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L =E§ =J HOW DOES A MARINE DIESEL ENGINE WORK ?

A AN R OTT L7

The diesel engine is a type of internal combustion engine which ignites the fuel by inject-
ing it into hot, high pressure air in a combustion chamber. The marine diesel engine is a type
of diesel engine used on ships. The principle of its operation is as follows: ,

A charge of fresh air is drawn or pumped into the engine cylinder and then compressed
by the moving piston to very high pressure.

When the air is compressed, its temperature rises so that it ignites the fine spray of fuel
injected into the cylinder. The burning of the fuel adds more heat to the air charge, causing
it to expand and force the engine piston to do work on the crankshaft which in turn drives the
ship’s propeller.

The operation between two injections is called a cycle, which consists of a fixed se-
quence of events. This cycle may be achieved either in four strokes or two. In a four-stroke
diesel engine, the cycle requires four separate strokes of the piston, i.e. suction, compres-
sion, expansion and exhaust. If we combine the suction and exhaust operations with the
compression and expansion strokes, the four-stroke engine will be turned into a two-stroke
one, as is shown in Figures 1(a)-(d).

The two-stroke cycle begir;s with the piston coming up from the bottom of its stroke, i.
e. bottom dead centre (BDT), with the air inlet ports or scavenge ports in the sides of the
—_— 1 —_—
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Fig. 1
cylinder being opened (Fig.1(a)). The exhaust ports are uncovered also. Pressurised fresh
air charges into the cylinder, blowing out any residual exhaust gases from the last stroke
through the exhaust ports.

As the piston moves about one fifth of the way up, it closes the inlet ports and the ex-
haust ports. The air is then compressed as the piston moves up (Fig. 1(b)).

When the piston reaches the top of its stroke, i.e. the top dead centre (TDC), both the
pressure and the temperature of the air rise to very high values. The fuel injector injects a
fine spray of fuel oil into the hot air and combustion takes place, producing much higher
presser in the gases.

The piston is forced downward as the high pressure gases expand (Fig. 1(c)) until it un-
covers the exhaust ports. The burnt gases begin to exhaust (Fig. 1(d)) and the piston con-
tinues down until it opens the inlet ports. Then another cycle begins.

In the two-stroke engine, each revolution of the crankshaft makes one power or working
stroke, while in the four-stroke engine, it takes two revolutions to make one power stroke.
That is why a two-stroke cycle engine will theoretically develop twice the power of a four-
stroke engine of the same size. Inefficient scavenging and other losses, however, reduce the
power advantage to about 1. 8.

Each type of engine has its application on board ship. The low speed (i.e. 90 to 120 r/
min) main propulsion diesel operates on the two-stroke cycle. At this low speed the engine
requires no reduction gearbox between it and propeller. The four-stroke engine (usually ro-
tating at medium speed, between 250 to 750 r/min) is used for alternators and sometimes for

main propulsion with a gearbox to provide a propeller speed of between 90 to 120 r/min.
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A diesel engine may be designed to work on the two-stroke or on the four-stroke cycle.

Both of them are explained below.

The Four-Stroke Cycle

Figure 2 shows diagrammatically the sequence of events throughout the typical four-
stroke cycle of two revolutions. It is usual to draw such diagrams starting at TDC (firing),
but the explanation will start at TDC (scavenge). Top dead centre is some times referred to
as inner dead centre (IDC).

Proceeding clockwise round the diagram, both inlet (or suction) and exhaust valves are
initially open. (All modern four-stroke engines have poppet valves. ) If the engine is natural-
ly aspirated, or is a small high-speed type with a centrifugal turbocharger, the period of
valve overlap, i. e. when both valves are open, will be short, and the exhaust valve will

close some 10° after top dead centre (ATDC).

TDC (firing)

Injection commences
~=10-20°BTDC

Fuel valve closed (lull load)

Exhaust
valve closes
Inlet valve ~50-60°
open==70-80° TDC

Inlet valve closes
=~ 146- 155°BTDC Exhaust valve opens

= 120-150° ATDC

Fig. 2

Propulsion engines and the vast majority of auxiliary generator engines running at
speeds below 1,000 r/min will almost certainly be turbocharged and will be designed to allow

a generous throughflow of scavenge air at this point in order to control the turbine blade tem-
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