Chapter 5
Feed systems
The feed system completes the cycle between boiler and ^blnero enable the exhausted steam .to return to the boiler as feedwater- T^ feed system is made up of four basic items: the boiler, the tu.bme tne condenser and the feed pump. The boiler produces steam wh ^ supplied to the turbine and finally exhausted as low-energy steam to .ne condenser. The condenser condenses the steam to water (condensate)

which is then pumped into the boiler by the feed pump.
Other items are incorporated into all practical feed systems, such as a

drain tank to collect the condensate from the condenserand.Pro;.^^ suction head for the feed pump. A make-up feed tank_wul prov de additional feedwater to supplement losses or store surplus feed from^ drain tank. In a system associated with an auxiliary boiler, as on a ^
ship, the drain tank or hotwell will be open to theat^;OSPhere,,u„^e feed system is therefore referred to as -open feed'. In high-p. essu_e

watenube boiler installations no part of the feed system is open to atmosphere and it is known as 'closed feed'.
Open feed system
An open feed system for an auxiliary boiler is shown in Figure.d^l The exhaust steam from the various services is condensed in the condenser The condenser is circulated by sea water and may "P^16 atmospheric pressure or under a small amount ofvacuum,,^ condensate then drains under the action of gravity to the hotweL and feed filter tank. Where the condenser is under an amount ot ^CUJm> extraction oum^s will be used to transfer the condensate to Ae ho^e. The hotwell will also receive drains from possibly contaminated s)sien^ e.g. fuel oil hearing system, oil tank heating, etc. These may arrivef_on^ a drains cooler or from an observation tank. An observation "nk,\vhCTC fitted, permits inspection of the drains and their discharge to theory bilge if contaminated. The feed filter and hotwell tank is arranged w^ internal baffles to bring about preliminary oil separation from -,
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contaminated feed or drains. The feedwater is then passed through charcoal or cloth filters to complete the cleaning process. An)' overflow from the hotwell passes to the feedwater tank which provides additional feedwater to the system when required. The hotwell provides feedwater to the main and auxiliary feed pump suctions. A feed heater may be fitted into the main feed line. This heater may be of the surface type, providing only heating, or may be of the direct contact type which will de-aerate, in addition. De-aeration is the removal of oxygen in feedwater which can cause corrosion problems in the boiler. A feed regulator will control the feedwater input to the boiler and maintain the correct water level in the drum.

The system described above can only be said to be typical and numerous variations will no doubt be found, depending upon particular plant requirements.

Closed feed system
A closed feed system for a high pressure watenube boiler supplying a main propulsion steam turbine is shown in Figure 5.2.
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The steam turbine will exhaust into the ^^^low:

high vacuum. A regenerative type of condenserwdl be ^        ^
condensing of the steam with the """lmumdTOP ^^ trough an condensate is removed by an extraction pump and circuia

^^densate is heated in passing ———^^^. ejector removes air from the condenser using steam^ope      ^^

.The condensate is now circulated through a S^^,,^ gland where it is further heated. In this heat exch^^^^^^^^^^^^       ^ °Tne steam is condensed and drams to the "mosP^ ^, ^,ch is condensate is now passed through a ^J-P^55^^ ,^us heat supplied with bled steam from Ac turbine W^      ^ ^ exchangers improve the plant efficiency by Tecov^     ^cess. increased feedwater temperature ^f^.^^^^eedwater and • The de-aerator is a direct contact feed neater'.        dissolved

- the heating steam actually mix. In adchno^ ^^^ lower gases, particularly oxygen, are released ..orr^the^tee            ^ ^

Part of the de-aerator is a storage tank wn.lchsupp^:•err.en.s. Lin feed pumps, one of which will ^P?^.^^;^ ,hen to the

The feedwater passes to a high-pressure^^^ ^ and a economiser and the boiler water drum. An atmospnenc

feed tank are present in the system to store surplus feedwater and supply it when required. The drain tank collects the many drains in the system such as gland steam, air ejector steam, etc. A recirculating feed line is provided for low load and manoeuvring operation to ensure an adequate flow of feedwater through the air ejector and gland Steam condenser.

The system described is only typical and variations to meet particular conditions will no doubt be found.

Auxiliary feed system
The arrangements for steam recovery from auxiliaries and ship services may form separate open or closed feed sysems or be a part of the main feed system.

Where, for instance, steam-driven deck' auxiliaries are in use, a separate auxiliary condenser operating at about atmospheric pressure will condense the incoming steam (Figure 5.3). An extraction pump will supply the condensate to an air ejector which will return the feedwater to the main system at a point between the gland steam condenser and the drains cooler. A recirculating line is provided for low-load operation and a level controller will maintain a condensate level in the condenser.

Where contamination of the feedwater may be a problem, a separate feed system for a steam-to-steam generator can be used (Figure 5.4). Low-pressure steam from the generator is supplied to the various services, such as fuel oil heating, and the drains are returned to the hotwell. Feed pumps supply the feed to a feed heater, which also acts as
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a drains cooler for the heating steam supplied to ^^WT^ feed heater, the feedwater passes into the ^eam-t^am .e       ^

Packaged feed systems are also a7,l^^om^m items are

manufacturers. With uhis arrangement the,^0^ mounted on a common base or beaplate. The complete re   y

be packaged or a number of the items. System components
TZTnZnser is a heat exchanger which ^-^^^^^

exhaust steam so that it condenses ana can bepu^ ^^um of

boiler. This condensing should be achieved wlth me ^ ^clow the

under-cooling, i.e. reduction of -ndensa^^^^^^     gases and steam temperature. A condenser is aiso arranged so m  „ vapours from the condensing steam are removea.       ^^ circular

An auxiliary condenser is shown in Figure o.^       ^ ^ ^

cross-section shell is provided with end covers w^^^^ in two-pass flow of sea water. Sacrificial corrosion places ^      ^
.the water boxes. The steam enters centrally atAeto^a^ ,^ inlet

. :iwo paths passing through P0^"^6"51"^^

hood Sea water passing through the banks oftu.bes^Q^ ^pports surface for condensing the steam. The central diaphra m^     ^ the tubes and a number of stay rods m turn support ^    P^,

plate. The condensate is collected m a sump tank.^^drawal of An air suction is provided on the condenser shell for the gases and vapours released by the condensing steam._      ^hinery 0 Main condensers associated with steam turbine P^510^, ^am are of the regenerative type. In this ^^^T^. The bypasses the tubes and enters the condensatesu^e steam, which condensate is thus reheated to the same t^P61-^^^ ^generative increases the efficiency of the condenser. One design^ot ^   ^^

condenser is shown in Figure 5.6. A central passag^^en^ s        ^ steam to pass to the sump. where it condenses and^heat^ the     ^ ^ A baffle plate is arranged to direct the gases and apour^^to        ^

CJector. The many tubes are fitted between ^ewbe^^ ^ulated and tube support plates are arranged between. The tubes
in two passes by sea water.

Extraction pump
The extraction pump is used to d--,-^:;^^^ under vacuum. The pump also provides the pressure

water to the de-aerator or feed pump inlet.
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Extraction pumps are usually of the vertical shaft, two stage, centrifugal type, as described in Chapter 6. These pumps require a specified minimum suction head to operate and, usually, some condensate level control system in the condenser. The first-stage impeller receives water which is almost boiling at the high vacuum conditions present in the suction pipe. The water is then discharged at a
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slight,positive pressure to the second-stage impeller which provides the

necessary system pressure at outlet.                      rr^inr-i"ed Where the condenser sump level is allowed to vary or ^nt^cl

almost dry, a self-regulating extraction pump must beused^:^ regulation takes the form of captation which occurs -henAes^0^

he^d falls to a very low value. Cavitation is the formaaon^^!^ vapour bubbles which results in a fall in the pump ^charge ^ae. 10 ^o

As the suction head improves the Cavitation gradual ce^^^ pumo begins to discharge again. Cavitation is usually a ocia ed w^

damage ?see Chapter 11 wkh reference to P^P611^^ ^ low-pressure conditions in the pump no damage occurs. A30^ impeller may be designed so that the bubble collapse occurs aw.y ..om

the impeller, i.e. super-cavitating.

Air ejector
The air ejector draws out the air and vapours which are ^^

the condensing steam in the condenser. If the air werenot/^o,,r . . from the system it could cause corrosion problems in the b0^^0^ • present in the condenser would affect the condensing proce s.^d^us.

^back oressure in the condenser. The back pressure wouldl?c^^e exhaust steam pressure and reduce the thermal efficiency o^e^^ A two-stage twin-element air ejector xs shown m rigure 3:7-IKm;^;

stage a steam-operated air ejector acts as a pump to draw m the a^-vapours from tne condenser. The mixture thenpasses ml_o ^^t6 unit which is circulated by feedwater. The feedwater is heated ^ ^-.
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steam and gases are mostly condensed. The condensed vapours and steam are returned to the main condenser via a drain and the remaining air and gases pass to the second stage where the process is repeated. Any remaining air and gases are released to the atmosphere via a vacuum-retaining valve. The feed water is circulated through U-tubes in each of the two stages. A pair of ejectors are fitted to each stage, although only one of each is required for satisfactory operation of the unit.

Heat exchangers
The gland steam condenser, drains cooler and low-pressure feed heater are all heat exchangers of the shell and tube type. Each is used in some particular way to recover heat from exhaust steam by heating the feedwater which is circulated through the units.

The gland steam ^ndense^co^ec"s,t^^re cooled by the circulating turbinegland steam system, ^^^^ondensa^ is returned 10

feedwater and the steam is ^^"^^^ ^rap and any air present the system via a loop seal or some form of s^ea"^       ^^

is discharged into the atmosphere. The U-tubes within the shell of the um,     ^^s from various auxiliary

The drams cooler receives theexhaustdwis returned to the feec services and condenses them: the condensate ^       ^^

system. The circulating feedwater P^". ^ diaphragm plates ^nged in tube plates m th^ drams ^^: „, ^ ^ exhaust are fitted to support the tubes anda^           ^ drains over the outside surface of the tubes ^ g
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The-low-pressure feed heateris ^PP^^ngTe^ ^heSed'to a^st the low-pressure turbine casing, ^"^^^team from the turbine £ the de-aeration process. The bleedu^ ot s^a             ^

imoroves plant thermal efficiency.^ ^^ mass of steam flowing. ^S^^^con:^:^ be used wUh .ngle or

multiple passes of feedwater.

The de-aerator completes the air and vapour removal process begun in the condenser. It also functions as a feed heater, but in this case operates by direct contact. The feedwater is heated almost to the point of boiling, which releases all the dissolved gases which can then be vented off.

One type of de-aerator is shown in Figure 5.9. The incoming feedwater passes through a number of spray valves or nozzles: the water
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spray thus provides a large surface area for contact with the heating system. Most of the feedwater will then fall onto the upper surface of the de-aerating cone where it is further heated by the incoming steam. The feedwater then enters the central passage and leaves through a narrow opening which acts as an eductor or ejector to draw steam through with the feed. The feedwater and condensed steam collect in the storage tank which forms the base of the de-aerator. The heating steam enters the de-aerator and circulates throughout, heating the feedwater and being condensed in its turn 10 combine with the feedwater. The released gases leave through a vent connection and pass to a vent condenser or devaporiser. Any water vapour will be condensed and returned. The

devaporiser is circulated by the feedwater before it enters me

The de-aerator feedwater is very dose to the steam temperature at the same pressure and will, if subjected to any pressure drop, fiasn-ott into steam. This can result in 'gassing', i.e. vapour forming in the ieed pump suction. To avoid this Droblem, the de-aerator is mounted hsg.. up in ^ machinery space to give a positive suction head to the feed pumps Alternatively a booster or extraction pump may be fitted a. .ne de-aerator outlet.

Feed pump
The feed pump raises the feedwater to a pressure high enough for it to

enter the boiler.                                               , For auxiliary boilers, where small amounts of feedwater are pumpea,

a steam-driven reciprocating positive displacement pump may oe^eo_ This type of pump is described in Chapter 6. Another type 01 ;eea pump often used on package boiler installations is known as an electro
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110   Feed systems                     •
feeder'. This is a multi-stage centrifugal pump driven by a constant-speed electric motor. The number of stages is determined by the feed quantity and dl^.d.rge pressure.

Steam turbine-driven feed pumps are usual with high-pressure watertube boiler installations. A typical turbo-feed pump is shown in Figure 5.10. The two-stage horizontal centrifugal pump is driven by an impulse turbine, the complete assembly being fitted into a common casing. The turbine is supplied with steam directly from the boiler and exhausts into a back-pressure line which can be used for feed heating. The pump bearings are lubricated by filtered water which is tapped off from the first-stage impeller. The feed discharge pressure is maintained by a governor, and overspeed protection trips are also provided.

High-pressure feed heater
The high-pressure feed heater is a heat exchanger of the shell and tube type which further heats the feedwater before entry to the boiler. Further heat may be added to the feedwater without its becoming steam since its pressure has now been raised by the feed pump.

The incoming feedwater circulates through U-tubes with the heating steam passing over the outside of the tubes. Diaphragm plates serve to support the tubes and direct the steam through the heater. A steam trap ensures that all the heating steam is condensed before it leaves the heater. Bled steam from the turbine will be used for heating.

Operation and maintenance
During operation the feed system must maintain a balance between feed input and steam output, together with a normal water level in the boiler. The control system used is described in Chapter 15.

The condenser sea water boxes are protected by sacrificial mild steel plates which must be renewed regularly. The tube plates should be examined at the same time to ensure no erosion has taken place as a result of too high a circulating water speed. Any leaking tubes will cause feedwaier contamination, and where this is suspected the condenser must be tested. The procedure is mentioned in Chapter 7.

Extraction pumps should be checked regularly to ensure that the sealing arrangements are preventing air from entering the system. It is usual with most types of glands to permit a slight leakage of water to ensure lubrication of the shaft and ':he gland.

Air ejectors will operate inefficiently if the ejector nozzles are coated or eroded. They should be inspected and cleaned or replaced regularly. The vacuum retaining valve should be checked for air tightness and also the ejector casing.

