Diesel Engine

Engine Proper

Description

A diesel engine uses diesel fuel. It generates high
power at low speeds and is solidly constructed.
The fuel efficiency is better than that of a gasoline
engine.
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Differences between diesel and gasoline

engines

In addition to the differences in the type of fuel that
is used, gasoline and diesel engines use different
mechanisms.

El Combustion chamber
The diesel engine is not equipped with an ignition
system containing spark plugs. Instead, the heat
that is generated during compression causes the
fuel to self- ignite. So a high compression ratio is
set.
El Preheating system
To facilitate the startability of the engine, the diesel
engine has a preheating system that uses glow
plugs etc. to heat the intake air.
E Fuel system
The diesel engine has an injection pump and
injection nozzles to inject fuel into the combustion
chamber at a high pressure.
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Operation

To generate the motive power for the vehicle,
ordinary 4-cycle engines repeat the four strokes
shown in the diagram.

Unlike the gasoline engine, the diesel engine does
not have an ignition system.

Instead, highly pressurized fuel is injected into
high-pressure, high-temperature air in order to
cause the fuel to self-ignite.

Intake valve

Exhaust valve
Injection nozzle
Combustion chamber
Piston

Connecting rod
Crankshaft
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» The diagram shows a swirl chamber type engine.
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Intake stroke

The exhaust valve closes and the intake valve
opens. The downward stroke of the piston draws
only air into the cylinder via the open intake valve.
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Compression stroke

As the piston completes its downward stroke, the
intake valve closes. With the upward stroke of the
piston, the air that is drawn into the cylinder
becomes highly compressed and reaches a high
temperature.

Compression ratio of diesel engine

=15 to 23 (about 2 to 3 times the rate of gasoline
engine)

Combustion chamber temperature

=500 to 800°C (900 to 1,500°F)
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Combustion stroke

When the piston is about to complete its upward
stroke, the injection nozzle injects highly
pressurized fuel into the air that has reached a high
pressure and high temperature.

The high temperature of the air causes the fuel to
self-ignite, resulting in combustion and explosion.
The force of this combustion pushes the piston
downward, causing the crankshaft to rotate.
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[l Gasoline engine (has a throttle valve)
[E]1 Diesel engine (does not have a throttle valve)

El Small fuel injection volume
] Large fuel injection volume

Exhaust stroke

The exhaust valve opens as the piston completes
its downward stroke.

Then, the subsequent upward stroke of the piston
causes the exhaust gases that result from the
combustion to be discharged outside of the cylinder.
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Combustion Chamber

The combustion chamber consists of a space that
is created between the piston, cylinder block, and
cylinder head.

B Swirl Chamber Type:

Generally contains a spherical swirl chamber at the
top of the main combustion chamber. The swirl
chamber connects to the main combustion
chamber with the transfer passage. During
compression, the air flows into the swirl chamber to
create a strong swirl. The injection nozzle injects
the fuel into the swirl chamber.

B Direct Injection Type:

Contains a main combustion chamber that is
formed between the cylinder head and the piston,
and fuel is injected directly from the injection nozzle
into the combustion chamber.

B (Main) combustion chamber
El Glow plug
El Injection nozzle
E1 Swirl chamber
E Transfer passage
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Diesel Output Control

The diesel engine relies on the self-ignition of the
compressed heat of the intake air to cause
combustion, which requires a large volume of air.
Therefore, it does not have a throttle valve.

The gasoline engine controls its power output by
using a throttle valve that regulates the volume of
the air-fuel mixture that is drawn into the engine.

In contrast, the diesel engine controls its power
output by regulating the fuel injection volume. This
is because it does not have a throttle valve and its
intake air volume is constant.

For example, the intensity of the flame changes
when one moves the control knob of a gas stove.
This is because the volume of the gas changes.

Similarly, when the driver presses the accelerator
pedal of a diesel engine vehicle, the volume of fuel
that is injected into the cylinders increases, which
increases the power output of the engine.
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Fuel System

Description

The fuel system of the diesel engine injects highly
pressurized fuel into a combustion chamber in
which air has been compressed to a high pressure.
This requires special equipment that is not used in
the gasoline engine.

Fuel tank
Stores fuel.
E Fuel filter with sedimenter
Removes dust and water from fuel.
El Injection pump
Pressurizes and pumps fuel.
El Injection nozzle

Injects fuel.
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REFERENCE :
Fuel flow
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Fuel Filter

This device removes dust and water from fuel to
protect the injection pump and injection nozzles
that contain precision parts. Dust and water must
be removed from the fuel to prevent the injection
pump from seizing or rusting as the injection pump
is lubricated with diesel fuel.

Priming pump

This is a manual pump that is used for bleeding air
from the fuel line after the vehicle has run out of
fuel, or discharging the water that has accumulated
in the sedimenter.

H Filter

This portion filters contamination from the fuel.

El Sedimenter

This portion separates water from the fuel.
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Injection Pump

There are two types of injection pumps used on
diesel engines:

The mechanical injection pump that mechanically
controls the fuel injection volume and timing.

The electronic injection pump that uses an ECU
(Electronic Control Unit) in an EFI-D (Electronic
Fuel Injection Diesel) system.

