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ABSTRACT 

 

 Engine performance improvement and exhaust emissions reduction are the two most important issues to develop a more efficient 

engine with less environmental impact. For a diesel engine, injection timing is one of the major parameters that affect the engine 

performance and emissions. The aim of this study is to determine the effect of injection timing to performance of a single cylinder diesel 
engine. To change the injection timing an adjustable cam mechanism has been connected to the test engine. The experiment was done with 

different injection timings like 3, 6, 12, 18 BTDC with the same compression ratio as 17.5. In this experiment for diesel fuel, advancement 
in injection timing results in lower carbon monoxide (CO) and hydrocarbon (HC) emission; though it increases nitrogen oxides (NOX) 

emission. Advance injection timing increases brake thermal efficiency (BTE) and decreases specific fuel consumption (SFC). 
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INTRODUCTION 
 

Diesel engines are extensively used and are 

dominating power sources for road transport sector 

due to their higher thermal efficiency, operational 

reliability, robustness, and lower hydrocarbon (HC) 

and carbon monoxide (CO) emissions. Today, 

increasing of combustion efficiency of vehicles 

which reduces fuel consumption and exhaust gas 

emissions has become a necessity for the countries 

and users. 

Fuel injection is a system for admitting fuel into 

an internal combustion engine. It has become the 

primary fuel delivery system used in automotive 

engines, having replaced carburetors. A variety of 

injection systems have existed since the earliest 

usage of the internal combustion engine. The 

primary difference between carburetors and fuel 

injection is that fuel injection atomizes the fuel 

through a small nozzle under high pressure, while a 

carburetor relies on suction created by intake air 

accelerated through a venturitube to draw the fuel 

into the airstream. 

Some systems are designed for multiple grades 

of fuel using sensors to adapt the tuning for the fuel 

currently used. Most fuel injection systems are for 

gasoline or diesel applications. Fuel injection is 

related to the environmental friendly also. Fuel 

injection generally increases engine fuel efficiency. 

With the improved cylinder to cylinder fuel 

distribution of multi-point fuel injection, less fuel is 

needed for the same power output. Exhaust 

emissions are cleaner because the more precise and 

accurate fuel metering reduces the concentration of 

toxic combustion by products leaving the engine, 

and because exhaust clean-up devices such as the 

Catalytic converter can be optimized to operate more 

efficiently since the exhaust is of consistent and 

predictable Composition. Benefits of fuel injection 

include smoother and more consistent transient 

throttle response, such as during quick throttle 

transitions, easier cold starting, more accurate 

adjustment to account for extremes of ambient 

temperatures and changes in air pressure, more 
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stable idling, decreased maintenance needs, and 

better fuel efficiency. By changing the injection 

timing the engine gives the better performance. 

 

2. Literature review: 

S.M. Ashrafur Rahman 
n
, H.H. Masjuki, M.A. 

Kalam, A. Sanjid, M.J. Abedin has made an 

experimental investigation on the different injection 

timings. Fuel injection timing heavily affects the 

performance of diesel engines and emission as well. 

In this review, the performance and exhaust 

emissions of diesel engine at the different injection 

timings has been reported: Retarding the injection 

timing decreases the peak cylinder pressure, which 

results in lower peak temperatures. As a 

consequence, the NOX emissions reduce. When 

injection timing is retarded, fuel injection starts later. 

As a result, combustion duration decreases which 

results in lower peak cylinder pressure. Therefore, 

incomplete combustion occurs and BTE decreases 

and BSFC increases; as lesser output power is 

produced. When injection timing is advanced, it 

ensures complete combustion and results in an 

increase in BTE. Advanced injection timing 

produces higher cylinder temperature and increases 

oxidation process between carbon and oxygen 

molecules, thus HC and CO emission decreases. As 

cylinder temperature increases with increase Ignition 

timing, it significantly increases NOX emission. 

Retarding injection timing shows an increase in 

BSFC, HC, CO and smoke with marginal 

improvement in combustion pressure, Rate of heat 

reduction, BMEP and NOX emission. 

 

Ahmet Murcak  
a
, Can Hasimog˘lu  

b,⇑, Ismet
_
  

Çevik  
b
, 

Hüseyin  Kahraman b has   made   an  experimental  

 

investigation on the different injection timings. 

In this study the effects of the use of diesel fuel 

blends (5%, 10% and 20% diesel by volume) to 

performance of single cylinder, DI diesel engine 

having adjustable injection timing. The maximum 

engine power is obtained in 2400 rpm for injection 

advance of 35L CA for diesel and 10% diesel fuel 

mixture as 7.59 kW and 7.82 kW, respectively. For 

the content of 5% diesel fuel and 20% diesel fuel the 

maximum engine power was obtained as 8.25 kW 

and 7.41 kW in the second region, respectively. The 

minimum BSFC was measured in 1400 rpm for the 

injection advance of 45L CA as 390.12 g/kW h and 

375.67 g/kW h, respectively. The minimum BSFC 

values for diesel fuel were measured in 1000 rpm for 

the injection advance of 35L CA as 348.01 g/kW h 

and for 20% diesel fuel. 

