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Abstract— In this review paper we are studied about fuel 

injection system and efficiency of GDI engine. At time of 

even greater demand on automotive manufacturer to further 

improvement will needed like fuel efficiency, performance 

and emissions standards. Gasoline direct injection (GDI) 

engine technology to improve engine efficiency without 

making a major shift away from conventional IC technology. 

But, for larger vehicle port fuel injection was still notes a 

100% success. This was due to large engine size and improper 

combustions. So the GDI invented.   
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I. INTRODUCTION 

The first known application of GDI technology was 

introduced in 1925 in a Hesselman engine for airplane. Cars 

starting using it in the 1950 with the Mercedes Benz Gullwing 

having this technology.GDI Engines generate the air/fuel 

mixture in the combustion chamber. During the induction 

stroke only the combustion air flows through the open intake 

valve. The fuel is injected directly into the combustion 

chamber by special fuel injector. In a GDI engine common 

rail injector used.GDI consumes 20 to35% less fuel, 

generates 20% less CO2 emission & 10% more power than 

conventional engines. Direct injection has been used in diesel 

engines for many years, but not in petrol engine. Swirl air 

flow will be generated during compression stroke due to 

change in piston head. When fuel directly injects into the 

combustion chamber, the swirl helps mixing air with fuel. It 

pumps out the fuel at higher pressure, enables better 

vaporization and more uniform spread. GDI engine has an 

extraordinary high compression ratio of 12.5. 

A. Fuel injection system used in GDI engine 

 

B. Wall – Guided Combustion Systems 

The majority of first generation engine with stratified-charge 

operation were designed with wall-guided combustion 

systems, in which the mixture is prepared and transported to 

the spark plug via a wall in the combustion chamber. In most 

cases, the piston is shaped in such a way that the spray from 

the fuel injector is directed to the spark plug via the piston 

ground bowl. The mixture transportation during the process 

is normally supported by swirl or tumble flow operation. As 

the injection jet is directed straight at the pistons, this 

combustion procedure results in increased fuel deposits and 

emissions of unburned hydrocarbons. As the injection timing 

is linked to the piston position, it is therefore depended on 

engine speed. Furthermore, desirable and stable in cylinder 

flow patterns also depended on the engine speed it is difficult 

to coordinate the injection and ignition timing across a wide 

engine speed/load range. 

C. Air –Guided Combustion Systems 

In contrast to wall guided systems, air guided combustion 

system aim to reduce the hydrocarbon emission that are  by 

product of wall guided systems by preventing the fuel from 

coming in to contact with the wall of the combustion 

chamber. This aim in this case is to utilize change movement 

to the effectively mix the fuel and the intake air. The charge 

movement can also be supported by appropriately shape 

piston crowns. The success of this method there for depends 

on the directional orientation of the injection to ensure that 

the specific charge movement is sustained far into the 

compression face in order to ensure transport of the mixture 

up to the spark plug.  

D. Spray –guided combustion systems 

In must be ensured, through optimum positioning of the spark 

plug in relation to the injection plume, that and ignitable 

mixture is present at the point of ignition for a wide range of 

operating condition. The injector must produce a spray 

pattern that is as robust and repeatable as possible, even when 

subjected to changes in back pressure or flow conditions. 

Coking at the spray nozzle, coking may occur at the spray 

nozzle due to load combustion temperature during part load 

operation and idling, this may have negative effects on the 

spray profile. Tolerances in the spray pattern. The spray 

pattern may change as a result of operating conditions or 

manufacturing tolerance and have undesirable effects of 

combustion performance.[10] 

Here are 6 benefits that a direct injection engine offers. 

1) Power Output 

With the exception of some high end modified vehicles, fuel 

injection usually offers a much better power output and 

performance than a standard carburetor based vehicle. 

2) Fuel Efficiency 

Because fuel injection is usually controlled by a vehicle's 

electronic control unit or car computer, fuel consumption is 

usually managed much better than with a carburetor. It almost 

always results in better fuel efficiency. 

