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Preface to second edition

Progress has been made in many areas of marine engineering since the first°edition of this book was published. A greater emphasis is now being placed on the cost-effective operation of ships. This has meant more fuel-efficient engines, less time in port and the need for greater equipment reliability, fewer engineers and more use of automatically
operated machinery.
The marine engineer is still, however, required to understand the working principles, construction and operation of all the machinery items in a ship. The need for correct and safe operating procedures is as great as ever. There is considerably more legislation which must be understood and complied with, for example in relation to the discharging of oil, sewage and even black smoke from the funnel.   ^
The aim of this book is to simply explain the operation of all the ship s machinery to an Engineer Cadet or Junior Engineer who is embarking on a career at sea. The emphasis is always upon correct, safe operating
procedures and practices at all times.                              ^. The content has been maintained at a level to cover the syllabuses o. the Class 4 and Class 3 Engineer's Certificates of Competency and the first two years of the Engineer Cadet Training Scheme. Additional material is included to cover the Engineering knowledge syllabus ot tne
Master's Certificate.                                            .   , Anvone with an interest in ships' machinery or a professional
involvement in the shipping business should find this book informative
and useful.                                              . _ , D.A. Tayloi
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Chapter 1
Ships and machinery

As an introduction to marine engineering, we might reasonably begin by taking an overall look .at the ship. The various duties of a marine engineer all relate to the operation of the ship in a safe, reliable, efficient and economic manner. The main propulsion machinery installed will influence the machinery layout and determine the equipment and auxiliaries installed. This will further determine the operational and maintenance requirements for the ship and thus the knowledge required and the duties to be performed by the marine engineer.

Ships
Ships are large, complex vehicles which must be self-sustaining in their environment for long periods with a hi<^h degree of reliability. A ship is the product of two main areas of skill, those of the naval architect and the marine engineer. The naval architect is concerned with the hull, its construction, form, habitability and ability to endure its environment. The marine engineer is responsible for the various systems which propel and operate the ship. More specifically, this means the machinery required for propulsion, steering, anchoring and ship securing, cargo handling, air conditioning, power generation and its distribution. Some overlap in responsibilities occurs between naval architects and marine engineers in areas such as propeller design, the reduction of noise and vibration in the ship's structure, and engineering services provided to considerable areas of the ship.

A ship might reasonably be divided into three distinct areas: the cargo-carrying holds or tanks, the accommodation and the machinery space. Depending upon the type each ship will assume varying proportions and functions. An oil tanker, for instance, will have the cargo-carrying region divided into tanks by two longitudinal bulkheads and several transverse bulkheads. There will be considerable quantities of cargo piping both above and below decks. The general cargo ship will

have various cargo holds which are usually the full width of the vessel and formed by transverse bulkheads along the ship's length. Cargo-handling equipment will be arranged on deck and there will be large hatch openings closed with steel hatch covers. The accommodation areas in each of these ship types will be sufficient to meet the requirements for the ship's crew, provide a navigating bridge area and a communications centre. The machinery space size will be decided by the particular machinery installed and the auxiliary equipment necessary. A passenger ship, however, would have a large accommodation area, since this might be considered the 'cargo space'. Machinery space requirements will probably be larger because of air conditioning equipment, stabilisers and other passenger related equipment.

Machinery
Arrangement
Three principal types of machinery installation are to be found at sea today. Their individual merits change with technological advances and improvements and economic factors such as the change in oil prices. It is intended therefore only to describe the layouts from an engineering point of view. The three layouts involve the use of direct-coupled slow-speed diesel engines,.medium-speed diesels with a gearbox, and the steam turbine with a gearbox drive to the propeller.

A propeller, in order to operate efficiently, must rotate at a relatively low speed. Thus, regardless of the rotational speed of the prime mover, the propeller shaft must rotate at about 80 to lOOrev/min. The slow-speed diesel engine rotates at this low speed and the crankshaft is thus directly coupled to the propeller shafting. The medium-speed diesel engine operates in the range 250-750 rev/min and cannot therefore be directly coupled to the propeller shaft. A gearbox is used to provide a low-speed drive for the propeller shaft. The steam turbine rotates at a very high speed, in the order of 6000 rev/min. Again, a gearbox must be used to provide a low-speed drive for the propeller shaft.

Slow-speed diesel
A cutaway drawing of a complete ship is shown in Figure 1.1. Here, in addition to the machinery space, can be seen the structure of the hull, the cargo tank areas together with th."    yO piping and the deck machinery. The compact, complies-    nature of the machinery installation can clearly be seen, with      ••• major items being the main engine and the cargo heating boi',
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Figure 1.1 Cutaway drawing of a ship
The more usual plan and elevation drawings of a typical slow-speed
diesel installation are shown in Figure 1.2.

A six-cylinder direct-drive diesel engine is shown in this machinery arrangement. The only auxiliaries visible are a diesel generator on the upper flat and an air compressor below. Other auxiliaries within the machinery space would include additional generators, an oily-water separator, an evaporator, numerous pumps and heat exchangers. An auxiliary boiler and an exhaust gas heat exchanger would be located in the uptake region leading to the funnel. Various workshops and stores and the machinery control room will also be found on the upper Hats.

Geared medium-speed diesel
Four medium-speed (500 rev/min) diesels are used in the machinery layout of the rail ferry shown in Figure 1.3. The gear units provide a twin-screw drive at 170 rev/min to controllable-pitch propellers. me gear units also power take-offs for shaft-driven generators which

provide all power requirements while at sea.

The various pumps and other auxiliaries are arranged at floor p ate level in this minimum-height machinery space. The exhaust gas boilers and uptakes are located port and starboard against the side shell plating.

A separate generator room houses three diesel generator units, a waste combustion plant and other auxiliaries. The machinery control room is at the forward end of this room.
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Figure 1.2 Slow-speed diesel machinery arrangement




Steam turbine
Twin cross-compounded steam turbines are used in the machinery layout of the container ship, shown in Figure 1.4. Only part plans and sections are given since there is a considerable degree of symmetry in the layout. Each turbine set drives, through a double reduction gearbox with separate thrust block, its own fixed-pitch propeller. The condensers are located beneath each low-pressure turbine and are arranged for scoop circulation at full power operation and axial pump circulation when manoeuvring.

At the floorplate level around the main machinery are located various main engine and ship's services pumps, an auxiliary oil-fired boiler and a sewage plant. Three diesel alternators are located aft behind an acoustic screen.

The 8.5 m flat houses a turbo-alternator each side and also the forced-draught fans for the main boilers. The main boiler feed pumps and other feed system equipment are also located around this flat. The two main boilers occupy the after end of this flat and are arranged for roof firing. Two distillation plants are located forward arid the domestic water supply units are located aft.

The control room is located forward of the 12.3m flat and contains
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Figure 1.3 Medium-speed diesel machinery arrangement




group starter boards are located forward of the console, which faces into

the machinery space.                         .      „     , boiler On the 16.2 m flat is the combustion control equipment ^each^0 ^

with a local display panel, although control is from the ma_con^l

room. The boiler fuel heating and pumping module ls als01^^^^^^^^^ The de-aerator is located high up in the casing and silencers tor

diesel alternators are in the funnel casing.

Operation and maintenance
The responsibilities of the marine engineer are rarely confineto ^
machinery space. Different companies have ^^^^^ usually all shipboard -h^y^^exce^on^a^^n.^
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1 Main boiler
2 FD fan
3 Main feed pump
4 Turbo-akernator
7 SW-cooled evaporator
10 Hot water calorifier
11 FW pressure tank
12 Main turbines
13 Main gearbox
14 Thrust block
15 Main SW circ pump
16 Main condenser
17 Main extraction pump
18 Bilge/ballast pump
19 Drains tank extraction pumps
21 Turbo alternator pum:
22 LO cooler
24 LO bypass filler an
pumps 26 LO pumps 28 Fire pump
29 Auxiliary boiler
30 Auxiliary boiler feed healer
31 HFO transfer pump module ?'-' HFO service pumps ' . Diesel oil transfer pump "'I Diesel alternator .i5 Diesel alternator controls 40 Condensate de-oiler ">1 Refrigerant circulation pump sS Oily bilge pump 43 Steam/air heater
carried on very large ships, but if not, the electrical equipment is also maintained by the engineer.

A broad-based theoretical and practical training is therefore necessary for a marine engineer. He must be a mechanical, electrical, air conditioning, ventilation and refrigeration engineer, as the need arises. Unlike his shore-based opposite number in these occupations, he must also deal with the specialised requirements of a floating platform in a most corrosive environment. Furthermore he must be self sufficient and capable of getting the job done with the facilities at his disposal.

The modern ship is a complex collection of self-sustaining machinery providing the facilities to support a small community for a considerable period of time. To simplify the understanding of all this equipment is the purpose of this book. This equipment is dealt with either as a complete system comprising small items or individual larger items. In the latter case, especially, the choices are often considerable. A knowledge of machinery and equipment operation provides the basis for effective maintenance, and the two are considered in turn in the following chapters..

Chapter 2
Diesel engines
The diesel engine is a type of internal combustion engine which ignites the fuel by injecting it into hot, high-pressure air in a combustion chamber. In common with all internal combustion engines the diesel engine operates with a fixed sequence of events, which may be achieved either in four strokes or two, a stroke being the travel of the piston between its extreme points. Each stroke is accomplished in half a revolution of the crankshaft.

Four-stroke cycle
The four-stroke cycle is completed in four strokes of the piston, or two revolutions of the crankshaft. In order to operate this cycle the engine requires a mechanism to open and close the inlet and exhaust valves.

Consider the piston at the top of its stroke, a position known as top dead centre (TDC). The inlet valve opens and fresh air is drawn in as the piston moves down (Figure 2.1 (a)). At the bottom of the stroke, i.e. bottom dead centre (BDC), the inlet, valve closes and the air in the cylinder is compressed (and consequently raised in temperature) as the piston rises (Figure 2.1(b)). Fuel is injected as the piston reaches top dead centre and combustion takes place, producing very high pressure in the gases (Figure 2.1(c)). The piston is now forced down by these gases and at bottom dead centre the exhaust valve opens. The final stroke is the exhausting of the burnt gases as the piston rises to top dead centre to complete the cycle (Figure 2.1(d)). The four distinct strokes are known as 'inlet' (or suction), 'compression', 'power' (or working stroke) and 'exhaust'.

These events are shown diagrammatically on a timing diagram (Figure 2.2). The angle of the crank at which each operation takes place is shown as well as the period of the operation in degrees. This diagram is more correctly representative of the actual cycle than the simplified explanation given in describing the four-stroke cycle. For different
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Two-stroke cycle
The two-stroke cycle is completed in two strokes of the pistor^ or on^ revolution of the crankshaft. In order to operate this cycle whereeacn event is accomplished in a very short time, the engine requires a numoe of SDecial arr^ements. First, the fresh air must be forced in unde.
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gases and then to fill or charge the space with fresh air. Instead of valves holes, known as 'ports', are used which are opened and closed by the sides of the piston as it moves.

Consider the piston at the top of its stroke where fuel injection and combustion have just taken place (Figure 2.3(a)). The piston is forced down on its working stroke until it uncovers the exhaust port (Figure 2.3(b)). The burnt gases then begin to exhaust and the piston continues down until it opens the inlet or scavenge port (Figure 2.3(c)). Pressurised air then enters and drives out the remaining exhaust gas. The piston, on its return stroke, closes the inlet and exhaust ports. The air is then compressed as the piston moves to the top of its stroke to complete the cycle (Figure 2.3(d)). A timing diagram for a two-stroke engine is shown in Figure 2.4.

The opposed piston cycle of operations is a special case of the

two-stml:^ rvr}p P.<atn-nrnncr at thf mo-T-ifnt riffi]f>1 iT-.^,"r!r>n 1->(->r}i rnistnni;
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are forced apart-one up, one down-by the expanding gases (Figure 9 5(a)) The upper piston opens the exhaust ports as it reaches the eno of its-travel (Figure 2.5(b)). The lower piston, a moment or two later opens the scavenge ports to charge the cylinder with fresh air and remove the final traces of exhaust gas (Figure 2.5(0). Once the piston reach their extreme points they both begin to move inward. This closes off the scavenge and exhaust ports for the compression stroke to ta^e place prior to fuel injection and combustion (Figure 2.5(d)). This cycle .s used in the Doxford engine, which is no longer manufactured althou^n

many are still m operation.
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The four-stroke engine
A cross-section of a four-stroke ^leen^e/.^n£^^^^ engine is made up of a p.ston wh,ch moves ^"^u^ector, through

which .s covered at the top by a ^^^^^JSer head. The inlet which fuel enters the cylinder, is located in th^cylin^

and exhaust valves are also housed .n the ^^^^gudgeor. pm. springs. The piston is joined to theconnectlng„TOV^^   to the The bottom end or big end of the cowe^^^^embly the crankpin which forms part of the crankshaft. Witn
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linear up-and-down movement of the piston is converted into rotary movement of the crankshaft. The crankshaft is arranged to drive through gears the camshaft, which either directly or through pushrods operates rocker arms which open the inlet and exhaust valves. The camshaft is 'timed' to open the valves at the correct point in the cycle. The crankshaft is surrounded by the crankcase and the engine framework which supports the cylinders and houses the crankshaft bearings. The cylinder and cylinder head are arranged with water-cooling passages around them.