Cenk Sayin
a
, Kadir Uslu

b
, Mustafa Canakci

c,d,
 

has made an experimental investigation on the 

different injection timings.On advancing the 

injection timing, CO and unburned HC emissions 

decreased while NOx and CO2 emissions increased. 

When the injection timing was advanced, CO 

emission decreased due to improved reaction 

between fuel and oxygen. This caused an increase in 

the CO2 emissions. Advancing the injection timing 

caused an earlier start of combustion relative to the 

TDC. Because of this, the cylinder charge, being 

compressed as the piston moves to the TDC, had 

relatively higher temperatures and thus, lowered the 

unburned HC emissions and increased NOx 

emissions. 

 

3. Experimental setup: 

The schematic diagram of the engine test rig 

used is shown in Fig. 3.1. The engine is fully 

equipped with measurements of all operating 

parameters. In the study, compression ignition 

engine was run with at different injection timings (3, 

6,12, and 18 bTDC) to evaluate the performance, 

emissions and combustion characteristics at full 

load. The variable compression ratio (VCR) diesel 

engine used to conduct the experiments is a single 

cylinder, four stroke, water cooled, direct injection 

engine. The technical specifications of the engine are 

given in table3.2. The results were compared against 

the diesel fuel results as well as for different 

combinations of injection timing. The properties of 

and diesel are shown in table 3.1.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3.1:  Experimental setup. 
Table 3.1:  Properties of Diesel 
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Properties Standard Units 

  Diesel   

      

Density  0.840 300C in gm/cc 

Gross Calorific 46,500 kJ/kg 
Value      

     

Kinematic 2.0 cst @ 40 0C 

Viscosity     
     

Cetane number 55   

     

Flash Point 50 0C 

Fire Point 56 0C 

 
Table 3.2: Specifications of the apparatus 

Engine Type  Kirloskar TV1 Units 
     

Cylinder Bore  87.50  mm 

     

Stroke Length  110.00  mm 

    

Connecting Rod length 234.00  mm 
     

Compression Ratio  12 to 18  ---- 

     

Swept volume  661.45  (cc) 

     

Injection timing  0 to 25  0BTDC 

 

Result and Discussion 
 

Experiments are performed on the diesel engine 

by varying fuel injection Timing to arrive at 

optimum configuration. The results are discussed 

below 

 

4.1 Effect on Brake Thermal Efficiency (BTE): 

The brake thermal efficiency of standard Diesel 

fuel and varying injection timing is shown in Fig. 

4.1. It can be observed from the figure that the 

thermal efficiency is 26.52% at full load for 

12
0
BTDC injection timing and for the 18 

0
BTDC 

injection timing, it is 24.55%. It is clear that the 

Diesel fuel operation with increasing the timing up 

to 12 
0
BTDC injection timing gives higher brake 

thermal efficiency. Increasing of injection timing 

leads to fast start of combustion and combustion 

continues in the power stroke. This results in smaller 

peak heat release rate and increases effective 

pressure to do work. Consequently, the work output 

is high for 12
0
BTDC injection timing and therefore 

the brake thermal efficiency increases as the 

injection timing is increasing up to 12 
0
BTDC.This 

complete combustion results in higher efficiency.

 

 
 

Fig. 4.1: Brake Thermal Efficiency (BTE) Vs Injection Timing 

 

4.2 Effect on Indicated Thermal Efficiency (ITE): 

The Indicated thermal efficiency of standard 

Diesel fuel and varying injection timing is shown in 

Fig. 4.2. It can be observed from the figure that the 

thermal efficiency is 78.22% at full load for 

12
0
BTDC injection timing and for the 18 

0
BTDC 

injection timing, it is 42.42%. It is clear that the 

Diesel fuel operation with increasing the timing up 
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to 12 
0
BTDC injection timing gives higher Indicated 

thermal efficiency. Increasing of injection timing 

leads to fast start of combustion and combustion 

continues in the power stroke. This results in smaller 

peak heat release rate and increases effective 

pressure to do work. Consequently, the work output 

is high for 12
0
BTDC injection timing and therefore 

the Indicated thermal efficiency increases as the 

injection timing is increasing up to 12 
0
BTDC.This 

complete combustion results in higher efficiency.