3) Emissions Performance 

With better fuel efficiency comes better emissions 

performance. Fuel injected vehicles produce far fewer carbon 

based emissions than vehicles with carburetors. 
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4) Ability to Accommodate Alternative Fuels 

Vehicles that use direct fuel injection are better equipped to 

handle alternative fuels, and fuels with additives that are 

designed to help keep your car engine clean. 

5) Drivability and Smooth Operation 

Vehicles that use fuel injection rather than a carburetor 

usually drive much smoother, because fuel flow is better 

managed and more consistent. 

6) Diagnostic Capability 

Because direct injection is regulated by your car's computer, 

problems with fuel injection can easily be diagnosed with a 

simple computer diagnostic test [4]. 

E. Advantages and Disadvantages: 

1) Advantages: 

 Produce more power using less fuel. 

 Tolerate extremely lean fuel mixture (40:1) under light 

load. 

 15 to 20% better fuel economy compared to MPFI 

system. 

 Improve combustion efficiency and power. 

 GDI engines produce more horsepower than MPFI 

systems. 

2) Disadvantages: 

 In gasoline direct injection engine fuel is directed 

injected in the combustion chamber layer of carbon 

deposits on the intake valve. As the deposits build up on 

the valve face, they may prevent the intake valves from 

sealing causing a compression leak, loss of power. 

 Heavy carbon accumulations on the intake valves can 

also restrict air flow, hurt power at higher engine speeds 

and cause a drop in fuel economy and performance. 

 If the engine is equipped with a turbocharger, there is a 

chance the carbon could damage the turbine fins the 

turbocharger. 

 Because of diesel injection the fuel has less time to mix 

with the incoming air before it ignites. 

II. TITLE OF INVENTION: GASOLINE DIRECT INJECTION: AN 

EFFICIENT TECHNOLOGY 

Author: S.P.chincholkar 

Journal: Elsevier 

A. Conclusion:  

GDI overcomes the problem associated with the PFI 

technology in gasoline engine and benefits with better fuel 

consumption and reduced emissions. Fuel injection system is 

the heart of GDI engine and the success of engine lies in the 

ability of fuel injection system to form the required mixture 

for the different GDI operational mode [1]. 

III. TITLE OF INVENTION: COMPARATIVE STUDY BETWEEN 

EARLY AND LATE INJECTION IN A NATURAL-GAS FUELLED 

SPARK-IGNITED DIRECT-INJECTION ENGINE. 

Author:  Durgada sankesh, jon Edsell. 

Journal: Elsevier 

A. Conclusion:  

At part-loads, for natural-gas direct-injection, injecting the 

fuel after valve closure significantly increases the combustion 

rate (when compared to injecting during the valve open 

period) due to enhanced turbulence at the time of 

ignition[14].The increased work output associated with this 

higher combustion rate is slightly offset by pumping losses to 

maintain a given load. At WOT conditions, late-injection 

improves volumetric efficiency and hence work output 

increases. The improved combustion rate due to late-injection 

is present at all load points. No appreciable change in 

indicated thermal efficiency was observed due to late-

injection timing for all conditions tested [2]. 

IV. TITLE OF INVENTION: EFFECTS OF FUEL COMPOSITION 

ON CHARGE PREPARATION, COMBUSTION AND KNOCK 

TENDENCY IN A HIGH PERFORMANCE GDI ENGINE. PART I: 

RANS ANALYSIS [3]. 

Author: Nicola Giovannoni, Luca nardi.. 

Journal: Elsevier 

A. Conclusion:  

The study has proved that the use of a multi component blend 

instead of a standard single component fuel has a strong 

influence on several aspect such as fuel distribution, flame 

front propagation and temperature field, parameters who 

strongly influence both combustion and knock tendency [13]. 

Multi-component evaporation differs significantly from that 

of a single-component fuel in terms of the time histories of 

their respective evaporation rates and droplet life times. The 

differences outlined prove that the multi-component 

approach can be a meaningful part of the knock 

tendency/combustion study since the single-component fuel 

behaviour cannot take into account the mutual impact on the 

evaporation of the different fuel components providing an 

excessively faster and not realistic droplet evaporation [4]. 