The two-stroke engine
A cross-section of a two-stroke cycle engine is shown in Figure 2.7. The piston is solidly connected to a piston rod which is attached to a crosshead bearing at the other end. The top end of the connecting rod is
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also joined to the crosshead bearing. Ports are arranged in the cylinder liner for air inlet and a vaive in the cylinder head enables the release of exhaust gases. The incoming air is pressurised by a tin-bo-blower which is driven by the outgoing exhaust gases. The crankshaft is supported within the engine bedplate by the main bearings. A-frames are mounted on the bedplate and house guides in which the crosshead travels up and down. The entablature is mounted above the frames and is made up of the cylinders, cylinder heads and the scavenge trunking.

Comparison of two-stroke and four-stroke cycles
The main difference between the two cycles is the power developed. The two-stroke cycle engine, with one working or power stroke every revolution, will, theoretically, develop twice the power of a four-stroke engine of the same swept volume. Inefficient scavenging however and other losses, reduce the power advantage to about 1.8. For a particular engine power the two-stroke engine will be considerably lighter—an important consideration for ships. Nor does the two-stroke engine require the complicated valve operating mechanism of the four-stroke. The four-stroke engine however can operate efficiently at high speeds

which offsets its power disadvantage; it also consumes less lubricating oil.

Each type of engine has its applications which on board ship have resulted in the slow speed (i.e. 80-lOOrev/min) main propulsion diesel operating on the two-stroke cycle. At this low speed the engine requires no reduction gearbox between it and the propeller. The four-stroke engine (usually rotating at medium speed, between 250 and 750 rev/ mm) is used for auxiliaries such as alternators and sometimes for main propulsion with a gearbox to provide a propeller speed of between 80 and lOOrev/min.

Power measurement
There are two possible measurements of engine power: the indicated. power and the shaft power. The indicated power is the power developed within .the engine cylinder and can be measured by an engine indicator. The shaft power is the power available at the output shaft of the engine and can be measured using a torsionmeter or with a brake.

The engine indicator
An engine indicator is shown in Figure 2.8. It is made up of a small piston of known size which operates in a cylinder against a specially
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calibrated spring. A magnifying linkage transfers the piston movement to a drum on which is mounted a piece of paper or card. The drum oscillates (moves backwards and forwards) under the pull of the cord. The cord is moved by a reciprocating (up and down) mechanism which is proportional to the engine piston movement in the cylinder. The stylus draws out an indicator diagram which represents the gas pressure on the engine piston at different points of the stroke, and the area of the indicator diagram produced represents the power developed in the particular cvlinder. The cylinder power can be measured if the scaling factors, spring calibration and some basic engine details are known. The procedure is described in the Appendix. The cylinder power values are compared, and for balanced loading should all be the same. Adjustments may then be made to the fuel supply in order to balance the cylinder loads.

Torsionmeter

If the torque transmitted by a shaft is known, together with the angular velocity, then the power can be measured, i.e.

shaft power = torque X angular velocity

The torque on a shaft can be found by measuring the shear stress or angle of twist with a torsionmeter. A number of different types of torsionmeter are described in Chapter 15.

The gas exchange process
A basic pan of the cycle of an internal combu^on ^^S
of fresh air and removal of exhaust S^^^      in fresh process. Scavenging is the removal of exhaust gasesbv       S ^

air. Charging is the filling of the engine cylinder wlthasu^^, ^ air

of fresh already for compression. With ^c/^^         engines is supplied to the cylinder by blowing it in under pros "re- °      ^ .ere -naturally aspirated-takmg fresh air only          ^_ pressure. Modern engines make use of exhaust g           .^g. chargers to supply pressurised fresh air for^^"^g^ ^^ure ing. Both four-stroke and two-stroke cycle engines may oe ,

^-stroke diesels an electrically driven -;^^^ provided because the exhaust gas driven turboblowerca^^ enough air at low engine speeds, and the P^^ ^hargmg to increase the charge air density. An exhaust gas• drw     . p, re arrangement for a slow-speed two-stroke cycle diesel is shown    „

'•Ttboblower or turbocharger is an air c°-P-^^^^^^ gas (Figure 2.9(b)). The single shaft has an exhaust gas^rb^    ^ tnd and the air compressor on the other Su^e ^n^e     ^ shaft seals ensure that the two gases do not mix. A_sdra         ^ machinery space through a filter and then ^"^P^^^tly from the scavenge space. The exhaust gas may -^^"^^e7 shaft the engine or from a constant-pressure chamber•„c , ^e exhaust bearings has its own independent lubrication system, and the

gas end of the casing is usually water-cooled.

Scavenging                                                   .^
Efficient scavenging is essential to ensure a ^^^^e for combustion. In the four-stroke cycle ^S1116,"^ exhaust valve overlap between the air inlet valve opening dnd thee^ ^ some dosing With two-stroke cycle engines this overlap is limited

slight mixing of exhaust gases and incoming air does ocw -^      ed °A number of different scavenging methods are ^ use m 10^   ^ „ .   two-stroke engines. In each the fresh air enters as^he^ P ^

opened by the downward movement of the P1^0"^^^^^ of the the port is dosed by the upward moving piston. The fl^.   ^ the scavenge air is decided by the engine port shape and.de^     ^

exhaust arrangements. Three basic systems are in ^-^^^e th. loop and the uniflow. All modern slow-speed diesel eng_ines n^ umflow scavenging system with a cylinder-head exhaust valve.
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In cross scavenging the incoming air is directed upwards, pushing the exhaust gases before it. The exhaust gases then travel down and out ot the exhaust ports. Figure 2.10(a) illustrates the process.

In loop scavenging the incoming air passes over the piston crown then rises towards the cylinder head. The exhaust gases are forced before the air passing down and out of exhaust ports located just above the inlet

ports. The process is shown in Figure 2.10(b).

With uniflow scavenging the incoming air enters at the lower end ot the cylinder and leaves at the top. The outlet at the top of the cy^nder may be ports or a large valve. The process is shown in Figure 2.10(c).

Each of the systems has various advantages and disadvantages. Cross scavenging requires the fitting of a piston skirt to prevent air or exhaust gas escape when the piston is at the top of the stroke. Loop scavenge
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arrangements have low temperature air and high temperature exhaust gas passing through adjacent ports, causing temperature differential problems for the liner material. Uniflow is the most efficient scavenging system but requires either an opposed piston arrangement or an exhaust valve in the cylinder head. All three systems have the ports angled to swirl the incoming air and direct it in the appropriate path.

Scavenge fires
Cylinder oil can collect in the scavenge space of an engine. Unburned fuel and carbon may also be blown into the scavenge space as a result of defective piston rings, faulty timing, a defective injector, etc. A build-up of this flammable mixture presents a danger as a blow past of hot gases from the cylinder may ignite the mixture, and cause a scavenge fire.

A loss of engine power will result, with high exhaust temperatures at the affected cylinders. The affected turbo-chargers may surge and sparks will be seen at the scavenge drains. Once a fire is detected the engine should be slowed down, fuel shut off from the affected cylinders and cylinder lubrication increased. All the scavenge drains should be closed. A small fire will quickly burn out, but where the fire persists the engine must be stopped. A fire extinguishing medium should then be injected through the fittings provided in the scavenge trunking. On no account should the trunking be opened up.

To avoid scavenge fires occurring the engine timing and equipment maintenance should be correctly carried out. The scavenge trunking should be regularly inspected and cleaned if necessary. Where carbon or oil build up is found in the scavenge, its source should be detected and the fault remedied. Scavenge drains should be regularly blown and any oil discharges investigated at the, first opportunity.

Fuel oil system
The fuel oil system for a diesel engine can be considered in two parts—the/ue? supply and the/we? injection systems. Fuel supply deals with the provision of fuel oil suitable for use by the injection system.

Fuel oil supply for a two-stroke diesel
A slow-speed two-stroke diesel is usually arranged to operate con​tinuously on heavy fuel and have available a diesel oil supply for manoeuvring conditions.

In the system shown in Figure 2.11, the oil is stored in tanks in the double bottom from which it is pumped to a settling tank and heated.
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After passing through centrifuges the cleaned, heated oil is pumped to a daily service tank. From the daily service tank the oil flows through a three-way valve to a mixing tank. A flow meter is fitted into the system to indicate fuel consumption. Booster pumps are used to pump the oil through heaters and a viscosity regulator to the engine-driven fuel pumps. The fuel pumps will discharge high-pressure fuel to their respective injectors.

The viscosity regulator controls the fuel oil temperature in order to provide the correct viscosity for combustion. A pressure regulating valve ensures a constant-pressure supply to the engine-driven pumps, and a pre-warming bypass is used to heat up the fuel before starting the engine. A diesel oil daily service tank may be installed and is connected to the system via a three-way valve. The engine can be started up and manoeuvred on diesel oil or even a blend 01 diesel and heavy fuel oil. The mixing tank is used to collect recirculated oil and also acts as a buffer or reserve tank as it will supply fuel when the daily service tank is empty.

The system includes various safety devices such as low-level alarms and remotely operated tank outlet valves which can be closed in the event of a Fire.

Fuel injection
The function of the fuel injection system is to provide the right amount of fuel at the right moment and in a suitable condition for the combustion process. There must therefore be some form of measured fuel supply, a means of timing the delivery and the alomisation of the fuel. The injection of the fuel is achieved by the location of cams on a camshaft. This camshaft rotates at engine speed for a two-stroke engine and at half engine speed for a four-stroke. There are two basic systems in use, each of which employs a combination of mechanical and hydraulic operations. The most common system is the jerk pump: the other is the common rail.

Jerk pump system

In the jerk pump system of fuel injection a separate injector pump exists for each cylinder. The injector pump is usually operated once every cycle by a cam on the camshaft. The barrel and plunger of the injector . pump are dimensioned to suit the engine fuel requirements. Ports in the barrel and slots in the plunger or adjustable spill valves serve to regulate the fuel delivery (a more detailed explanation follows). Each injector pump supplies the injector or injectors for one cylinder. The needle

valve in the injector will lift at a pre-set pressure which ensures that the

fuel will atomise once it enters the cylinder.

There are two particular types of fuel pump in use, the valve-controlled discharge type and the helix or helical edge pump. Valve-controlled pumps are used on slow-speed two-stroke engines and the helix type for all medium- and high-speed four-stroke engines.

Helix-type injector pump
The injector pump is operated by a cam which drives the plunger up and down. The timing of the injection can be altered by raising or lowering the pump plunger in relation to the cam. The pump has a constant stroke and the amount of fuel delivered is regulated by rotating the pump plunger which has a specially arranged helical groove cut into

it.
The fuel is supplied to the pump through ports or openings at 3 (Figure 2.12). As the plunger moves down, fuel enters the cylinder. As the plunger moves up, the ports at B are closed and the fuel is pressurised and delivered to the injector nozzle at very high pressure. When the edge of the helix at C uncovers the spill port D pressure is lost and fuel delivery to the injector stops. A non-return valve on the delivery side of the pump closes to stop fuel oil returning from the injector. Fuel will again be drawn in on the plunger downstroke and the process will be repeated.

The plunger may be rotated in the cylinder by a rack and pinion arrangement on a sleeve which is keyed to the plunger. This will move the edge C up or down to reduce or increase the amount of fuel pumped into the cylinder. The rack is connected to the throttle control or governor of the engine.

This type of pump, with minor variations, is used on many four-stroke diesel engines.

Valve-controlled pump
In the variable injection timing (VIT) pump used in MAN B&W engines the governor output shaft is the controlling parameter. Two linkages are actuated by the regulating shaft of the governor.

The upper control linkage changes the injection timing by raising or lowering the plunger in relation to the cam. The lower linkage rotates the pump plunger and thus the helix in order to vary the pump output (Figure 2.13).

In the Sulzer variable injection timing system the governor output is connected to a suction valve and a spill valve. The closing of the pump suction valve determines the beginning of injection. Operation of the
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spill valve will control the end of injection by releasing fuel pressure. No helix is therefore present on the pump plunger.

Common rail system
The common rail system has one high-pressure "^"P1,^.1^,^ pump (Figure 2.14):The fuel is discharged into a "^f0^^ is mamiained at Ugh pressure. From this common rail fuehs s^P^0 all the injectors m the vanous cylinders. Between the rail and ^^ or injectors for a particular cylinder is a timing valve which ^er^ the uming and extent of fuel delivery. Spill valves are connect ^

manifold°or rail to release excess P-^^62"^^2^^^^^ which dampen out pump pressure pulses. The injectors in a comir

rail system are often referred to as fuel valves.
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Timing valve
The timing valve in the common rail system is operated by a cam and lever (Figure 2.15). When the timing valve is lifted by the cam and lever the high-pressure fuel flows to the injector. The timing valve operating lever is fixed to a sliding rod which is positioned according to the manoeuvring lever setting to provide the correct fuel quantity to the cylinder.
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The fuel injector

A typical fuel injector is shown in Figure 2.16. It can be seen to be two basic pans, the nozzle and the nozzle holder or body. The high-pressure fuel enters and travels down a passage in the body and then into a passage in the nozzle, ending finally in a chamber surrounding the needle valve. The needle valve is held closed on a mitred seat by an intermediate spindle and a spring in the injector body. The spring
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pressure, and hence the injector opening pressure, can be set by a compression nut which acts on the spring. The nozzle and injector body are manufactured as a matching pair and are accurately ground to give a good oil seal. The two are joined by a nozzle nut.

