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ABSTRACT 

The main objective of the study is to investigate the performance and noise created by 

Yanmar Diesel Engine when different types of silencer are being used. The study is 

concentrated on engine pressure, engine fuel consumption and engine efficiency. The 

engine efficiency such as volumetric, thermal and mechanical efficiency is used to 

measure the overall performance of Yanmar Diesel Engine. The results obtained from the 

calculation are plotted into graph and further analyzed. Noise created by the engine is 

also analyzed for each types of silencer used. Comparison is made for each experiment 

for the all parameters obtained form the four experiments. For this Yanmar Diesel 

Engine, the highest total efficiency is 5.1%, which is inefficient and the silencers used 

also are not effective in reducing the noised created by the engine. 



ABSTRAK 

Objektif utama penyelidikan ini adalah untuk menyelidik kemampuan dan tahap 

kebisingan yang dihasilkan oleh Diesel Enjin Yanmar apabila alat peredam bunyi yang 

berlainan digunakan pada enjin. Penyelidikan ini lebih tertumpu pada tekanan yang 

dihasilkan dalam enjin, had minyak yang digunakan dan kecekapan enjin. Kecekapan 

enjin yang dihasilkan adalah seperti volumetric, thermal dan mechanical dapat 

menentukan kecekapan keseluruhan Diesel Enjin Yanmar. Keputusan yang diperolehi 

daripada pengiraan kemudiannya diplot dalam bentuk graf dan dianalisa sepenuhnya. 

Bunyi yang dihasilkan untuk setiap alat peredam bunyi yang digunakan juga dianalisa 

sepenuhnya. Perbandingan dibuat untuk setiap eksperimen untuk semua nilai yang 

diperolehi dari empat eksperimen yang telah dilakukan. Untuk Diesel Enjin Yanmar ini, 

nilai yang tertinggi untuk kecekapan keseluruhan ialah sebanyak 5.1%, di mana ia tidak 

cekap dan alat peredam bunyi yang telah digunakan juga adalah tidak berkesan dalam 

mengurangkan tahap kebisingan yang dihasilkan oleh enjin. 
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CHAPTER 1 

INTRODUCTION 

1.1 INTRODUCTION 

The quality of the fuel for any engine is very important for proper operation and 

reliability. If the fuel condition is not right for the air temperature or if the tendency of the 

fuel to evaporate is incorrect, severe problems may occur. [Ellinger & Halderman, 1991 ] 

Engine efficiency and the combustion process are at optimum condition is when 

the amount of smoke in exhaust is at minimal. If combustion is incomplete or too much 

fuel is injected, the engine will be producing a significant amount of smoke. [Dales & 

Thiessen, 1997] This is known as emission. Emission consists of hydrocarbon (HC), 

carbon monoxide (CO), oxides of nitrogen (NOX), sulfur and solid carbon particulate, and 

thus pollutes the environment. [Pulkrabek, 1997] 

Combustion is a phase of engine operation. Fuel is mixed with compressed air in 

the cylinder. Further compression produce high temperature and high-pressure mixture in 

the combustion chamber. The resultant pressure created by rapid combustion of the 

expanding gases then forces the piston down the cylinder. 

Thus in combustion chamber the chemical energy released from the burning fuel 

and air mixture is then converted to mechanical energy through the piston, connecting rod 

and crankshaft to power the flywheel. [Brady, 1991 ] 

There are two types of combustion, internal combustion and external combustion 

engine. Most internal combustion engines are reciprocating engines having piston that 
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Chapter I Introduction 

reciprocate back and forth in cylinder internally within the engines such as petrol and 

diesel engines. External combustion engine is the combustion that takes place outside the 

mechanical engine system such as steam engines and gas turbine engines. [Pulkrabek, 

1997]. External combustion engines will not be covered through this study. 

1.2 DIESEL ENGINE 

Diesel engine is the device used to convert the chemical energy of diesel fuel into heat 

energy and usable mechanical energy. [Dales, 1997] 

Diesel engine can be classified by two major characteristics; their operating cycle 

design and the type of combustion chamber they employed. This means that the engine 

can operate on either two-stroke or four-stroke-cycle design. In addition, either one of 

this types of engine can be designed to operate on what is commonly referred to as the 

Direct injection (DI) open-combustion chamber concept, or alternatively, on the Indirect 

injection (IDI) closed-combustion chamber design. All heavy-duty high-speed diesel 

engines in use now, operate on the direct injection principal. [Brady, 1991] Figure 1.1 

briefly illustrates the difference between DI and IDI combustion chamber design. 

