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appliCatiONS ON SHipS

General

this engineering manual is intended to give an over-

view and a description of the applications and pumps 

found on a ship. the descriptions will not be in detail 

because the systems are very different, depending on 

which kind of ship it is, for example container ship, 

tanker, bulk carrier, passenger vessel and so on. if you 

need more details on a specific application then this 

engineering manual gives, you will have to look them 

up in the piping diagrams for the specific ship. The 

pumps mentioned and pictures of pumps shown in 

this manual are the ones Grundfos can offer for the 

application.

 ship types

Before the systems onboard the ships are being de-

scribed, there will be a short introduction to some of 

the most normal ship types which is.

• Passenger ships

• Merchant ships

• special purpose vessels.

• naval ships

Passenger ships:
the ship type’s passenger ships cover cruise liners 

and ferries.  30-40 passenger ships are built annually. 

 

Merchant ships:
merchant ships are container ships, bulk carriers 

and tankers.  the merchant ship production is by far 

the largest of all the ship types. the merchant ships 

transport raw materials, semi-finished products and 

finished products. Bulk carriers transport f. ex. iron 

ore, soya beans, timber. tankers transport liquid 
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chemicals, oils and gas. in average 2000 merchant 

ships are built annually. on fig. 1 are pictures of two  

types of merchant ships shown, a bulk carrier and a  

big container ship.

 special purpose vessels:
Special purpose vessels are ships that are purpose 

built for a specific task as for example off-shore sup-

ply vessels, harbor tugs and ice breakers. around 200 

vessels these types are made each year. on fig. 2 is a 

picture of an off shore supply vessel with a helicopter 

landing facility.

systems

the following systems will be described in this  

manual.

• fuel oil systems

• lubrication oil systems

• Cooling systems

• sea water

• freshwater

• Bilge/Ballast systems

• sewage systems

• Domestic water systems

• Boiler systems

• fire systems

Fuel oil systems

When we talk of fuel oil systems on ships, they can 

normally be divided into two systems. One system for 

heavy fuel oil designed for continuous operation, and 

one system for diesel oil for manoeuvring conditions. 

on fig. 4 on next page you can see a typical fuel oil 

system on a ship.
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Fig. 1

Bulk carrier ship.

Big container ship.

Off shore supply 
vessel with a helicopter landing facility.

Fig. 2
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A:) the fuel oil is normally stored in tanks in the dou-

ble bottomed hull from which it is pumped to the 

settling tanks. the fuel oil is normally kept at around 

60° C to 70° C, which gives it a viscosity between 40 

and 400 cSt, depending on the oil type.  pumps used 

as transfer pumps are normally centrifugal pumps or 

positive displacement pumps. positive displacement 

pumps are normally used up to a flow of 500 m3/h. 

Above 500 m3/h centrifugal pumps as shown on fig. 

5 are normally used. The pump is a Vertical Turbine 

pump from peerless.

fig. 5: Turbine pump from Peerless
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B:) From the transfer pumps the oil is pumped to a 

settling tank where the largest particles and sludge 

are separated. after the settling tanks it is pumped to 

the centrifuges, where the oil is cleaned for the rest of 

the particles. the centrifuge pump is normally a posi-

tive displacement. after the centrifuges it is pumped 

to the daily service tank. this tank normally has a size 

corresponding to 1 day’s use on full load on the ship. 

the biggest container ships can, for example, on full 

speed and max. load on the generator sets, use up to 

275 tons a day. There is also a daily service tank for 

diesel oil.

C:) From the day tanks the oil is pumped to the engi-

nes. the mixer tank is needed because the engine on 

this sketch cannot run on heavy fuel, so it is mixed 

with diesel oil to have the right condition. Big engi-

nes do not have a mixer tank because they run on 

heavy fuel in daily operation and on clean diesel in 

manoeuvring mode. the booster pumps normally de-

liver pressure up to 4 bar, and could for example be 

CRn pumps as on fig. 6 in a cold top version. After the 

pumps, the oil is heated up to around 130°C to 140°C 

to have a viscosity of around 10 and 40 cSt, to make 

sure it has the best possible combustion. For each cy-

linder there is an injection pump on the engines that 

provides the required amount of fuel. the injection 

pump is not delivered by Grundfos but by the engine 

builder. When the engine is not running, the fuel is 

still being circulated through the system so that it 

does not begin to settle in the pipes. 
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Fig. 6:  Grundfos CR with air cooled top
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Lubrication oil systems
 

the lubrication system of an engine provides a sup-

ply of lubricating oil to the various moving parts of 

the engine. Besides lubrication the oil is also used as 

a cleaner and in some ships also as a coolant. on fig. 