The needle valve will open when the fuel pressure acting on the needle valve tapered face exerts a sufficient force to overcome the spring compression. The fuel then flows into a lower chamber and is forced out through a series of tiny holes. The small holes are sized and arranged to atomise, or break into tiny drops, all of the fuel oil, which will then readily burn. Once the injector pump or timing valve cuts off the high pressure fuel supply the needle valve will shut quickly under the spring compression force.

All slow-speed two-stroke engines and many medium-speed four-stroke engines are now operated almost continuously on heavy fuel. A fuel circulating system is therefore necessary and this is usually arranged within the fuel injector. During injection the high-pressure fuel will open the circulation valve for injection to take place. When the engine is stopped the fuel booster pump supplies fuel which the circulation valve directs around the injector body.

Older engine designs may have fuel injectors which are circulated with cooling water.

Lubrication
The lubrication system of an engine provides a supply of lubricating oil to the various moving parts in the engine. Its main function is to enable the formation of a film of oil between the moving parts, which reduces friction and wear. The lubricating oil is also used as a cleaner and in some engines as a coolant.

Lubricating oil system
Lubricating o.l for an engine is stored in the bottom of the crankcase, known as the sump, or in a drain tank located beneath the engine (Figure 2.17). The oil is drawn from this tank through a strainer, one of a pair of pumps, into one of a pair of fine filters. It is then passed through a cooler before entering the engine and being distributed to the various branch pipes. The branch pipe for a particular cylinder may feed the main bearing, for instance. Some of this oil will pass ^lorig a drilled passage in the crankshaft to the bottom end bearing and then up a drilled passage in the connecting rod to the gudgeon pin or crosshead bearing. An alarm at the end of the distribution pipe ensures that adequate pressure is maintained by the pump. Pumps and fine filters are
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arranged in duplicate with one as standby. The fine filters will be arranged so that one can be cleaned while the other is operating. After use in the engine the lubricating oil drains back to the sump or drain tank for re-use. A level gauge gives a local read-out of the drain tank contents. A centrifuge is arranged for cleaning the lubricating oil in the system and clean oil can be provided from a storage tank.

The oil cooler is circulated by sea water, which is at a lower pressure than the oil. As a result any leak in the cooler will mean a loss of oil and not contamination of the oil by sea water.

Where the engine has oil-cooled pistons they will be supplied from the lubricating oil system, possibly at a higher pressure produced by booster pumps, e.g. Sulzer RTA engine. An appropriate type of lubricating oil must be used for oil-lubricated pistons in order to avoid carbon deposits on the hotter parts of the system.

Cylinder lubrication
Large slow-speed diesel engines are provided with a separate lubrication system for the cylinder liners. Oil is injected between the liner and the piston by mechanical lubricators which supply their individual cylinder. A special type of oil is used which is not recovered. As well as lubricating, it assists in forming a gas seal and contains additives which clean the cylinder liner.

Cooling
Cooling of engines is achieved by circulating a cooling liquid around internal passages within the engine. The cooling liquid is thus heated up and is in turn cooled by a sea water circulated cooler. Without adequate cooling certain parts of the engine which are exposed to very high temperatures, as a result of burning fuel, would soon fail. Cooling enables the engine metals to retain their mechanical properties. The usual coolant used is fresh water: sea water is not used directly as a coolant because of its corrosive action. Lubricating oil is sometimes used for piston cooling since leaks into the crankcase would not cause problems. As a result of its lower specific heat however about twice the quantity of oil compared to water would be required.

Fresh water cooling system
A water cooling system for a slow-speed diesel engine is shown in Figure 2.18. It is divided into two separate systems: one for cooling the cylinder jackets, cylinder heads and turbo-blowers; the other for piston cooling.
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The cylinder jacket cooling water after leaving the engine passes to a sea-water-circulated cooler and then into the jacket-water circulating pumps. It is then pumped around the cylinder jackets, cylinder heaGs and turbo-blowers. A header tank allows for expansion and water make-up in the system. Vents are led from the engine to the header tanfc for the release of air from the cooling water. A heater in the circuit facilitates warming of the engine prior to starting by circulating hot water.

The piston cooling system employs similar components, except that a drain tank is used instead of a header tank and the vents are then led to high points in the machinery space. A separate piston cooling system is used to limit any contamination from piston cooling glands to the piston cooling system only.

Sea water cooling system

The various cooling liquids which circulate the engine are themselves cooled by sea water. The usual arrangement uses individual coolers for lubricating oil, jacket water, and the piston cooling system, each cooler being circulated by sea water. Some modem ships use what is known as a 'central cooling system' with only one large sea-water-circulated cooler. This cools a- suoolv of fresh water, which then circulates to the

other individual coolers. With less equipment in contact with sea water the corrosion problems are much reduced in this system.

A sea water cooling system is shown in Figure 2.19. From the sea suction one of a pair of sea-water circulating pumps provides sea water which circulates the lubricating oil cooler, the jacket water cooler and the piston water cooler before discharging overboard. Another branch of the sea water main provides sea water to directly cool the charge air (for a direct-drive two-stroke diesel).

One arrangement of a central cooling system is shown in Figure 2.20. The sea water circuit is made up of high and low suctions, usually on either side of the machinery space, suction strainers and several sea water pumps. The sea water is circulated through the central coolers and then discharged overboard. A low-temperature and high-temperature circuit exist in the fresh water system. The fresh water in the high-temperature circuit circulates the main engine and may, if required, be used as a heating medium for an evaporator. The low-temperature circuit circulates the main engine air coolers, the lubricating oil coolers' and all other heat exchangers. A regulating valve controls the mixing of water between the high-temperature and low-temperature circuits. A temperature sensor provides a signal to the
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control unit which operates the regulating valve to maintain the desired temperature setting. A temperature sensor is also used in a slmua control circuit to operate the regulating valve which controls

bypassing of the central coolers.                                   ,

It is also possible, with appropriate control equipment, to vary    . quantity of sea water circulated by the pumps to almost precisely mee the cooler requirements.

Starting air system
Diesel engines are started by supplying compressed air into the cylinders in the appropriate sequence for the required direction. A supp-y compressed air is stored in air reservoirs or 'bottles' ready for immecl.^t. use. Up to 12 starts are possible with the stored quantity ofcompresse -air. The starting air system usually has interlocks to prevent starting i

everything is not in order. A starting air svstem is shown in Figure 2.21. Compressed air is

supplied by'air compressors to the air receivers. The compressed air^s then supplied by a large bore pipe to a remote operating non-return ^ automatic valve and then to the cylinder air start valve. Opening o- ,-ie
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cylinder air start valve will admit compressed air into the cylinder. The opening of the cylinder valve and the remote operating valve is controlled by a pilot air system. The pilot air is drawn from the large pipe and passes to a pilot air control valve which is operated by the engine air start lever.

When the air start lever is operated, a supply of pilot air enables the remote valve to open. Pilot air for the appropriate direction of operation

is also supolied to an air distributor. This device is Usually driven by he

•e camshaft and supplies pilot air to the control cylinders oitre Sder air start valves. The pilot air is then supplied m the approp^ sequence for the direction of operation required. The cylinder air start valves are held dosed by springs when not in use and opened by the pilot air enabling the compressed air direct from the receivers to enter t^e engine cylinder. An interlock is shown in the remote operating valve line which stops the valve opening when the engine turning gear is en^S^-The remote operating valve prevents the return of air which has been further compressed by the engine into the system.

Lubricating oil from the compressor will under normal operation pass along the air lines and deposit on them. In the event of a cylinder ... starting valve leaking, hot gases would pass into the air pipes and ignite 5?e lubricating oil. If starting air is supplied to the engine this won d further feed the fire and could lead to an explosion in the pipelines, in order to prevent such an occurrence, cylinder starting valves shou.d be properly maintained and the pipelines regularly drained Also 01 discharged from compressors should be kept to a minimum, by care.ul

maintenance.                                 .               ,-pi^f In an attempt to reduce the effects of an explosion, flame traps rei.ei

valves and bursting caps or discs are fitted to the pipelines. In addition an isolating non-return valve (the automatic valve) is fitted to the system The loss of cooling water from an air compressor could lead to an overheated air discharge and possibly an explosion in the PJS11"" leading to the air reservoir. A high-temperature alarm or a fusible piug which will melt is used to guard against this possibility.

Control and safety devices
Governors
The principal control device on anv engine is the governor. It governs or controls the engine speed at some fixed value while power output changes to meet demand. This is achieved by the govenor automatically adjusting the engine fuel pump settings to meet the desired load at the set speed. Governors for diesel engines are usually made up of two systems: a speed sensing arrangement and a hydraulic unit which operates on the fuel pumps to change the engine power output.

Mechanical governor

A flvweight assembly is used to detect engine speed. Two flyweights are fitted to a plate or ballhead which rotates about a vertical axis driven bva gear wheel (Figure 2.22). The action of centrifugal force throws the
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weights outwards; this lifts the vertical spindle and compresses the spring until an equilibrium situation is reached. The equilibrium position or set speed may be changed by the speed selector which alters the spring compression.

As the engine speed increases the weights move outwards and raise the spindle; a speed decrease will lower the spindle.

The hydraulic unit is connected to this vertical spindle and acts as a power source to move the engine fuel controls. A piston valve connected to the vertical spindle supplies or drains oil from the power piston which moves the fuel controls depending upon the flyweight movement. If the

engine speed increases the vertical spindle tises, the piston valve rises and oil is drained from the power piston which results in a fuel control movement. This reduces fuel supply to the engine and slows it down. It is, in effect, a proportional controller (see Chapter 15).

The actual arrangement of mechanical engine governors will vary considerably but most will operate as described above.
Electric governor
The electric governor uses a combination of electrical and mechanical components in its operation. The speed sensing device is a small magnetic pick-up coil. The rectified, or d.c., voltage signal is usect in conjunction with a desired or set speed signal to operate a hydraulic unit. This unit will then move the fuel controls in the appropriate direction to control the engine speed.

Cylinder relief valve
The cylinder relief valve is designed to relieve pressures in excess of 10% to 20% above normal. A spring holds the valve closed and its lirdng pressure is set by an appropriate thickness of packing piece (Figure 2.23). Only a small amount of lift is permitted and the escaping gases are directed to a safe outlet. The valve and spindle are separate to enable the valve to correctly seat itself after opening.

The operation of this device indicates a fault in the engine which should be discovered and corrected. The valve itself should then be examined at the earliest opportunity.

Crankcase oil mist detector
The presence of an oil mist in the crankcase is the result of oil vaporisation caused by a hot spot. Explosive conditions can result if a build up of oil mist is allowed. The oil mist detector uses photoelectric cells to measure small increases in oil mist density. A motor driven fan continuously draws samples of crankcase oil mist through a measuring tube. An increased meter reading and alarm will result if any crankcase sample contains excessive mist when compared to either clean air or the other crankcase compartments. The rotary valve which draws the sample then stops to indicate the suspect crankcase. The comparator model tests one crankcase mist sample against all the others and once a cycle against clean air. The level model tests each crankcase in turn against a reference tube sealed with clean air. The comparator model is used for crosshead type engines and the level model for trunk piston engines..
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Explosion relief valve
As a practical safeguard against explosions which occur in a crankcase, explosion relief valves or doors are fitted. These valves serve to relieve excessive crankcase pressures and stop flames being emitted from the crankcase. They must also be self closing to stop the return of atmospheric air to the crankcase.

Various designs and arrangements of these valves exist where, on large slow-speed diesels, two door type valves may be fitted to each crankcase or, on a medium-speed diesel, one valve may be used. One design of explosion relief valve is shown in Figure 2.24. A light spring
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holds the valve closed against its seat and a seal ring completes the joint. A deflector is fitted on the outside of the engine to safeguard personnel from the outflowing gases, and inside the engine, over the valve opening, an oil wetted gauze acts as a flame trap to stop any flames leaving the crankcase. After operation the valve will close automatically under the action of the spring.

Turning gear
The turning gear or turning engine is a reversible electric motor which drives a worm gear which can be connected with the toothed flywheel to turn a large diesel. A slow-speed drive is thus provided to enable positioning of the engine parts for overhaul purposes. The turning gear is also used to turn the engine one or two revolutions prior to starting. This is a safety check to ensure that the engine is free to turn and that no water has collected in the cylinders. The indicator cocks must always be open when the turning gear is operated.

Medium- and slow-speed diesels
Medium-speed diesels, e.g. 250 to 750rev/min, and slow-speed diesels, e.g. 100 to 120rev/min, each have their various advantages and disadvantages for various duties on board ship.