Diesel engines run by using air, fuel and ignition similar to gasoline engines. The 

differences between gasoline and diesel engine are: 

(a) Type of fuel 

Diesel fuel is a less volatile fuel than gasoline. 

(b) Type of ignition 

For the gasoline engine, the fuel and air mixture in a gas engine cylinder is ignited 

by a spark plug, known as spark-ignition or SI engines. In a diesel engine, the heat 
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Chapter 1 Introduction 

from compression ignites the mixture. Diesel engine also known as compression- 

ignition or CI engines. 

(c) Fuel and air mixing 

In gasoline engines, the fuel and air are mixed in the carburetor and intake 

manifold, but for diesel engine when the fuel is injected into the cylinder. 

[Dagel, 1994] 

(a) Precombuction chamber (b) Open-combustion chamber 

Figure I. 1: Cross-sectional view through a four-stroke-cycle diesel engine: (a) IDI 

(indirect injection) (h) DI (direct injection). [Brady. 1991] 

1.3 THE HISTORY AND DEVELOPMENT OF DIESEL ENGINE 

The modern-day diesel engine is a direct result of the developmental work that started in 

1974 when an inventor named Street developed the internal combustion engine. A young 
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French engineer named Sadi Carnot further developed his basic ideas in 1824. Although 

Carnot did not actually build an engine, he presented ideas that were utilized in building 

the diesel engine. [Dagal, 1994] 

In 1876 Dr. Nicholous Otto constructed the first four-stroke cycle internal 

combustion engine, which ran on gasoline using flame ignition. This engine used ideas 

suggested, but not tried, by others engineers. It was successful and became the model for 

all succeeding four-stroke cycle engines, gas as well as diesel. 

In 1892 Dr. Rudolph Diesel, a young German engineer, patented the compression 

ignition engine, called the Rational Heat Motor. This engine was to use a compression 

ratio higher than any other engine had utilized. Based on his early calculation, Diesel 

estimated that this engine would have a thermal efficiency of 73%. Most engineer in 

those day declared that it was impossible to build such an engine. Diesel certain that his 

engine would work and had convinced the Maschinenfabrik Augsburg Company to build 

an engine for test proposes. 

Finally, in 1897, the engine was ready for production and the right to build under 

license was sold to many firms, many of which still build diesel engines today. The 

developments and utilizations of the diesel engine are still on going. 

The development of a small compact fuel injection system by the German 

inventor Robert Bosch in 1927 helped to free the diesel engine from one of its major 

limitations-the fuel system's size. It was compact (barely larger than carburetor), 

lightweight, and contained a built-in governor. With this major limitation removed, 

engine manufactures began seriously considering the diesel engine as power source. 

Work began in earnest to further simplify and refine the diesel engine. 
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Chapter I Introduction 

In the 1950s, the development of a smaller rotary lightweight pump by Vernon 

Roosa paved the way for the diesel's entry into another major field of application, the 

farm tractors. Almost overnight farm tractors over the world become diesel powered. The 

diesel engine has continued to he developed, entering new 

greater usage. [Dagel, 1994 

markets and experiencing 

1.4 BASIC DIESEL ENGINE COMPONENTS AND TERMINOLOGY 

1-Rocker Arm Shalt 
2 Cylinder Head 
l-Push Rod 
i-Lam Follower 
5-Camshaft 

6-Cylinder Block 
7-Crankshaft 
9-Crankshaft Counterweight 
3---Oil Pan 

t! }-Connecting Rod 

11-1_, 11e1 Packing Rings 

12-Cylinder L, ner 

13-Piston 

14-Piston Pin 

15-Piston Rings 

16--Valve 

17-Fuel Infection Nozile 

18-Valve Spring 

19--Roceer Arm 

26-Balancer Shafts 

Figure 1.2: Four-stroke-cycle engine cross-section. [Thiessen and Dales, 1991 ] 

As shown in Figure 1.2, the function of the important engine components that must he 

known are as followed: 

5 



Chapter I Introduction 

(a) Cylinder Head and valves: To provide a cap for the cylinder. In addition, it 

provides a passageway that allows air into cylinder and allows exhaust gases to 

pass out. The ports are opened and closed by poppet-type valves that fit into 

guides in the cylinder head. 

(b) Camshaft: Operates the intake and exhaust valve and in some engine may drive 

the oil pump and/or injection pump. The camshaft is timed to the crankshaft by a 

timing gear or camshaft gear that is meshed into a gear on the front of the 

crankshaft. This drives the camshaft and ensures that the engines valve will stay 

in time with the crankshaft and piston. 

(c) Cylinder Block: The block has many drilled and tapped holes for cap screws, 

which allow other parts to be connected. 