Feed systems   111
The various heat exchangers should be checked regularly for tube leakages and also the cleanliness of the heat-exchange surfaces.

The operation of the reciprocating positive displacement pump is descnoed in Chapter 6. Turbo-feed pumps are started with the discharge valve closed in order to build up pressure rapidly and bring the hydraulic balance into operation. The turbine driving the pump will require warming through with the drains open before running up to speed and then closing the drains. The turbine overspeed trip should be checked regularly for correct operation and axial clearances should be measured, usually with a special gauge.

Chapter 6
Pumps and pumping systems

At any one time in a ship's machinery space there will be a considerable variety of liquids on the move. The lengths of pipework will cover many kilometres, the systems are often interconnecting and most pumps are in pairs. The engineer must be familiar with each system from one end to the other, knowing the location and use of every single valve. The various systems perform functions such as cooling, heating, cleaning and lubricating of the various iterr-s of machinery. Each system can be considered comprised of pumps, piping, valves and fittings, which will now be examined in turn.

Pumps
A pump is a machine used to raise liquids from a low point to a high point. Alternatively it may simply provide the liquid with an increase in energy enabling it to flow or build up a pressure. The pumping action can be achieved in various ways according to the type of pump employed. The arrangement of pipework, the liquid to be pumped and its purpose will result in certain system requirements or characteristics that must be met by the pump.

A pumping system on a ship will consist of suction piping, a pump and discharge piping (Figure 6.1). The system is arranged to provide a positive pressure or head at some point and discharge the liquid. The pump provides the energy to develop the head and overcome any losses in the system. Losses are mainly due to friction within the pipes and the difference between the initial and final liquid levels. The total system losses, htotal are found as follows:

htotal = HpRsucT + hfrdis + hdistank. + hsucttank
where hfrsuct   = friction head loss in suction piping

hfrdis    = friction head loss in discharge piping

Hr>i<:TA\ix = height of discharge tank level above pump
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Hsuc-rrANK= height of suction tank level above pump (negSve when tank level is below pump suction)

All values are in metres of liquid,                 ^^n as shown in

The system head loss-flow characiensuc ^^"^J^^p Figure 6.2. The system flow rate or capacity will be known and^ e    p manufacturer wiU provide a head-flow cha^c ^-^ ou^ which must be matched to the system curve. To obtain theoes .     ^ condkions for the pump k should operate over its "^ ^"^ efficiency. A typical centrifugal pump characteristic is shown .n .,

^An important consideration, particularly when drawing hou^s f^

below the pump, is the suction-side -^^ ^^Sken for determination of Net Positive Suction Head (NPSH) is unde

both the system and the pump. Net Positive Sucuo^^ ^ „ between the absolute pump inlet pressure and the vaoour __ the liquid, and is expressed in metres of liquid. ^F^P^,, ^ emJraiure dependent and therefore NPSH should oe ^n-0;^:

operating temperature of the liquid. The NPSH avauable m .ne .ys.e.-.

i; found as follows:
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npshavail — hatm + hsucttank ~ hfrsuct — hvappress
absolute pump inlet pressure

where hatm     = atmospheric pressure

hsucttank= tank level from pump (negative when tank level

is below pump) hfrsuct   = friction head loss in suction piping hvappress = liquid vapour pressure

The above values are usually expressed in metres head of sea water. The pump manufacturer provides a NPSH required characteristic for the pump which is also in metres head of sea water (Figure 6.2). The pump and system must be matched in terms of NPSH such that NPSH required is always greater than NPSH available. An insufficient value of NPSH required will result in cavitation, i.e. the forming and collapsing of bubbles in the liquid, which will affect the pumping operation and may damage the pump.

Pump types
There are three main classes of pump in marine use: displacement, axial flow and centrifugal. A number of different arrangements are possible for displacement and centrifugal pumps to meet particular system

characteristics.

Displacement
The displacement pumping action is achieved by the reduction or increase in volume of a space causing the liquid (or gas) to be physically moved. The method employed is either a piston in a cylinder using a reciprocating motion, or a rotating unit using vanes, gears or screws.
A reciprocating displacement pump is shown diagrammaticaLy m Figure 6.3, to demonstrate the operating principle. The pump is
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double-acting, that is liquid is admitted to either side of the piston where it is alternately drawn in and discharged. As the piston moves upwaras, suction takes place below the piston and liquid is drawn in, the valve arrangement ensuring that the discharge valve cannot open on me sucnon stroke. Above the piston, liquid is discharged and the sac^ valve remains dosed. As the piston travels down, the operations ot

suction and discharge occur now on opposite sides.

An air vessel is usually fitted in the discharge pipework to dampen oul the pressure variations during discharge. As the discharge pressure rises
116 Pumps arid pumping systems
the air is compressed in the vessel, and as the pressure falls the air expands. The peak pressure energy is: thus 'stored' in the air and returned to the system when the pressure falls. Air vessels are not fitted on reciprocating boiler feed pumps since they may introduce air into the de-aerated feed-water.

A relief valve is always fitted between the pump suction and discharge chambers to protect the pump should it be operated with a valve closed in the discharge line.

Reciprocating displacement pumps are self priming, will accept high suction lifts, produce the discharge pressure required by the system and can handle large amounts of vapour or entrained gases. They are, nowever, complicated in construction with a number of moving parts requiring attention and maintenance.

When starting the pump the suction and discharge valves must be opened. It is important that no valves in the discharge line are closed, otherwise either the relief valve will lift or damage may occur to the pump when it is started. The pump is self priming, but where possible to reduce wear or the risk of seizure it should be flooded with liquid before starting. An electrically driven pump needs only to be switched on, when it will run erratically for a short period until liquid is drawn into the pump. A steam ^.-iven pump will require the usual draining arid warming-through procedure before steam is gradually admitted.

Most of the moving parts in the pump will require examination during overhaul. The pump piston, rings and cylinder liner must also be thoroughly checked. Ridges will eventually develop at the limits of the piston ring travel and these must be removed. The suction and discharge valves must be refaced or ground in as required.

Two different rotary displacement pumps are shown in Figure 6.4. The action in each case results in the trapping of a quantity of liquid (or air) in a volume or space which becomes smaller at the discharge or outlei side. It should be noted that the liquid does not pass between the screw or gear teeth as they mesh but travels between the casing and the teeth.      '     . ,   ":;

The starting procedure is similar to that for the reciprocating displacement pump. Again a relief valve will be fitted between suction and discharge chambers. The particular maintenance problem with this type of pump is the shaft sealing where the gland and packing arrangement must be appropriate for the material pumped. The rotating vane type will suffer wear at a rate depending upon the liquid pumped and its freedom from abrasive or corrosive substances. The . screw pump must be correctly timed and if stripped for inspection care should be taken to assemble the screws correctly.

A special type of rotary displacement pump has a particular application in steering gear and is described in Chapter 12.
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Axial-flow pump
An axial-flow pump uses a screw propeller to axially accelerate -;ne liquid. The outlet passages and guide vanes are arranged to convert the velocity increase of the liquid into a pressure. •' A reversible axial flow pump is shown in Figure 6.5. The pump casmg is split either horizontally or vertically to provide access to the propeller. A mechanical seal prevents leakage where the shaft leaves the^casmg^A thrust bearing of the tilting pad type is fitted on the drive shaft, l ne prime mover may be an electric motor or a steam turbine.

The axial flow pump is used where large quantities of water ^at a .c head are required, for example in condenser circulating. The eiricie:-.;,
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is equivalent to a low lift centrifugal pump and the higher speeds possible enable a smaller driving motor to be used.-The axiai-flow pump is also suitable for supplementary use in a condenser scoop arcular-ng system since the Dump will offer little resistance to-flow wnen idling. With scood circulation the normal movement of the ship win araw in water; the'pump would be in use only when the ship was moving slowly or stopped.

Centrifugal pump
In a centrifugal pump liquid enters the centre or eye of the impeller and flows radially .out between the vanes, its velocity being increased by me imoeller rotation. A diffuser or volute is then used to convert most o. ue kinetic energy in the liquid into pressure. The arrangement is snown

diagrammatically in Figure 6.6.                                     ,
A vertical, single stage, single entry, centrifugal pump tor^ genera marine duties is shown in Figure 6.7. The main frame anu casing, together with a motor support bracket, house the pumping elemen. assembly. The pumping element is made up of a top cover, a pump shaft, an impeller, a bearing bush and a sealing arrangement around tne <ihaft. The sealing arrangement may be a packed gland or a mechanic^ seal and the bearing lubrication system will vary according to tne tvpe^o. seal. Reolaceable wear rings are fitted to the impeller and the c^s-.ng. The motor suwort bracket has two large apertures to provide access .0 the pumping element, and a coupling spacer is fitted between the moto. and pump shaft to enable the removal of the pumping element withou. disturbing the motor.
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Other configurations of centrifugal pumps are used for particular duties or to meet system requirements. A vertical single stage double-entry' centrifugal pump is shown in Figure 6.8. The incoming liquid enters the double impeller from the top and the bottom and passes into the volute casing for discharge. A double-entry pump has a lower NPSH required characteristic which will have advantages in poor suction conditions. It should be noted that different impeller sizes can be fitted into a basic pumping element. This enables various discharge head characteristics to be provided for the same basic pump frame.

A vertical multi-stage single-entry centrifugal pump used' for deep-well cargo pumping is shown in Figure 6.9. This can be considered as a series of centrifugal pumps arranged to supply one another in series and thus progressively increase the discharge pressure. The pump drive is located outside the tank and can be electric, hydraulic or any appropriate means suitable for the location.

A aiffuser is fitted to high-pressure centrifugal pumps. This is a ring fixed to the casing, around the impeller, in which there are passages
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formed by vanes. The passages wldenou^nAe,d mio pressure energy. and act to convert the kinetic energy of the hqu ^5^, of the

Hydraulic balance arrangements are a „    „ drum or piston

high-pressure discharge liquid is dlTected^^ on the impeller arrangement to balance the discharge liquid pressure
and thus maintain it in an equilibrium positio_ .             ^ ^^

Centrifugal pumps, while being s^^^ of removins ---duties, a-e not self priming and requ-e some         ^      ^ ^ from the suction pipeline and filling it with liquid^ ^ ^ ^ ^ ^ pumoed is at a level higher than mepump,open ^          ^ ^ ^

pump suction will enable ^air to be ^^^^evel. ^d sea under the acdon of gravity If tnepump^l^       g , ,„ ^
water priming is permissible m the^0^'      ^ffi effect pn-^S-injection valve and the air cock on the pump

[image: image19.png]Shaft e |

Discharge i Discharge

Suction

Note only two stages are shown Figure 6.9 Multi-stage centrifugal pump




Alternatively an air pumping unit can be provided to individual pumps or as a ceniral priming system connected lo several pumps.

The water ring or liquid ring primer can be arranged as an individual unit mounted on the pump and driven by it, or as a motor driven unit mounted separately and serving several pumps. The primer consists of an elliptical casing in which a vaned rotor revolves. The rotor may be separate from the hub and provide the air inlet and discharge ports as shown in Figure 6.10. Alternatively another design has the roior and

0                                                                           /                                                0
hub as one piece with ports on the cover. The rotor v._^-:s revolve and force a ring of liquid to take up the elliptical shape of the casing. The water ring, being elliptical, advances and recedes from the central hub, causing a pur-.ping action to occur. The suction piping system is connected to '-he air inlet ports and the suction line is thus primed by the removal of air. The air removed from the system is discharged to atmosphere. A reservoir of water is provided to replenish the water ring when necessary.

When starting a centrifugal pump the suction valve is opened and the discharge valve left shut: then the motor is started and the priming unit will prime the suction line. Once the pump is primed the delivery valve
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can be slowly opened and the quantity of liquid Can be regulated by opening or closing the delivery valve. When stopping the pump the delivery valve is closed and the motor stopped.
Regular maintenance on the machine will involve attention to lubrication of the shaft bearing and ensuring that the shaft seal or gland is not leaking liquid. Unsatisfactory operation or loss of performance may require minor or major overhauls. Common faults, such as no discharge, may be a result of valves in the system being shut, suction strainers blocked or other faults occurring in the priming system. Air leaks in.-the suction piping, a choked impeller or too tight a shaft gland can all lead to poor performance.

When dismantling the pump to remove the pumping element any priming pipes or cooling water supply pipes must be disconnected-Modern pumps have a coupling spacer which can be removed to enable the pumping element to be withdrawn without disturbing the motor: the impeller and shaft can then be readily separated for examination. Tne

shaft bearing bush together with the casing and impeller wear rings should be examined for wear.

Ejectors
An ejector is a form of pump which has no moving parts. An ejector arrangement is shown in Fig-are 5.7, Chapter 5. A high-pressure liquid or a vapour su.ch as steam discharges from a nozzle as a high-velocity jet and entrains any gases or liquids surrounding the nozzle. The mixture enters a converging-diverging diffuser tube where some of the kinetic energy is convened into pressure energy. Ejectors can be arranged as single or multi-stage units and have particular applications, for example the air ejector in a closed feed system (see Chapter 5).

Piping systems
A ship's machinery space contains hundreds of metres of piping and fittings. The various systems are arranged to carry many different liquids at various temperatures and pressures. The influences of operational and safety requirements, as well as legislation, result in somewhat complicated arrangements of what are a few basic fittings. Valves, strainers, branch pipes, etc., are examples of fittings which are found in a pipe system.

Pipes

Machinery space pipework is made up of assorted straight lengths and bends joined by flanges with an appropriate gasket or joint between, or very small-bore piping may use compression couplings. The piping material will be chosen to suit the liquid carried and the system conditions. Some examples are given in Table 6.1.

Where piping is to be galvanised, the completed pipe with all joints fully welded is lu be hot dipped galvanised. The pipes are supported

	Table 6.1 Pipework material

	System
	Material

	Waste steam SW circulating Wash deck and firemain Bilge and ballast Control air Starting air
	Carbon steel to BSS601 Aluminium brass Carbon steel to BS 3601 - galvanised Carbon steel co BS S601 - galvanised Copper Carbon steel to BS 3602


and held in by hangers or pipe clips in such a way as to mnum^ vibration. Steam pipes or pipes in systems with considerable t^P— ture variation may be supported on spring hangers whichpe.mi. a degree of movement. An alternative to spring hangers is me us. . expansion loops of piping or an expansion joint.