The slow-speed two-stroke cycle diesel is used for main propulsi6n units since it can be directly coupled to the propeller and shafting. It provides high powers, can burn low-grade fuels and has a high thermal efficiency. The cylinders and crankcase are isolated, which reduces contamination and permits the use of specialised lubricating oils in each area. The use of the two-stroke cycle usually means there are no inlet and exhaust valves. This reduces maintenance and simplifies engine construction.

Medium-speed four-stroke engines provide a better power-to-weight ratio and power-to-size ratio and there is also a lower initial cost for equivalent power. The higher speed, however, requires the use of a gearbox and flexible couplings for main propulsion use. Cylinder sizes are smaller, requiring more units and therefore more maintenance, but the increased speed partly offsets this. Cylinder liners are of simple construction since there are no ports, but cylinder heads are more complicated and valve operating gear is required. Scavenging is a positive operation without use of scavenge trunking, thus there can be no scavenge fires. Better quality fuel is necessary because of the higher engine speed, and lubricating oil consumption is higher than for a slow-speed diesel. Engine height is reduced with trunk piston design arid there are fewer moving parts per cylinder. There are, however, in total more parts for maintenance, although they are smaller and more manageable.

The Vee engine configuration is used with some medium-speed engine designs to further reduce the size and weight for a particular power.

Couplings, clutches and gearboxes
Where the shaft speed of a medium-speed diesel is not suitable for its application, e.g. where a low speed drive for a propeller is required, a gearbox must be provided. Between the engine and gearbox it is usual to fit some form of flexible coupling to dampen out vibrations. There is also often a need for a clutch to disconnect the engine from the gearbox.

Couplings
^Elastic or flexible couplings allow slight misalignment and damp out or remove torque variations from the engine. The coupling may in addition function as a clutch or disconnecting device. Couplings may be mechanical, electrical, hydraulic or pneumatic in operation. It is usual to combine the function of clutch with a coupling and this is not re.. ^.ly possible with the mechanical coupling.

Clutches                                        "•
A clutch is a device to connect or separate a driving unit from the unit it drives. With two engines connected to a gearbox a clutch'enables one or both engines to be run, and facilitates reversing of the engine.

The hydraulic or fluid coupling uses oil to connect the driving section or impeller with the driven section or runner (Figure 2.25). No wear will thus take place between these two, and the clutch operates smoothly. The runner and impeller have pockets that face each other which are filled with oil as they rotate. The engine driven impeller provides kinetic energy to the oil which transmits the drive to the runner. Thrust bearings must be provided on either side of the coupling because of the

axial thrust developed by this coupling.

A plate-type clutch consists of pressure plates and clutch plates arranged in a clutch spider (Figure 2.26). A forward and an aft clutch assembly are provided, and an externally mounted selector valve assembly is the control device which hydraulically engages the desired clutch. The forward clutch assembly is made up of the input shaft and the forward clutch spider. The input shaft includes the forward driven gear and, at its extreme end, a hub with the steel pressure plates of the
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forward clutch assembly spline-connected, i.e. free to slide. Thus when the input shaft turns, the forward driven gear and the forward clutch pressure plates will rotate. The forward clutch plates are positioned between the pressure plates and are spline-connected to the forward clutch spider or housing. This forward clutch sp'.der forms part of the forward pinion assembly which surrounds but does not touch the input shaft. The construction of the reverse clutch spider is similar.

Both the forward and reverse pinions are in constant mesh with the output gear wheel which rotates the output shaft. In the neutral position the engine is rotating the input shaft and both driven gear wheels, but not the output shaft. When the clutch selector valve is moved to the ahead position, a piston assembly moves the clutch plates and pressure plates into contact. A friction grip is created between the smooth pressure plate and the clutch plate linings and the forward pinion rotates. The forward pinion drives the output shaft and forward propulsion will occur. The procedure when the selector valve is moved to the astern position is similar but now the reverse pinion drives the -output shaft in the opposite direction.

Gearboxes
The gearing arrangement used to reduce the medium-speed engine drive down to suitable propeller revolutions is always single reduction

and usually single helical. Reduction ratios range from about 2:1 to 4:1 on modern installations.

Pinion and gearwheel arrangements wHI be similar to those for steam turbines as described in Chapter 3, except that they wilt be single helical or epicyclic.

Reversing
Where a gearbox is used with a diesel engine, reversing gears may be incorporated so that the engine itself is not reversed. Where a controllable pitch propeller is in use there is no requirement to reverse the main engine. However, when it is necessary to run the engine in reverse it must be started in reverse and the fuel injection timing must be changed. Where exhaust timing or poppet valves are used they also must be retimed. With jerk-type fuel pumps the fuel cams on the camshaft must be repositioned. This can be done by having a separate reversing cam and moving the camshaft axially to bring it into position.' Alternatively a lost-motion clutch may be used in conjunction with the ahead pump-timing cam.

The fuel pump cam and lost-motion clutch arrangement is shown in Figure 2.27. The shaping of the cam results in a period of pumping first then about 10° of fuel injection before top dead centre and about 5° after top dead centre. A period of dwell then occurs when the fuel pump plunger does not move. A fully reversible cam will be symmetrical about this point, as shown. The angular period between the top dead centre points for ahead and astern running will be the 'lost motion' required for astern running. The lost-motion clutch or servo motor uses a rotating vane which is attached to the camshaft but can move in relation to the camshaft drive from the crankshaft. The vane is shown held in the ahead operating position by oil pressure. When oil is supplied under pressure through the drain, the vane will rotate through the lost-motion angular distance to change the fuel timing for astern operation. The starling air system is retimed, either by this camshaft movement or by a directional air supply being admitted to the starting air distributor, to reposition the cams. Exhaust timing or poppet valves will have their own lost-motion clutch or servo motor for astern timing.

Some typical marine diesel engines
Sulzer
The RTA72 is a single-acting. Sow-speed, two-stroke reversible marine diesel engine manufactured by Sulzer Brothers Ltd. It is one of the RTA series engines_ which were introduced in 1981 and in addition to a
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longer stroke than the earlier RL series, it has a cylinder-head exhaust valve providing uniflow scavenging.

The bedplate is single-walled and arranged with an integral thrust bearing housing at the aft end (Figure 2.28). Cross members are steel fabrications although the centre section, incorporating the main bearing saddle tie-bolt housings, may be a steel forging. To resist crankshaft loading and transverse bending, the main bearing keeps are held down by jackbolts.

The crankcase chamber is arranged by using individual A-frames for columns which are also the mountings for the double-slippered crosshead guides. The A-frames are joined together by heavy steel plates and short angle girders to form a sturdy box frame. The A-frames in way of the thrust block are manufactured as a one-piece double column
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to ensure accurate mesh of the camshaft drive gears which are enclosed

in this section.                              , tncrether to form a ngid -Individual cast-iron cylmder blocks are bolted ^e^  ^ ^ ,op

• unit which is mounted onto the A-frames. T.e ^ ^     ^^ of the cylinder block to the underside ofthe "^nbe   ^ ^ and

The crankshaft is semi-built, with ^e ^omb^e       ^    ^ crankweb elements forged from a smgle element ^ h J   ^^ then shrunk into the crankwebs. For al bu the^ ^         ,. ^d engine cy-.inders, the crankshaft is a single unit. The ma J
bottom-end bearings are thin-walled shells lined with white metal. The forged connecting rod has a 'table top' upper end for the mounting of the crosshead bearing. A large crosshead, with floating slippers at each end, is used. The piston rod is bolted directly to the top of the crosshead pin. The pistons are oil-cooled and somewhat shorter in length than earlier designs. There is no piston skirt. Five piston rings are fitted which are designed to rotate within their grooves.

Cylinder liners have a simple, rotationally symmetrical design with the scavenge ports at the lower end. The deep collar at the upper end is bore-cooled, as are all components surrounding the combustion chamber. Cooling water is fed from below through a water guide arranged around the liner. Cylinder lubrication is provided by eight quills arranged around the lower edge of the collar on the liner. The more recently introduced RTA series engines all have oil-cooled pistons with oil supplied from the crosshead bearing up through the piston rod.

A piston rod gland separates the crankcase chamber from the under piston space. Various scraper and sealing rings are fitted within the gland.

The cylinder head is a single steel forging arranged for bore cooling with appropriately drilled holes. Pockets are cut for the air starting valve and fuel injection valves, the number depending upon the cylinder bore. The centrally mounted exhaust valve is fitted in a cage with a bore-cooled valve seat. The valve stem is fitted with a vane-type impeller to ensure valve rotation. The valve is opened by hydraulic pressure from pumps driven by the camshaft and closed by compressed air.

The camshaft is located at engine mid-height and is gear driven from the crankshaft. The initial gear drive is bolted to the rim of the thrust block and a single intermediate wheel is used. On larger-bore, high-powered engines the gear drive is in the centre of the engine. The camshaft extends the length of the engine and each individual segment carries the exhaust valve actuating and fuel-injection pumps plus the reversing servo motor for one pair of cylinders.

Constant-pressure turbocharging is used, and electrically driven blowers cut in automatically when the engine load is at about 40% of the maximum continuous rating.

Lu-.r.cating oil is supplied to a low- and a medium-pressure system. The k-w-pressure system supplies the main and other bearings. The cro.'-shead bearing, reversing servo motors and exhaust valve actuators are supplied by the medium-pressure system. Cylinder oil is supplied to .Joricators from a high-level service tank.

Fuel injection uses the jerk pump system and a Woodward-type ydraulic governor is used to control engine speed. Where the engine

-: oil-cooled pistons they will be supplied from the lubricating oil

system, possibly at a higher pressure produced by booster pumps, e.g. the Sulzer RTA engine. An appropriate type of lubricating oil must be used for oil-lubricated pistons in order to avoid carbon deposits on the hotter pans of the system.

MANB&W

The L70MC is a single-acting, low-speed two-stroke reversible marine diesel engine manufactured by MAN B&W. It is one of the MC series introduced in 1982, and has a longer stroke and increased maximum pressure when compared with the earlier L-GF and L-GB designs.

The bedplate is made of welded longitudinal girders and welded cross girders with cast-steel bearing supports (Figure 2.29). The frame box is mounted on the bedplate and may be of cast or welded design. Or. the exhaust side of the engine a relief valve and manhole are provided lor each cylinder. On the camshaft side a larger hinged door is prov-.&ec. The cylinder frame units which comprise one or more cylinders are of cast iron and bolted together to form the requisite number of engine cylinders. Together with the cylinder liners they form the scavenge air space and the cooling water space. The double bottom in the scavenge space is water cooled. The stuffing box fitted around the piston rod has sealing rings to stop the leakage of scavenge air and scraper rings to prevent oil entering the scavenge space.

On the camshaft side, access covers are provided for inspection and cleaning of the scavenge space. The cylinder cover is a single piece 01 forged steel, and has bored holes for cooling water circulation. It has a central opening for the exhaust valves and appropriate pockets for the fuel valves, a relief valve, a starting air valve and the indicator cock. The exhaust valve housing is fitted into the centre of the cylinder head. It is opened hydraulically and closed by air pressure. During operation the exhaust valve rotates. The bedplate, frame box and cylinder frames are connected together with staybolts to form the individual units. Each staybok is braced to prevent transverse oscillations.

The crankshaft may be solid or semi-built on a cylinder by cylinder basis. A shaft piece with a thrust collar is incorporated into the crankshaft and at the after end has a flange for the turning wheel. At the fqr.ward end a flange is fitted for the mounting of a tuning device or ..counterweights.

The running gear consists of a piston, a piston rod and crosshead assembly and a forged steel connecting rod. The crosshead moves in guide shoes which are fitted on the frame box ends. The camshaft has several sections, each of which consists of a shaft piece with exhaust cams, fuel cams and couplings. It is driven by a chain drive from the crankshaft..
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Exhaust gas from the engine is passed into a constant-pressure receiver and then into the turbochargers. Scavenging is uniflow, and electrically driven auxiliary blowers are automatically started during low-load operation.

Lubricating oil is supplied to the various bearings and also to the pistons for cooling. Cylinder oil is supplied via lubricators from a high-level service tank. A separate lubrication system is provided for the camshaft bearings to prevent contamination of the main lubricating oil system. Fresh water cooling is provided for the cylinder jackets, cylinder covers and exhaust valves.

The engine is designed to run on diesel oil or heavy fuel oil. An electronic governor is provided as standard.

Pielstick

The Pielstick PC series engines are single-acting, medium-speed, four-stroke reversible types. Both in-line and V-configurations are available. The running gear, being a trunk-type engine, is made up of the piston and the connecting rod which joins the single-throw crankshaft. The arrangement of a PC4 engine is shown in Figure 2.30.

The crankcase and frame are constructed from heavy plate and steel castings to produce a low-weight rigid structure. The crankshaft is underslung and this arrangement confines all stresses to the frame structure. The crankshaft is a one-piece forging and the connecting rods are H-section steel stampings. The one-piece cylinder head contains two exhaust and two inlet valves together with a starting air valve, a relief valve, indicator cock and a centrally positioned fuel injector.

