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ABSTRACT 

The engine ratings usually indicate the highest power at which manufacturer expect their products to give satisfactory of power, 

economy, reliability, and durability under service conditions. Maximum torque and the speed at which it is achieved. The 

performance and emission characteristics of diesel engines depend on various factors like fuel quantity injected, fuel injection 

timing, fuel injection pressure, the shape of the combustion chamber, position and size of injection nozzle hole, fuel spray pattern, 

air swirl etc. In the present investigation, the experiment conducted by varying nozzle flow area (i.e. the number of nozzle holes 

× nozzle hole diameter) and fuel injection pressure at different loads. For these two kinds of nozzles (with nozzle flow areas of 3 

× 0.28 mm, and 4 × 0.24 mm respectively) are selected. In the present work Diesel fuel has to investigate in a constant speed, CI 

diesel engine with variable fuel injection pressures (170, 180) and by varying nozzle holes. The main objective of this project is 

to investigate the effect of injection pressures and the nozzle holes on the performance of the engine by using diesel on a single 

cylinder four stroke CI Diesel engine. In the present investigation, two kinds of nozzles (with nozzle flow areas of 3 × 0.28 mm, 

and 4 × 0.24 mm respectively) are selected and fuel injection pressures (170, 180) are varying. 

Keywords: Brake Power (B.P), Frictional Power (FP), Indicated Power (I.P) Brake Specific Fuel Consumption (B.S.F.C), 

Total Fuel Consumption (T.F.C), Volumetric efficiency (ηvol), Brake thermal efficiency (ηbth), Indicated thermal efficiency (ηith ), 

Mechanical efficiency (ηmech). 

1. INTRODUCTION 

The details of the diesel engine design vary significantly over the engine performance and size range. In particular, different 

combustion chamber geometries and fuel injection characteristics are required to deal effectively with major diesel engine design 

problem achieving sufficiently rapid fuel-air mixing rates to complete the fuel burning process in the time available. A wide variety 

of inlet port geometries, cylinder head, and piston shapes, and fuel-injection patterns are used to accomplish this over the diesel size 

range. The engine ratings usually indicate the highest power at which manufacturer expect their products to give satisfactory of 

power, economy, reliability, and durability under service conditions. The importance of the diesel engine performance parameters 

is geometrical properties, the term of efficiency and other related engine performance parameters. The engine efficiencies are 

indicated thermal efficiency, brake thermal efficiency, mechanical efficiency, volumetric efficiency and relative efficiency in the 

diesel engine geometries design written that diesel engine compression ratio is maximum cylinder volume or the displaced volume 

or swept and clearance volume divided by minimum cylinder volume. And the power delivered by the diesel engine and absorbed 

by the dynamometer is the product of torque and angular speed.  

2. EXPERIMENTAL SETUP & PROCEDURE 

Before starting the engine, the fuel injector is separated from the fuel system. it is clamped on the fuel injection pressure tested and 

operates the tester pump. Observe the pressure reading from the dial. At which the injector starts spraying. In order to achieve the 

required pressure by adjusting the screw provided at the top of the injector. This procedure is repeated for obtaining the various 

required pressures. 
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As first said, diesel alone is allowed to run the engine for about 30 min, so that it gets warmed up and steady running conditions are 

attained. Before starting the engine, the lubricating oil level in the engine is checked and it is also ensured that all moving and 

rotating parts are lubricated. 

The various steps involved in the setting of the experiments are explained below 

 The Experiments were carried out after installation of the engine 

 The injection pressure is set at 170 bars for the entire test. 

 Precautions were taken, before starting the experiment. 

 Always the engine was started with no load condition 

 The engine was started at no load condition and allowed to work for at least 10 minutes to stabilize. 

 The readings such as fuel consumption, spring balance reading, cooling water flow rate, manometer reading etc., 

were taken as per the observation table. 

 The load on the engine was increased by 20% of FULL Load using the engine controls and the readings were 

taken as shown in the tables. 

 Step 3 was repeated for different loads from no load to full load by varying injector pressures (such as 170bar and 

180 bars). 

 After completion of the test, the load on the engine was completely relieved and then the engine was stopped. 

 The results were calculated as follows.  

The above experiment is repeated for various loads on the engine. The experimental procedure is similar as foresaid. While starting 

the engine, the fuel tank is filled in required fuel proportions up to its capacity. The engine is allowed to run for 20 min, for steady-

state conditions, before the load is performed. The engine is run by pure diesel at various injection pressures (170 bars and 180 bars) 

for, 3hole nozzle&4-hole nozzle and the corresponding observations are noted. The test is carried out on the KIRLOSKER Engine 

for the following nozzles: 1.for 3-hole nozzle, 2.for 4-hole nozzle. 

