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Abstract— The diesel fuel injection system is the heart of the 

diesel engine and has become one of the critical emissions 

control technologies with the advance of multiple fuel 

injection system. The main study was to investigate the effect 

of pilot, post and multiple fuel injection strategies on engine 

performance and emissions. The study was carried out on a 

4-stroke cylinder 1.2-liter small-bore direct injection diesel 

engine equipped with a high pressure common rail fuel 

injection system. A large amount of engine performance, 

emissions, and cylinder pressure data over several engine 

operating points system is obtained. It was determined that 

use of pilot injection does not lead to a simultaneous 

reduction of NOx and particulate emissions unless optimized 

combinations of EGR rate, main injection timing, pilot 

injection timing, quantity and dwell before main injection 

were achieved.  It was also found that post injection and 

multiple injections can reduce particulate emissions by more 

than 40% in some cases. It is believed that reduction of 

particulates using post injection or multiple injections is a 

result of improved particulate oxidation later in the 

combustion cycle due to increase in-cylinder bulk 

temperature and/or enhanced air/fuel mixing with the 

presence of an additional combustion event. 
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I. INTRODUCTION 

Rudolph Diesel, who is best known for his invention of the 

engine that bears his name, was born in France in 1858. In the 

1890s, he received a number of patents for his invention of a 

highly efficient, slow burning, compression ignition, internal 

combustion engine. His invention came while the steam 

engine was the predominant power source for large 

industries. The prototype of Dr. Diesel engine first ran on its 

own power on August 10, 1893 after 13 years of intensive 

development. Two years later, on the last day of 1896 Dr. 

Diesel demonstrated another model with a spectacular 

mechanical theoretical efficiency of 75.6% while the then 

popular steam engine had an anemic 10% mechanical 

efficiency. Exhaust Gas Recirculation (EGR), has long been 

of interest to engine designers, researchers, and regulators. 

EGR was originally considered as a method to alter 

combustion and suppress knock in spark ignition engines 

Considerable interest in EGR for gasoline engines developed 

successfully demonstrated the dependency of smog on 

combustion-generated hydrocarbons and oxides of nitrogen.  

Five years later, Kopa and other researchers, 

demonstrated that EGR could in fact lower the concentration 

of NOx in the exhaust gas. However, these initial regulations 

could be met with optimized combustion strategies, and 

improved combustion chamber design. EGR became a 

necessary component on heavy-duty diesel engines with the 

implementation of the 2004 regulations (accelerated to 2002 

for six major manufacturers affected by the Consent Decree) 

where NOx release is restricted to 2.5 g/bhp-h. Nevertheless, 

introducing EGR effectively into the combustion chamber of 

a multi-cylinder engine remains a considerable challenge. 

Now study abut diesel engine to multiport injection system to 

improve of the combustion air fuel ratio in combustion 

chamber so get less emission of ci engine as well as less 

knocking of diesel engine system to proving at different angle 

of the outer prefer of the combustion chamber at 45 angle 

providing addition nozzle fitted so improve of the engine 

performance. 