Valves

Valves are provided in a piping system to regulate or stop the.uqma flow. Various types exist with their associated particular function or

advantages.

Cock
A cock is used in small-bore pipework and is joined to adjacent pipework by a compression coupling. A cock can restrict or aose an lt^-^ passage by moving a central plug, usually by an external lever. An example of a straight-through cock is given in Figure 6.11.
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Globe valve

A -lobe valve has a somewhat spherical body enclosing the valve seat ana valve disc (Figure 6.12). Flanges are provided at either s.ae^ connecting to adjacent pipework, and internal passages guide the .qu^a flow through the valve seat. Liquid flow is always arranged to co^e -_ --below the valve seat so that the upper chamber is not pressurised when the valve is closed. A screw lift valve arrangement is shown whe.c ^e spindle is joined to the valve disc. A gland with appropriate pac..n^ surrounds the spindle where it leaves the valve bonnet, l he upper p^ _ .-of the spindle is threaded and passes through a simi.any —e^ bridge piece. A circular handwheel is used to turn the spmcue .no .—— or lower the valve disc. The valve disc and seat are a peri-e^ m^. ^ may be flat or, more commonly, mitred. The material ior botn :s o.^ provided with a very hard ^llite coating. Globe valves alsoex^m. right-angled form where the inlet and exit flanges are at 9U to e^-

other.
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Non-return c-.' check valves are arranged in various pipelines to prevent reverse flow. Where the valve disc is not attached to the spindle it is k" ' ,,'n as screw-down non-return (SDNR). The valve disc in such a \'i'-'  must have some form of guide or wings to ensure it can reseat correctly when screwed closed. Non-return valves are sometimes arranged without spindles, in which case they are liquid operated and

can not be manually closed (Figure 6.13). A free lifting valve may be used or a hinged flap.

»
Gate valve A gate valve should be fully open or dosed; it is not suitable^for flow

conTrol. When open it provides a clear full-bore ^^P35,^ liquid since the valve or gate is raised clear (Figure 6.14). The spindle
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threaded over its lower portion and when turned causes the gate:u>rais or lower. The gate may be parallel or wedge-shaped m secuorftt^ agamst a matching seat. Larger valves have replaceable seat rings and

gate facings.

Relief valves
Excess pressure is avoided in pipe systems by the use of reliefvalves^^ valve disc is held dosed by a spring arrangement on the s cm (Fzgu^ 6.15). The spring compression can be adjusted to enaole the valve to open at the appropriate pressure. Boiler safety valves are a sp.—— c..-. of relief valve and are described in Chapter 4.
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Quick-closing valves
Oil lank suction valves are arranged for rapid closing from a remote point by the use of quick-closing valves. The collapsing of the 'bridge' results in the valve closing quickly under the combined effects of gravity and an internal spring. A manually operated wire or s. hydraulic cylinder can be used to collapse the bridge.

Valve chests
Valve chests are a series of valves all built into a single block or rr.anifold. Various arrangements of suction and discharge connections are possible with this assembly. A particular application of this assemo.y is the change-over chest (Figure 6.16). Two interchangeable pieces are provided which enable a tank suction to pass to either the ballast main or the oil transfer main, but not both. Such an arrangement is essential where tanks can be used for either water ballast or oil.

Other fittings
Mud boxes are fitted into the machinery space bilge suction piping. The mud box is a coarse strainer with a straight tailpipe down to the bilge
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(Figure 6.17). To enable the internal perforated plate to be
de£.r..-c.-..

when necessary, the lid of the mud box is easily removed
v-.-it^c.';.-disccr-necting any pipework.

Suction pipes in tanks should be arranged with a bell mo^u^r ^.— The bell "end or foot should provide an inlet area o'-' a&c .-:-•:

one-and-a-half times the pipe area. It should also be a sufficient ^.5t:-.-^. -.--from the bottom plating and nearby structure to provide a n-ee sue:-... :.. area, again about one-and-a-half times the pipe a-sa.
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A steam trap does as its name implies and permits only the passage of condensed steam. It operates automatically and is situated in steam drain lines. Various designs are available utilising mechanical floats which, when floating in condensate, will enable the condensate to discharge (Figure 6.18). Other designs employ various types of thermostat to operate the valve which discharges the condensate.

An expansion piece is fitted in a pipeline which is subject to considerable temperature variations. One type consists of a bellows arrangement which will permit movement in several directions and absorb vibration (Figure 6.19). The fitting must be selected according to the variation in system temperatures and installed to permit the expansion and contraction required in the system.

Drains are provided in pipelines and usually have small cocks to open or close them. It is essential that certain pipelines are drained regularly, particularly in steam systems. When steam is admitted to a pipeline containing a reasonable surface of water it will condense and a partial vacuum occur: the water will then be drawn along the pipe until it meets a bend or a closed valve. The impact of the moving water in the pipework will create large forces known as 'water hammer', which can result in damage to pipework and fittings.

Bilge a" ' ballast systems
The b'   .ysiem and the ballast system each have particular functions to perfc    ,ut are in many ways interconnected.

Bilge system
The bilge main is arranged to drain any watertight ^"P^^6",0^ Ln ballast, oil or water°tanks and to ^charge the c°^e^ overboard^
The number of pumps and their capacity depend ^^^^ and service of the vessel. All bilge suctions must be fktea w.t.^sutab e strainers, which in the machinery space would be rnun boxes poJO^ at floorpkte level for easy access. A vertical drop pipe would lead dowi.

^TheSrgency bilge suction or bilge injection valve is usedtoprW flooding of Ac shi-p. It is a direct suction from the machinery space b.^ which is connected to the largest capacity pump or_ pumps^ emergency bilge pump is required for passenger ships out may also u<-fittedas an ex^raon cargo ships. It must be a completely moependen^ unit caoable of operating even if submerged. A centrifuge pumo^a priming device is usually0 used, driven by an electric motor hou^d m ^ air bell The oower supply is arranged from the emergency S^0^
A tvoical system is shown in Figure 6.20. The various pumps and 1 i^s .are interconnected to some extent so that each pump can act as .. alternative or standby for another.
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Ballast systems
The ballast system is arranged to ensure that water can be drawn from any tank or the sea and discharged to any other tank or the sea as required to trim the vessel. Combined or separate mains for suction and discharge may be provided. Where a tank or cargo space can be used for ballast or dry cargo then either a ballast or bilge connection will be required. The system must therefore be arranged so that only the appropriate pipeline is in service; the other must be securely blanked or closed off. Where tanks are arranged for either oil or ballast a change-over chest must be fitted in the pipeline so that only the ballast main or the oil transfer main is connected to the tank.

Domestic water systems
Domestic water systems usually comprise a fresh water system for washing and drinking and a salt water system for sanitary purposes (Figure 6.21). Both use a basically similar arrangement of an automatic pump supplying the liquid to a tank which is pressurised by compressed air. The compressed air provides the head or pressure to supply the water where required. The pump is started automatically by a pressure switch which operates as the water level falls to a predetermined level. The fresh water system has,, in addition, a calorifier or heater which is heated, usually with steam.
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Fresh water supplied for drinking and culinary purposes must meet purity stndards specified by the Department of Transport. Vvaier produced from most evaporator/distillers will not meet these stanfiarcs and must be treated, to ensure it is biologically pure and neutra. or.

slightly alkaline.                                                    _.

A treatment plant suitable for a general cargo ship is shown in F.gure 6.22. The water is sterilised by an excess dose of chlorine provide.^ as hypochlorite tablets. It is then dechlorinated in a bed of activated carbon to remove the excess chlorine. Any colour, taste and odour wl-uch was present in the water will also be removed by the carbon. Excess chlor.ne is originally applied to ensure that complete sterilisation occurs.

Chapter 7

Auxiliaries
Machinery, other than the main propulsion unit, is usually called 'auxiliary' even though without some auxiliaries the main machinery would not operate for long. The items considered are air compressors, heat exchangers, distillation equipment, oil/water separators, sewage treatment plants and incinerators.
Air compressor
Compressed air has many uses on board ship, ranging from diesel engine starting to the cleaning of machinery during maintenance. The air pressures of 25 bar or more are usually provided in multi-stage machines. Here the air is compressed in the first stage, cooled and compressed to a higher pressure in the next stage, and so on. The two-stage crank machine is probably the most common, and one type is shown in Figure 7.1.

Air is drawn in on the suction stroke through the first-stage suction valve via the silencer/filter. The suction valve closes on the piston upstroke and the air is compressed. The compressed air, having reached its first-stage pressure, passes through the delivery valve to the first-stage cooler. The second-stage suction and compression now take place in a similar manner, achieving •c. much higher pressure in the smaller, second-stage cylinder. After passing through the second-stage delivery valve, the air is again cooled and delivered to the storage system.

The machine has a rigid crankcase which provides support for the three crankshaft bearings. The cylinder block is located above and replaceable liners are fitted in the cylinder block. The running gear consists ..-•-"' pistons, connecting rods and the one-piece, two-throw crankshaft. The first-stage cylinder head is located on the cylinder block and the second-stage cylinder head is mounted on the first: each of the heads carries its suction and delivery valves. A chain-driven rotary-gear pump provides lubricating oil to the main bearings and through
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internally drilled passages in the crankshaft to both connecting rod bearings. Cooling water is supplied either from an integral pump or the machinery space system. The water passes into the cylinder block whicn contains both stage coolers and then into the first and second stage cylinder heads. A water jacket safety valve (Figure 7.2) prevents a build-up of pressure should a cooler tube burst and compressed air escape. Relief valves are fitted to the first and second-stage air outlets and Predesigned to lift at 10% excess pressure. A fusible plug is fitted after the second-stage cooler to limit delivered air temperature and tnus protect the compressed-air reservoirs and pipeworK.

Cooler drain valves are fitted to compressors. When these are open the machine is 'unloaded' and does not produce compressed an^ A compressor when started must always be in the unloaded condition. This
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reduces the starting torque for the machine and clears out any accumulated moisture in the system. This moisture can affect lubrication and may produce oil/water emulsions which line the air pipelines and could lead to fires or explosions.

The compressor motor is started and the machine run up to speed. The lubricating oil pressure should be observed to build up to the correct value. The first-stage drains and then the second-stage drains are closed and the machine will begin to operate. The pressure gauge cocks should be adjusted to give a steady reading. Where manual drains are fitted they should be slightly opened to discharge any moisture which may collect in the coolers. The cooling water supply should be checked, and also operating temperatures, after a period of running loaded.

To stop the compressor, the first and second-stage cooler drain valves should be opened and the machine run unloaded for two to three minutes. This unloaded running will clear the coolers of condensate. The compressor can now be stopped and the drains should be left open. The cooling water should be isolated if the machine is to be stopped for a long period.

Automatic compressor operation is quite usual and involves certain additional equipment. An unloader must be fitted to ensure the machine starts unloaded, and once running at speed will 'load' and begin to produce compressed air. Various methods of unloading can be used but marine designs favour either depressors which hold the suction valve plates on their seats or a bypass which discharges to suction. Automatic drains must also be fitted to ensure the removal of moisture from the stage coolers. A non-return valve is usually fitted as close as possible to tne discharge valve on a compressor to prevent return air flow: ir is an essential fitting where unloaders are used.

The compressed air system for the supply of starting air to a diesel engine is described in Chapter 2. Control or instrument air supplies have particular requirements with regard to being moisture and oil free

and without impurities. A special type of oil-free compressor may ^ used to suoply control air or it may be treated-after delivery from an ordinary air compressor. This treatment results in the air being fikerea and dried in order to remove virtually all .races of oil, moisture and any

atmospheric impurities.

Maintenance involves the usual checks and overhauls common 10 reciprocating machinery, e.g. crankcase oil level, cooling water system, operating temperatures and pressures, etc. The suction and delivery air valves for each stage will present the most work in any maintenance schedule. These valves are automatic, requiring a small pressure

differential to operate.

The constant rapid opening and dosing action of the valves ms-y require the seats to be refaced. Overheating, use of incorrect lubricating oil, or the presence of din may result in sticking or pitting of me surfaces. The various buffer plates, spring plates, valve^plate and j;ea^ which make up a suction or delivery valve can be seen in Fig-ure 7.S. 1 ^ valves should be stripped and all parts carefully cleaned ana examinee any worn parts replaced and the valve seat and plate lightly lappea separately on a flat surface before reassembly to ensure a good seai.
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Heat exchangers
Heat exchangers on board ship are mainly coolers where a hot liquid is cooled by sea water. There are some instances where liquid heating is required, such as heavy fuel oil heaters and sea water heaters for tank cleaning. Although being heat exchangers, the main condenser for s steam ship and the evaporator/distiller are dealt with separately (see Chapter 5).

The heat exchange process is accomplished by having the two liquids pass on either side of a conducting surface. The heat from the hot liquid passes to the cold liquid and the conducting surface, i.e. the tube wall, is at a temperature between the two. It is usual for marine he..: exchangers to have the two liquids flowing in opposite directions, i.e. counter or contra flow. This arrangement provides a fairly constant temperature difference between the two liquids and therefore the maximum heat transfer for the available surface area.

Coolers
Coolers at sea fall into two groups, shell and tube and the plate type. Both are considered below.

Shell and tube
In the shell and tube design a tube bundle or stack is fitted into a shell (Figure 7.4). The end plates are sealed at either end of the shell and
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provision is made at one end for expansion. The tubes are sealed into the tube plate at either end and provide a passageway for the cooling liquid. Headers or water boxes surround the tube plates and enclose the shell. They are arranged for either a single pass or, as in Figure 7.4, for a double pass of cooiir.g liquid. The tube bundle has baffles fitted which serve to direct the liquid to be cooled up and down over the tubes as it passes along the cooler. The joint arrangements at the tube plate ends are different. At the fixed end, gaskets are fitted between either side of the tube plate and the shell and end cover. At the other end, the tube plate is free to move with seals ntied either side of a safety expansion ring. Should either liquid leak past the seal it will pass out of the cooler and be visible. There will be no intermixing or contamination.

