray immediately before ignition and the air-fuel mixture itself. 

As a result, extremely stable combustion of ultra-lean mixture with an air-fuel ratio of 40 is achieved as shown below. 
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Combustion of Ultra-lean Mixture
In conventional MPI engines, there were limits to the mixtures leanness due to large changes in combustion characteristics. However, the stratified mixture of the GDI enabled greatly decreasing the air-fuel ratio without leading to poorer combustion. For example, during idling when combustion is most inactive and unstable, the GDI engine maintains a stable and fast combustion even with an extremely lean mixture of 40 to 1 air-fuel ratio.


                                                              CHAPTER 9
VEHICLE FUEL CONSUMPTION
Fuel Consumption during Idling: The GDI engine maintains stable combustion even at low idle speeds. Moreover, it offers greater flexibility in setting the idle speed.
Compared to conventional engines, its fuel consumption during idling is 40% less. 



Fuel Consumption during Cruising Drive: At 40km/h, for example, the GDI engine uses 35% less fuel than a comparably sized conventional engine. 



Better Fuel Efficiency: The concept of wide spacing makes it possible to achieve a stratified mixture, enabling the GDI engine to offer stable, ultra-lean combustion, allowing a significant improvement in fuel efficiency. In addition to ultra-lean combustion, the GDI engine achieves a higher compression ratio because of its anti-knocking characteristic and precise control of injection timing. These features contribute to drastically lower fuel consumption. The GDI engine improves fuel economy by 33% in the Japanese 10-15 mode driving cycle which represents typical urban driving conditions. 

Emission Control: Previous efforts to burn a lean air-fuel mixture have resulted in difficulty to control NOx emission. However, in the case of GDI engine, 97% NOx reduction is achieved by utilizing high-rate EGR (Exhaust Gas Ratio) such as 30% that is allowed by the stable combustion unique to the GDI as well as a use of a newly developed lean-NOx catalyst. 

REALIZATION OF SUPERIOR OUTPUT
To achieve power superior to conventional MPI engines, the GDI engine has a high compression ratio and a highly efficient air intake system, which result in improved volumetric efficiency. In high-load operation, a homogeneous mixture is formed. (When extra power is needed, the GDI engine switches automatically to Superior Output Mode.) Because it burns a homogenous mixture in this mode, the GDI engine functions like any other MPI engine. However, by maximising its technical features, the GDI engine achieves substantially higher power than a conventional engine. 

One of the principal reasons for this is that a fine spray of fuel is injected in a wide shower directly into the cylinder, where it vapourises instantly into the air flow. This causes the air to cool and contract, allowing additional air to be drawn in and improving volumetric efficiency. The cooling of the intake air prevents knocking, and results in higher power output.

Another reason for the GDI engine's ability to offer such superb power is that it prevents knocks. With conventional MPI engines, strong knocking occurs during acceleration. This is caused by petrol adhering to the intake ports. The low-octane elements of the fuel are forced into the cylinder immediately after accelerating, where they mix with air and ignite, causing knocking. With the GDI engine, fuel is injected directly into the cylinder and burned completely, meaning that transient knocking is suppressed. This in turn, allows higher output in the early stages of acceleration, when power is most needed. The most significant feature of petrol direct-injection is the fact that engine technology has finally achieved precise control over formation of the air/fuel mixture. We have capitalised on this achievement to develop an innovative anti-knock technology called Two-Stage Mixing. In high load, when it is necessary to supply large amounts of fuel, a homogenous air/fuel mix is used to prevent partially dense mixtures that cause soot to form. In contrast, the new Two-Stage Mixing technology prevents soot even during stratified mix, when a dense mixture forms. This is how knocking can be prevented.
In Two-Stage Mixing, about 1/4 of the total volume of fuel is injected during the intake stroke. This forms an ultra-lean fuel mixture which is too lean to burn under normal conditions. The remaining fuel is injected during the latter stages of the compression stroke. The key is that the air/fuel mixture is divided into a very lean air/fuel mixture and a rich air/fuel mixture. Knocking occurs most frequently in a stochiometric mixture, but is less likely to occur when the mixture becomes leaner or richer. Because the rich mixture is formed immediately before ignition, there is no time for the chemical reaction that causes knocking to take place. This is another of the factors that prevent knocking.

More important to note, is that the emission of soot is prevented, even when a dense air/fuel mixture is formed, and excess air is not sufficient. If air were the only gas present in the combustion chamber-as is the case with an ordinary diesel engine-the enriched charge would cool, causing soot to form. With Two-Stage Mixing, the enriched charge, created in the part of the chamber where the dense air/fuel mixture exists, shifts toward the other side of the chamber, where the mixture is leaner, as it burns. At this point, the enriched charge causes the ultra-lean mixture, which is too lean to burn under ordinary circumstances, to ignite. The combustion of the ultra-lean mixture, in turn, causes the enriched charge to re-ignite. It is this process that suppresses the formation of soot. This is the first time in the long history of petrol engines that direct control of combustion has been used to suppress knocking, and it further underscores the importance of achieving precise control over the air/fuel mixture. 
Improved Volumetric Efficiency: Compared to conventional engines, the Mitsubishi GDI engine provides better volumetric efficiency. The upright straight intake ports enable smoother air intake. And the vaporization of fuel, which occurs in the cylinder at a late stage of the compression stroke, cools the air for better volumetric efficiency. 


Increased Compression Ratio: The cooling of air inside the cylinder by the vaporization of fuel has another benefit, to minimize engine knocking. This allows a high compression ratio of 12, and thus improved combustion efficiency. 

               CHAPTER  10
ACHIEVEMENTS 

Engine performance: Compared to conventional MPI engines of a comparable size, the GDI engine provides approximately 10% greater outputs and torque at all speeds. 



Vehicle Acceleration: In high-output mode, the GDI engine provides outstanding acceleration. The following chart compares the performance of the GDI engine with a conventional MPI engine.




CONCLUSION

Advantages 
· Frequent operation in stratified mode.

· Reduction of CO2 production by nearly 20 percent.

· Provides improved torque.
· Fulfills future emissions requirements.

· 97% NOx reduction is achieved.
· Improve the brake specific fuel consumption.

 
· Smooth transition between operation modes.

Consumer Benefit 

· Reduced fuel consumption 15-20% 

· Higher torque 5-10% 

· Up to 5% more power 

· Spontaneous response behavior 
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Fig1: Transition of Fuel Supply System
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Fig3: Closed loop Operation mode





Fig2: Open loop Operation mode
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Fig4: Various Sensors used in a GDI system





Fig5: Electronic Fuel Injector





Fig6: Fuel Injection in a MPFI system
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Fig8: Four Technical Features





Fig9: Two combustion modes 








Fig11: Precise Control over the A/F Ratio





Fig12: Fuel Spray Characteristics





Fig11: Combustion of ultra lean mixture





Fig12: Heat and Pressure variation





Fig13: Comparison of Fuel consumption





Fig14: Torque fluctuation & fuel consumption





Fig15: Comparison of Volumetric efficiency





Fig16: Comparison of compression ratio





Fig17: Comparison of Engine performance





Fig18: Comparison of vehicle acceleration
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