II. LITERATURE REVIEW  

 Using EGR in order to reduce NOx emissions generally 

degrades engine performance. This section quantifies the 

effect of EGR on the fuel economy and performance of a 

representative heavy-duty diesel engine through 

experimental measurements.  All results pertain to three 

reference conditions: 1200 RPM - 50% load, 1200 RPM - 

20% load and 1800 RPM - 50% load.  Results are analysed to 

determine the specific physical reasons for degraded 

performance.In this investigation, effect of 10, 20 and 50% 

biodiesel blends on injection rate, atomization, engine 

performance, emissions and combustion characteristics of 

common rail direct injection (CRDI) fuel injection system 

were evaluated in a single cylinder research engine with 

CRDI at 300, 500, 750 and 1000 bar fuel injection pressures 

at different start of injection timings and constant engine 

speed of 1500 rpm. The duration of fuel injection slightly 

decreased with increasing blend ratio of biodiesel (Karanja 

Oil Methyl Ester: KOME) and significantly decreases with 

increasing fuel injection pressure.  The injection rate profile 

and sauter mean diameter (D32) of the fuel droplets are 

influenced by the injection pressure. Increasing fuel injection 

pressure generally improves the thermal efficiency of the test 

fuels. Sauter mean diameter (D32) and arithmetic mean 

diameter (D10) decreased with decreasing Karanja biodiesel 

content in the blend and significantly increased for higher 

blends due to relatively. In order to investigate the injection 

rate of Karanja oil biodiesel, the injection rate measuring 

system was used for various injection pressure conditions as 

illustrated in Figure 1. This system is based on the pressure 

variation in a measuring tube, filled with biodiesel. When the 

high- pressure biodiesel is injected into the tube, the fuel 

creates pressure wave detected by a pressure sensor in the 

tube. During the fuel injection, the pressure in the tube was 

maintained constant at 20 bar. In the system, the line pressure 

was continuously measured by using the pressure sensor. In 

this test, 1000 fuel injections were carried out and the 

measurements were averaged. Figure 2 shows the phase 

Doppler droplet analysis system, which comprises of a high-

pressure fuel injection system, an Ar-Ion laser, a transmitter, 

a receiver, data acquisition and signal synchronizer 
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system.Air and fuel consumption rates were measured by 

rotary gas flow meter system (Elster Instromart; RVG G160) 

and a fuel flow meter (AVL List GmbH; Fuel Balance 

733S.18) respectively. Raw engine emissions were measured 

by exhaust gas emissions analyser (AVL List GmbH; 444). 

Exhaust gas sample was passed through a moisture trap and a 

filter to arrest moisture condensation and particulates from 

entering the analyser test cell. HC is measured in 'ppm of 

hexane equivalent’; NO measured in 'ppm' and CO, CO2, and 

O2 are measured in 'volume percentage'. Accuracy and 

measurement ranges of emission analyser have been given in 

table 3. For comparison across different power ranges, data 

of raw emissions from the exhaust gas emission analyser is 

converted to mass emissions i.e. brake specific emission 

using IS: 14273 code [24].  Cylinder pressure was measured 

by a water cooled piezoelectric pressure transducer (AVL 

List GmbH; QC34C) mounted flush in the cylinder head. 

Rotation of the crank shaft was recorded by an optical 

encoder (AVL List GmbH; 365CC/ 365X). For acquisition 

and analysis of cylinder pressure-crank angle data, a high 

speed data acquisition system (AVL List GmbH; Indismart-

611) was used. Variation in cylinder pressure with crank 

angle was recorded for 200 consecutive engine cycles and 

then averaged for eliminating the effect of cycle-to-cycle 

variations. This averaged cylinder pressure data was used to 

calculate heat release rate, mass-burn fraction crank angles, 

combustion duration and other combustion related 

parameters. Experiments were performed for mineral diesel, 

biodiesel and three biodiesel blends (KOME10, KOME20 

and KOME50) at constant engine speed (1500 rpm). 

Important physical properties of test fuels are given in Table 

4. Fuel energy injected into each engine cycle was kept 

constant for all engine operating conditions, which was 

equivalent to air-fuel ratio (AFR) of 23 using mineral diesel. 

Engine operating point corresponding to 5 bar brake mean 

effective pressure (BMEP) engine load and 1500 rpm engine 

speed 195 was chosen for detailed investigations of the effect 

of FIP and SOI timings on particulate numbers emitted. 

Upper limit of advanced SOI timings at each FIPs was limited 

by peak rate of pressure rise limit (15 bar/deg). Lower limit 

of retarded SOI timings was limited by the lower selected 

limit of BMEP (4.5 bar). diesel was analysed by measuring 

in-cylinder pressure w.r.t. crank angle position in a single 

cylinder research engine equipped with CRDI fuel injection 

system. Measured pressure data of 200 consecutive engine 

cycles were averaged in order to eliminate the effect of cyclic 

variations of combustion parameters and the experimental 

data was analyzed to calculate heat release rate (HRR), mass 

burn fractions (MBF) as well as the combustion duration. 

