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Abstract— This project focus on the development of a single 

cylinder direct fuel injection engine. This project done by 

converting the base of the single cylinder internal combustion 

engine into single cylinder direct fuel injection engine. Due 

to the less of findings and production of a fuel injection 

system for a single cylinder engine, it will give us a great 

advantage to analyze this type of engine. We will compare its 

effectiveness in terms of power output produce, heat produce, 

fuel efficiency, maintenance cost and also its fuel emission 

between fuel injection system and internal combustion 

engine. A single cylinder internal combustion motorcycle 

engine will be used in this project. 
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I. INTRODUCTION 

Gasoline Direct Injection (GDI) is certainly not new. The first 

known application of this technology was introduced in 1925 

in a Hesselman engine for airplanes. Cars starting using it in 

the 50’s with the Mercedes Benz Gullwing (1953) having this 

technology. It certainly wasn’t the same as the technology we 

use today, but had the foundations of this operational 

platform. In today’s market, the high majority of the current 

OEM manufacturers have at least one and in most cases, 

many GDI equipped engines in their product line. Most 

experts agree that GDI will soon replace the conventional port 

fuel injection systems that we have been familiar with for 

years. As new technologies come and go, based on many 

reasons, it looks like GDI is here to stay. It certainly isn’t a 

perfect technology and there is work presently going on to 

correct some issues, but the advantages seem to far outweigh 

any disadvantages and the benefits of having this technology 

are impressive. 

 
Fig. 1: Gasoline Direct Injection (GDI) 

 

 
Fig. 2: Gasoline Direct Injection (GDI) 

II. FUEL SUPPLY SYSTEMS: 

The different possible fuel supply systems for SI Engines are 

described as follows: 

A. Carburetor System: 

In this method air and fuel are mixed in the required quantities 

in a device called carburetor before supplying to the engine 

cylinder. Many complex subsystems are required for the 

effective working of the engine as the engine is subjected to 

various operating conditions in practice. Even by using a 

modern carburetor, which has many features, it still has some 

drawbacks as explained below: 

 In multi-cylinder engines the mixture supplied to various 

cylinders varies in quality and quantity since the 

induction passages are of unequal lengths and offer 

different resistances to mixture flow. The mixture 

proportion is also affected due to fuel condensation in 

induction manifold. 

 Carburetors, with their choke tubes, jets, throttle valves, 

inlet pipe bends, etc., do not give a free flow passage for 

the mixture. Thus, there is loss of volumetric efficiency 

on this account. 

 The carburetor has many wearing parts. After wear it 

operates less efficiently. 
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 Freezing may take place at low temperatures, unless 

special means are provided to obviate this. 

 Surging of the fuel takes place when the carburetor is 

tilted or during acrobatics in aircraft, unless special 

means are adopted to avoid this. 

 Vapor lock in the fuel systems may result in hot weather. 

 There is possibility of back fire in intake manifold and 

popping in the carburetor in cold weather unless the 

flame traps or fitted. it involves and additional 

complications which tend to reduce the volumetric 

efficiencies. 

B. Fuel Injection: 

The three different types of fuel injection methods are: 

1) Multi point fuel injection (MPFI) 

2) Gasoline direct injection (GDI) 

3) Electronic fuel injection (EFI) 

 Multi Point Fuel Injection: 

This MPFI system is to supply the proper ratio of gasoline 

and air to cylinders. These systems function under two basic 

arrangements, namely 

1) Port injection  

2) Throttle body injection 

 
Fig. 3: Port injection 

 
Fig. 4: Throttle body injection 

 In the port injection arrangement, the injector is placed 

on the side of intake manifold near the intake port. The 

injector sprays gasoline into the air, inside intake 

manifold. 

 In the throttle body injection system an injector is placed 

slightly above the throat of the throttle body. The injector 

sprays gasoline into the air in the intake manifold. 

 The advantages of MPFI over the carburetor system can 

be summarized as follows: 

 Increased volumetric efficiency and hence increased 

power and torque, due to the absence of any restriction 

such as ventures and other metering elements in the air 

passage. 

 Better distribution of mixture to each cylinder and hence 

lower specific fuel consumption. 

 Lower mixture temperatures in the engine cylinders, 

despite the increase in power developed and hence 

possibility of employing higher compression ratios. 

 Engines fitted with gasoline injection system can be used 

in any tilt position, which will cause surge trouble in 

carburetors. 

 Even in MPFI Engines there are limits to fuel supply 

response and the combustion control because the fuel 

mixes with air before entering the cylinder. 

C. Gasoline Direct Injection (GDI): 

Gasoline engines work by inhaling 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. In these lines, 

the efforts of Mitsubishi Motors have come to reality and in 

near future we can see all the commercial medium & high-

powered SI engines adopting GDI system. 

