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Abstract

The petrol engine, also known as the gasoline engine, has been powering cars and other vehicles for
well over a century. Its story goes way back to the late nineteenth century, when inventors
developed the first practical internal combustion engines. Since then, the petrol engine has
transformed the way people travel, helping shape modern cities, industries, and economies around
the world.

Over the years, many experts have predicted that the petrol engine would soon disappear. Yet it has
continued to adapt and improve. Modern petrol engines are far more efficient, reliable, and
environmentally friendly than their early predecessors. Advances such as electronic fuel injection,
turbocharging, and hybrid technology have enabled them to deliver better performance while
consuming less fuel.

Today, however, the petrol engine faces its biggest challenge. Growing concerns about climate
change and air pollution have accelerated the shift toward electric vehicles and other cleaner forms
of transport. Even so, petrol-powered vehicles remain the preferred choice for millions of people
because of their affordability, convenience, and the vast fuel infrastructure already in place. New
developments such as synthetic fuels and biofuels may also help extend the life of the petrol engine
in a more environmentally responsible way.

This article explores how the petrol engine works, traces its remarkable journey from its early
beginnings to the present day, and examines whether it still has a place in the future of
transportation. Understanding this technology is important because, despite rapid changes in the
automotive world, the petrol engine continues to play a significant role in everyday life.

1. Introduction

Few inventions have influenced modern life as profoundly as the petrol engine. Its story goes back
to Germany in 1876, when German engineer Nikolaus Otto developed the first practical four-stroke
internal combustion engine. This breakthrough laid the foundation for the modern petrol engine
and revolutionized transportation across the world.

From powering the earliest motor cars to driving today's family vehicles and high-performance
automobiles, the petrol engine has played a central role in shaping modern society. It has made
personal mobility accessible to millions, supported economic growth, and transformed the way
people live and work.
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Over the years, the petrol engine has undergone remarkable improvements. What began as a
relatively simple mechanical device has evolved into a sophisticated machine incorporating
advanced materials, precision engineering, electronics, and computer-controlled systems. Modern
petrol engines are more powerful, fuel-efficient, reliable, and environmentally friendly than ever
before.

Despite the rapid growth of electric vehicles, internal combustion engines continue to power the
vast majority of vehicles on the world's roads. This enduring presence highlights the continuing
importance of understanding a technology that has served humanity for nearly 150 years.

This article explores how the petrol engine works, traces its fascinating evolution through history,
and examines its future in an era increasingly focused on cleaner and more sustainable
transportation.

2. The Science Behind the Petrol Engine

2.1 The Otto Cycle - The Heart of the Petrol Engine

Every petrol engine operates on a basic principle known as the Otto Cycle, named after German
engineer Nikolaus Otto, who developed the first practical four-stroke engine in 1876. In simple
terms, the engine works by drawing a mixture of air and fuel into a cylinder, compressing it, igniting
it with a spark, and then using the resulting explosion to push a piston and produce power.

Engineers describe this process using thermodynamics, the science of heat and energy. One of the
key lessons from the Otto Cycle is that compressing the air-fuel mixture before ignition makes the
engine more efficient. The more the mixture is compressed, the more energy can be extracted from
the fuel.

However, there is a limit. If the mixture is compressed too much, it can ignite prematurely before
the spark plug fires, a phenomenon commonly known as engine knocking. This not only reduces
performance but can also damage the engine. For this reason, engine designers must carefully
balance efficiency and reliability when determining the compression ratio.
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Petrol Engine — Component Diagrams

Cross-section overview

The diagram below shows a cross-section of a 4-stroke petrol (spark-ignition) engine. Key
reference points TDC (Top Dead Centre) and BDC (Bottom Dead Centre) mark the upper and lower
limits of piston travel, defining the stroke length.
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Figure 2.1 — Petrol engine cross-section showing key components, TDC and BDC reference lines.

e Camshaft — sits at the top, driven by the timing belt, opens and closes the valves

e Intake & exhaust valves — control gas flow in and out of the cylinder

e Spark plug — fires to ignite the compressed air-fuel mixture

e Combustion chamber — where the controlled explosion happens

e Piston & rings — move up and down, sealed against the cylinder walls by the rings
e Connecting rod (con-rod) — links the piston to the crankshaft

e Crankshaft — converts the piston's linear motion into rotational power output

e Oil sump — holds engine oil for lubrication
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The four-stroke operating cycle