Exhaust-gas-driven turbo-chargers operating on the pulse system supply pressurised air to the engine cylinders.

Bearing lubrication and piston cooling are supplied from a common system. The engine has a dry sump with oil suction being taken from a separate tank.

The cylinder jackets are water-cooled together with the cylinder heads and the exhaust valve cages. The charge air cooler may be fresh-water or sea-water cooled as required.

Fuel injection uses the jerk pump system, and a Woodward-type hydraulic governor is used to control engine speed.

Later versions of the PC series engine are described as PC20 and PC40 and have somewhat increased scantlings.

Operatiag procedures
Medium- and slow-speed diesel engines will follow a fairly similar procedure for starting and manoeuvring. Where reversing gearboxes or

controllable-pitch propellers are used then engine reversing is not necessary. A general procedure is now given for engine operation which details the main points in their correct sequence. Where a manufactur​er's instruction book is available this should be consulted" and used.

Preparations for standby
1. Before a large diesel is started it must be warmed through by circulating hot water through the jackets, etc. This will enable the various engine parts to expand in relation to one another.

2. The various supply tanks, filters, valves and drains are all to be checked.

3. The lubricating oil pumps and circulating water pumps are started and all the visible returns should be observed.

4. All control equipment and alarms should be examined for correct operation.

5. The indicator cocks are opened, the turning gear engaged and the engine turned through several complete revolutions. In this way any water which may have collected in the cylinders will be forced out.

6. The fuel oil system is checked arid circulated with hot oil.

7. Auxiliary scavenge blowers, if manually operated, should be started.

8. The turning gear is removed and if possible the engine should be turned over on air before closing the indicator cocks.

9. The engine is now available for standby.

The length of time involved in these preparations will depend upon the size of the engine.

Engine starting

1. The direction handle is positioned ahead or astern. This handle may be built into the telegraph reply lever. The camshaft is thus positioned relative to the crankshaft to operate the various cams for fuel injection, valve operation, etc.

2. The manoeuvring handle is moved 10 'start'. This will admn compressed air into the cylinders in the correct sequence to turn thf engine in the desired direction.A separate air start button may be used.

3. When the engine reaches its firing speed the manoeuvring handle i:

moved to the running position. Fuel is admitted and the combustioi process will accelerate the engine and starting air admission wn cease.

Engine reversing
When running at manoeuvring speeds:

1. Where manually operated auxiliary blowers are fitted they should be . started.

2. The fuel supply is shut off and the engine will quickly sidw down.

3. The direction handle is positioned astern.

4. Compressed air is admitted to th6 engine to turn it in the astern direction.

5. When turning astern under the action of compressed air, fuel will be admitted. The combustion process will take over and air admission cease.

When running at full speed:

1. The auxiliary blowers, where manually operated, should be started.

2. Fuel is shut off from the engine.

3. Blasts of compressed air may be used to slow the engine down.

4. When the engine is stopped the direction handle is positioned astern.

5. Compressed air is admitted to turn the engine astern and fuel is admitted to accelerate the engine. The compressed air supply will then cease.

Chapter 3
Steam turbines and gearing

The steam turbine has until recently been the first choice for very large power main propulsion units. Its advantages of little or no vibration, low weight, minimal space requirements and low maintenance costs are considerable. Furthermore a turbine can be provided for any power rating likely to be required for marine propulsion. However, the higher specific fuel consumption when compared with a diesel engine offsets these advantages, although refinements such as reheat have narrowed the gap.

The steam turbine is a device for obtaining mechanical work from tne energy stored in steam. Steam enters the turbine with a high energy content and leaves after giving up most of it. The high-pressure steam from the boiler is expanded in nozzles to create a high-velocity jet of steam. The nozzle acts to convert heat energy in the steam into kinetic energy. This jet is directed into blades mounted on the periphery 01 a wheel or disc (Figure 3.1). The steam does not 'blow the wheel around'.-The shaping of the blades causes a change in direction and hence velocity of the steam jet. Now a change in velocity for a given mass flow of steam will produce a force which acts to turn the turbine wheel, i.e. mass flow of steam (kg/s) X change in velocity (m/s) = force (kgm/s-).
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This is the operating principle of all steam turbines, although the arrangements may vary considerably. The steam from the first set of blades then passes to another set of nozzles and then blades and so on along the rotor shaft until it is finally exhausted. Each set comprising nozzle and blades is called a stage.

Turbine types
There are two main types of turbine, the 'impulse' and the 'reaction'. The names refer to the type of force which acts on the blades to turn the turbine wheel.

Impulse
The impulse arrangement is made up of a ring of nozzles followed by a ring of blades. The high-pressure, high-energy steam is expanded in the nozzle to a lower-pressure, high-velocity jet of steam. This jet of steam is directed into the impulse blades and leaves in a different direction (Figure 3.2). The changing direction and therefore velocity produces an impulsive force which mainly acts in the direction of rotation of the turbine blades. There is only a very small end thrust on the turbine shaft.

[image: image37.png]Rotation

Constant area
steam path

Figure 3.2 Impulse blading




Reaction
The reaction arrangement is made up of a ring of fixed blades attached to the casing, and a row of similar blades mounted on the rotor, i.e.

moving blades (Figure 3.3). The blades are mounted and shaped to produce a narrowing passage which, like a nozzle, increases the steam velocity. This increase in velocity over the blade produces^ reaction force which has components 'in the direction of blade rotation and also along the turbine axis. There is also a change in velocity of the steam as a result of a change in direction and an impulsive force is also produced with this type of blading. The more correct term for this blade arrangement is Impulse-reaction'.
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Compounding
Compounding is the splitting up, into two or more stages, of the steam pressure or velocity change through a turbine.

Pressure compounding of an impulse turbine is the use of a number of stages of nozzle and blade t<? reduce progressively the steam pressure. This results in lower or more acceptable steam flow speeds and a better turbine efficiency.

Velocity .compoundi.-sg of an impulse turbine is the use of a single nozzle with an arrangement of several moving blades on a single disc. Between the moving blades are fitted guide blades which are connected to the turbine casing. This arrangement produces a short lightweight turbine with a poorer efficiency which would be acceptable in, ior example, an astern turbine.

The two arrangements may be combined to give what is called 'pressure-velocity compounding'.

The reaction turbine as a result of its blade arrangement changes the Steam velocity in both fixed and moving blades with consequent gradual steam pressure reduction.' Its basic arrangement therefore provides compounding.

The term 'cross-compound' is used to describe a steam turbine unit made up of a high pressure and a low pressure turbine (Figure 3.4). i his is the usual main propulsion turbine arrangement. The alternative is a
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single cylinder unit which would be usual for turbo-generator sets, although some have been fitted for main propulsion service.

Reheat
Reheating is a means of improving the thermal efficiency of the complete turbine plant. Steam, after expansion in the high-pressure turbine, is returned to the boiler to be reheated to the original superheat temperature. It is then returned to the turbine and further expanded through any remaining stages of the high-pressure turbine and then the low-pressure turbine.

Named turbine types

A number of famous names are associated with certain turbine types.

Parsons. A reaction turbine where steam expansion takes place in the Fixed and moving blades. A stage is made up of one of each blade type. Half of the stage heat drop occurs in each blade type, therefore providing 50% reaction per stage.

Curtis. An impulse turbine with more than one row of blades to each

^^T^^^^ ^ ^ ^ one row of
"^^^pZl^n:^ several stages, each stage being a row of nozzles and a row of blades, i.e. pressure compounded.

Astern arrangements
Marine steam turbines are required to be -versible,.his^^ achieved by the use of several rows of astern bladmg fitted ^ high-pressure and low-pressure turbine shafts to produce a en turbines. About 50% of full power is achieved "sing these astern Srbines. When the turbine is operating ahead the astern bladmg acts as an air compressor, resulting in windage and friction losses.

Turbine construction
The construction of an impulse turbine is shown in Figure 3^ T^ turbine rotor carries the various wheels around which are moused the blades. The steam decreases in pressure as it passes along theshat^ a increases in volume requiring progressively larger blades orthe whee^ The astern turbine is mounted on one end of the rotor and is mach
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shorter than the ahead turbine. The turbine rotor is supported by bearings at either end; one bearing incorporates a thrust collar to resist any axial loading.

The turbine casing completely surrounds the rotor and provides the inlet and exhaust passages for the steam. At the inlet point a nozzle box is provided which by use of a number of nozzle valves admits varying amounts of steam to the nozzles in order to control the power developed by the turbine. The first set of nozzles is mounted in a nozzle ring fitted into the casing. Diaphragms are circular plates fastened to the casing which are fitted between the turbine wheels. They have a central circular hole through which the rotor shaft passes. The diaphragms contain the nozzles for steam expansion and a gland is fitted between the rotor and the diaphragm.

The construction of a reaction turbine differs somewhat in that there are no diaphragms fitted and instead fixed blades are located between the moving blades.

Rotor
The turbine rotor acts as the shaft which transmits the mechanical power produced to the propeller shaft via the gearing. It may be a single piece with the wheels integral with the shaft or built up from a shaft and separate wheels where the dimensions are large.

The rotor ends adjacent to the turbine wheels have an arrangement of raised rings which form part of the labyrinth gland sealing system, described later in this chapter. Journal bearings are fitted at each end of the rotor. These have rings arranged to stop oil travelling along the shaft which would mix with the steam. One end of the rotor has a small thrust collar for correct longitudinal alignment. The other end Has an appropriate flange or fitting arranged for the flexible coupling which joins the rotor to the gearbox pinion.

The blades are fitted into grooves of various designs cut into the wheels.

Blades

The shaping and types of turbine blades have already been discussed. When the turbine rotor is rotating at high speed the blades will be subjected     ^siderable centrifugal force and variations in steam velocity    -s the blades will result in blade vibration.

Exp:' 7son and contraction will also occur during turbine operation, tb       -. means of firmly securing the blades to the wheel is essential. A        of different designs have been employed (Figure 3.6).

the blades involves placing the blade root into the wheel

[image: image41.png]Multi fork T—slot

Fir tree

Figure 3.6 Blade fastening




through a gate or entrance slot and sliding it into position. Successive blades are fitted in turn and the gate finally closed with a packing piece which is pinned into place. Shrouding is then fitted over tenons on the upper edge of the blades. Alternatively, lacing wires may be passed through and brazed to all the blades.

End thrust
In a reaction turbine a considerable axial thrust is developed. The doseness of moving parts in a high-speed turbine does not permit any axial movement to take place: the axial force or end thrust must therefore be balanced out.
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One method of achieving this balance is the use of a dummy piston and cylinder. A pipe from some stage in the turbine provides steam to act on the dummy piston which is mounted on the turbine rotor (Figure 3.7). The rotor casing provides the cylinder to enable the steam pressure to create an axial force on the turbine shaft. The dummy piston annular area and the steam pressure are chosen to produce a force which exactly balances the end thrust from the reaction blading. A turbine with ahead and astern blading will have a dummy piston at either end to ensure balance in either direction of rotation.

Another method often used in low-pressure turbines is to make the turbine double flow. With this arrangement steam enters at the centre of the shaft and flows along in opposite directions. With an equal division of steam the two reaction effects balance and cancel one another.

Glands and gland sealing

Steam is prevented from leaking out of the rotor high-pressure end and air is prevented from entering the low-pressure end by the use of glands. A combination of mechanical glands and a gland sealing system is usual.

Mechanical glands are usually of the labyrinth type. A series of rings projecting from the rotor and the casing combine to produce a maze of winding passages or a labyrinth (Figure 3.8). Any escaping steam must pass through this labyrinth, which reduces its pressure progressively to zero.

The gland sealing system operates in conjunction with the labyrinth gland where a number of pockets are provided. The system operates in one of two ways.

When the turbine is running at full speed steam will leak into the first pocket and a positive pressure will be maintained there. Any steam which further leaks along the shaft to the second pocket will be extracted
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by an air pump or air ejector to the gland' steam condenser. Any air which leaks in from the machinery space will also pass to the gland steam

condenser (Figure 3.9).                      •         .i ,i •-a£ very low speeds or when starting up, steam is provided trom a

low-pressure supply to the inner pocket. The outer pocket operates as
before.

The gland steam sealing system provides the various low-pressure steam supplies and extraction arrangements for all the glands in the turbine unit.
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Diaphragms
Only impulse turbines have diaphragms. Diaphragms are circular plates made up oftwo.semi-circular halves. A central semi-circular hole m each is provided for the shaft to pass through. The diaphragm fits between the rotor wheels and is fastened into the casing. The nozzles are housed .in the diaphragm around its periphery. The central hole m the diaphragm is arranged with projections to produce a labyrinth gland around the shaft.

Nozzles

Nozzles serve to convert the high pressure and high energy of the steam into a high-velocity jet of steam with a reduced pressure and energy

content. The steam inlet nozzles are arranged in several groups with all but the main group having control valves (Figure 3.10). In this way the power produced by the turbine can be varied, depending upon how many nozzle control valves are opened. Both impulse and reaction turbines have steam inlet nozzles.
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Drains
During warming through operations or when manoeuvring, steam will condense and collect in various places within the turbine and its pipelines. A system of drains must be provided to clear this water away to avoid its being carried over into the blades, which may do damage. Localised cooling or distortion due to uneven heating could also be caused.