 
Fig. 5: Gasoline Direct Injection (GDI) 

The required technical features to incorporate GDI system are 

as follows: 

 Upright straight intake ports for optimal airflow control 

in the cylinder. 

 Curved-top pistons for better combustion. 

 High-pressure fuel pump to feed pressurized fuel into the 

injectors. 

D. Electronic Fuel Injection: 

Modern gasoline injection systems use engine sensors, a 

computer and solenoid operated fuel injectors to meter and 

inject the right amount of fuel into the engine cylinders this 

system are called An Electronic Control Unit (ECU) receives 

the signals from the sensors and determines the opening time 

for the injectors. The pulse width is an indication of the period 

for which injector is energized and kept open. The computer 

decides and controls the injector pulse width based on the 

signals received from various sensors. 

 Improvement in volumetric effiency, manifold 

wetting is eliminated due to fuel being injected into or close 

to cylinder and need not flow through the manifold, formation 

of ice on the throttle is eliminated, better atomization and 

vaporization will make the engine less knock prone. There is 

a cold start injector which ensures easy engine start up in very 

cold weather. Although it has advantages it also has 

disadvantages such as high maintenance cost, difficulty in 

servicing, possibility of malfunctioning of some sensors. 
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 A bit of fuel injection history... 

An early use of indirect gasoline injection dates back to 1902, 

when French aviation engineer Leon Levasseur pioneered it 

on his Antoinette 8V aircraft powerplant. 

 Another early use of gasoline direct injection (i.e. 

injection of gasoline, also known as petrol) was on the 

Hesselman engine invented by Swedish engineer Jonas 

Hesselman in 1925. 

 Hesselman engines use the ultra-lean burn principle; 

fuel is injected toward the end of the compression stroke, then 

ignited with a spark plug. 

 Direct fuel injection was used in notable World War 

II airplane engines such as the Junkers Jumo 210, the 

Daimler-Benz DB 601, the BMW 801, the Shvetsov ASh-

82FN (M-82FN). 

 German direct injection petrol engines used 

injection systems developed by Bosch from their diesel 

injection systems. 

 In the 1940s, hot rodder Stuart Hilborn offered 

mechanical injection for racers, salt cars, and midgets. 911 

production range and until 1975 on the Carrera 3.0 in Europe. 

Porsche continued using this system on its racing cars into the 

late seventies and early eighties. 

 The first commercial electronic fuel injection (EFI) 

system was the ELECTROJECTOR developed by Bendix 

Corporation in 1957. Chrysler offered Electrojector on the 

1958 Chrysler 300D, DeSoto Adventurer, Dodge D-500 and 

Plymouth Fury, arguably the first series-production cars 

equipped with an EFI system. It was jointly engineered by 

Chrysler and Bendix 

 Bosch developed an electronic fuel injection system, 

called D-Jetronic (D for Druck, German for “pressure”), 

which was first used on the VW 1600TL/E in 1967. Bosch 

superseded the DJetronic system with the K-Jetronic and L-

Jetronic systems for 1974, though some cars (such as the 

Volvo 164) continued using D-Jetronic for the following 

several years. 

 The Cadillac Seville was introduced in 1975 with an 

EFI system made by Bendix and modelled 

very closely on Bosch’s D-Jetronic. 

 In Japan, the Toyota Celica used electronic, multi-

port fuel injection in the optional 18R-E engine in January 

1974. 

 The limited production Chevrolet Cosworth Vega 

was introduced in March 1975 using a Bendix EFI system 

with pulse-time manifold injection, four injector valves, an 

electronic control unit (ECU), five independent sensors and 

two fuel pumps. 

E. Advantages of Gasoline Direct Injection: 

 8-22% higher fuel economy 

 More torque and horsepower allowing smaller engines 

 Can inject fuel anytime during the 4-stroke cycle of 

events 

 Cylinder scavenging is greatly enhanced 

 Compression ratios can be higher 

 Leaner fuel mixtures during cold engine operation 

 Adjustable fuel modes to target emission problems 

 Lower CO2 emission levels 

 Reduced engine pumping losses 

 Cylinder charge cooling 

 Much smaller droplets spray of fuel 

 Reduced cylinder wall temperatures (A/C theory- high 

pressure liquid changing to a low-pressure gas) 

 Spark knock is much more controlled 

F. Disadvantages of Gasoline Direct Injection: 

 Dramatic changes in the fuel delivery and control 

systems 

 Small injection time window (sometimes in micro-sec.) 