Each cylinder of a petrol engine completes four distinct strokes per power cycle: intake,
compression, power (combustion), and exhaust. The crankshaft makes two full revolutions per
cycle, and the camshaft exactly one.
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Figure 2.2 — Four-stroke petrol engine cycle. TDC = Top Dead Centre, BDC = Bottom Dead Centre.
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Stroke-by-stroke explanation

1. Intake stroke

The piston descends from Top Dead Centre (TDC) to Bottom Dead Centre (BDC). The intake valve
opens, drawing the air-fuel mixture into the cylinder. The exhaust valve remains closed.

2. Compression stroke

Both valves are closed. The piston rises from BDC to TDC, compressing the mixture to
approximately 1/10th of its original volume, raising pressure and temperature ready for ignition.

3. Power stroke

At TDC the spark plug fires. The controlled combustion generates a rapid pressure rise, forcing the
piston down from TDC to BDC. This is the only stroke that produces work.

4. Exhaust stroke

The exhaust valve opens as the piston rises from BDC to TDC, sweeping burnt gases out of the
cylinder. At TDC the cycle restarts.
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Figure 2.3 — Four-strokes Explanation
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2.2 Why Real Engines Are Less Efficient

Theoretical calculations suggest that petrol engines can achieve very high efficiencies, but real-
world engines face several practical limitations. Some of the heat produced during combustion
escapes through the cylinder walls and exhaust system instead of being converted into useful work.
Small amounts of fuel may not burn completely, and moving parts such as pistons, crankshafts, and
valves create friction that consumes energy.

In addition, combustion is not an instantaneous process. The fuel-air mixture takes a fraction of a
second to burn, and this affects how efficiently the engine can convert fuel into power.

To improve engine performance, engineers use sophisticated sensors and computer systems to
monitor what happens inside the cylinders. Advanced computer simulations allow designers to
study airflow, fuel mixing, combustion, and heat transfer long before a prototype engine is built.
These technologies help manufacturers develop engines that are cleaner, more powerful, and more
fuel-efficient than ever before.

Although modern petrol engines can never achieve the perfection of theoretical models, continuous
improvements in design and technology have brought them closer to their maximum potential than
ever before.

3. Engine Architecture and Key Components

3.1 The Engine Block and Cylinder Head

At the heart of every petrol engine are two major structures: the engine block and the cylinder
head. The engine block forms the main body of the engine and contains the cylinders in which the
pistons move up and down. Earlier engines were commonly made from cast iron, but modern
engines increasingly use lightweight aluminium alloys to reduce vehicle weight and improve fuel
efficiency.

The pistons, connected to the crankshaft by connecting rods, convert the energy released during
combustion into rotational motion that ultimately drives the vehicle's wheels.

Mounted on top of the engine block is the cylinder head, which contains the combustion chambers,
valves, spark plugs, and, in many modern engines, fuel injectors. This is where the air-fuel mixture
is ignited and power is produced. Advances in cylinder-head design have helped improve fuel
economy, engine performance, and emissions control.
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Figure 3.1 — Engine Block and Cylinder Head

3.2 Valves and Engine Breathing

Just as humans need to breathe efficiently to perform well, an engine must be able to draw in air
and expel exhaust gases effectively. This task is performed by the intake and exhaust valves.

In older engines, valve operation was fixed, meaning the valves opened and closed at the same
timing regardless of engine speed. Modern engines use systems known as Variable Valve Timing
(VVT), which adjust valve operation according to driving conditions.

At low speeds, the system helps improve fuel economy and smooth operation. At higher speeds, it
allows the engine to breathe more efficiently, producing greater power. Different manufacturers
have developed their own versions of this technology, but the objective remains the same:
achieving the best balance between performance, fuel economy, and emissions.

Some larger engines also employ cylinder deactivation technology. When only a small amount of

power is required, such as during highway cruising, some cylinders are temporarily switched off.
This reduces fuel consumption while remaining almost unnoticed by the driver.
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4. Fuel Delivery and Combustion Systems

4.1 How Fuel Reaches the Engine

A petrol engine requires the correct mixture of fuel and air to operate efficiently. In earlier engines,
fuel was supplied through carburettors, but these have largely been replaced by fuel injection
systems that deliver fuel more precisely.

