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Abstract— Biodiesel is most favorable alternative fuels for 

I.C engine because of its similar quality as of diesel to use in 

I.C engine. Now a day’s so many problems raised to use 

biodiesel in I.C engine such as High Nox formation, Low 

brake thermal efficiency, less combustion characteristics etc. 

In our Experiment we could minimize this kind of problems 

by Modified injection systems, like Increases Injection 

pressure (210 bar), Retard Injection timing (25° Btdc) 

Through all parameters Experiment were carried on Direct 

Injection Single cylinder C.I engine using blend of biodiesel 

(palm seed oil B30). Here diesel as well as Biodiesel blend 

with modified injection parameters are analyzed and 

compared with original condition of engine. During 

Experiment, Minimized NOx formation up to 16% in Diesel 

and 10% in biodiesel less than the Original condition. While 

SFC 3.4 % decreased in diesel, 10% increase in biodiesel 

and   also nearest 2 % Improved Brake thermal efficiency 

than original condition. Both Modification condition CO 

and CO2 having negligible effected on Emission 

performance. 
Key words:  Injection Pressure, Injection Timing, Biodiesel, 

Engine performance, Emission parameters 

I. INTRODUCTION 

In recent years, the search for alternate fuels for diesel 

engine has improved due to the twin crisis of fossil fuel 

depletion and environmental degradation. Biodiesel, a 

renewable CI engine fuel, has been accepted by many 

countries as a partial replacement for diesel fuel. However, 

its higher NOx emission may limit its use and is therefore a 

significant barrier to market expansion. Research work on 

NOx reductionof diesel engine has advanced significantly in 

the past two decades and similar kind of investigations were 

now focused on biodiesel to reduce NOx emission lower 

than diesel . Nox emission of a diesel engine can be 

controlled by modifying the combustion process through 

retardation of fuel injection timing and I.P, exhaust gas 

recirculation (EGR), fuel additives and water injection 

which prevents the in situ NOx formation in the engine 

cylinder. If the NOx emission standard was not met by the 

combustion process modification alone, treatment of exhaust 

gas can be considered to reduce the NOx emission and the 

same can be achieved with the help of different catalysts to 

remove NOx emission. When compared with exhaust gas 

treatment, combustion process modification is the most 

economical method for NOx reduction [2, 9, and 12]. 

 In the present work, an investigation was carried 

out to reduce the NOx emission of a stationary diesel engine 

fuelled with biodiesel with improved in brake thermal 

efficiency. Attention was focused to study the combined 

effect of injection timing and injection pressure for 

controlling the NOx emission and engine performance 

which are finally compared with original (unmodified) 

condition. 

II. MATERIALS AND METHODS: 

A. Biodiesel: 

Biodiesel, as it has become known, generically, is a methyl 

ester derived from a wide range of vegetable oils and feed 

stocks. It is a safer and cleaner-burning oxygenated fuel that 

is free of sulphur and carcinogenic benzene. It is a fuel 

similar to petroleum based diesel, but from renewable 

sources; either plant oils or animal fats. Here in study we 

used palm seed biodiesel can be produced from any palm 

plant and palm seed their Cetane numbers and calorific 

values are comparable with those of diesel and they are also 

compatible with the materials used in distribution and 

vehicle fuel system and also cost is low and availability in 

Gujarat wide range compared to other biofuel. 

B. Biodiesel Properties: 

Here we used B30 blend of biodiesel with diesel and check 

its properties in Laboratory as per Indian standard. 

Following properties of biodiesel we used: 

Properties of diesel and B30 biodiesel 

Properties Diesel B30 

Calorific value (KJ/Kg) 43200 38430 

Kinematic Viscosity, @ 40ºC (104ºF) 1.3–4.1 2 

Specific Gravity kg/l @ 15.5ºC (60ºF) 0.835 0.865 

Flash Point, ºC 60–80 87-170 

Cloud Point, ºC (ºF) -35 to 5 2 

Pour Point, ºC (ºF) -35 to -15 -5 

Cetane Number 40–55 38 

C. Modified Injection Pressure: 

As shown in fig.1 represent Injection pressure gauge 

through which we were varied the Injection nozzle pressure 

210 bar than the original pressure 190 bar. Remove injector 

top cap, a screw located in injector on top portion through 

which vary injection pressure when move screw in 

clockwise direction with the help of screw driver which 

increases the injection pressure and turn anticlockwise 

direction minimizes injection pressure. 

D. Modified Injection Timing: 

Original timing of engine is 26° Btdc, which to modified at 

25° Btdc (retarded up to 1°) with the help of shims. If added 

shims, will be getting retard timing. If you are removing 

shims will be getting timing in advance. In original timing 

having 4 shims so we added 3 shims extras to make retard 

the timing 1° degree. 