Plate type

The plate-type heat exchanger is made up of a number of pressed plates surrounded by seals and held together in a frame (Figure 7.5(a)). The inlet and outlet branches for each liquid are attached to one end plate. The arrangement cf seals between the plates provides passageways between adjacent plates for the cooling liquid and the hot liquid (Figure 7.5(b)). The plates have various designs of corrugations to aid heat transfer and provide support for the large, flat surface. A double seal arrangement is provided at each branch point with a drain hole to c£:ect leakage and prevent intermixing or contamination.

Operation

Temperature control of coolers is usually achieved by adjusting the cooling liquid outlet valve. The inlet valve is left open and this ensures a constant pressure within the cooler. This is particularly important with sea water cooling where reducing pressure could lead to aeration or the collecting of air within the cooler. Air remaining in a cooler will considerably reduce the cooling effect. Vents are provided in the highest points of coolers which should be opened on first filling and occasionally afterwards. Vertical mounting of single pass coolers will ensure automatic venting. Positioning the inlet cooiing water branch facing downwards and the outlet branch upwards will achieve automatic venting with horizontally mounted coolers. Drain plugs are also fitted at the lowest point in coolers.

Maintenance

Clean heat transfer surfaces are the main requirements for satisfactory operation. With sea water cooling the main problem is fouling of the surfaces, i.e. the presence of marine plant and animal growth.
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With sheU and tube coolers the end covers are removed to give access to the tubes for cleaning. Special tools are usually provided by the cooler manufacturer for cleaning the tubes. The end covers can also be cleaned.

Tube leakage can result from corrosion. This can be checked for, or identified, by having the shell side of the cooler circulated while the

cooling water is shut off and the end covers removed. Any seepage into the tubes will indicate the leak. It is also possible f6 introduce fluorescent dyes into the shell-side liquid: any seepage will show under an ultraviolet light as a bright green glow. Leaking tubes can be temporarily piugg-ec. at each end or removed and replaced with a new tube.
Plate-type coolers which develop leaks present a more difficult prob.^. The plates must be visually examined to detect the faulty point, me joints between me plates can present problems in service, or on assembly

of the cooler after maintenance.

Where coolers are out of use for a long period, such as during surveys or major overhauls, they should be drained on the sea water siae^, flushed through or washed with fresh water, -and left to dry until required for service.

Heaters
Heaters, such as those used for heavy oil, are shell and tube type units, similar in construction to coolers. The heating medium in most cases is condensing steam.

Distillation systems
Distillation is the production of pure water from sea water by evaporation and re-condensing. Distilled water is produced as a resu^oi evaporadng sea water either by a boiling or a flash process. H^ evaporation enables the reduction of the 32 000 pans per million^ o^ . dissolved solids in sea water down to the one or two present in disulle.^ water. The machine used is called an -evaporator', although the wom 'distiller' is also used.

Boiling process
Sea water is boiled using energy from a heating coil. and by reducmg^e pressure in the evaporator shell, boiling can take place at about 60 ^.
The sea water from the ship's services is first circulated through me condenser and then part of the outlet is provided as feed to me evaporation chamber (Figure 7.6). Hot diesel engine jacket water or • steam is passed through the heater nest and, because of the reduced pressure in the chamber, the sea water boils. The steam produced rises and passes through a water-separator or demister which prevents water droplets passing through. In the condensing section the steam becomes pure water, which is drawn off by a distillate pump. The sea water fe^ .s reg-ulaied bv :< f-sw controller and about half the feed is evaporated.. "1 ...e

0                                                              •"
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remainder constantly overflows a weir and carries away the extra salty water or brine. A combined brine and air ejector draws out the air and brine from the evaporator.

Flash process
Flash evaporation is the result of a liquid containing a reasonable amount of sensible heat at a particular pressure being admitted to a chamber at a lower pressure. The liquid immediately changes into steam, i.e. it flashes, without boiling taking place. The sensible heat content, water pressure and chamber pressure are designed to provide a desired rate of evaporation. More than one stage of evaporation can take place by admitting the liquid into chambers with progressively lower pressures.
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A two-stage flash evaporator is shown in Figure 7.7. The feed pump circulates sea water through the vapour condensers and the preheater. The heated sea water then passes to the first-stage Hash chamber where some of it flashes off. A demister removes any water droplets from tne steam as it rises and is then condensed in the first-stage condenser.

The heated sea water passes to the second-stage flash chamber, which is at a lower pressure, and more water flashes off. This steam is demistea and condensed and, together with the distilled water from the

first-stage, is drawn off by the distillate pump.

The concentrated sea water or brine remaining in the second-stage flash chamber is drawn off by the brine pump. The preheater uses steam to heat the sea water and most of the latent heat from the flash steam is returned to the sea water passing through the condensers. An arr e].ec'cor is used to maintain the low pressure in the chambers and to remove any •ases releasec' from the sea water.

Maintenance
During the operation of evaporating plants, scale will form on the hearing surfaces. The rate of scale formation will depend upon the operating temperature, the flow rate and density of the brine.

Scale formation will result in greater requirements for heating to produce the rated quantities of distilled water or a fall-off in production for a fixed heating supply.

Cold shocking, the alternate rapid heating and cooling of the tube surfaces, for a boili.--^- process type, can reduce scale build-up. Ultimately, however, the plant must be shut down and the scale removed either by chemical treatment or manual cleaning.

Oil/water separators
Oil/water separators are used to ensure that ships do not discharge oil when pumping out bilges, oil tanks or any oil-contaminated space. International legislation relating to oil pollution is becoming more and more stringent in the limits set for oil discharge. Clean water suitable for discharge is defined as that containing less than 15 parts per million of oil. Oil/water separators using the gravity system can only achieve 100 pans per million and must therefore be used in conjunction with some form of filter. Depending upon the size of ship a discharge purity of 100 or 15 parts per million will be required. Where 100 parts per million purity is required the oil/water separator may be used alone.

A complete oil/water separator and filter unit for 15 parts per million purity is shown in Figure 7.8. The complete unit is first filled with clean water; the oily water mixture is then pumped through the separator inlet pipe into the coarse separating compartment. Here some oil, as a result of its lower density, will separate and rise into the oil collection space. The remaining oil/water mixture now fiows down into the fine separating compartment and moves slowly between the catch plates. More oil will separate out onto the underside of these plates and travel outwards until it is free to rise into the oil collecting space. The almost oil-free water passes into the central pipe and leaves the separator unit. The purity at this point will be 100 pans per million or less. An automatically controlled valve releases the separated oil to a storage tank. Air is released from the unit by a vent valve. Steam or electric heating coils are provided in the upper and sometimes the lower pans of the separator, depending upon the type of oil to be separated.

Where greater purity is required, the almost oil-free water passes to a filter unit. The water flows in turn through two filter stages and the oil removed passes to oil collecting spaces. The first-stage filter removes
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physical impurities present and promotes some fine separation. ^ ne second-stage filter uses coalescer inserts to achieve the final de-ouing. Coalescence is the breakdown of surface tension between oildrople^rn an oil/water mixture which causes them to join and increase m size. i "e oil from the collecting spaces is drained away manually, as requireo., usually about once a week. The filter inserts will require changing, the period of useful life depending upon the operating conditions.   ^

The latest legislative requirements are, where 100 parts per million purity is required, a monitoring unit which continuously records, and, where 15 parts per million purity is necessary, an alarm unit to provic.:

warning of levels of discharge in excess of 15 pans per million.

Sewage treatsneat
The discharge of untreated sewage in controlled or territorial waters is usually banned by legislation. International legislation is in force to cover any sewage discharges within specified distances from land. As a result, and in order to meet certain standards all new ships have sewage treatment plants installed.

The treatment plant uses a tank which is divided into three watertight compartments: an aeration compartment, settling compartment and a chlorine contact companrr.ent (Figure 7.10). The sewage enters the aeration compartment where it is digested by aerobic bacteria and mia-o-orga^ms, whose existence is aided by atmospheric oxygen which is pimped ir.. The sewage then xlows ii.x> the setding compartment where the activated sludge is settled out. The clear liquid flows to the
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chlorinator and after treatment to kill any remaining bacteria it is discharged. Tablets are placed in the chlorinator and require replacement as they are used up. The activated sludge in the settling tank is continuously recycled and builds up, so that every two to three months it must be partially removed. This sludge must be discharged only in a decontrolled area.

Incinerator
Stricter legislation with regard to pollution of the sea, limits and, in some instances, completely bans the discharge of untreated waste water, sewage, waste oil and sludge. The ultimate situation of no discharge can be achieved by the use of a suitable incinerator. When used in conjunction with a sewage plant and with facilities for burning oil sludges, the incinerator forms a complete waste disposal package.

One type of incinerator for shipboard use is shown in Figure 7.11. The combustion chamber is a vertical cylinder lined with refractory material. An auxiliary oil-fired burner is used to ignite the refuse and oil sludge and is thermostatically controlled to minimise fuel consum^'.'on. A sludge burner is used to dispose of oil sludge, water and sewage sludge and works in conjunction with the auxiliary burner. Combustion air is • provided by a forced draught fan and swirls upwards from tangential ports in the base. A roiadng-arm device accelerates combustio.-; and z.lso
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clears ash and non-combustible matter into an ash hopper. The loacur,^ door is interlocked to stop the fan and burner when opened.

Solid material, usually in sacks, is burnt by an automatic cycle c. operation. Liquid waste is stored in a tank, heated and then pumped c the sludge burner where it is burnt in an automatic cycle. After use u-e ash box can be emptied overboard.

Chapter 8

Fuel oilsy lubricating oils and

their treatment
Crude oil is, at the present time, the source of most fuel oils for marine use. Synthetic fuels are being developed but will probably be too exp-nsive for ship propulsion. Solid fuel, such as coal, is returning in a small way for certain specialised trade runs. The various refined products of crude oil seem likely 10 remain as the major forn'is of marine fuel.

The refining process for crude oil separates by heating and distillation the various fractions of the oil. Paraffin fuel would be used in gas turbine plants, gas oil in high- and medium-speed diesel engines and crude oils in slow-speed and some medium-speed diesels. Parafnn and gas oil are known as 'distillates', which are free flowing, easily stored and can be used without further treatment. Residual fuels, however, are very viscous or thick at normal temperatures, and require heating before use. Additional treatment to remove harmrui chemicals or sulphur may be required for all or some of the refined products, depending upon their application. Finally blending or mixing of the various oils is done to provide a range of commercial fuels for different duties.

Fuel oils
Fuel oils have various properties which determine their performance and are quoted in Specifications. The specific gravity or relative density is the weight of a given volume of fuel compared to the weight of the same volume of water expressed as a ratio, and measured at a fixed temperature. Viscosity is a resistance to flow. A highly viscous fuel will therefore require heating in order to make it flow. Measurement of viscosity is by Redwood, Saybolt or Engler instrument flow times for a given volume of fuel.

The ignition qua^ty of a fuel is measured by the time delay between injection and combustion, which should be short for good controlled burning. Ignition quality is indicated as cetane number, diesel :ndex and

calculated cetane index; the higher the value the better the ignition
quality of the fuel.

The flash point is a figure obtained and used mainly to indicate the maximum safe storage temperature. The test determines the tempera​ture at which the fuel will give off sufficient vapours to ignite when a flame is applied. Two values are possfble: an open flash point for atmospheric heating, and a closed flash point when the fuel is covered while heating.

Low-temperature properties are measured in terms of pour point and cloud point. The pour point is slightly above the temperature at which the fuel just flows under its own weight. It is the lowest temperature at which the fuel can be easily handled. At the cloud point waxes will form in the fuel. Below the cloud point temperature, pipe or filter blocking may

The carbon residue forming property of a fuel is usually measured by the Conradson method. Controlled burning of a fuel sample gives a measure of the residual carbon and other remains.
Sulphur content is of imoortance since it is considered a cause of engine wear. A maximum limit, expressed as a percentage by weight, is usually included in specifications.

The calorific val-i^, of a fuel is the heat energy released during combustion. Two values are used, the more common being the Higher Calorific Value, which is the heat energy resulting from combustion. The Lower Calorific Value is a measure of the heat energy available and does not include the heat energy contained in steam produced during combustion but passing away as exhaust. The measurement is obtained from a bomb calorimeter test where a small fuel quantity is burnt under controlled conditions.

The various fuel properties have different effects on performance of the engine and the storage and handling requirements of the system. Blending and the use of various additives will also influence both the engine and the system.

Viscosity will affect jerk-type injector pumps and injector operation since me liquid fuel is the operating medium. The pump mechanism is lubricated by the fuel which, if it is of low viscosity, will cause wear.

Cioud point and pour point values are important when considering the lowest system operating temperatures. Wax deposited in filters and fuel lines will cause blockages and may restrict fuel flow to the engine.

The cetane number or diese! index will determine injection timing and also influences the combustion noise and production of black smoke. The temperature in a fuel system should be progressively increased in order to deliver fuel at the correct viscosity to the injectors or burners. System cleanliness is also very impori—nt to reduce wear on the many finely machined parts in the fuel injection equipment. Regular

attention to filters and general system cleanliness is essential. Various additives are used to, for instance, remove lacquer from metal surfaces, reduce wear and prevent rust.

Lubricating oils
Lubricating oils are a product of the crude oil refining process. The
various properties required of the oil are obtained as a result of blending and the introduction of additives. The physical and chemical properties of an oil are changed by additives which may act as oxidation inhibitors, wear reducers, dispersants, detergents, etc. The important lubricant properties will now be examined.

Viscosity has already been mentioned with respect to fuel oils, but it is also an important property of lubricating oils. Viscosity indi-.^ is also used, which is the rate of change of viscosity with temperature. :
The Total Base Number (TBN) is an indication of the quantity of alkali, i.e. base, which is available in a lubricating oil to neutralise acids.