Modern installations now have automatic drain valves which open when warming through or manoeuvring and close when running at normal speed.

Bearings
Turbine bearings are steel backed, white-metal lined and supported in adjustable housings to allow alignment changes if required. Thrust

bearings are of the tilting pad type and are spherically seated. Thepads^ are thus maintained parallel to the collar and equally loaded. Detail, u.

both tvpes can be seen in Figure 3.5.

Lubricating oil enters a turbine bearing through a port on either s.de The entry point for the oil is chamfered to help distribute the oil a.ong the bearing. No oil ways are provided in turbine bearings and a greater clearance between bearing and shaft is provided compared w^adie.e. encnne. The shaft is able to -float- on a wedge of lubricating oil dunng tuAine operation. The oil leaves the bearing at the top and returns to

the drain tank.

Lubricating oil system
Lubricating oil serves two functions in a steam turbine:

1 It provides an oil film to reduce friction between moving parts. ^ 2. It removes heat generated in the bearings or conducted along tue

shaft.

A common lubrication system is. used to supply oil to the turbine, gearbox and thrust bearings and the gear sprayers. The turbine, rotating at high speed, requires a considerable time to stop. it me main motor driven lubricating oil pumps were to fail an emergency supply
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lubricating oil would be necessary. This is usually provided from a gravity tank, although main engine driven lubricating oil pumps may also be required.

A lubricating oil system employing both a gravity tank and an engine driven pump is shown in Figure 3.11. Oil is drawn from the drain tank through strainers and pumped to the coolers. Leaving the coolers, the oil passes through another set of filters before being distributed to the gearbox, the turbine bearings and the gearbox sprayers. Some of the oil also passes through an orifice plate and into the gravity tank from which it continuously overflows (this can be observed through the sightglass). The engine driven pump supplies a proportion of the system requirements in normal operation.

In the event of a power failure the gearbox sprayers are supplied from the engine driven pump. The gravity tank provides a low-pressure supply to the bearings over a considerable period to enable the turbine to be brought safely to rest.

Expansion arrangements

The variation in temperature for a turbine between stationary and normal operation is considerable. Arrangements must therefore be made to permit the rotor and casing to expand.

The turbine casing is usually fixed at the after end to a pedestal support or brackets from the gearbox. The support foot or palm on the casing is held secureiy against fore and aft movement, but because of elongated bolt holes may move sideways. The forward support palm has similar elongated holes and may rest on a sliding foot or panting plates. Panting plates are vertical plates which can fiex or move axialiy as expansion takes place.

The forward pedestal and the gearcase brackets or after pedestal supports for the casing are fixed in relation to one another. The use of large vertical keys and slots on the supports and casing respectively, ensures that the casing is kept central and in axial alignment.

The rotor is usually fixed at its forward end by the thrust collar, and any axial movement must therefore be taken up at the gearbox end. Between the turbine rotor and the gearbox is fitted a flexible coupling. This flexible coupling is able to take up all axial movement of the rotor as well as correct for any slight misalignment.

Any pipes connected to the turbine casing must have large radiused bends or be fitted with bellows pieces to enable the casing to move freely. Also, any movement of the pipes due to expansion must not affect the casing. This is usually ensured by the use of flexible or spring supports on the pipes.

When warming through a turbine it is important to ensure that

expansion is taking place freely. Various indicators are provided to enable this to be readily checked. Any sliding arrangements should be kept clean and well lubricated.
Turbine control
The valves which admit steam to the ahead or astern turbines are known as 'manoeuvring valves'. There are basically three valves, the ahead, the astern and the guarding or guardian valve. The guardian valve is an astern steam isolating valve. These valves are hydraulically operated by an independent system employing a main and standby set of pumps. Provision is also made for hand operation in the event of remote control system failure.
Operation of the ahead manoeuvring valve will admit steam to the main nozzle box. Remotely operated valves are used to open up the remaining nozzle boxes for steam admission as increased power is required. A speed-sensitive control device acts on the ahead manoeuv​ring vaive to hold the turbine speed constant at the desired value.
Operation of the astern manoeuvring valve will admit steam to the guardian valve which is opened in conjunction with the astern valve. Steam is then admitted to the astern turbines.
Turbine protection

A turbine protection system is provided with all installations to prevent damage resulting from an internal turbine fault or the malfunction of some associated equipment. Arrangements are made in the system to shut the turbine down using an emergency stop and solenoid valve. Operation of this device cuts off the hydraulic oil supply to the manoeuvring vaive and thus shuts off steam to the turbine. This main trip relay is operated by a number of main fault conditions which are:
1. Low lubricating oil pressure.
2. Overspeed. .
3. Low condenser vacuum.
4. Emergency stop.
.5. High condensate level in condenser. 6. High or low boiler water level.
Other fault conditions which must be monitored and form part of a total protection system are:

1. HP and LP rotor eccentricity or vibration.

2. HP and LP turbine differential expansion, i.e. rotor with respect to casing..

3.
HP and LP thrust bearing weardown.
4.
Main thrust bearing weardown.

5.
Turning gear engaged (this would prevent starting of the turbine).

Such 'turbovisory' systems, as they may be called, operate in two ways. If a tendency towards a dangerous condition is detected a first stage alarm is given. This will enable corrective action to be taken and the turbine is not shut down. If corrective action is not rapid, is unsuccessful, or a main fault condition quickly arises, the second stage alarm is given and the main trip relay is operated to stop the turbine.

Gearing
Steam turbines operate at speeds up to 6000 rev/min. Medium-speed diesel engines operate up to about 750 rev/min. The best propeller speed for efficient operation is in the region of 80 to 100 rev/min. The turbine or engine shaft speed is reduced to that of the propeller by the use of a system of gearing. Helical gears have been used for many years and rema». „ ^san of most systems of gearing. Epicyclic gears with their compact, lightweight, construction are being increasingly used in marine transmissions.

Epicyclic gearing
This is a system of gears where one or more wheels travel around the outside or inside of another wheel whose axis is fixed. The different arrangements are known as planetary gear, solar sear and star o-ear (Figure 3.12).                                                °

The wheel on the principal axis is called the sun wheel. The wheel whose centre revolves around the principal axis is the planet wheel. An internal-teeth gear which meshes with the planet wheel is called the annulus. The different arrangements of fixed arms and sizing of the sun and planet wheels provide a variety of different reduction ratios.

Steam turbine rearing may be double or triple reduction and will be a combination from input to output of star and planetarv modes in conjunction with helical gearing (Figure 3.13).

Helical gearing

Single or double reduction systems may be used, although double reduction is more usual. With single reduction the turbine drives a pinion with a small number of teeth and this pinion drives the main wheel which is directly coupled to the propeller shaft. With double
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reduction the turbine drives a primary pinion which drives' a primary wheel. The primary wheel drives, on the same shaft, a secondary pinion which drives the main wheel. The main wheel is directly coupled to the propeller shaft. A double reduction gearing system is shown in Figure 3.14.

All modern marine gearing is of the double helical type. Helical means that the teeth form pan of a helix on the periphery of the pinion or gear wheel. This means that at any time several teeth are in contact and thus the spread and transfer of load is much smoother. Double helical refers to the use of two wheels or pinions on each shaft with the teeth cut in opposite directions. This is because a single set of meshing helical teeth would produce a sideways force, moving the gears out of alignment. The double set in effect balances out this sideways force. The gearing system shown in Figure 3.14 is double helical.

Lubrication of the meshing teeth is from the turbine lubricating oil supply. Sprayers are used to project oil at the meshing points both above and below and are arranged along the length of the s^ear wheel.
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Flexible coupling
A flexible counting is always Fitted between the turbine rotor and-ne gearbox pinion. It permits slight rotor and pinion misalignment as we

as allowing for axial movement of the rotor due to ^P"510"^2?,05 designs of flexible coupling are in use using teeth, flexible Qiscs,

membranes, etc.                                       - ; r-arie The membrane-type flexible coupling shown in Figure 3. la lsntaae
up of a torque tube, membranes and adaptor plates. The torque lu^rns between the turbine rotor and the gearbox pinion. The adaptor ^ are spigoted and dowelled onto the turbine and pinion flanges anc . membrane plates are bolted between the torque tube and tne adaptor plates. The flexing of the membrane plates enables axial and trans\erse movement to take place. The torque tube enters the adaptor plate-^^ clearance which will provide an emergency centring should me membranes fail. The bolts in their clearance holes would proviQ. ^e •.•continuing drive until the shaft could be stopped.

Turning gear
The turning gear on a turbine installation is a reversible electric motor driving a gearwheel which meshes into the high-pressure tu.b-c primary pinion. It is used for gearwheel and turbine rotation qu.^
rr-?———-—— or when w£-^in———ou;?h prior to manoeuvring.
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Operating procedures
The steam turbine requires a considerable period for warming-through prior to any manoeuvring taking place. The high-speed operation of the turbine and its simply supported rotor also require great care during manoeuvring operations.

Warming-through a steam turbine

First open all the turbine-casing and main steam-line drain valves and ensure that all the steam control valves at the manoeuvring station and around the turbine are closed. All bled steam-line drain valves should be opened. Start the lubricating oil pump and see that the oil is flowing freely to each bearing and gear sprayer, venting off air if necessary and check that the gravity tank is overflowing.

Obtain clearance from the bridge to turn the shaft. Engage the turning gear and rotate the turbines in each direction.

Start the sea water circulating pump for the main condenser. Then start the condensate extraction pump with the air ejector recirculation valve wide open. Open the manoeuvring valve bypass or 'warming through' valve, if fitted. This allows a small quantity of steam to pass through the turbine and heat it. Raising a small vacuum in the condenser will assist this warming through. The turbines should be continuously turned with the turning gear until a temperature of about 75°C is reach :d at the LP turbine inlet after about one hour. The expansio-    angements on the turbine to allow freedom of movement should be cnecked.

Gland sealing steam should now be partially opened up and the vacuum increased. The turning gear should now be disengaged.

Short blasts of steam are now admitted to the turblnethroushthe main valve to spin the propeller about one revolution. This s_.oud &e repeated about every three to five minutes for a period oi 15to_>u minutes. The vacuum can now be raised to its operational value and also the gland steam pressure. The turbines are now ready for use-

While waiting for the first movements from the bridge, ana between movements, the turbine must be turned ahead once every five mmu es by steam blasts. If there is any delay gland steam and the vacuum shou.d.

be reduced.

Manoeuvring

Once warmed through, the turbine rotor must not remain stationar7 more than a few minutes at a time because the rotor could sag or distort,

which would lead to failure, if not regularly rotated.

Astern operation involves admitting steam to the astern tuib^ne^ Where any considerable period of astern running occurs ^ru"^ temperatures, noise levels, bearings, etc., must be closely observecLi ^ turbine manufacturer may set a time limit of about 30 minutes on continuous running astern.

Emergency astern operation
If, when travelling at full speed ahead, an order for an emergency stop or astern movement is required then safe operating procedures must ue

^Thead steam is shut off, probably by the use of an emergency "-ip^ the astern steam valve is partly opened to admit a gradually lnCTeasln° amount of steam. The turbine can thus be brought quickly to a stopped

condition and if reauired can then be operated astern. .

The stopomg of the turbine or its astern operation will occur about i^ to 15 minutes before a similar state will occur for the ship. The use o emergency procedures can lead to serious damage in the turomc,

gearbox or boilers.

Full away
Manoeuvring revolutions are usually about 80% of the full away orfuU SDeed condition. Once the full away command is received tne tu.^ can gradually be brought up to full power operation, a process ta^i, one to two hours. This will also involve bringing mm use tu.^ alternators which use steam removed or 'bled' at some stage troru —

main turbines.                                    . .  ..i—^i.-i h^ Checks should be made on expansion arrangements, drains shou.c o-

"•         •
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checked to be closed, the condensate recirculation valve after the air ejector should be closed, and the astern steam valves tightly closed.
Port arrival
Prior to arriving at a port the bridge should provide one to two hours' notice to enable the turbines to be brought down to manoeuvring revolutions. A diesel alternator will have to be started, the turbo-alternator shut down, and all the full away procedure done in reverse order.
Chapter 4
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A boiler in one form or another will be found on ^7^:^?. Where the main machinery is steam powered, oneoi•^^      ,, tube boilers will be fitted to produce steam at very h^gh t^P and pressures. On a diesel main machinery vessel a ^^ ^

firetube type) boiler will be fitted to provide s^^^^^, services. Ever. within the two basic design types, watertube and
a variety of designs and variations exist.          -r-\^re steam. The A boiler is used to heat feedwater in order to produce team

energy released by the burning fuel in the boiler ^w^^ ,

temperature and pressure) in the steam P.^duced•A^eSts energy. furnace or combustion chamber where fuel is burnt w^e ^  ^ Air is supplied to &e boiler furnace to enable combust^ o^   ^ take place. A large surface area between the combustion cham the water enables the energy of combustion, in the form of heat,

transferred to the water,                            c^narate There A drum must be provided where steam and water -" ep^.   ^

must also be a variety of fittings and controls to ensure^tha.^
and feedwater supplies are matched to the demandf^^•^e safe there must be a number of fittings or mountings which ensure

operation of the boiler.                              , , .1  where In the steam generation process the feedwater ente.n^^

it is heated and becomes steam. The f^^^^.^^^eof the drum to the water drum and is heated in the proce s. So"^^

feedwater passes through tubes surrounding the ^-nace- _   ^.^

. .and floor tubes, where k xs heated and ret.urnedto^V^ Large-bore downcomer tubes are used to circulate feedwater D

the'drums. The downcomer tubes pass outside o^^^d the steam and water drums. The steam is produced m asteamG,„^d

may be drawn off for use from here. It is ^^Y'^^of^ater. steam in this condition because it will contain small quan^es^
Alternatively the steam may pass to a superheater wm.. s.}oW ^ ^ the boiler. Here steam is further heated and dned, i.e. au . -

74   Boilere
water are converted into steam. This superheated steam then leaves the boiler for use in the system. The temperature of superheated steam will be above that of the steam in the drum. An 'attemperator', i.e. a steam cooler, may be fitted in the system to control the superheated steam temperature.