Influence of Injection Pressure and Injection Timing on 4 Stroke Single Cylinder Diesel Engine Performance Using Blend of Biodiesel 

 (IJSRD/Vol. 3/Issue 03/2015/283) 

 

 All rights reserved by www.ijsrd.com 1163 

 
Fig. 1: Check Injection Pressure with the help of Injector 

pressure gauge 

 
Fig. 2: Modified Injection Timing with the help of adding 

shims 

III. EXPERIMENTAL SETUP AND ARRANGEMENT 

To evaluate the performance and emission characteristics, 

the specific type of engine used in this project is a single 

cylinder water cooled HSDI diesel engine. Set-up of the 

experimental engine is illustrated in Figure 3 and its 

specifications are listed in table 1. There is a special 

modification of the engine includes modified with Injection 

Pressure and Injection timing. The engine is coupled with an 

electrical dynamometer with Load bank acting as a variable 

load system. Various instruments and gauges are used to 

obtain different measurements. The engine speed measure 

with the help of digital tachometer, Fuel tank connected 

with calibrated glass burette to measure mass of fuel for 

experiment, engine intake air supply is connected to air box 

for measure mass of air consume during the experiment-

Type thermocouple with digital temperature indicator was 

used to measure exhaust temperature, cooling water 

temperature. In this engine using with/without the blending 

of biodiesel to measure engine performance & emission 

with modified Injection pressure and Injection Timing in C.I 

engine also compared all the modified condition with 

original (unmodified) condition. 

 
Fig. 3: Schematic Diagram of Experimental Set Up 

Parameters Specification 

Model New JaiKishan diesel engine 

RPM 1500 

No. of cylinder Single cylinder 

No. of stroke Four stroke 

Engine Power 4.5 KW 

Cylinder bore 85 mm 

Stroke length 110.80 mm 

Injection timing 26ºBTDC 

Injection pressure 185 bar 

Compression Ratio 18:1 

Specific fuel consumption 250 gm/kWhr 

Lubricating oil Yantrol 32 

Table 1: Engine Specification 

IV. EXPERIMENTAL PROCEDURE 

(1) Add 300 grams of palm seed biodiesel in 700 

grams Diesel for making B30 blend. 

(2) The engine will be started by the mechanical lever. 

The fuel control lever was set towards higher fuel 

rate. The speed will be adjusted to 1500 RPM 

through fuel control lever. 

(3) Before starting the test, the engine will run for 30 

minutes to get stabilization and thereafter a 

stabilization period of 30 minutes will be allowed 

in subsequent testing. 

(4) At first, the tests were conducted  using neat 

constant speed (1500 RPM)  diesel as fuel by 

varied the loads (0%,20%,40%,60%,80% and 

100%) without any modification. This was base 

condition of engine which having Injection 

pressure 190 bar with 26° btdc Injection timing. 

(5) Modified Injection pressure from 190 bar to 210bar 

with the help of Injector pressure gauge and also 

retarded the Injection timing from 26°btdc to 

25°btdc with added 3 shims in fuel injection pump. 

(6) At second , the tests were conducted  using neat 

constant speed (1500 RPM)  diesel as fuel by 

varied the loads (0%,20%,40%,60%,80% and 

100%) with modification. In this condition of 

engine which having Injection pressure 210 bar 

with 25° btdc Injection timing. 

(7) At third , the tests were conducted  using neat 

constant speed (1500 RPM)  biodiesel (B30) blend  

as fuel by varied the loads (0%,20%,40%,60%,80% 

and 100%) with modification. In this condition of 

engine which having Injection pressure 210 bar 

with 25° btdc Injection timing. 

(8) The performance and emission from the engine 

running on Diesel/Biodiesel blend with modified 

Injection pressure and Injection timing were 

evaluated and compared with using pure diesel as 

fuel. 

V. RESULTS AND DISCUSSIONS 

A. Engine Performance Results 

1) Effect of Brake thermal efficiency on Engine Load: 

Here represented the relation between brake thermal 

efficiency vs load with three condition Original 

(unmodified), Used diesel (modified) and Biodiesel (B30) 

(modified). 
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Fig. 4: Brake thermal efficiency vs Engine Load 

The brake thermal efficiency of the engine is one of 

the most important parameter for evaluating the 

performance of the engine. It indicates the combustion 

behavior of the engine to a greater extent. The variations of 

brake thermal efficiency with brake power of the engine 

with various condition are shown in Fig 4 and compared 

with the brake thermal efficiency observed with base data. It 

is noticed that the BTE of the engine increased with 

increasing loads. 

Shown in Graph at full load condition, both 

modified condition, Diesel (31.43%), biodiesel (32.17%)  

BTE was improved nearest   2 % and 1.2 % than the original 

condition (unmodified). 

2) Effect of Brake power on Engine Load: 
As shown in fig.5 represented the relation between brake 

power vs load with three condition Original (unmodified), 

diesel (modified) and Biodiesel (B30) (modified). 

 
Fig. 5: Brake Power vs Engine load 

Shown in fig.5 at full load, Modified with diesel 

BP slightly increased (4.57 kw) than the Original and 

modified with biodiesel condition (4.56 & 4.51kw) but at 

20,40 and 60% load condition Original condition BP 

continues increases up to 5.05%, 4.04 % and 6% than both 

modified condition 

3) Effect of Specific fuel consumption on Engine Load: 

Fig. 6 shows the variation in SFC (specific fuel 

consumption) with respect to engine Load. In fig. the fuel 

consumption increases with increase in load. In Modified 

with diesel condition, Fuel consumption negligible effect 

than unmodified condition but while in Modified with 

biodiesel (B30) condition about 13.73% increased compare 

to unmodified condition. 