For many years, Port Fuel Injection (PFI) was the standard system. In this arrangement, fuel is
injected into the intake passage before entering the cylinder. Modern engines increasingly use
Gasoline Direct Injection (GDI), in which fuel is sprayed directly into the combustion chamber.

Direct injection provides several advantages. It allows more accurate control of the fuel-air mixture,
improves fuel economy, increases power output, and helps reduce certain emissions. These benefits
have made GDI technology common in modern passenger vehicles.

Some manufacturers combine both systems in a single engine. This approach allows the engine to
benefit from the strengths of each system while minimising their disadvantages.

FIGURE 4.1 PORT FUEL INJECTION (PFI) vs GASOLINE DIRECT INJECTION (GDI)

Both systems deliver the right amount of fuel to the engine, but the location and timing of injection are different.

PORT FUEL INJECTION (PFI) | ) GASOLINE DIRECT INJECTION (GDI)

Fuel is sprayed into the intake port (before the intake valve). Fuel is sprayed directly into the combustion chamber (inside the cylinder). ‘
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EXPLANATION KEY DIFFERENCES BETWEEN PFI AND GDI

Port Fuel Injection (PFI): In PFI systems, fuel is injected into the intake port before the air-fuel ( Feature I PFI (Port Fuel Injecﬁoni [ GDI (Gasoline Direct Injéc(ion) ‘

mixture enters the cylinder. The fuel mixes with air in the intake port and intake manifold,

Where fuel is injected Into the intake port | Directly into the combustion chamber
creating a homogeneous mixture. PFl systems are simple, reliable and cost-effective. Because Fuel pressure Low (about 3-10 bar) Very high (about 50-250 bar)
fuel flows over the intake valves, it helps keep them clean by washing away deposits. Fuel-air mixing Occurs in the intake port/manifold | Occurs inside the cylinder
Gasoline Direct Injection (GDI): In GDI systems, fuel is injected directly into the combustion Fuel economy Good Better
chamber at very high pressure (typically 50-250 bar). This allows precise control over the amount Power output Good Higher
and timing of fuel, improving power, fuel economy and enabling higher compression ratios. Intake valve deposits Minimal (fuel washes valves) More likely (carbon deposits)
GDl is widely used in modern high-performance and fuel-efficient engines. System complexity Simple More complex
However: GDI engines can have higher carbon deposits on intake valves (since fuel does not Cost Lower Higher
wash over them). They also require more complex and expensive fuel systems and may produce Emissions Lower particulates Higher particulates (needs GPF)
higher particulate emissions.

1, READER’'S NOTE
Dual Injection: Many modern engines use both PFl and GDI (dual injection). The engine control & _ Think of PFl as preparing the air-fuel mixture before it enters the cylinder,
unit cfloo.ses the best mof.ig depending on §peed, load and temperature to achieve the best ‘W~ \whereas GDl injects fuel directlywhere combustion happens.
combination of power, efficiency and emissions.

This direct delivery gives engineers greater control over performance and efficiency.
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4.2 Engine Knock - A Hidden Challenge

One of the biggest challenges faced by engine designers is a phenomenon known as engine knock.
Normally, the air-fuel mixture should ignite only when the spark plug fires. However, under certain
conditions, part of the mixture can ignite prematurely, creating shock waves inside the cylinder.
This produces the familiar knocking or pinging sound.

Persistent knocking can reduce performance and, in severe cases, damage the engine. To prevent
this, modern vehicles use electronic sensors that constantly monitor engine operation. If knocking
is detected, the engine management system automatically adjusts ignition timing to protect the
engine.

A more serious condition, known as pre-ignition, occurs when the mixture ignites before the spark
plug fires. Although rare, it can generate extremely high pressures and cause severe engine damage.
Advances in engine design, fuel systems, and lubricants have significantly reduced the risk of such
problems in modern vehicles.

The development of sophisticated fuel injection systems, electronic controls, and advanced

combustion technologies has enabled today's petrol engines to achieve levels of efficiency,
reliability, and performance that would have been unimaginable only a few decades ago.
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