Engine Make, Model AVL 5402 

Number of cylinders 1 

Cylinder bore/ stroke 

(mm) 
85/ 90 

Swept volume (cc) 510.7 

Compression ratio 17.5 

Number of valves 4 

Inlet ports 
Tangential and swirl inlet 

port 

Maximum power (kW) 6 

Fuel injection system 
Common rail direct 

injection 

Fuel injection pressure 

(bar) 
200-1400 

Table 1.1: Specifications of the test CI engine 

In the era of today, the diesel engines are getting 

more and more popular because in INDIA diesel is cheaper 

than petrol. In this research paper we discuss about the diesel 

engine technology that have bring a new revolution in the 

automobile industry. During the initial days when diesel 

engine was invented, it came up with indirect injection engine 

(IDI) versions, and after that direct injection engines (DI) 

came in the lame light with a better fuel economy as 

compared to IDI engines. After that CRDI technology is 

introduced, which are being used in diesel vehicles and it 

works with the help of ECM i.e. engine control module. In 

this paper we have firstly discussed spark ignition engine and 

compression ignition engine that is the basics of internal 

combustion engine and then covered the following mentioned 

issues. This research paper is on the behalf of M.V.N 

University, in this research paper we guide you about: The 

Diesel engine, types of Diesel Engine, Indirect injection 

engine (IDI), Direct injection engine (DI), Common rail 

direct injection system (CRDI). The shape of the combustion 

chamber is one of the decisive factors: Determines the 

quantity of combustion: Performance & exhaust 

characteristics. Diesel Engine combustion is greatly 

influenced by air turbulence: Created by the shape of 

combustion chamber area. Each Combustion chamber shape 

creates its own unique turbulence pattern that is right for 

some application while wrong for others.In-cylinder 

strategies to reduce soot emissions have demonstrated the 

potential to lessen the burden on, and likely the size and cost 

of, exhaust after treatment systems for diesel engines. One in-

cylinder strategy for soot abatement is the use of close-

coupled post injections. These short injections closely 

following the end of the main injection can alter soot-

formation and/or oxidation characteristics enough to 

significantly reduce engine-out soot. Despite the large body 

of literature on post injections for soot reduction, a clear 

consensus has not yet been achieved regarding either the 

detailed mechanisms that affect the soot reduction, or even 

the sensitivity of the post-injection efficacy to several 

important engine operating parameters. We report that post 

injections reduce soot at a range of close-coupled post-

injection durations, intake-oxygen levels, and loads in an 

optical, heavy-duty diesel research engine. Maximum soot 

reductions by post injections at the loads and conditions 

tested range from 40% at 21% intake oxygen (by volume) to 

62% at 12.6% intake oxygen. With depletion of conventional 

fuel source at tremendous rate and increasing environment 

pollution has motivated extensive research in alternative fuel 

and engine design. Biodiesel being environmental friendly, 

usually lower exhaust emission and better lubrication 

properties can be suitable alternative. However, the use of 

biodiesel fuel in diesel engines has associated with some of 

the drawbacks like higher nitric oxide (NO) emissions, poor 

cold flow properties and oxidation stability. Several measures 

have been taken to overcome these demerits for better 

utilization of biodiesel in diesel engines. 
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Bore 130.0 mm 

Stroke 150.0 mm 

Connecting rod length 275.0 mm 

Displacement 1991 cm3 

Intake valve diameter 44.4 mm 

Intake valve angle 60° 

Table 1.2: engine diameter 

The main calculation procedure is based on the integration of 

the first law of thermodynamics and the perfect gas state 

equation combined with the various sub-models. The 

following assumptions were made for the analysis:  

1) The cylinder contain are present in two zones: one zone 

consists of pure air called non burning zone and other 

zone consist of fuel and combustion products called 

burning zone  

2) Pressure and temperature in each zone inside the cylinder 

are uniform and vary with crank angle.  

3) The contains of each zone obeys the perfect gas state law 

III. CONCLUSION 

By performing this experiment on CI engine by using 

multiport injection system we concluded better performance 

of CI engine, low combustion noise, reduction of fuel 

emission, low specific fuel consumption, higher compression 

ratio [A\F]25:1, low detonation, low carbon exhaust, such 

that by performing ci engine we provide 45 degree instead of 

90 nozzle angle, low specific power, under limiting the value 

of the exhaust emission, noise reduction in the engine. 
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