The acidity of an oil must be monitored to avoid machinery damage and neutralisation number is used as the unit of measurement.

The oxidation resistance of a lubricant can also be measured by neutralisation number. When excessively oxidised an oil must be discarded.

The carbon-forming tendency of a lubricating oil must be known, particularly for oils exposed to heat. A carbon residue test is usually performed to obtain a percentage value.

The demulsibility of an oil refers to its ability to mix with water and then release the water in a centrifuge. This property is also related to the tendency to form sludge.

Corrosion inhibition relates 10 the oil's ability to protect a surface when water is present in the oil. This is important where oils can be contaminated by fresh or salt water leaks.

The modern lubricant must be capable of performing numerous duties. This is achieved through blending and additives. It must prevent metal-to-metal contact and reduce friction and wear at moving parts. The oil must be stable and not break down or form carbon when exposed to high temperatures, such as where oil cooling is used. Any contaminants, such as acidic products of combustion, must be neutralised by alkaline additives; any carbon build up on surfaces must be washed away by detergent additives and held in suspension by a dispersant additive. The oil must also be able to absorb water and :hen release it during purification, but meanwhile still protect the metal parts from corrosion.

The various types of engine and other equipment will have o..-developed to meet their particular duties.

Trunk piston engine lubricating oil must lubricate the cylinders as wei. as the crankcase: some contamination from the products of combustic ^ will therefore occur, resulting in acidity and carbon deposits. The c» must, in addition to lubricating, neutralise the acids and absorb tr,.i

deposits.

Turbine oil, while lubricating the moving parts, must also carry aw^.y considerable quantities of heat from the bearings. This calls for a stao-e oil which wi!l not break down at high temperatures or form deposits. Where gearbox lubrication is also required certain extreme pressure (EP) additives will be needed to assist the lubricating film. Contac^wrA water in the form of steam will be inevitable so good demulsifyi-ig properties will be essential.
Slow-speed diesel engines will have separate cylinder and crankc^:.2 lubrication systems. The cylinder oil will have to neutralise the aa-. '. products of combustion and also have good detergent properties to ke •. •-the metal surfaces clean. Crankcase oils are either detergent ty^ multi-purpose oils or rust and oxidation inhibited. Good demulsincaK<..:i and anti-corrosive properties are required together with oxidation resistance which is provided by the inhibited crankcase oil^ me detergent or multi-purpose oil is particularly useful where oil cooling of pistons occurs or where contamination by combustion proaucts is possible.

Oil treatment
Both fuel oils and lubricating oils require treatment before passmg to the engine. This will involve storage and heating to allow separation oi water present, coarse and fine filtering to remove solid particles and also centrifusnng.

0      0                                                                                                                     _        .           /,                            ^
The centrifugal separator is used to separate two liquias, ior exa.rr.oie oil and water, or a liquid and solids as in contaminated oil. Separation is speeded up by the use of a centrifuge and can be arrang-ed as a continuous process. Where a centrifuge is arranged to separate two liquids, it is known as a 'purifier'. Where a centrifuge is arranged 10 '•separate impurities and small amounts of water from oil it is i-nown s.s a 'clarifier'.

The separation of impurities and water from. fuel oil is essential for good combustion. The removal of contaminating impunues rrom lubricating oil will reduce engine wear and possible breakdowns. .- he centrifuging of all but the most pure clean oils is therefore an assc iute necessity.

Centrifuging
A centrifuge consists of an electric motor drive to a vertical shaft on the top of which is mounted the bowl assembly. An outer framework surrounds the assembly and carries the various feed and discharge connections. The bowl can be a solid assembly which retains the separated sludge and operates non-continuously, or the bowl can be
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arranged so that -he upper and lower parts separate and the sludge can be discharged while the centrifuge operates continuously. The dirty oil is admitted into the centre of the bowl, passes up through a stack of discs and out through the top (Figure 8.1).

The purifying process
The centrifugal separation of two liquids, such as oil and water, results in the formation of a cylindrical interface between the two. The positioning of this interface within the centrifuge is very important for correct operation. The setting or positioning of the interface is achieved by the use of dam rings or gravity discs at the outlet of the centrifuge. Various diameter rings are available for each machine when different densities of oil are used. As a general rule, the largest diameter ring which does not break the 'seal' should be used.

The clarifying process
Cleaning oil which contains little or no water is achieved in a clarifier bowl where the impurities and water collect at the bowl periphery. A

[image: image43.png]Figure 8.2 Clarifying bowl arrangement




clarifier bowl has only one oudet (Figure 8.2). No gravity disc is necessary since no interface is formed; the bowl therefore operates at maximum separating efficiency since the oil is subjected to the

maximum centrifugal force.

The bowl discs
Purifier and clarifier bowls each contain a stack of conical discs. Tne discs may number up to 150 and are separated from one another by a small gap. Separation of imsurities and water from the oil tapes piace between these discs. A series of aligned holes near the outside edge oermits entry of the dirty oil. The action of centrifugal force causes tne lighter components (the clean oil) to How inwards and the water ana imourities flow outwards. The water and impurities form a sludge wmcn moves outwards along the undersides of the discs to the periphery o. the bowl.

Non-continuous operation
Certain designs of centrifuges are arranged for a short period 01 operation and are then shut down for cleaning. After cleaning ana removal of the sludge from the bowl, the machine is returned to service. Two differ-ent designs are used for this method of operation: a long na~ow bowl and a short wide bowl. The narrow-bowl machine has to be cleaned after a shorter running period and requires dismantling m order to clean the bowl. Cleaning of the bowl is, however, much simper since it does not contain a stack of discs. The wide-bowl machine can oe cleaned in place, although there is the added complication ot the stacK 01 conical discs which must be cleaned.

156   Fuel oils, lubricating oils and their treatment
Continuous operation
Modem wide-bowl cent-ifv-ge designs enable continuous operation over a considerable period of time. This is achieved by an ejection process which is timed to discharge the sludge at regular intervals. The sludge deposits build up on the bowl periphery as separation continues, and the ejection process is timed to clear these deposits before they begin to affect the separation process. To commence the ejection process the oil feed to the centrifuge is first shut off and the oil remaining in the bowl is removed by admitting flushing water. Water is then fed into the hydraulic system in the bottom of the bowl to open a number of spring-loaded valves. This 'operating' water causes the sliding bowl bottom to move downwards and open discharge ports in the bowl periphery. The sludge is discharged through these ports by centrifugal
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force (Figure 8.3). Closing 'operating' water is now fed in to raise the sliding bowl up again and close the discharge ports. Water is fed into the bowl to remake the liquid seal required for the separation process, the oil feed reopened, and separation continues.

The complete ejection cycle takes only a few seconds and the centrifuge is in continuous operation throughout. Different bowl designs exist for various forms of sludge discharge, e.g. total discharge, controlled partial discharge, and so on. With controlled partial discharge the oil supply is not shut off and all of the sludge is discharged. In this way the separation process is not stopped. Whatever method is adopted the centrifuge can be arranged so that the discharge process is performed manually or by an automatic timer.

Maintenance
The bowl and the disc stack will require periodical cleaning whether or not an ejection process is in oper^. "' ~~i. Care should be taken in stripping

down the bowl, using only the special tools provided and noting some left-hand threads are used. The centrifuge is a perfectly oalanc^. piece of equipment, rotating at high speeds: all parts should thereiore be handled and treated with care.               *
Heavy fuel oil separation

Changes in refinery techniques are resulting in heavy fuel o'Js^ increased density and usually contaminated with catalytic ""s^ - -are J-nall particles of the catalysts used in the refining procdss. inc-, extremely abrasive and must be removed from the fuel beiore it e-.. the engine. The generally accepted maximum density limit for pur.

operation is 991 kg/m3 at 15°C.

In the ALCAP separation system the separator has no gravity disc ..- ... operates, to some extent, as a clarifier. Clean oil is discharged fromu-.-:

oil outlet and separated sludge and water collect at the periphery ot th^ bowl. When the separated v-.ter reaches the disc stack, some water wl;
escape with the cleaned oil. The increase in water content is sensed 'oy a water-detecting transducer in the outlet (Figure 8.4). the waic:-
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-transducer signal is fed to the MARST 1 microprocessor whici- v. discharge the water when a predetermined level is reached. Tne v.'_ will be discharged from sludge ports in the bowl or, if the am c"....."... -large, from a water drain valve.

The ALCA? system has also proved effective in the remc   or catalytic fines f\-om fuel oil.

Lubricating oil centrifuging Diesel engines
Lubricating oil in its passage through a diesel engine will become contaminated by wear particles, combustion products and water. The centrifuge, arranged as a purifier, is used to continuously remove these impuri'des.

The large quantity of oil flowing through a system means that full flow lubrication would be too costly. A bypass system, drawing dirty oil from low down in the oil sump remote from the pump suction and returning clean oil close to the pump suction, is therefore used. Since this is a bypass system the aim should be to give the lowest degree of impurity for the complete system, which may mean running the centrifuge somewhat below the maximum throughput.

Water-washing during centrifuging can be adopted if the oil manufacturer or supplier is in agreement; but some oils contain water-soiubie additives, which would of course be lost if water-washed. The advantages of water-washing include the dissolving and removal of acids, improved separation by wetting solid impurities, and the constant renewal of the bowl liquid seal. The washing water is usually heated to a slightly higher temperature than the oil.

De-ergent-type oils are used for cleaning as well as lubricating and find a particular application in trunk-type engines and some slow-speed engines. Detergent-type oil additives are usually soluble and must not therefore be water-washed.

Steam turbines
The lubricating oil in a steam turbine will become contaminated by system impurities and water from condensed steam, so bypass separation is used to clean the oil. The dirty oil is drawn from the bottom of the sump and clean oil returned near the pump suction. Preheating of the oil before centrifuging assists the separation process. Water washing of the oil can be done where the manufacturer or supplier of the oil permits it.

Homorenisers
C7

A homogeniser is used to create a stable oil and waier emuls-"'     'ch can be burnt in a boiler or diesel engine. Such an emulsion is considered to bring about more efficient combustion and also reduce solid emissions in the exhaust gas.

Various designs utilise an impact or rolling action to break dowr. .he fuel particles and mix them with the water. It is also-considered that agglomerates of asphaltenes and bituimnous matter are broken down and can therefore be burnt. The manufacturers contend that a homogeniser can render a sludge buma.ble whereas a centrifuge would remove such material. Homogenisers are able to reduce catalytic fines into finely ground particles which will do no harm.

Shipboard experience with homogenisers is limited and generally not favourable. Most authorities consider it better to remove water and solid con^-^nants than simply g-rind them down.
Blenders
Blending is the mixing of two fuels, usually a heavy fuel and marine diesel oil. The intention is to produce an intermediate-viscosity fuel suitable for use in auxiliary diesels. The fuel cost savings for intermediate fuel grades are sufficient to justify the cost of the blending piant. Furthermore -no supply problems exist since the appropriate mixture can be produced by the blender from available heavy and marine diesel oils.

The blending unit thoroughly mixes the two fuels in the appropriate proportions before supplying it to a blended fuel supply tank.

Compatibility can be a problem and tests should be conducted on any new fuel before it is used. Incompatible fuels may produce sludge or sediment. The cracked residues presently supplied from many refineries are very prone to incompatibility problems when blended with marine diesel oil.

Filters and strainers
Mechanical separation of solid contaminants from oil systems (fuel and lubricating) is achieved by the use of filters and strainers. A strainer is usually a coarse filter to remove the larger contaminating particles. Borh are arranged as full flow units, usually mounted in pairs (duplex) with one as a standby.

i he strainer usually employs a mesh screen, an assembly of closely packed meta! plates or wire coils which effectively block all but the smallest panicies. It is usually fitted on the suction side of a pump and must be cleaned regularly or when the pressure differential across it become unacceptable. Where suction conditions are critical the stramer will be fitted on the discharge side of the pumo. When cleaning i.s undertaken the other unit will be connected into the svstem b-v

changeover valves or levers and oil circulation will continue. The particles of dirt collect on the outside of the strainer element or basket and can be removed by compressed air or brushing. A strainer should be cleaned as soon as it is taken out of the system, then reassembled and left ready for use.           .               :

Magnetic strainers are often used in lubricating oil systems, where a large permanent magnet collects any ferrous particles which are circulating in the system. The magnet is surrounded by a cage or basket to simplify cleaning.

Fine filters, again in pairs, are used to remove the smallest panicles of dirt from oil before the oil enters the finely machined engine pans in either the fuel injection system or the bearings of the rotating machinery. Fine filters are full-flow units which clean ail the oil supplied to the engine. The filtering substance may be a natural or synthetic fibrous woollen felt or paper. A felt-type fine filter is shown in Figure 8.5. A steel division plate divides the steel pressure vessel into an upper and a lower chamber. Dirty oil passes into the upper chamber and through the filter element, then the filtered oil passes down the central tube to the lower chamber and out of the unit. A magnetic filter can be
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positioned as shown in the central tube. A spring-loaded bypass is showy. in the diagram, for lubricating oil filters only, to ensure a flow of ou should the filter become blocked. The cartridge m the design shown '3 disposable aknough designs exist to enable back-flushing with. cor-.-pressed air to clean the filter element as required. The filter unit shown •'.," l be one of a pair which can be alternately in service.

In full-flow filtration systems all the oil passes through the filter or.. -way to the engine. In a by-oass system most of the oil goes to t-'->;

lubrication system and a pan is by-passed to a filter. A higher pressure drop acroK:-. the filter can then be used and a slower filtration rate. A centrifugal filter can be used in a by-pass system where the oil passes through a rotor and spins it at high speed (Figure 8.6). Dirt particles in the oil are then deposited on the walls of the rotor and the clean 0.1
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returns to the sump. This type of filter cannot block or clog and requires no replaceable elements. It must be dismantled for cleaning of the rotor unit at regular intervals.

Microbiological infestation
Minute microorganisms, i.e. bacteria, can exist in lubricating oils and fuel oils. Under suitable conditions they can grow and multiply at phenomenal rates. Their presence leads to the formation of acids and sludge, metal staining, deposits and serious corrosion. The presence of slime and the smell of rotten eggs (hydrogen sulphide) indicates a contaminated system.