7 a simple sketch of a lub oil system on a main engine 

is shown. the centrifuges that are continuously clea-

ning the oil are not shown.

lubricating oil for an engine is normally stored in the 

bottom of the crankcase, in daily speech “the sump”, 

or in a drain tank located beneath the engine. the oil 

is drawn from this tank through a strainer, consisting 

of a pair of pumps, and then pushed through filters, 

cooler and back to the main engine. the pumps used 

are normally the same types as the ones used for fuel 

oil. the cooler is normally cooled on the secondary 

side with freshwater. to make sure that it is under no 

circumstances possible to get water in the oil in case 

of a broken heat exchanger, the oil pressure is higher 

than the sea water pressure. 

the lubrication system has to run before you can 

start the main engine. the oil normally has a temp. 

of around 67°C when it is leaving the motor and 45°C 

after the cooler. the lubricating oil is also used to pre-

heat the main engine before start up. 

On large, slow-speed diesel engines there are often 

a separate lubrication system for the cylinder liners. 

the lubrication system can also supply lubrication oil 

to the auxiliary engines, but they can also have there 

own systems. 

On large slow-speed engines with up to 12 and 14 cy-

linders like the ones used on big container ships, the 

amount of lubrication oil in the main engine system 

can be up to 80 tons.

on fig. 8 is shown a sketch in a more graphical illu-

stration of how it can be build.
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Fig. 7
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Cooling systems

Cooling water systems in ships are used for many dif-

ferent kinds of cooling purposes, depending on the 

type of ship. in basic cooling systems, water is divided 

into two systems, a seawater system and a freshwa-

ter system. the seawater system is as a ground rule 

used as little as possible, due to the corrosive effect 

on pipes, heat exchangers and pumps. temperatu-

res used in the fresh water cooling system are also 

divided into two systems, a “high temperature” and 

a “low temperature” system. the high temperature 

system is used for engine cooling and the low tempe-

rature is used for all other cooling.

the pumps used in the cooling systems, both sea 

water and freshwater, are normally Vls full bronze 

pumps from Paco, see fig. 9.  

Some of the normal cooling purposes are mentioned 

below.

• Engine cooling

• oil coolers

• Air compressors

• Dump coolers/condensers 

• Hydraulic coolers

• Cargo cooling

• Propeller shaft bearing

• scavenge air cooler (turbo charger)

• Air condition condensers, compressors

Cooling system examples
as mentioned earlier, seawater is used as little as pos-

sible due to corrosion. In fig. 10 is shown a system 

where seawater is separated into two coolers, a cen-

tral cooler unit for the low temperature freshwater 

and an engine cooler used for the high temperature 

fresh water system. 

fig. 9:  Vls full bronze pump from Paco
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Fig. 10. Centralised cooling system with separate low 

temperature (lT) and high temperature (HT) circuits

    

On the sketch only single pumps are shown, but in 

real life there are often up to 3 or 4 pumps in parallel 

for each pumping  job.

on fig. 11 a sketch of a central cooling water system 

from a MAn B&W installation is shown. 

Bilge/Ballast systems

the bilge system and the ballast system each have 

particular functions to perform, but are in many ways 

interconnected.

Bilge system
the bilge main is arranged to drain any watertight 

compartment other than ballast, oil or water tanks 

and to discharge the contents overboard. 

Before the water is being discharged overboard 

it is being treated. The diagram on fig. 12 shows 

a typical bilge system. the capacity of the bilge 

pumps are up to 1000 m3/h.

 

Number of pumps and their capacity depend 

upon the size, type and service of the vessel. 

the emergency bilge suction is used to prevent 

flooding of the ship. It is a direct suction from 

the machinery space bilge, which is connected 

to the largest pump or pumps. the emergency 

bilge system is a complete separate system, and 

electrical supply to the motor comes from the 

emergency generator. the emergency pump is 

normally a centrifugal pump with a priming 

device.

General bilge pumps are normally inline Vls 

pumps from paco, or mono pumps from imO.  

 

Fig. 10
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Fig. 11: Central cooling 
water system.