 

 

 
 

Fig. 4.2: Indicated Thermal Efficiency (ITE) Vs Injection Timing 

 

4.3 Effect on Specific Fuel consumption (SFC): 

Brake specific fuel consumption measures how 

efficiently an engine is using the fuel supplied to 

produce work. Fig. 4.3 shows the comparison of the 

brake specific fuel consumption of Diesel fuel with 

varying injection timing. The brake specific fuel 

consumption of 0.32 g/kWh at full load for 12 
0
BTDC injection timing, and 0.38 g/kWh at full load 

for 18 
0
BTDC injection timing. The specific fuel 

consumption as efficient for 12 
0
BTDC injection 

timing for standard Diesel fuel.

 

 
Fig. 4.3: Specific Fuel consumption (SFC) Vs Injection Timing 

 

4.4 Effect on Nitrogen Oxides (NOx) emission: 

The variation of NOx emissions with varying 

injection timing of standard diesel fuel operation is 

shown in Fig.4.4. The emission on NOx for retarded 

injection timing is significantly lower at all loads. 

NOx 11ppm at full load for 12 
0
BTDC injection 

timing whereas for 3 
0
BTDC injection timing it 80 

ppm at full load. CI engines are always run lean and 

emit high amounts of NOx. When the injection 

timing is retarded, a decrease in the NOx emissions 

at all the loads was observed. When the injection 

timing is retarded, the crankangle at which the 

cylinder peak pressure occurs is delayed due to the 

late combustion of fuel. At the time of start of 

combustion, the accumulated fuel is less when 

injection timing is retarded and therefore premixed 

combustion stage is less intense leading to lower rate 

of heat release. Lower peak pressures results in 

lower peak temperatures. Consequently, the NOx 

emission tends to be less.
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Fig. 4.4: Nitrogen Oxides (NOx) Vs Injection Timing 

 

4.5 Effect on Carbon Dioxide oxides (CO2) emission: 

 
Fig. 4.5: Carbon Dioxide oxides (CO2) Vs Injection Timing 

 

4.6 Effect on Carbon monoxide oxides (CO) 

emission: 

CO production relates to the fuel–air ratio and it 

is a measure of the combustion efficiency. Fig. 4.6 

compares the CO emission characteristics of diesel 

fuel operation with varying injection timing. The CO 

concentration varies from 3
0
BTDC injection timing 

to 12
0
BTDC injection timing at full load. The 

emissions of CO were lower for12
0
BTDC injection 

timing Carbon dioxide occurs naturally in the 

atmosphere and is a normal product of combustion. 

Ideally, combustion of a HC fuel should produce 

only CO2 and water vapour. The concentrations 

have an opposite behaviour when compared with the 

CO concentrations, and this is due to the 

improvement in the combustion process. The 

variation of carbon dioxide with varying injection 

timing is shown in Fig. 4.51. It can be observed from 

the figure that the CO2 varies from 0.70% at full 

load for 3 
0
BTDC injection timing and for the 12 

0
BTDC injection timing of diesel fuel it 0.40% at full 

load. The 3 
0
BTDC injection timing produced a 

higher cylinder temperature and this augments the 

chemical reaction rate. Thus an increase in the 

carbon dioxide emissions was noticed.

 

 
Fig. 4.6: Carbon monoxide oxides (CO) Vs Injection Timing 
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4.7 Effect on Hydrocarbons (HC) emission: 

Unburned hydrocarbon emissions consist of fuel 

that is incompletely burned. The term hydrocarbon 

means organic compounds in the gaseous state; solid 

hydrocarbons are part of the particulate matter. At 

light loads the fuel is less to impinge on surfaces; but 

because of poor fuel distribution, large amounts of 

excess air and low exhaust temperature, lean fuel–air 

mixture regions may survive to escape into exhaust. 

The influence of retarded injection timing on 

unburned hydrocarbon emission can be clearly seen 

in Fig. 4.71. Unburned hydrocarbon increases 

3
0
BTDC to 6

0
BTDC and reduces 6

0
BTDC to 

12
0
BTDC at full load. It can be seen that retarded 

injection timing reduces the unburned hydro-carbon 

emissions. Decreased flame quenching thickness 

 

Conclusions: 

is the reason for the reduction in unburned 

hydrocarbons.

 

 
 

Fig. 4.7: Hydrocarbons (HC) Vs Injection Timing 

 

Fuel injection timing heavily affects the 

performance of diesel engines and emission as well. 

In this review, the performance and exhaust 

emissions of diesel engine at the different injection 

timings has been reported: When injection timing is 

3
0
BTDC, fuel injection starts later. As a result, 

combustion duration decreases which results in 

lower peak cylinder pressure. Therefore, incomplete 

combustion occurs and BTE decreases and SFC 

increases; as lesser output power is produced. When 

injection timing is 12
0
BTDC, it ensures complete 

combustion and results in an increase in BTE. 

Advanced injection timing produces higher cylinder 

temperature and increases oxidation process between 

carbon and oxygen molecules, thus HC and CO 

emission decreases. As cylinder temperature 

increases with increase in ignition timing, it 

significantly increases NOX emission. 
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