Water in a lubricating oil or fuel oil, oxygen and appropriate temperature conditions will result in the growth of bacteria and infestation of a system. The removal of water, or ensuring its presence is at a minimum, is the best method of infestation prevention. The higher the temperature in siding, service and drain tanks holding fuel or lubricating oils, the bettc-.

Test kits are available to detect the presence of bacteria, and biocides can be used to kill all bacteria present in a system. The system must then

T~»^> t^if^T^nn-T-il^r •?"°'^7c^*»/^ r\'nt
. Chapter 9
lL3friger:^on^ air conditiomng :^d ventilation
Refrigeration is a process m which the temperature of a space or its contents is reduced to below that of their surroundings. Air conditionings the control of temperature and humidity in a space together with tne circulation, filtering and refreshing of the air. Ventilation is ^tne circulation and refreshing of the air in a space without necessaruy a change of temDerature. With the exception of special processes, sucn as fish freezing, airis normally employed as the heat transfer medium. As a result fans and ducring are used for refrigeration, air condmonmg ana vendl^on. The three processes are thus interlinked and all involve tne provision of a suitable climate for men, machinery and cargo.

Refrigeration
Refrigeration of cargo spaces and storerooms employs a^ system o. components to remove heat from the space being cooled. This heat is transferred to another body at a Sower temperature. The cooling of air

for air conditioning entails a similar process.
The transfer of heat takes place in a simple system: firstly, in tne evaporator where the lower temperature of the refrigerant cools the body of the soace being cooled; and secondly, in the condenser where the refrigerant is cooled by air or water. The usual system empbyed. tor marine refrigeration plants is the vapour compression cycle, for wh-.cn

the basic diagram is shown in Figure 9.1.                           ^

The oressure of the refrigerant gas is increased in the compressor ano. it thereby becomes hot. This hot, high-pressure gas is passed Arough into a condenser. Depending on the particular application, tne refrig-erant gas will be cooled either by air or water, and because r. :ssti..i at a "high Dressure it will condense. The liquid refrigerant is then distributed'through a pipe networ'K until it reaches ^control va.ve alongside an evaporator where the cooling is required, i his reguiaung valve meters the flow of liquid refrigerant into the evaporator, which is
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at a lower pressure. Air from the cooled space or air conditioning syste-.'-i is passed over the evaporator and boils off the liquid refrigerant, at tr..s same time cooling the air. The design of the system and evaporator should be such that all the liquid refrigerant is boiled off and the ^-s slightly superheated before it returns to the compressor at a Ic-'v pressure to be recompressed.

Thus it will be seen that heat that is transferred from the air to t'' ::

evaporator is then pumped round the system until it reaches t-'.e condenser where it is transferred or rejected to the ambient air or wa':e..-.

It should be noted that where an air-cooled condenser is e"r.':;loyed ;a very small plants, such as provision storerooms, adequate ventilation ..:, required to help remove the heat being rejected by the condenser. Als.3, in the case of water-cooled condensers, fresh water or sea water may be employed. Fresh water is usual when ^ central fresh-water/sea-watc-r heat exchanger is employed for all engine room requirements. Where this is the case, because of the higher cooling-water temperature to t-.e condenser, delivery temperatures from condensers will be higher th.'-..n that on a sea water cooliag system.

Refrigerants
Generally speaking these are sub-divided into primary and seconc-- y refrigerants.

Primary refrigerants This is the refrigerant employed in the compressor, condenser ... - -

example it will boil off or evaporate at a low temperature and reasons. pressure and it will condense at a temperature near normal sea w.;
temperature at a reasonable pressure. The refrigerant must also ber::-from toxic, exolosive, flammable and corrosive "properties wi-.,.... possible. Some refrigerants have critical temperatures above which :.. refrigerant gas will not condense. This was one of the dis^civantages carbon dioxide, which was used for many years on ships, fe^operau in areas with very high sea-water temperatures haa ^ c-iificulty liquefying .the carbon dioxide without some additional sub-coo.. system. A further disadvantage of carbon dioxide was ti-.e very i pressure at which the system operated, resulting in large ano nc...

machinery. , .             ,. ... Between the carbon dioxide era and me present refrigerants, meuiyi

chloride and ammonia were used. Due to its explosive properties^ methyl chloride is now banned for shipboard use. Ammonia is su..

emnloyed, but requires special ventilation.

The modern refrigerants are fluorinated hydrocarbon compound. various formulae, with the exception of Refrigerant 502, which^ if azeotropic (fixed boiling point) mixture of Refrigerant 2- -— Refrigerant 115. These are usually refered to as 'Freons' with a number

related to their particular formula.

-. ..Refrigerant II is a very low-pressure refrigerant which requires a large circulation for a, particular cooling effect. It has particular advantages when used in air-conditioning units, since it win have a -: .

power consumption.   :
Refrigerant 12 was one of the first fluorinated hydroca:

refrigerants, as these numbered substances are known, to bee:.  : . readily and cheaply available. A disadvantage is that evapo:-:. pressures are below atmospheric and any system leaks draw in air —a

moisture. Refrigerant 22 is now probably the most common refrigerant. It

provides a considerable range of low-tern peramre operation before tne evaporator pressure drops below atmospheric conditions. The^e is a.so^ space saving as the compressor displacement is about 60% of u.a-
required for Refrigerant 12. Refrigerant 502's particular advantages are that the dispiacei-.en:

reouired is similar to that of Refrigerant 22. Gas delivery temperature. from the compressor are greatly reduced, and therefore there is ,es-> likely to be a break-up of die lubricating oil and stressing of the aeliver)

valves.                                                ^       ,       , ;

All the above refrigerants are non-corrosive and may be^ usec :.. hermetic-or semi-hermetic compressor units. Refrigerant o0^, nowc','-.. does have less effect on. the lacquers and elastomer^ smp-oyc.- .-compressors and motors. At present Refrigerant 502 is still an expen-s.vc:

Secondary refrigerants
Both large air conditioning and cargo cooling systems may employ a secondary refrigerant. In this case'the primary refrigerant evaporator will be circulated with the secondary refrigerant, which is then passed to the space to be cooled. Secondary refrigerants are employed where the installation is large and complex to avoid the circulation of expensive primary refrigerants in large quantities. These primary refrigerants can be very searching, that is they can escape through minute clearances, so it is essential to keep the number of possible leakage points to a minimum.    . \

In the case of air conditioning plants, fresh water is the normal secondary refrigerant, which may or may not have a glycol solution added. The more common secondary refrigerant on large cargo installations is a calcium chloride brine to which is added inhibitors to prevent corrosion.

System compoaeats • Compressors
There are three types of compressor in use at sea: centrifugal,

reciprocating, and screw.         .;; •   '

Centrifugal compressors are used with Refrigerants 11 or 12 and are limited in their application to large air conditioning installations. They are similar in appearance to horizontal centrifugal pumps and may have

one or more stages.          '

Reciprocating compressors cover the whole spectrum of refrigeration requirements at sea, from air conditioning to low temperature cargo installations. They are normally of a compact design and may be of an in-line, V or W configuration. Figure 9.2 shows a 4-cylinder W configuration. The construction arrangement can be seen and the principle of operation is similar in many respects to an air compressor. For low-temperature applications the machine may be arranged as a two-stage compressor and some machines are made so that they can be changed from single to two stage, depending on cargo requirements. As the crankcase is subject to refrigerant pressure, the drive shaft seal is required to prevent a flow of refrigerant out of the compressor or ingress of air. In semi-hermetic or hermetic machines this problem is obviated as the motor and compressor are in one casing.

Screw compressors have replaced reciprocating compressors in large installations for two reasons. Firstly, fewer and more compact machines are used; L:.:-c:ndiy, a reduced number of working parts results in greater reliability with reduced maintenance requirements. There are.-two types of screw compressor; one employs two rotors side by side and the other,

[image: image49.png]Refrigerant
discharge

Refrigerant 3

Figure 9.2 Reciprocating compressor




[image: image50.png]Refrigerant
discharge

A
i

, Refrigerant
‘ suction

nicading
mechanism

discharge

e 8.3 Single-screw comipressor

'y

ou

Fi




which is a more modem development, is a single rotor with two -;^.-wheels, one on either side/As the star wheels compress the gar' in opposite directions, the thrust on this type of rotor is bals-nced. S'aca' a compressor in shown in Figure 9.3. The principle of operation fbrboth types is similar to a screw-type positive displacement pump (see Chapter 6).            ,

To achieve a seal between the rotors, oil is injected into 'die compressor: to prevent this being carried into the system, th_ oil separator is .larger and mar-- complex than the normal deliver:- oil separator associated with a reciprocating comp'r-^sor. Also, bed-use some of the heat of compression is transferred to the oil, a largi." oil . cooler has to be fitted, which.may be either water or refrigerant cooed.

Since a.c. motor driven compressors are usually single speed, s inie form of cylinder unloading gear is necessary to reduce the compressor capacity. This unloading gear usually comprises a means of holdm^ the suction valves open.

Condensers
Condensers are generally water cooled, as mentioned previous!''': snd are of the shell and tube type. A typical modern unit is shown in r- ;ure 9.4 in which it will be seen that the refrigerant passes over the tub. And the cooling water is passed through the tubes. In the case of sea;.' ater cooled condensers it is usual to have a two-pass arrangement through the tubes. The sea water side maintenance mentioned for coq&.-s' in Chapter 7 applies also to this condenser.           \         '•
Where condensers are of 3 m and over in length between tube ph ces it is quite usual to have a double refrigerant liquid outlet 'so th's.". 'the refrigerant drains away easily when the vessel is pitching or rollih 3.

Evaporators                                                     ..
Evaporators fall into two categories: refrigerant to air and refrigerant to secondary refrigerant types.'

The most simple of the refrigerant to air type is in the form of s. 3an.k of tubes with an extended surface of gills or fins. In these the refrigerant is expanded in the tubes while, the air is passed over the f^s by circulating fans. This type of unit will be found in the domesti- cold stores in which the fan and coil unit are one, and a larger vers:• xi in direct expansion cargo or air conditioning systems where the far. c - fans may be remote.

A more elaborate design is used for secondary refrigerant c.:olmg which takes the form of a shell and tube vessel. Such a type is ilh^.^ated in Figure 9.5 and em-sloys direct expansion. In this ca&e the refri-srani

0                                                           J.          /                                          A
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passes through the tubes and the secondary refrigerant is passed over
the tube bank. The refrigerant is sprayed into the tubes so as to ensure an even distribution through all the tubes. Any oil present is not sprayed and drains away. In this type of evaporator two features are employed to improve heat transfer efficiency. On the refrigerant side there is •a centre tube with a spiral fin fitted-around it (as illustrated) or the insert may be in the form of an aluminium star which has a spira"! twist on it. Also, baffles are arrangedon the brine side to deflect the brine across the tube bank.

Refrigerant flow control valves
It is usual to- have a solenoid valve in the liquid line prior to the expansion valve or regulator. This shuts or opens as determined by the thermostat in the space or the secondary refrigerant being cooled. It may also be used to shut off various circuits in a cooler when the machine is operating on part-load conditions.

The expansion valve/regulator is a more complex piece of equipment which meters the now of refrigerant from the high-pressure to the low-pressure side of the system. This may be of the thermostatic type, as shown in Figure 9.6. The bulb senses the temperature of the refrigeran;

at the outlet from the evaporator and opens or closes the valve accordingly. The design of the valve is critical and is related to the pressure difference between the delivery and expansion side. There​fore, it is essential that the delivery pressure is maintained at or near the
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maximum design pressure, i bus, if the vessel is operating in cold sea water temperatures it is necessary to re-circulate the cooling water to maintain the correct delivery pressure from the condenser. If this is not done, the valve will 'hunt' and refrigerant liquid may be returned to the compressor suction.

Ancilla'/y fittings                                   •
Delivery oil separators are essential for screw compressors, but for otrier systems, depending on the design'criteria and length of pipe run, uxey may or may noc Lc fitted.   . ,.    ''

Refrigerant dri,.:rs are essential with' the Freon gases to remove water from the system, otherwise freezing of the water can take place m tae expansion valve.                    '

A liquid receiver may be tilted for two reasons. Firstly, to give a sufficient reserve of refrigerant in the system to cater for various operating conditions (this is known as a back-up receiver). Secondly, tor storage of the refrigerant where it is required to ^: -rnp over, i.e. store, the charge for maintenance purposes. In very small systems this pump over can sometimes be achieved in the condenser.

C^--^ refrigeration

Refrigerated cargo vessels usually require a system which provides for various spaces to be cooled to different temperatures. The arrange​ments adopted can be considered in three parts: the central primary refrigerating plant, the brine drculatir-g system, and the air circulating system for cooling the cargo in the hold.

A central refrigerating plant is shown in Figure 9.7. The rerngerant flow through the chiller splits into four circuits, each with its own expansion valve. The four circuits are used to control the amount o:

evaporator surface, depending on the degree of condenser loading at the time, thus giving greater system flexibility. The large oil separator is a feature of screw compressor plants and the circuit for oil return is shown in the illustration.      ,    .

Each primary refrigerant circuit has its own evaporator within the brine chiller (as .hown in Figure! 9.7) which results in totally independent gas systems. There will probablv be three such systems or. a cargo" or container ship installation. Since they are totally independent each system can be set to control the outlet brine at different temperatures. Esch brine temperature is identified by a colour and will have its own circulating pump. The cold brine is supplied to the cargo space air cooler and the flow of this brine is controlled &y me temperature of the air leaving the cooler.
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The-cooler in the cargo space is arranged for air circulation over ii. then through the cargo before returning. An arrangement of ta^s-dueling direct the air to the cooler and below the cargo (Fjigure 9.6). cargo is stacked on gratings which allow the passage of cooled a;.:

through'die cargo.