V. TITLE OF INVENTION: EFFECTS OF FUEL COMPOSITION 

ON CHARGE PREPARATION, COMBUSTION AND KNOCK 

TENDENCY IN A HIGH PERFORMANCE GDI ENGINE. PART II: 

LES ANALYSIS. 

Author: Nicola Giovannoni, Luca nardi. 

Journal: Elsevier 

A. Conclusion:  

Two methodologies for fuel evaporation in a highly 

turbocharged GDI engine are compared, a traditional Single 

Component (SC) one and a more complex Discrete-

Continuous-Multi-Component.The study presented in this 

paper is initiated in Part I,[12] where the two approaches are 

compared in ensemble average terms thanks to a RANS 

numerical investigation. In the present paper, the continuation 

of the analysis is presented for the same engine and operating 

condition with the focus on the cycle-to-cycle variability of 

mixture formation and its effects on the predicted combustion 

stability [5]. 

VI. TITLE OF INVENTION: A STUDY OF SPRAY 

DEVELOPMENT AND COMBUSTION PROPAGATION PROCESSES 

OF SPARK-IGNITED DIRECT INJECTION (SIDI) COMPRESSED 

NATURAL GAS (CNG). 

Author: Yu liu, jeongkuk yeom. 

Journal: Elsevier 
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A. Conclusion:  

The spray development process was recorded by an 

intensified CCD using the schlieren photography method. It 

is found that spray tip penetration was significantly affected 

by the injection pressure [9]. For injected gaseous fuel, 

because there is no evaporation process compared to liquid 

fuel, the effect of ambient temperature on spray tip 

penetration and spray angle is no longer as significant. Under 

relatively higher ambient pressure conditions, the injected 

CNG spray penetrated at a very low rate in both the axial and 

radial directions [6]. 

VII. TITLE OF INVENTION: CAI COMBUSTION OF GASOLINE 

AND ITS MIXTURE WITH ETHANOL IN A 2-STROKE POPPET 

VALVE DI GASOLINE ENGINE. 

Author: Yan Zhang, Hua Zhao 

Journal: Elsevier 

A. Conclusion:  

2-stroke CAI combustion operation can be achieved over a 

wide range of engine speed and load conditions, including 

idle operations that could not be achieved with 4-stroke 

operations [13]. The presence of ethanol allowed CAI 

combustion to be extended to higher load conditions. In the 

case of E85 the maximum IMEP of 8.4 bar was obtained at 

800 rpm,[15] significantly higher than the 4-stroke 

equivalent. Further improvement in the high load range at 

higher engine speeds can be achieved with a faster camless 

system or mechanical camshafts [7]. 

VIII. TITLE OF INVENTION: ANALYSIS OF PRE-IGNITION 

COMBUSTIONS TRIGGERED BY HEAVY KNOCKING EVENTS IN 

A TURBOCHARGED GDI ENGINE. 

Author: Nicolo Cavina, Nicolo Cavina. 

Journal: Elsevier 

A. Conclusion:  

Abnormal combustions, like knock and pre-ignition, are of 

high interest in spark-ignited engines, since they represent the 

main limiting factor for higher engine efficiency. On the one 

hand, control strategies and precautionary engine calibration 

can reduce the occurrence of such kind of combustion; on the 

other hand, the engine should withstand a certain number of 

unavoidable anomalous events [11]. This paper describes a 

sequence involving both knock, controlled by spark advance, 

and consequent pre-ignition and it illustrates their harmful 

effects on the engine [10]. 

IX. CONCLUSION 

From above mention research paper and all the materials that 

we have referred we can conclude that GDI engine 

technology gives more power using less fuel, fuel economy 

15 to 20 % compare to MPFI system. GDI engine can handle 

higher static compression ratios. GDI engine had some 

limitations like fuel is directed injected in the combustion 

chamber layer of carbon deposits on the intake valve. As the 

deposits build up on the valve face, they may prevent the 

intake valves from sealing causing a compression leak, loss 

of power. 
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