 Lean burns make post combustion NOX difficult to 

control 

 High levels of soot (carbon) formation due to lower 

intake temps & exhaust inversion 

 Increased electrical power demands for injectors 

 Proper engine maintenance is very critical 

 Components can be more expensive 

 Has many “special tools” needed for routine service 

 Fuel rail and lines are made from stainless steel 

 Many components are “one-time” use. (Seals, HP line, 

etc) • Newer technologies require technician training 

G. GDI System Working 

 
Fig. 6: 

H. Low Pressure Side of System: 

 In-Tank Fuel Pump: 

 Similar to port fuel systems 

 PWM speed controlled which varies output pressure 

 Can be brushless 

 Usually part of a module with sending unit, pressure 

regulator and pump 

 Can have an EVAP tank pressure sensor & a mid-

pressure fuel pressure sensor 

 Return less in most cases and can have built in or separate 

filter 

 Usually has four wires: Pump B+ and ground, sending 

unit + and ground 
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Fig. 7: FUEL PUMP 

I. Fuel Lines and Hoses: 

 Still the same as port fuel systems 

 Various quick connect fittings from different OEM’s 

 Made from nylon, plastic and other materials 

 Can be serviced and repaired 

 Often contains a service port for pressure testing 

 Can also have a pulse damper built into low pressure line 

 

 

 

J. High Pressure Side of System: 

 High Pressure Fuel Pump 

 Driven by a 2, 3 or 4 lobe on camshaft. 

 Can be one or two on a V engine 

 Usually held in place with two bolts (bolts are “one-time” 

use) 

 Can have a roller, follower or bucket type drive riding 

against cam lobe 

 Must be “timed” when installing 

 Capable of pressures from 500-3000 psi 

 Contains an electric pressure regulator solenoid 

controlled by PCM 

 Contains an internal pressure relief valve 

 Will default to either low or high pressure when 

connector is unplugged depending on OEM 

 High Pressure Fuel Lines & Rail 

 Made from stainless steel for strength and corrosion 

resistance 

 Called a “common rail” much like diesel engines 

 Injectors are attached to rail with special clips/retainers 

(“one-time” use) 

 Rail also contains a high-pressure sensor (electric) 

 No service port for pressure testing 

 Line from HP pump to rail often uses “ball type” fittings 

(“one-time “use) 

 Most HP lines are “one-time” use only and must be 

replaced when serviced 

 Rail is usually bolted in place to cylinder head 

 Rail/Injectors can be “buried” under the intake manifold 
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K. Fuel Injectors: 

 Can be of two types: Solenoid and Piezoelectric (most 

common is solenoid) 

 Solenoid type operates with voltages of 50-60V to open 

the valve, then 12V to stay open 

 Voltages are generated by PCM using a DC/DC 

converter and capacitors 

 Piezo injectors are a stack of crystals that open a valve. 

Most operate with voltages around 105 V 

 Both B+ and ground are connected to PCM. 

 Have Teflon seals where injector goes into the cylinder 

heads. “one-time” use and must be properly sized with 

special tools when replacing. 

 Tips can be a series of holes or a single slot. GDI 

injectors have 10-20μm (micron) size 

 Usually located between intake valves or directly on top 

of the cylinder head 

 Do not use “noid-lites” or 12 volt test lights on GDI fuel 

injectors (high voltage shock hazards) 

L. Injector Spray Pattern Designs 

 Wall guided swirl combustion (injector in side of 

cylinder head) 

 Spray guided (injector in top of cylinder head) 

 Wall guided “tumble” combustion (piston shape creates 

a tumbling affect as it moves up) 

M. GDI Problems 

1) Accumulation of carbon deposits on intake valves and on 

injector tips (exhaust inversion & PCV oil) 

2) Lack of maintenance by owners. Most common cause of 

GDI problems. 

3) Using poor quality fuel. Will cause deposits and injector 

fouling. Also, can cause drivability problems with poor 

burning or flame propagation. 

4) Injectors plugging up creating drivability problems. 

Short cold engine driving and poor-quality fuel are 

causes. 

5) HP pump failure due to lack of maintenance and wrong 

engine oil used. Always change oil and filter according 

to OEM specifications and NEVER use “off-brand” or 

“cheap” oils or filters. 

6) High NOx levels during lean operation. 

III. CONCLUSION 

In conclusion, a direct injection engine has more advantages 

compared to combustion engine. The advantages are 

smoother running engine, better throttle response, easier to 

start in cold state, more accurate adjustment to provide the 

fuel into the engine block thus making better fuel economy, 

more stable in idling, decreased in maintenance cost and also 

better in fuel efficiency. The production of single cylinder 

direct injection engine should be introduced more in our 

country to make our country less carbon emission and provide 

better power while cost less. 
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