For small refrigerated cargo spaces or provision J-ooms a a^ expansion primary refrigerant system may be used (Figure 9.9^ twin circuit arrangement for each cooler (evaporator) J^rovides flex^ and duplication in the event of one system failing, i he oack pros-. valve maintains a minimum constant pressure or temperature ^11. evaporator when working a space in high-temperature conditsc-.-prevent under-cooling ;of the cargo. If one space is operaun^ low-temperature condition at the same lime the bacK pressure would be bypassed. The liquid cooler illustrated in the dsag---:-necessarv where an abnormal high static head has to be over. between'the machinery and the coolers. In this vessel the .iqu. sub-cooled to prevent it flashing off before reaching the tnern-< :-

expansion valve.        :

Containers which require refrigeration present particular pror..

-••Where only a few are carried or the ship has no built-in arranger refrigerating containers, then clip-on or integral refngerauo;

would be provided. The clip-on or integral unit may be citric-water cooled. In the case of air cooled units adequate ventilate . be supplied if they are fitted below decks. For water cooled unia :

sort of cooling- water arrangement must be coupled up to each wit. an electrical supply is required for each type.

Vessels designed For specific refrigerated container trades have built-in dueling systems. These can be in two forms: a horizontal finger duct system in which up to 48 containers are fed from one cooler

situated in the wings of she ship or, alternatively, a vertical duct system in ;
which each stack of containers has its own duct and cooler. This type of system is employed for standard containers having two port holes in the wall opposite the loading doors. Air is delivered into the bottom opening and, after passing through a plenum, rises through a floor grating over the cargo and returns via another section of the plenum to the top port. The connection between the duct and containers is made by couplings which are pneumatically controlled.

System faults
During operation a number of particular problems can occur which will affect the plant performance.

An overcharge or excess refrigerant in the system will be seen as a high condenser pressure. The refrigerant should be pumped to the condenser and the excess released from there.

Air in the system will also show as a high condenser pressure. With the condenser liquid outlet closed the refrigerant charge should be pumped in and cooled. Releasing the purge valve will vent off the air which will have collected above the refrigerant.

Under-charge will shov; as a low compressor pressure and large bubbles in the liquid line sightglass. A leak test should then be carried out over the system to determine the fault and enable its rectification. A leak detector lamp for Freon refrigerants may be of the methylated spirit type, but more commonly uses Caior gas (butane/propane). The Freon is drawn into the flame and the flame will change colour, going from green to blue depending on the concentration of the gas.

When charging the svstem with more gas the main liquid valve should be closed and gas introduced before the regulating valve until the system is correctly charged. (It is possible to charge on the outlet side of the regulating valve and is''quicker, but this requires a good amount of experience to prevent liquid carrying over and damaging the compressor.)

Moisture in the system may change to ice and close ':.'.:• the reguladng valve, resulting in a drop in pressure on the evaporator side and a rise ir-pressure on the condenser side. The drier should be examined and the drying chemicals will probably require replacing. A correctly operating regulating valve will have frosting on the outlet side but not on the inlet side.            '     '       ; ' " '

.-Air coriditiomEg
Ships travel the world and are therefore subject to various climatic

conditions. The crew of the ship must be provided ' with' reasonable conditions in which to work regardless of the weather. Temperature alone is not a sufficient measure of conditions acceptable to the human body. Relative humidity in conjunction with temperature more truly determines the environment for human comfort. Relative humidity, expressed as a percentage, is the ratio of the water vapour pressure in tr» air tested, to the saturated vapour pressure of air at the same temperature. The fact that less water can be absorbed as air is cooled and more can be absorbed when it is heated is the major consideration in air conditioning- system design. Other factors are the nearness of neat sources, exposure to sunlight, sources of cold and the insulation provided around the space.

An air conditioning system aims to orovide a comfortable working environment regardless of outside conditions. Satisfactory air treatment must involve a relatively 'closed' system where the air is circulated and returned. However, .some air is 'consumed' by humans and some machinery so there is-a requirement for renewal. Public rooms and accommodation will operate with a reduced percentage of air renewal since the conditioning cost of 100% renewal would be considerable. Galleys and sanitary spaces, for instance, must have 100% renewal, but here the air quantities and treatment costs will be much smaller. Systems may however be designed for 100% renewal of air although not necessarily operated in this way. Noise and vibration from equipment used in the system should be kept to a minimum to avoid a different kind of discomfort. Three main types of marine air conditioning system are in general use, the single duct, the twin duct and the single duct with reheat.
The single-duct system is widely used on cargo ships (Figure 9.10). Several central units are used to distribute conditioned air to a number of cabins or spaces via a single pipe or duct. In warm climates a mixture of fresh and recirulaied air is cooled and dehumidified (some water is removed) during its passage over the refrigeration unit. In cold climates the air mixture is warmed and humidified either by steam, hot water or electric heating elements. The temperature and humidity of the air is controlled automatically at the central unit. Within the conditioned space control is by'variation of the volume flow of air.

The twin-duct system provic^o increased flexibility and is mainly used on passenger ships (Figure 9.11). A central unit is used with cooled dehumidif- c^. air provided through one duct. The other duct is supplied with cooled air thai has been reheo-.s-d. Each treated space is provided with a supolv from each duct which may be mixed as required at the
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oudet terminal. In cold dimates the preb^ter will warworn supp

air, resulting in a warm and a not supp^ ^^P^ ,p^t . . The 'single duct with'reh-eaf systeir :- used tor        ^ ^
^ co^a^ ^.^f^lSe^c preaeat •ar.c; r.ur-c..:y the a^ as requ-ic" /         reheath-^daition, before discharge i.to.he ^^ ^^ the. will heat me air if required, depending upon Uie

"The refrigeration ^ used in ^ c^^ ^^ 9.12. A direct-expansion system is shown using
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compressor, sea water cooled condenser and_ u^ con^lled regulaung valve. The air 10 ^^ ^ .

^^^^^S^^^^^^^^

^S^Sc:^^ s^s ^ ^e^e^ ^

running machinery and the cleaning ^f^^^^ she units are usually washable bu: may be -a?osw\_^ ^ ^ ^ atterded to as required, depending upon the loc^on

Ventilation is the provision of a supply of fresh untreated air through a space. Natural ventilation occurs when changes in temperature or air density cause circulation in the space. Mechanical or forced ventilation uses fans for a positive movement of large quantities of air.

Natural ventiladon is used to..- some small workshops and stores but is impractical for working areas where machinery is present or a number of people are employed.

Forced ventilation -may be used in cargo spaces where the movement of air removes lEoLmre or avoids condensation, removes odours or gases, etc.

The machinery space presents another area which requires ventila​tion. As a result of its large size and the fact that large volumes of air are consumed a treatment plant would be extremely costly to run. Ventilation is therefore provided in sufficient quantities for machinery air consumption and also to effect cooling. The usual distribution arrangement is shown in Figure 9.13.
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Several ;,:iaS-flow fans provide air through dueling to the various working platforms. The hot air rises in the centre and leaves through louvres or openings, usually in the funnel. The machinery control room, as a separate space, may well be arranged for air conditioning with an individual-unit which draws air through rrunking from the oursioe ar-d exhausts back to the •"•mosphere.

.Chapter 19-

Deck mack^sr^
*y                                     *
* ••                          a.
p •nii/ s v ^'sy yys T
t>»-w iw i'y a a Hf^ a ww
The various items of machinery and equipment found outside of the machinery space will now be described. These include deck machinery such as mooring equipment, anchor handling equipment, cargo handling equipment and hatch covers. Other items include lifeboats and liferafts, emergency equipment, ' watertight doors, stabilisers and bow thrusters.          .

The operations of mooring, cargo handling and anchor handling all involve controlled pulls or lifts using chain cables, wire or hemp ropes. The drive force and control arrangements adopted will influence the operations. Several methods are currently in use, and these will be examined before considering the associated equipment.

Three forms of power are c ./, cndy in use: steam, hydraulic and electric. Each will be described in '. ,-ri, together with its advantages and disadvantages for particular : _,-es or locations.

Steam
With a steam powering and control system the steam pipennes are run along the deck to the various machines. Steam is admitted first to a directional valve and then to the steam admission valve. Double-acting steam engines, usually with two cylinders, are used ro drive tue machinery. Additional back -pressure valves are used with mooring winches to control tension when the machine is stalled or brought '..o a stop by the load. Arrangements must also be made, often associated with

t-t                                        •                                           •               *                        t "
the back pressure valve, to counteract the fluctuations m main sieaxn nne pressure as a result of other users of steam.

The steam-powered system was widely used on tankers smce it presented no fire or explosion risk, but the lengths of ce"^ rsipeworK and the steam en-nnes therr-selv&s oresented considerable maintenance

A                                                                           -                                                              ^                  1-               1                          "                "1-T

tasks which have generally resulted in their replacement oy nyarauncauy powered equipment.

Hydraulic systems
The open-loop circuit takes oil from the tank and pumps it into the hydraulic motor. A control valve is oositioned in •sarallel with the motor-Whc-.,- L open the motoris stationary; when it is throttled or ciosed the motor will operate. The exhaust oil returns to the tank. This method can provide stepless control, i.e. smooth changes in motor speed.

The live-line circuit, on the contrary, maintains a high pressure from which the control valve draws pressurised oil to the hydraulic motor (in . series with it), as and when required.

In the closed-loop circuit the exhaust oil is returned direct to 'die pump suction. Since the oil does not enter an open tank, the system is considered closed.

Low-pressure systems use the open-loop circuit and are simple in design as well as reliable. The equipment is, however, large, inefficient in operation and overheats after prolonged use.

Medium-pressure systems are favoured for marine applications, using either the open or closed circuit. Smaller installations are of the open-loop type. Where considerable amounts of hydraulic machinery are fitted the live-circuit, supplied by a centralised hydraulic power system, would be most economical.

Electrical operation
Early installations used d.c. supply with resistances in ser. ... to provide speed control (see Chapter 14). This inefficient, power-w;-- :'.-'ig method was one possibility with d.c., but a better method was the use of Ward Leonard control. The high cost of all the equipment involved in Ward Leonard control and its maintenance is, however, a considerable disao. vantage.

Machines operated on an a.c. supply require a means of speed control with either pole-changing or slip-ring motors being used. Slip-ring motors require low starting currents but waste power at .ess than full speed and require regular maintenance. Pole-changing motors are of squirrel cage construction, providing for perhaps three different speeds. They require large starting currents, although maintenance is r.c^igible (see Chapter 14).

Apart from the advantages and disadvantages for each of ":h.:: drive ana control methods, all electric drives have difficulty with heavy continues overloads. Each system has its advocates and careful design and choice of associated equipment can provide a sati ..factory installation.

Moorhig equipment              ' •;.
Winches with various arrangements of barrels are the usual mo;

equipment used on board ships. A mooring winch is* shown in Figur.::

where the various parts can be identified. The winch ban-el or ar

1            -                   i • -.   -^ r-used for hauling in or letting out the wires or ropes wn.cr. wui xas'cc

ship to the shore. The warp end is used when moving- the sh^p ropes or wires fastened to bollards ashore -nd wrapped around, u'.e end of the winch.

The construction of a mooring winch will now be examinee, with respect to Figure 10.1. The motor drive is passed through 2
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gear transmission, a clutch and thus to the drum and warp er.-'.. .--substantial frame supports the assembly and a band brake is used to ---c..-. the drum when required. The control arrangements for tr-e arzve -" . . -r permit forward or reverse rotation together with a se.ec '. c^ ot .   - -• during operation.

Modern mooring winches are arranged as automatic ..••---ter.-. units. The now of the tides or changes in draught due tc operatior.s may result in tensioning or slackening of mooring wr-.. avoid constant attention to the mooring wires the automai.-t.er.sionir-g arrangement provides for paying out (releasing) or r..;:.. .. ing wire when a pre-set tension :s not present.

Aachor -...-^cling ec^aipaie:at
The windlass is the u^ual anchor handling device where o.:..- .'-^:. may b" u^d 10 handle both anchors. A more recent de-,.1-...:)?-".'..
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particularly on larger vessels, is the split windlass where, one machir-. ..

used for each anchor,                              -rko-rr>rarr-"- -—.;

One unit of a split windlass is shown in i-rgure 10.2 The rotau^ ^ -

consist of a cable lifter with shaped snugs to grip the anchor^u^

coring drum for paying out or lettin, 30 "r ffioonI2w^l:^:ea end for warning duties. Each of these units -may be_ separatee ^ ^

or disengaged by means of a dog dutch. although the warp eno . o.^n driven in association with the mooring drum. A spur g—^:^ transmits the motor drive to the shaft where the ^^sa0^———^ enable me newer take-off. Separate band brakes are "^dloh0^ -cable lifter and the mooring drum when the power is switched o^
The cable lifter unit, shown 1.- -Jure 10.2, is mounter so ^-. and lower the cable from the spurting pipe.wmch is at ^ ^P ^ centre of the chain or cable lacker. Details of the snugs used to grip -e

cable and of the band brake can be seen.                        . Anchor capstans are used m some installations where the cab.. h^

rotates about a vertical axis. Only the cable lifter umt is locked  ^^ the drivins machinery being on the deck below. Awarpmge..QO^ may be driven by the same unit and is positionea near the ca.u- ———

Cargo handling equipnieist
Cargo winches are used with J-e various derrick systems ^ranSea^;

cargo handling. The unk is rated according to me saie working -oad^ be lifted and usually has a double-speed provision wnen workm, .t ^
'°lnthe cargo winch, spur reduction gearing transfers the ffio-oj^e to the barrel shaft. A warp end may be ^"ed for operating th^d;^

toopmg lift (the wire which adjusts the dernck heighQ. ^^ operated oand brakes may be ntted and the dnve motor ^ ^y brake arranged to fail-safe, i.e. it will hold the load if power fai.s o. the

machine is stopped.     .                      .    ,_^in", One A dernck rig, known as -union purchase', is shown in Rgu.. .U.-_.^

.  dernck is posit-loned over the quayside and the other ^lmostve,;:::

over the hold. Topping wires fix the height of the derricks ands^ the deck may be used to prevent fore and aft movemen.. ^^ , wres run from two winches and jom at the hook. Acombu——^ movements from the two winches enables lifting, transfer ^^^ of the cargo. This is only one or .cverai possible derncK arrange.^-^ ric-s. Although being very^ popular for many ^years, u ^-^ considerable crew time to set-up and considerab.e ma.^.-c. ^-

ooerauon.
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Cranes have replaced derricks on many modern ships. Pos.:.:',~ed between the holds, often on a platform which can be rotated th:": -^gh 360°, the deck crane provides an immediately operational unit rec'-.'. -ing only one man to operate it. Double gearing is a feature of most d.; • ^ns, providing a higher spesd at lighter loads. Various types of cran:. .cist for particular duties, for example a general duties crane using :•. ^ok and a grabbing crane for use with bulk cargoes.