The hot gases produced in the furnace are used to heat the feedwater to produce steam and also to superheat the steam from the boiler drum. The gases then pass over an economiser through which the feedwater passes before it enters the boiler. The exhaust gases may also pass over an air heater which warms the combustion air before it enters the furnace. In this way a large proportion of the heat energy from the hot gases is used before they are exhausted from the funnel. The arrangement is shown in Figure 4.1.
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Two basically different types of boiler exist, namely the watertube and the firetube. In the watertube the feedwater is passed through the tubes and the hot gases pass over them. In the firetube boiler the hot gases pass through the tubes and the feedwater surrounds them.

Boiler types
The watertube boiler is employed for high-pressure, high-temperature, high-capacity steam applications, e.g. providing steam for main propulsion turbines or cargo pump turbines. Firetube boilers are used for 'auxiliary purposes to provide smaller quantities of low-pressure steam on diesel engine powered ships.

Watertube boilers

The construction of watertube boilers, which use small-diameter tubes and have a small steam drum, enables the generation or production of steam at high temperatures and pressures. The weight of the boiler is much less than an equivalent firetube boiler and the steam raising
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process is much quicker. Design arrangements are flexible, efficiency is high and the feedwater has a good natural circulation. These are some of the many reasons why the water-tube boiler has replaced the firetube boiler as the major steam producer.

Early watertube boilers used a single drum. Headers were connected to the drum by short, bent pipes with straight tubes between the headers. The hot gases from the furnace passed over the tubes, often in a single pass.

A later development was the bent tube design. This boiler has two drums, an integral furnace and is often referred to as the 'D' type because of its shape (Figure 4.2). The furnace is at the side of the two drums and is surrounded on all sides by walls of tubes. These waterwall tubes are connected either to upper and lower headers or a lower header and the steam drum. Upper headers are connected by return tubes to the steam drum. Between the steam drum and the smaller water drum below, large numbers of smaller-diameter generating tubes are fitted.
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These provide the main heat transfer surfaces for steam generauon. Large-bore pipes or downcomers are fitted between the steam and water drum to ensure good natural circulation .of the water. In the arrangement shown, the superheater is located between the ^ urns, protected from the very hot furnace gases by several rows 01 screen tubes. Refractory material or brickwork is used on the furnace floor^ the burner wall and also behind the waterwalls. The double casing o. the boiler provides a passage for the combustion air to the air control or

register surrounding the burner.

The need for a wider range of superheated steam temperature

control led to other boiler arrangements being used. The o^?"31 External Superheater 'D' (ESD) type of boiler used a prima^;/ and secondary superheater located after.the main generating tuaeoank (Figure 4.3). An attemperator located in the combustion air path was

used .g control the steam temperature.                       ^-^^^
The later ESD II type boiler was similar in construction to the £.bU i but used a control unit (an additional economiser) between the primary and secondary superheaters. Linked dampers directed the hot gases over the control unit or the superheater depending upon the superheat temperature required. The control unit provided a bypass path tor L»e gases when low temperature superheating was required.

In the ESD III boiler the burners are located in the furnace too., which provides a long flame path and even heat transfer throughout the furnace. In the boiler shown in Figure 4.4, the furnace is ^uliy water-cooled and of monowall construction, which is produced .rom finned tubes welded together to form a gastight casing.^With monowaii construction no refractory material is necessary in the turnace.      ^

The furnace side, floor and roof tubes are welded into the steam an^ water drums. The front and rear walls are connected at either end to upper and lower water-wall headers. The lower water-wall headers are connected by external downcomers from the steam drum and the upper water-wall headers are connected to the steam drum by riser tuoes.

The gases leaving the furnace pass through screen tubes wruch are arranged to permit flow between them. The large number oimbes results in considerable heat transfer before the gases reach the secondary superheater. The gases then flow over the J"'1""^ superheater and the economiser before passing to exhaust, .rie dry pipe is located in the steam drum to obtain reasonably dry sa-yratec. steam from the boiler. This is then passed to the primary superheat and then to the secondary superheater. Steam temperature control ^ achieved by the use of an attemperator, located in the steam drum, operating between the primary and secondary superheaters.

Radiant-type boilers are a more recent development, in which i-nc;

radian: ^•-•: of corabustion is absorb^ to raise stean", bein? trans7T-.:^°"
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by infra-red radiation. This usually requires roof firing and a considerable height in order to function efficiently. The ESD IV boiler shown in Figure 4.5 is of the radiant type. Both the furnace and the outer chamber are fully watercooled. There is no conventional bank of generating tubes. The hot gases leave the furnace through an opening at the lower end of the screen wall and pass to the outer chamber. The outer chamber contains the convection heating surfaces which include the primary and secondary superheaters. Superheat temperature control is by means of an attemperator in the steam drum. The hot gases, after leaving the primary superheater, pass over a steai-.ing economiser. This is a heat exchanger in which the steam—water mixture
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is flowing parallel to the gas. The furnace gases finally pass over a conventional economiser on their way to the funnel.

Reheat boilers are used with reheat arranged turbine systems. Steam after expansion in the high-pressure turbine is returned to a reheater in the boiler. Here the steam energy content is raised before it ss supphed to the low-pressure turbine. Reheat boilers are based on boiler designs such as the 'D' type or the radiant type.

Furnace wall construction
The problems associated with furnace refractory materials, particularly on vertical walls, have resulted in two water-wall arrangements without exposed refractory. These are known as 'tangent tube' and 'monowall' or 'membrane wall'.

In the tangent tube arrangement closely pitched tubes are backed by refractory, insulation and the boiler casing (Figure 4.6(a)). In the monowall or membrane wall arrangement the tubes have a steel strip welded between them to form a completely gas-tight enclosure (Figure 4.6(b)). Only a layer of insulation and cleading is required on the outside of this construction.
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The monowall construction eliminates the problems of refractory and expanded joints. However, in the event of tube failure, a welded repair must be carried out. Alternatively the tube can be plugged at either end, but refractory material must be placed over the failed tube to protect the insulation behind it. With tangent tube construction a failed tube can be plussed and »1!' ' boiler operated normally without further s-tti-.don.

The firetube boiler is usually chosen for ^resw^^^^^^^ on vessels requiring steam for ^^^^^f.^^ame -tank and feedwaier of medium quality may be ^P1^^-1.^ water boiler' is sometimes used for firetube boilers because o-then^lar e w

capacity. The terms -smoke tube' and -donkey boiler are also m use.

Ml ^reiube boilers are now supplied as a --P^^^^^^^    ^d This will include the oil burner, fuel pump, ^f^^t fated pumps and automatic controls for the system. The boiler

with all the appropriate boiler mountings.                      ^^

A single-furnace three-pass design is shown in Figure 4./. x , pass is through the partly corrugated furnace and into the^cvh"^ wetback combustion chamber. The second pass is back over ^he ^nace through small-bore smoke tubes and then the flow divides at tne 1.0^ central smoke box. The third pass is through outer smoke tubes to

gas exit at the back of the boiler.   •                          i;n;ncr There is no combustion chamber refractory lining other than a lining
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to the combustion chamber access door and the primary and secondary quarl.

Fully automatic controls are provided and located in a control panel at the side of the boiler.

Cochran boilers
The modern vertical Cochran boiler has a fully spherical furnace and is known as the 'spheroid' (Figure 4.8). The furnace is surrounded by water and therefore requires no refractory lining. The hot gases make a single pass through the horizontal tube bank before passing away to exhaust. The use of small-bore tubes fitted with retarders ensures better heat transfer and cleaner tubes as a result of the turbulent gas flow.

Composite boilers
A composite boiler arrangement permits steam generation either by oil firing when necessary or by using the engine exhaust gases when the ship is at sea. Composite boilers are based on firetube boiler designs. The Cochran boiler, for example, would have a section of the tube bank separately arranged for the engine exhaust gases to pass through and exit via their own exhaust duct.
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Other boiler arrangements
Apart from straightforward watenube and fi^etubeboll^^^^^^^ S^^bo^^o^^^^^ts.

The steam-to-steam generator
Steam-to-steam generators produce ^-y^.^^^^ demesne and other services. They are used in ^""^ w^ watenube boilers to provide a secondary steamcircuitwh^^
possible contamination of the primary-circuit ieedw^in^^^ ment may be horizontal or vertical with coils within the shell which he-t

Se f^dwaier. The coils are supplied with high-pressure h^ temperature steam from the main boiler. A horizontal steam-to-steam

o-enerator is shown in Figure' 4.9.
0
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Double evaporation boilers
A double evaporation boiler uses two independent systems ^^ generation and therefore avoids any contamination be wee^nAe

Primary and secondary feedwater. The primary ^ Is ^^.^ conventional watertube boiler which provides steam to the he^ng co^s of a steam-to-sieam generator, which is the secondary system, lue complete boiler is enclosed in a pressurised casing.

Exhaust gas heat exchangers
The use of exhaust gases from diesel main propulsion engines to generate steam is a means of heat energy recovery and improved plant efficiency.

An exhaust gas heat exchanger is shown in Figure 4.10. It is simply a row of tube banks circulated by feedwater over which the exhaust gases flow. Individual banks may be arranged to provide feed heating, steam generation and superheating. A boiler drum is required for steam generation and separation to take place and use is usually made of the drum of an auxiliary boiler.
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Auxiliar"' steam plant system

The auxiliary steam installation provided in modern diesel powered tankers usually uses an exhaust gas heat exchanger at the base of the funnel and one or perhaps two watenube boilers (Figure 4.10). Saturated or superheated steam may be obtained from the auxiliary boiler. At sea it acts as a steam receiver for the exhaust-gas heat exchanger, which is circulated through it. In port it is oil-fired in the usual way.

Exhaust gas boilers                 '/..

Auxiliary boilers on diesel main propulsion ships, other than tankers, are usually of composite form, enabling steam generation using o.l firing or the exhaust gases from the diesel engine. With this arrangement tra boiler acts as the heat exchanger and raises steam in its own drum.
Boiler mountings
Certain fittings are necessary on a boiler to ensure its safe operatic--,. They are usually referred to as boiler mountings. The mounur-3-s usually found on a boiler are:
Safety valves. These are mounted in pairs to protect the boiler against overpressure. Once the valve lifting pressure is set in the presence o: a Surveyor it is locked and cannot be changed. The valve is arrangec -o open automatically at the pre-set blow-off pressure.
Main steam stop valve. This valve is fitted in the main steam supply '."'.e and is usually of the non-return type.
Auxiliary steam stop valve. This is a smaller valve fitted m the auxiks.ry steam supply line, and is usually of the non-return type.
Feed check or control valve. A pair of valves are fitted: one is the main valve, the other the auxiliary or standby. They are non-return valves ^-n^ must give an indication of their open and closed position.
Water level gauge. Water level gauges or 'gauge glasses' are fittec. in pairs, at opposite ends of the boiler. The construction of the level ga-^-e depends upon the boiler pressure.
Pressure gauge connection. Where necessary on the boiler arum superheater, etc., pressure gauges are fitted .10 provide press^r-readings.
Air release cock. These are fitted in the headers, boiler drum, etc., 'j release air when filling the boiler or initially raising steam.
Sampling connection. A water outlet cock and cooling arrangemer.;
provided for the sampling and analysis of feed water. A provision r::'i also be made for injecting water treatment chemicals.
Blow down valve. This valve enables water to be blown down or emp':J;
from the boiler. It may be used when partially or completely empty-• the boiler.
Scum valve. A shallow dish positioned at the normal water level connected to the scum valve. This enables the blowing down or remo' of scum and imourities from the water surface.
Whistle stop valve. This is a small bore non-return valve which sup.:
the whistle with steam straight from the boiler drum.