Mechanical injection pump
Electronic injection pump

Injection pump
Injection nozzle
Timing belt
ECU

Sensors
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The injection pump pressurizes the fuel and pumps
it to the injection nozzles.

The fuel injection volume and the fuel injection
timing are mechanically controlled in accordance
with the amount of effort that is applied to the
accelerator pedal and the engine speed.

(2/4)

REFERENCE :

Types of injection pumps

There are two types of injection pumps: the
distributor type injection pump that has a single
pump plunger, which high-pressurize the fuel, and
an inline type injection pump that has as many
pump plungers as there are cylinders in the engine.

Distribution type injection pump
Also known as a "VE* pump", this compact and
lightweight pump is used on engines in passenger
cars and small trucks.
*VE: Abbreviation for the German "Verteiler
Einspritz".

Inline type injection pump
The inline type injection pump has a complex
construction because of its multiple pump plungers.
It is used primarily on engines for trucks.

Fuel

Low pressure
Pump plunger
High pressure
Nozzle
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EFI diesel

There are two types of EFI diesel systems:
Conventional type EFI diesel

Common-rail type EFI diesel

1. Conventional type EFI diesel

This system uses sensors to detect the accelerator
opening and the engine speed, and an ECU to
determine the fuel injection volume and timing.
The control mechanism used for the pumping,
distribution, and injection processes is based on
the mechanical type diesel system.

ECU (Electronic Control Unit)
Sensors
Fuel tank
Fuel filter
Injection pump
Injection nozzle
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EFI diesel

2. Common-rail type EFI diesel

The fuel that has been pressurized by the supply
pump is stored in the common- rail before it is
distributed to the injectors. The ECU (Electronic
Control Unit) and EDU (Electronic Driving Unit)
control the fuel injection volume and timing to an
optimum level by operating and closing the
injectors in accordance with the signals from the
sensors. This process is similar to that of the EFI
system used on gasoline engines.

Supply pump
Commone-rail
Fuel pressure sensor
Pressure limiter
Injector
Sensors
ECU
EDU
Fuel tank
Fuel filter
Check valve
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Injection Nozzle

This part receives the high-pressure fuel from the
injection pump and injects it into the combustion
chamber.

When the pressure of the fuel that is pumped by
the injection pump becomes greater than the set
load of the pressure spring, its force pushes the
nozzle needle upward. This causes the pressure
spring to become compressed and the fuel to be
injected into the combustion chamber.

The injection pressure can be adjusted by varying
the thickness of the adjusting shim, which
effectively changes the set load of the spring.

Pressure spring
Nozzle needle
Nozzle body
Adjusting shim
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Preheating System

Preheating System

Insufficient heat from the compressed air makes
cold starting and smooth low temperature operation
difficult.

The preheating system heats the intake air to
enhance the ignitability of the fuel. This system
uses battery current to heat the intake air.

There are two types of preheating systems:
Glow plug type:
Heats the combustion chamber
Intake heater type:
Heats the intake air.

Glow plug
Heat coil
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Exercise
Question-1
Mark each of the following statements True or False

Correct

No. uestion True or False
Q Answers

1 1‘1r12§1c0mpre35|0n ratio of the diesel engines range from 9 to | True | False

In a diesel engine, highly pressurized fuel is injected into the high-
pressure, high-temperature air that has been compressed by the
piston. The heat of the high-temperature air causes the fuel to self-
ignite.

j True | False

The swirl-chamber type diesel engine contains a preheating system
3  because it might not be possible to attain the proper compressive | True | False
heat during a cold start or cold-temperature operation.

The fuel filter of a diesel engine has a function to burn the water

A 10 1

4 contained in the fuel. j True j False
5 The four strokes of a 4-cycle diesel engine are the same as the four T - Fal
strokes of a gasoline engine. iz hrele
Question-2

Which one of the following statements is true about the common-rail type fuel injection system?

j 1. This system mechanically controls the fuel injection timing in accordance with the accelerator
opening angle and engine speed.

j 2. The common-rail stores the fuel that has been warmed by the supply pump. When the fuel has
reached a prescribed temperature value, the injector opens to inject the fuel.

j 3. The common-rail stores the fuel that has been pressurized by the supply pump. The ECU (Electronic
Control Unit) determines the fuel injection volume and timing by controlling the opening and closing of
the injectors.

j 4. The common-rail mixes fuel with air and the ECU controls the fuel injection volume in accordance
with the accelerator opening angle and engine speed.

Question-3
Which one of the following statements is true about the conventional EFI Diesel?

j 1. This system uses sensors to detect the accelerator opening angle and engine speed, and
mechanically determines the fuel injection volume and timing.

j 2. This system uses sensors to detect the accelerator opening angle and engine speed, and a
computer to determine the fuel injection volume and timing.

j 3. This system mechanically detects the accelerator opening angle and engine speed, and uses a
computer to determine the fuel injection volume and timing.

j 4. This system uses sensors to detect the accelerator opening angle and engine speed, and a
computer to control the intake air temperature.



Question-4

The following illustration describes the swirl-chamber type diesel engine. Select the words that correspond to the
numbers from the word group.

a) Glow plug  b) Combustion chamber c¢) Swirl chamber d) Injection nozzle e) Cold-start injector