(d) Crankshaft: It is used to change up and down motion of the pistons and rods to 

rotary motion. Contained with the crankshaft are drilled passageways that supply 

oil to the main and rod bearings. 

(e) Oil pan: Acts as a reservoir for the engine oil. 

(f) Piston and Piston Rings: Is the transmission of pressure from the burning fuel and 

air to the connecting rod that is connected to the crankshaft 

(g) Rocker arms and push rods: Mounted on the shaft with one end on the valves and 

the other end on a push rod. Movement of the push rod causes the arm to rock on 

its pivot shaft. 

(h) Flywheel: Bolted onto the rear of the crankshaft that provides a place to mount the 

starter ring gear and transmission clutch. This flywheel provides inertia or 

constant rotary motion. 
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[Dagal, 1994] 

Below is some of the important terminology use in describing an engine: 

(a) Air/Fuel ratio (AF): The mixture ratio of air and fuel by mass for combustion to 

occur. AF ratio for diesel engine in the range of 18 to 70 

(b) Fuel/Air ratio (FA): The mixture ratio of fuel and air by mass for combustion to 

occur. 

(c) TDC: The position of piston at its uppermost position known as Top Dead Center 

(TDC). 

(d) BDC: The position of piston at its lowest known as Bottom Dead Center (BDC). 

(e) Stroke: The movement of the piston from TDC to BDC or from BDC to TDC. 

(D Combustion chamber: The place where the combustion occurs because of the high 

pressure and high temperature cause by the mixture of the air and fuel. 

(g) Expansion: The expansion of the burning air/fuel mixture increases pressure and 

then forces the piston down. 

(h) Blower: Forces air into the air box and cylinder through the open ports. 

(1) Bore: Diameter of engine's cylinder measures in inches or millimeters. Cylinder 

bore size is a major factor in determining engine displacement. 

(j) Displacement: The amount or volume of air pushed out of the cylinder by one 

piston as it moves from BDC to TDC, multiplied by the number of cylinders in 

the engine. 

(k) Compression ratio: Determined by cylinder displacement and combustion 

chamber volume by divide the combustion chamber volume into the total cylinder 

volume. 
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(I) Scavenging: Expelling all remaining exhausts gases past the open exhaust valves 

and filling the cylinder with air. 

[Dales, 1991 ] 

1.5 DIESEL ENGINE OPERATION 

Diesel engines are similar to spark-ignition engines in construction. Both have pistons, 

with piston rings, moving up and down in cylinders. Both burn fuel in combustion 

chamber in the upper part of the cylinders. The high pressure produced by the burning 

fuel pushes the pistons down. This rotates the crankshaft and the rotary motion is carried 

through shafts and gears to drive wheels. However, the most parts in the diesel engine are 

made stronger and heavier to withstand the greater pressure. 

For four-stroke-cycle diesel engine there are four processes involved which is the 

intake stroke, compression stroke, power stroke and exhaust stroke. Below are the 

sequences of events involved in one complete cycle of the four-stoke operation based 

from Figure 1.3: 

1.5.1 Intake Stroke 

During the intake stroke, the exhaust valves are closed but the inlet valves are opened. 

Therefore, with the piston at TDC position, inlet valves allow the air to flow through it 

into the cylinder because of the air pressure is less than atmospheric pressure. During this 

time the piston has completed one complete stroke down the length of the cylinder. 

1.5.2 Compression stroke 

Intake valves and exhaust valves are closed during the compression stroke. The 

movement of piston from TDC to BDC causes the trapped air to be placed under 
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Chapter I Introduction 

compression. It increased the pressure and temperature caused by the upward-moving 

piston. At the end of the compression stroke, the fuel will be injected and mixture of air 

and fuel start to self-ignites because of the hot air in the combustion chamber and caused 

combustion to occur. 

1.5.3 Power stroke 

The intake valves and exhaust are still closed during power stroke. The combustion 

chamber of the cylinder is formed between the space that exists between the top of the 

piston and the cylinder head. The resultant of the high pressure and temperature caused 

the hot air to ignites the fuel and combustion occurs. The combustion mixtures produce 

heat and increased heat in combustion chamber. The increased of pressure forces the 

piston down the cylinder which is from TDC to BDC. The movement of piston decreased 

the pressure and increased the volume and caused the burning gases to spread. Just after 

the gases have spreading, the temperature decreased. 

1.5.4 Exhaust stroke 

The intake valve was closed and exhaust valves is opened; therefore, the exhaust gases, 

which are at higher pressure than atmospheric, will now start to flow out of the open 

exhaust valves. The upward-moving piston will displaced these burned gases out of the 

cylinder as it moves from BDC to TDC. The cycle is repeated again when the piston 

moves to BDC. 
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