 
Fig. 6: SFC vs Engine Load 

B. Emission Parameters 
1) Effect of Engine Load on Carbon Monoxide (CO): 

Carbon monoxide emissions from internal combustion 

engines are controlled mainly by the fuel/air equivalence 

ratio. Usually diesel engines work with lean mixtures, but 

local conditions may be rich and lead to the formation of 

CO. The emission of carbon monoxide for different loads 

and also for different condition has been shown in Fig 7. CO 

is the outcome of poor atomization and incomplete 

combustion. Fig 7 compares the CO emission of engine at 

varying Engine load at different conditions. It is seen that, 

CO emission decreases with increase in load for any 

condition and also different values at even same load. Here 

modified condition with Diesel and Biodiesel (30) CO 

emission increased at all load condition shown in fig. Now 

both modified condition omitted CO 0.5% and 0.3 % higher 

than the original condition (Unmodified). 

 
Fig. 7: CO vs Engine Load 

2) Effect of Engine Load on Hydrocarbons (HC): 

Hydrocarbon emissions from diesel engines vary widely 

with different operating conditions; different HC formation 

mechanisms are likely to be most important at different 

operating modes. 

0

10

20

30

40

0 20 40 60 80 100 120

B
TE

 %
 

Load % 

unmodified

Modified diesel (I.P 210 BAR at 25
bTDC)
Modified with Biodiesel (I.P 210 BAR
at  25 bTDC)

0

200

400

600

800

1000

1200

1400

0 20 40 60 80 100 120

SF
C

 g
/h

rs
 

Load in % 

unmodified comdition

modified with diesel I.P 210 bar
25 Btdc)

modified with biodiesel (I.P 210
bar at 25 Btdc)



Influence of Injection Pressure and Injection Timing on 4 Stroke Single Cylinder Diesel Engine Performance Using Blend of Biodiesel 

 (IJSRD/Vol. 3/Issue 03/2015/283) 

 

 All rights reserved by www.ijsrd.com 1165 

 
Fig. 8: Hydrocarbons (HC) vs Engine Load 

Under idling or light load operation, the engine 

produces higher amounts of HC than under full load 

conditions. But when the engine is over fueled, HC 

emissions also increase. HC is a function of over-mixing 

(mixture is too lean), under-mixing (mixture is too rich), and 

cylinder wall temperature, which suggests that wall 

quenching is important. Fig.8 shows the variation of 

hydrocarbon exhaust emission for different load and for 

different condition. Hydrocarbons are due to incomplete 

combustion of carbon compounds in the fuel. In order to 

maintain low levels of HC, ignition delay time has to be as 

short as possible, and cylinder content temperature should 

be high enough to enable acceleration of thermal oxidation 

reactions that will consume formed HC. 

As the load increases, fuel consumption is 

increased. As the mixture strength reaches a certain level, 

the combustion duration of the gas becomes shorter and the 

flame spread speed increases result in lower HC emission at 

higher load. In modified with diesel, HC is increased 13 

ppm than original condition. While in Modified with 

biodiesel condition 4 ppm reduced than original condition 

(Unmodified). 

3) Effect of Engine Load on Oxides of Nitrogen (NOx): 

Nitrogen oxides are known as an air contaminants formed 

through the combustion of fossil fuels and other fuels that 

contain nitrogen. Combustion of nitrogen-free fuels at high 

temperatures in the presence of air oxidizes the nitrogen in 

the air, producing nitric oxide. When nitric oxide reaches the 

air, it oxidizes into nitrogen dioxide, which gives smog its 

brown color. The mixture of nitric oxide and nitrogen 

dioxide is referred to as NOx. High temperature and high 

oxygen concentration results in high NOx formation. As 

shown in fig.9 NOx formation is highest in unmodified 

condition (414 ppm) than both modified condition Diesel 

(344ppm) and biodiesel (370ppm).In both modified 

condition NOx formation up to 16% and 11% minimized 

than unmodified condition at full load. 

 
Fig. 9: Nitrogen Oxide (NOx) vs Engine Load 

VI. CONCLUSION 

 BTE was improved nearest   2 % (Biodiesel) and 

1.2 % (Diesel) than the original condition 

(unmodified). 

 Modified with diesel condition BP slightly 

increased (4.57 kW) than the Original and modified 

with biodiesel condition (4.56 & 4.51kw). 

 Fuel consumption in Modified with biodiesel (B30) 

condition about 13.73% increased compare to 

unmodified condition. 

 CO  emission in both modified condition 

omitted 0.5% and 0.3 % higher than the original 

condition (Unmodified). 

 HC is increased 13 ppm than original condition. 

While in Modified with biodiesel condition 4 ppm 

reduced than original condition (Unmodified). 

 NOx formation in both modified condition up to 

16% and 11% minimized than unmodified 

condition at full load. 
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