Boiler mountings (water-tube boilers)
Watenube boilers, because of their smaller water content in relation to their steam raising capacity, require certain additional mountings:

Automatic feed water regulator. Fitted in the feed line prior to the main check valve, this device is essential to ensure the correct water level in the boiler during all load conditions. Boilers will'- a high evaporation rate will use a multiple-element feed water control system (see Chapter 15).

Low level alarm. A device to provide audible warning of low water level conditions.

Superheater circulating valves. Acting also as air vents, these fittings ensure a now of steam when initially warming through and raising steam in the boiler.

Sootblowers. Operated by steam or compressed air, they act to blow away soot and the products of combustion from the tube surfaces. Several are fitted in strategic places. The sootblower lance is inserted, soot is blown and the lance is withdrawn.

Water level gauges

The water level gauge provides a visible indication of the water level in the boiler in the region of the correct working level. If the water level were too high then water might pass out of the boiler and do serious damage to any equipment designed to accept steam. If the water level were too low then the heat transfer surfaces might become exposed to excessive temperatures and fail. Constant attention to the boiler water level is therefore essential. Due to the motion of the ship it is necessary to have a water level gauge at each end of the boiler to correctly observe the level.

Depending upon the boiler operating pressure, one of two basically different types of water level gauge will be fitted.

For boiler pressures up to a maximum of 17 bar a round glass tube type of water level gauge is used. The glass tube is connected to the boiler shell by cocks and pipes, as shown in Figure 4.11. Packing rings are positioned at the tube ends to give a tight seal and prevent leaks. A guard is usually placed around the tube to protect it from accidental damage and to avoid injury to any personnel in the vicinity if the tube shatters. The water level gauge is usually connected directly to the boiler. Isolating cocks are fitted in the steam and water passages, and a drain cock is also present. A ball valve is fitted below the tube to shut off the water should the tube break and water attempt to rush out.

For boiler pressures above 17 bar a plate-glass-type water level gauge is used. The glass tube is replaced by an assemb-y made up of glass plates within a metal housing, as shown in Figure 4.12. The assembly is made
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up as a -sandwich' of front and back metal plates with the glass plates an^ a centre metal plate between. Joints are placed between the glass and u-metal plate and a mica sheet placed over the glass surface lacing — water and steam. The mica sheet is an effective insulation to prevent me glass breaking at the very high temperature. When bolting up^th.s assembly, care must be taken to ensure even all-round tightening o. ^ .bolts. Failure to do this will result in a leaking assembly and poss^.y

shattered ?lass plates.                                             .. ., In addition to the direct-reading water level gauges, remote-rea^..s

level indicators are usually led to machinery control rooms.
It is possible for the small water or steam passages to blocK witn sc-uc or din and the gauge will give an incorrect reading. To cnecK tn^
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passages are clear a 'blowing through' procedure should .be followed. Referring to Figure 4.11, close the water cock B and open drian cock C. The boiler pressure should produce a strong jet of steam from the drain. Cock A is now closed and Cock B opened. A jet of water should now pass through the drain. The absence of a flow through the drain will indicate that the passage to the open cock is blocked.

Safety valves
Safety valves are fitted in pairs, usually on a single valve chest. Each valve must be able to release all the steam the boiler can produce without the pressure rising by more than 10% over a set period. • Spring-loaded valves are always Fitted on board ship because of their positive action at any inclination. They are positioned on the boiler drum in the steam space. The ordinary spring loaded safety valve is shown in Figure 4.13. The valve is held closed by the helical spring
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whose pressure is set by the compression nut at the top. The spring pressure, once set, is fixed and sealed by a Surveyor. When the steam exceeds this pressure the valve is opened and the spring compressed. The escaping steam is then led through a waste pipe up the funnel and out to atmosphere. The compression of the spring by the initial valve opening results in more pressure being necessary to compress the spring and open the valve further. To some extent this is countered by a lip arrangement on the valve lid which gives a greater area for the steam to act on once the valve is open. A manually operated easing gear enables the valve to be opened in an emergency. Various refinements to the ordinary spring-loaded safety valve have been designed to give a higher lift to the valve.

The improved high-lift safety valve has a modified arrangement around the lower spring carrier, as shown in Figure 4.14. The lower
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spring carrier is arranged as a pision for the steam to act on its underside. A loose ring around the piston acts as a containing cylinder for the steam. Steam ports or access holes are provided in the guide plate. Waste steam released as the valve opens acts on the piston underside to give increased force against the spring, causing the valve to 'open further. Once the overpressure has been relieved, the spring force will quickly close the valve. The valve seats are usually shaped to trap some steam to 'cushion' the closing of the valve. A drain pipe is fitted on the outlet side of the safety valve to remove

,y condensed steam which might otherwise coHect above the valve and stop it opening at the correct pressure.

Combustion
Combustion is the burning of fuel in ainn order tc^^^
For complete and efficient comousw^^e^ 14 times as much air must be supplied to the furnace ^^•^ ^ and fuel must be air as fuel is required for complete combusuom 1      ^     ^^ intimately mixed and a small percentage of^    ,, efficient the

to ensure that all the fuel is ^.Y^"^31^,^^^^^^^    result. fuel is not completely burnt and black exhaust gas

Air supply                                      '^rau^hf Marine The flow of air through a boiler ^————^"^^hich force the air boilers are arranged for forced arau^1^1^ ^ed draught are through the furnace. Several ^""g61"6"."0, , ^ large fan which Possible. The usual forced draught arra^^^^^^

supplies air along dueling to the furnace fr^.-, which can control enclosed box arrangement, known as an air regis   ^      ^ ^,,

the air supply. The air dueling r\OTrn^^^ educed draught exhaust where some air heating can take piac ^       ^^ ^

arrangement has a fan in the exhaust upt^"      has matched

through the furnace. The ^"^^f,^^ in atmospheric forced draught and induced draught fans which

pressure in the furnace.

Fuel supply                                           ^-^ fuel is

Marine boilers currently burn residual^wf^^ by a transit stored in double-bottom tanks fromw^1^, ^ter in the fuel n... pump up to settling tanks (Figure 4.1:)). Here an,

settle out and be drained away               pumped to a heater and The oil from the settling tank is flkered^^^^^        and makes then through a fine filter Heating the^^^ ^efully control^

.- if easier to pump and filter This heatmg^             ^ ,,pply otherwise •cracking1 or breakdown of tne^em  ^ ^ ^ ^
of diesel fuel may be avadab e to the burn^       ^ ^       ^ low-power operation of the boiler. F^^^ ^y droplets, as it

the burner where it is •atomised, ^-.^^^^ed to enable initial enters the fu^ace. A recirculaung line is provi
heating of the oil.
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Fuel burning
The high-pressure fuel is supplied to a burner which it leaves as an atomised spray (Figure 4.16). The burner also rotates the fuel droplets by the use of a swirl plate. A rotating cone of tiny oil droplets thus leaves the burner and passes into the furnace. Various designs of burner exist, the one just described being known as a 'pressure jet burner' (Figure 4.16(a)). The 'rotating cup burner' (Figure 4.14(b)) atomises and swirls the fuel by throwing it off the edge of a rotating tapered cup. The 'steam blast jet burner', shown in Figure 4.16(c), atomises and swirls the fuel by spraying it into a high-velocity jet of steam. The steam is suppliec. down a central inner barrel in the burner.

The air register is a collection of flaps, vanes, etc., which sur-ounds each burner and is fitted between the boiler casings. The register provides an entry section through which air is admitted from the windbox. Air shut-off is achieved by means of a sliding sleeve or check. Air flows through parallel to the burner, and a swirler provides it with a rotating motion. The air is swirled in an opposite direction to the fuel to ensure adequate mixing (Figure 4.17(a)). High-pressure, high-output marine watertube boilers are roof fired (Figure 4.17 (b)). This enables a long flame path and even heat transfer throughout the furnace.
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The fuel entering the furnace must be initially ignited in order to burn.

Once ignited the lighter fuel elements burn First as a primary flame and provide heat to burn the heavier elements in the secondary flame. The primary and secondary air supplies feed their respective flames. The process of combustion in a boiler furnace is often referred to as 'suspended flame' since the rate of supply of oil and air entering the furnace is equal to that of the products of combustion leaving.

Purity of boiler feedwater
Modern high-pressure, high-temperature boilers with their large steam output require very pure feedwater.

Most 'pure' water will contain some dissolved salts which come out of solution on boiling. These salts then adhere to the heating surfaces as a scale and reduce heat transfer, which can result in local overheating and failure of the tubes. Other salts remain in solution and may produce acids which will attack the metal of the boiler. An excess of alkaline salts in a boiler, together with the effects of operating stresses, will produce a condition known as 'caustic cracking'. This is actual cracking of the metal which may lead to serious failure.
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...The presence of dissolved oxygen and carbon dioxide in boiler feedwater can cause considerable corrosion of the boiler and feed systems. When boiler water is contaminated by suspended matter, an excess of salts or oil then 'foaming' may occur. This is a foam or frotn which collects on the water surface in the boiler drum. Foaming leaas to 'priming' which is the carry-over of water with the steam leaving the boiler drum. Any water present in the steam entering a turbine will do considerable damage.

Common impurities
Various amounts of different metal salts are to be found in water. These include the chlorides, sulphates and bicarbonates of calcium, magne​sium and, to some extent, sulphur. These dissolved salts in water make up what is called the 'hardness' of the water. Calcium and magnesium salts are the main causes of hardness.

The bicarbonates of calcium arid magnesium are decomposed by heat and come out of solution as scale-forming carbonates. These alkaline salts are known as 'temporary' hardness'. The chlorides, sulphates and nitrates are not decomposed by boiling and are known as 'permanent hardness'. Total hardness is the sum of temporary and permanent hardness and gives a measure of the scale-forming salts present in the boiler feedwater.

Feedwater treatment
Feedwater treatment deals with the various scale and corrosion causing salts and entrained gases by suitable chemical treatment. This is achieved as follows:

1. By keeping the hardness salts in a suspension in the solution to prevent scale formation.

2. By stopping any suspended salts and impurities from sticking to the heat transfer surfaces.

3. By providing anti-foam protection to stop water carry-over.

4. By eliminating dissolved gases and providing some degree of alkalinity which will prevent corrosion.

The actual treatment involves adding various chemicals into the feedwater system and then testing samples of boiler water with a test kit. The test kit is usually supplied by the treatment chemical manufacturer with simple instructions for its use.

For auxiliary boilers the chemicals added might be lime (calcium hydroxide) and soda (sodium carbonate). Alternatively caustic soda (sodium hydroxide) may be used on its own.

For high-pressure watertube boilers various phosphate salts are used, such as trisodium phosphate, disodium phosphate and sodium metaphosphate. Coagulants are also used which combine the scale-forming salts into a sludge and stop it sticking to the boiler surfaces. Sodium aluminate, starch and tanr"" "re used as coagulants. Final de-aeration of the boiler water is achieved by chemicals, such as hydrazine, which combine with any oxygen present.

Boiler operation
The procedure adopted for ^sing ^^S^^l and the manufacturers- instructions should alway^          Jure number of aspects are common to all boilers and a genera p

might be as follows.

ThT"^ should be checked to ensure a ^^^:;S gases through the boiler; any dampers should be ^^" correctly positioned. All vents, alarm, water andJ^^, ^ connections should be opened. The ^P^^^^^^ough the drains should be opened to ensure a .^.^^^essh? superheater. All the other boiler drains and blow-dowry

checked to ensure that they are dosed. The boiler ^^, The to slightly below the working level with hot de aera^   ^^hem. various header vents should be closed as water ^^".^f^r and The economiser should be checked to ensure that it is fu.1 ot

all air vented off.                               , ,  checked and The operation of the forced draught fan shouldDec^ The

where exhaust gas air heaters are fitted they ^m^^ t^s, fuel oil system should be checked for the correct positioning

etc. The fuel oil should then be circulated and heated.

Th^eTdraught fan should be started and air P^"^^

furnace for several minutes to -purge' it of ^y^^^ting up-vapours. The air slides (checks) at every register, excep-^    ^

burner, should then be closed. The "P^1^13""^","" The fuel oil adjusted to provide a low firmg rate with good combato^ n

pressure and forced draught pressure should be matcheQ good combustion with a full steady flame.                      ^^

The superheater header vents may be closed^st^^ ^ them. When a drum pressure of about 2_10 kPa (-. 1    > reached the drum air vent may be closed. The boiler^nustbe .lowly up to working pressure in order to ensure.gradual ^

.. 10 avoid overhearing the superheater elementsandd^ \ ^eam-refraciory material. Boiler manufacnxrers ^J^^^^^ raising diagram in the form of a graph of drum pressure a^

after Flashing up.                              k-> n^rmed tb-ou-'h The mairAnd auxiliary steam lines should now be ^^^ ^
and then the drains closed. In addition the water level gauges

blown through and checked for correct reading. When the steam pressure is about 300 kPa (3 bar) below the normal operating value the safety valves should be lifted and released using the easing gear.

Once at operating pressure the boiler may be put on load and the superheater circulating valves closed. All other vents, drains and bypasses should then be closed. The water level in the boiler should be carefully checked and the automatic water regulating arrangements observed for correct operation.