3. CALCULATIONS AND GRAPHS 

The parameters that are determined at different loads are as fallows 

a. Brake Power, B.P = 
2𝜋𝑁𝑇

60×1000
….    KW 

Where, N=speed in rpm  T=torque    N-m   Brake Power, B.P= kW 

b. T.F.C = 
10 x 0.85 x 3600 

t x 1000
Kg/h 

Where, T.F.C =Total Fuel Consumption, Kg/h       Specific gravity of diesel=0.85   

t=Time taken for 10 cc fuel, seconds          T.F.C =------- Kg/h 

c. Brake Specific Fuel Consumption, bsfc= 
T.F.C

B.P
 Kg/kwh  

Brake Specific Fuel Consumption, bsfc=_ _ _ _ _ _ _ Kg/kwh 

d.  Heat Input = T.F.C X C.V       kW 

Where, C.V=Calorific Value of Fuel, kJ/kg k 

e. Frictional Power, F.P = ---------kW (from the graph by William’s line method) 

f. Indicated Power =B.P + F.P 

Indicated Power =_ _ _ _ _ _     kW 

g. Mechanical efficiency = 
B.P

I.P
x 100 % 

Mechanical Efficiency, ηmech = _ _ _ _ _ _ %  

h. Brake thermal efficiency  = 
B.P

Heat Input
 x 100 % 

i. Indicated thermal efficiency    = 
I.P

Heat Input
 x 100 % 

j. Volumetric efficiency, ηvol   =    
Va

Vth
 x 100 % 

Va = ∁d × Ao√(2 × g × Ha = ⋯ m3

sec⁄          Vth   =       
π×D2×Ls×N

4×2×60
= ⋯ … … . m3

sec⁄    
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Table: 1 Performance Test Results of Diesel Engine at 170 bars for 3 hole Nozzle 

Table: 2 Performance Test Results of the Diesel Engine at 180bar for 3hole nozzle 
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Table: 3 Performance Test Results of Diesel Engine at 170 bar for 4 hole Nozzle

Table: 4 Performance Test Results of Diesel Engine at 180 bar for 4 hole Nozzle
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4. RESULTS AND DISCUSSION 

The engine is run by pure diesel various injection pressures (170 and 180) for 3hole and 4hole nozzles. The performance tests are 

conducted at 1500 rpm with the loading of 20, 40, 60,80and 100 percent of maximum load. The performance characteristics are 

compared with 3hole and 4hole nozzle at various injection pressures and at different loads. The basic performance parameters such 

as Specific fuel consumption, Brake thermal efficiency are calculated and presented against load for all attempts as shown in table 

1-4    

Brake Specific Fuel Consumption 

The variation of brake specific fuel consumption with respect to load for 3 holes and 4 holes at various injection pressure at different 

loads is shown in table 1-4. The injector was set for different opening pressures namely 170 and 180 for 3 holes and 4 holes and the 

engine was tested. It may be observed that the brake specific fuel consumption is decreasing in the 180,170 bar order for 3holes and 

4 holes nozzle. And it is also observed that the brake specific fuel consumption is decreasing with increase in injection pressure this 

is because of good atomization at higher injection pressure and nozzle spray area which helps in a faster rate of heat release.    
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Brake Thermal Efficiency 

The variation of brake thermal efficiency with respect to B.P for the 3-hole nozzle, 4-hole nozzles at various injection pressures at 

different loads is shown in table1-4. For all the readings of 3-hole nozzles, 4-hole nozzles, at various injection pressures the brake 

thermal efficiency increases with respect to various loads. The brake thermal efficiency values at full load are of 48.52%, 40.8% for 

3-hole nozzle at 170, 180 bar and the brake thermal efficiency values at full load are 49.63%, 45.49%, for 4-hole nozzle at 170, 180 

bars. Maximum brake thermal efficiency is obtained at 170 bars for the 3-hole nozzle. 

Indicated Thermal Efficiency 

The variation of indicated thermal efficiency with respected to load for 3hole nozzles, 4hole nozzle, at various injection pressures 

at different loads is shown in table1-4 for all the readings of 3 holes, a 4holes nozzle at various injection pressure the indicated 

thermal efficiency increases with respect to various loads. The indicated thermal efficiency values at full load are 75.69%, 63.8% 

for 3holes at 170,180 and the indicated thermal efficiency values at full load are of64.7%, and 71.0% for 4hloles nozzle at 

170,180bar. 

Mechanical Efficiency 

Mechanical efficiency indicates how good an engine is inverting the indicated power in table1-4 shows that the Mechanical 

efficiency increased for all injection pressures at 170,180 for 3 hole compared to 4 holes. The mechanical efficiency is approximately 

same at all pressures for 3hole & 4hole nozzles. Maximum efficiency is obtained for 4hole at 170bar is 64.7% 
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