A general cargo crane is shown in Figure 10.4. Three separate •; ^es provide the principal movement:,: s. hoisting motor for hfsir: ^ '-he .:- . , a.

luffing motor for raising or lowering- the jib, and a slewing n-..:..' . . rotating the crane. The operator's cab is designed to provic..- -^ - - -of all the cargo working area so that the crane operator ^can .....--..'....

alone. The crane is usual.7 mounted on a peaestal to o::er ^- -.,-^-visibility to the operator. For occasional heavy loads arrange^-.--, ^.i ...-two cranes to work together, i.e. twinning, can be made wii:n :.- ...... .

operator using a mastc- and slave control system in the two •-.   .•^ .^ common revolving platform will be necessary for this arranger: -operating medium for d&ck crane motors may be hydraulic o.- .....-.-.

utilising circuits referred to earlier.

Mainter-suice

All deck machinery is exposed to the most severe aspects o-    ;

elements. Total enclosure of all working parts is usual wrih -lubrication for gearing. The various bearings on the sharts^w-. greased by pressure grease points. Open gears and ouichc lubricated with open gear compound. Particular maintenance ta;.. be associat.i-c -, ,'1:1-1 the type of motor drive employed.

Hatch covers
Hatch covers are used to close off the hatch opening ana i-—'- . watertight. Wooden hatch covers, consisting of beams and^bcarQs ..-. the opening and covered with tarpaulins, were once usecD-t a-.; . longer fitted. Steel hatch covers, comprising a number ojf lini-ec. covers, are now fitted universally. Various designs ex.st tor pa--aoplications, but most offer simple and quick opening ar.G ^. which speed up the cargo handling operation.

A MacGregor single-pull weather-deck hatch cover is showi-10.5. The hatch covers are arranged to move on rollers along top of the hatch coaming. The individual covers are linked t^, chair-: and ride up and tip onto a stowage rack at me r^tcn ^ • hydraulic power unit, operated from a control box at tne natcn used to open and close the hatch cover. It is possible to open ar- . the covers with a single wire pull from a crane or winch. Watern.^ of the closed covers is achieved by pulling them aown c-.. - compressible jointing strip. This is done by the use of cleats wr.^ be hand-o-.Jerat.-'c. or automatically engaged as the hatcn cio..- ^

Hatch covers below the weather decks are arra^gec; flus-'         ;

deck, as sh-.-wn in Figure 10.6. In'' the arrangement . self-cc." :^ed hydrau::c power pack with reservoir pu—p ^ -r'-.unted into a Dair .-^ r-3.-ch covers. This power pack -  •• .
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operating cylinder for the pair of covers. Control is from a nearby point and hydraulic pioing is reduced to a minimum.
Maintenance recuirements for this eauioment are usually minimal but regular inspection and servicing should be undertaken. Most hatch covers can, if necessary, be removed manually.
Stabilising systeras
There are two basic stabilising systems used on ships—the fin ar.._ the tank. A stabilising system is fitted to a ship in order 10 reduce the rolling

motion. This is achieved by
providing an opposite
force to
ins-t attempting to roll the ship.

Fin stabiliser
*

One or more pairs of fins are fitted on a ship, one on each sice, see' Figure 10.7. The size or area of the fins i.3 governed "by ship factors suc^ as breadth, draught, displacement, and so :";, but is very srnsii compared with the sizs of the ship. The fins may be retractaoie, i.e. pivoting or sliding within the ship's form, or fixed. They act to appi" '-'. righting moment to the ship as it is inclined by a wave or force on .. -side. The angle of tilt of the fin and the resulting moment on the ah.^ •:

determined by a sensing control system. "'--" forward speed of the i., -,:-enables the fins 10 generate the thrust which rasulis m the ngni-ng moment.
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The operating system can be compared to that of the steering gear in that a signal from the control unit causes a movement of the fin which, when it reaches the desired value, is brought to rest. The fin movement takes place as a result of a hydraulic power unit incorporating a type of variable displacement pump.

The effectiveness of the fins as stabilisers depends upon their speed of movement, which must be rapid from one extreme point to the other. The fins are rectangular in shape and streamlined in section. The use of a movable flap or a fixed and movable portion is to provide a greater restoring moment to the ship for a slightly more complicated mechanism.

The control system which signals the movement of the fins utilises two gyroscopes, one which senses movements from the vertical and the other the rolling velocity. As a result of this control system, fin movement is a function of roll angle, roll velocity, roll acceleration and natural list.

Fin stabilisers provide accurate and effective roll stabilisation in return for a complex installation, which in merchant vessels is usually limited to passenger ships. It is to be noted that at low ship speeds the stabilising power falls off, and when stationary no stabilisation is possible.

Tank stabiliser
A tank stabiliser provides a righting or anti-rolling force as a result of the delayed flow of fluid in a suitably positioned transverse tank. The system operation is independent of ship speed and will work when the ship is ar rest.

Consider a mass of water in an athwartships tank. As the ship rolls the water will be moved, but a moment or two after the ship. Thus when the ship is finishing its roll and about to turn. the still moving water will oppose the return roll. The water mass thus acts against the roll at each ship movement. This athwartships tank is sometimes referred to as a 'flume'. The svstem is considered passive, since the water flow is activated by gravity.

A wing tank svstem arranged for controlled passive operation is shown in Figure 10.8. The greater height of tank at the sides permits a larger water build-up and thus a greater moment to resist the roll. The rising fluid level must not however fill the wing lank. The air duct between the two wing tanks contains valves which are operated by a roll sensing device. The differential air pressure between tanks is regulated to allow the fluid flow to be controlled and 'phased' for maximum roll stabilisation.

A tank system must be specifically designed for a particular ship by using data from model tests. The water level in the svstem is critical and
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must be adjusted according to the ship's loaded condition. Also there is a free surface effect resulting from the moving water which effectively reduces the stability of the ship. The tank system does, however, stabilise at zero speed and is a much less complex installation than a fin stabiliser.

Watertight doors
Watertight doors are provided where an opening in a watertight bulkhead is essential. On cargo ships with a shaft tunnel, the entrance would have a watertight door fitted. All doors fitted below the waterline must be of the sliding type, arranged horizontally or vertically.

A horizontal sliding watertight door is shown in Figure 10.9. The robust frame fits into the bulkhead and provides the trackway along which the door slides. The door is moved bv a hydraulic cylinder which may be power or manually operated. The door must be arranged for local opening and closing as well as operation from a point above the bulkhead deck. The power unit situated above the bulkhead deck provides either powered or hand operation of the door.

Watertight doors should be tested for operation by closing and opening during fire drill. The hydraulic svstem should be occasionally checked for leaks and to ensure sufficient oil is present in the system. The bottom trackway of the door should be checked for cleanliness ana freedom from obstructing matter.

Bow thruster
The bow thrusier is a propulsion device fitted to certain types of ships to improve manoeuvrability. The thrust unit consists of a propeller mounted in an athwanships tunnel and provided with some auxiliary drive such as an electric or hvdraulic motor. During operation water is forced through the tunnel to push the ship sidewavs either 10 port or Starboard as required. The unit is normally bridge controlled and is most effective when the vessel is stationary.

A controllable-pitch ivpe thruster unit is shown in Figure 10.1C). A servo motor located in the gear housing enables the propeller blade pilch to be altered, 10 provide water flow in either direction. With this arrangement anv non-reversing prime mover, like a single-speed electric motor, may be used. The prime mover need not be slopped during manoeuvring operations since the blades can be placed at zero pitch when no thrust is desired. The drive is obtained through a flexible drive shaft, couplings and bevel gears. Special seals prevent any sea water leakage into the unit. The complete assembly includes part of the
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athwanships tunnel through which water is directed to provide
the thrust.

Safety equipment
A number of items will now be considered under this general heading. They are emergency equipment for power generation and pumping, survival equipment such as lifeboats and liferafts, and the sound signal equipment in the form of the whistle.

Emergency equipment
Emergency equipment is arranged to operate independently of all main power sources. It includes such items as the emergency generator and the emergency fire pump. Both items of machinery are located remote from the engine room and usually above the bulkhead deck. that is at the weather deck level or above. The emergency generator is usually on one of the accommodation decks while the emergency fire pump is often inside the forecastle.

The emergency generator is a diesel-driven generator of sufficient capacity 10 provide essential circuits such as steering, navigation lights

and communications. The diesel engine has its own supply system, usually of light diesel oil for easy starting. Batteries, compressed air or an hydraulic accumulator may be used for starting the machine, ..mail machines may be air cooled but larger units are arranged usually tor water cooling with an air cooled radiator as heat exchanger in the system. A small switchboard is located in the same compartment to connect the supply to the various emergency services (see Chapter 14).
Modern systems are arranged to start up the emergency g^1-1101' automaticallv when the main power supply fails. The system should be checked regularly and operated to ensure its availability if required^ 1-uel tanks should be kept full. ample cooling water should be in the radiator cooling system, and the starting equipment should be functional. Batteries of course, should be fully charged or air receivers full.
The emergency fire pump is arranged 10 supply the ship's fire main when the machinery space pump is not available. One possible arrangement, as used on large tankers, is shown diagrammaticaliy m Flo-lire 10.11. A diesel engine with its own fuel supply system, starting
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arrangements, etc., drives at one end a main fire pump and at the other an hydraulic oil pump. The hydraulic oil pump supplies a hydraulic motor, located low down in the ship, which in turn operates a sea water booster pump. The booster pump has its own sea suction and discharges to the main pump suction. The main pump then supplies sea water to the fire main. The booster pump arrangement is necessary because of the considerable depth of many large modern ships.

Survival equipment
Lifesaving equipment on board ship, apart from smaller items such as lifebuoys and lifejackets, consists of lifeboats and liferafts. Lifeboats are rigid vessels secured into davits which enable the boat to be launched over the ship's side. Liferafts are inflatable vessels, usually stowed on deck in canisters which must be thrown overboard, whereupon they are automatically inflated.

Lifeboat accommodation for al! the ship's crew must be provided on both sides of the ship. This is to allow for a situation when only the boats on one side can be lowered. The boats must be more than 7.3 m long and
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carry sufficient equipment and provisions for survival for a reasonable period (Figure 10.12). This would include oars, a boat hook. a compass, distress rockets, first aid equipment, rations and fresh water. They must also be partially or totally enclosed, self-righting and equipped with an

engine.

Lifeboats on cargo ships of 20 000 tons gross tonnage and above must be capable of being launched when the ship is making headway at speeds

up to 5 knots.                                                   -

A new requirement for all new ships is that a rescue boat, capable ot being launched in five minutes, must be carried. This boat is to be used to rescue persons from the sea and also to gather together the lifeboats.

Lifeboat davits are provided as stowage for the lifeboats which can readilv be released to lower the boats without any mechanical assistance. 'Gravity davits', as they are called, slide down and position the boat for lowering as soon as they are released. The davits must be able to lower the boats when the ship is heeled to 15° on either side.

One tvpe of gravity davit is shown in Figure 10.13. The lifeboat is held against the cradle bv ropes called 'gripes'. Another wire, either separate or combined with the gripes, holds the cradle in its upper position. \\ ith the gripes and the cradle securing device free, the winch handbrake can be released to enable the cradle to slide down and over the ship s side. A tricing-in pendant (a wire) bring the lifeboat close to the ship's side to enable it to be boarded. The 'Dowsing lines which fasten to each end ot the lifeboat are then used to hold it in to the ship's side. the tricing pendant then being released. Once the crew are on board the bowsmg lines are released and the lifeboat lowered to the water. The wires whicn raise or lower the boa. are c.!ied -falls' and the speed of descent is restricted to :i6 m';n;n by a centrifugal brake, x he handbrake used to lower the boat has a -dead man's handle' or weighted lever, which, it

released, will appiv the brake.                                       ,

Liferafis are normally provided to accommodate all of the ships complement. They are usually stored in cylindrical glass-reinforced plastic containers which are secured on chocks on the deck. Inflation takes place automatically when the container is thrown overboard, the container bursts open and the liferaft floats clear. A pressurised cylinder of carbon dioxide is used to inflate the raft. One type of liferaft is shown in Figure 10.14, where it can be seen 10 be a well equipped totally enclosed arrangement. The survival equipment located in the raft is similar to that provided in lifeboats. Liferafts must normally be boarded from the water unless they are of a special type which is lowered, fully inflated, by a davit; but it is not usual to fit this type on cargo vessels. Liferafts must be slowed in such a way that they will float free and inflate if the vessel sinks. A hvdrostatic release is normally used which releases the lashings at a predetermined depth of water.
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Whistle
International regulations require audible signals to be made bv a ship in conditions of poor visibility. The ship's whistle is provided and arranged 10 give prolonged blasts at timed intervals when operated bv a hand control.

One tvpe of air-operated whistle is shown in Figure 10. la. The compressed air acting on the diaphragm causes it to vibrate and the sound waves are amplified in the horn. The control system associated with the whistle can provide whistle operation as long as any of the operating switches is in the 'on' position. Alternatively short blasts can be given by on-off operation, since instantaneous cut-off occurs after each blast. A more sophisticated control system incorporates timing gear which provides a prolonged blast every two minutes, or other
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arrangemems as required, i he whistle switches are usually on the bridge wings and inside the bridge. The whistle is also arranged for direct operation from a lanyard which extends from the bridge. The compressed air supply can varv in pressure over a considerable range without affecting the whistle operation.