 

Fig. 12: Central cooling water system.
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Ballast system
the major purposes of ballasting a vessel for a voyage 

are to increase its manageability (and safety), parti-

cularly under heavy weather conditions; to control its 

draft and trim for maximum efficiency; and to control 

its stability to ensure safe passage. 

the ballasting system is arranged so that it can draw 

ballast water from any tank or from the sea and di-

scharge to any other tank or the sea as required to 

trim the vessel. the ballast pumps are normally very 

large pumps that can transport a large amount of 

ballast water in a short space of time. the type of 

pumps are normally Vls pumps from Paco and are 

often used in combination with an ejector pump, fig. 

13.  the ejector pump is based on the fact that a wa-

ter-jet entrains the surrounding liquid. When this jet 

is placed inside a duct it can be used to create a sub-

stantial vacuum, and with proper design of the duct, 

most of the energy in the mixing jet can be regained 

as static pressure. 

on fig. 14 sketches of where the ballast tanks are nor-

mally placed in the ship depending on the type of ship 

is shown.
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sewage systems

On all ships there is a sewage system, because ships 

are not allowed to just dump sewage wherever they 

are. The system can be built in many ways. on fig. 15 

and 16 a basic system is shown with photos  of the 

pump types normally used.  
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fig. 15:  a sketch of a typical sewage  

system on a ship.
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domestic water systems

Domestic water systems on ships usually comprise a 

fresh water system for washing and drinking and a 

salt water system for sanitary purposes. But basically 

there is no difference between a domestic system at 

sea compared to one on shore. 

the fresh water system is normally a freshwater ge-

nerator or a RO system. For the RO system some kind 

of BME or BMEX system is typically used. 

BME, BMET:

 

BMEX:
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The freshwater generator is shown in fig 17. Basically 

it works by boiling sea water. For heating and evapo-

ration of the sea water in the freshwater generator, 

the waste heat in the jacket cooling water of the 

main engine is typically used. 

 

the jacket cooling water, which may reach a tempe-

rature between 60 and 90°C, is passed outside the 

tubes of the heat exchanger. During this passage the 

temperature will drop between 4 and 13°C depen-

ding on the amount of jacket cooling water used.

the controlled amount of sea feed water is led to 

the interior of the heat exchanger tubes, where it is 

heated under vacuum and evaporated by rising film 

evaporation, meaning that optimum conditions are 

achieved and scale formation minimized.

the vacuum required is obtained by means of a water 

ejector which automatically ensures correct conditi-

ons.

the generated vapours pass through the separator, 

in which the sea water drops are separated from the 

brine and discharged by means of a water ejector.

the saturated vapour rises as the cooled sea water 

condenses, and on the outside of the tubes it will con-

dense into fresh water, which is collected in a shell 

and discharged by the freshwater pump. the salinity 

of the fresh water produced is automatically control-

led by the salinometer.

the temperature of the cooling water led through the 

condenser tubes will increase by between 6 and 16°C 

depending on the flow chosen.
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Boiler systems

a boiler in one form or another will always be found 

on all ships. Where the main machinery is steam po-

wered, one or more large water tube boilers will be 

fitted to produce steam at very high temperatures 

and pressures. On a diesel main machinery vessel, a 

smaller (usually a fire tube type) boiler will be fitted 

to provide steam for the various ship services. even 

within the two basic design types, water tube and 

fire tube, a variety of designs and variations exist. 

Beside the standard boiler, an exhaust boiler is nor-

mally mounted in the funnel from the main engine 

as well.

thermal oil boilers are also used in the marine sec-

tor. the major advantage with this type is that you do 

not need a pressurised piping system as with steam 

production. 

on fig. 18 a typical sketch of how the steam boiler 

and the exhaust boiler can be connected is shown.

the feed water system could be a unit like the 

one in fig. 19.

For further details about boiler constructions 

and pumps used in boiler applications, please 

see the engineering manual written on this to-

pic. 

Fire systems 
 

on all ships there are fire fighting systems. You 

can basically divide the systems into three; one 

for the accommodation, one for the engine 

rooms and a system for the cargo. in general, 

water is the most used medium as a fire killer 

on board ships, but foam and CO2 are also fre-

quently used. 

Freshwater is normally used in the engine room 

and accommodation. Seawater is used in cargo 

areas. 
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Fig. 18
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Accommodation
a typical sprinkler system in the accommodation area 

of a ship is shown in fig 20. The installation is kept 

ready for use by being pressurized from the compres-

sed air loading on the water in the pressure tank. in 

some systems the pressure is maintained with a little 

jockey pump, often a CR pump.

the system will start automatically if one of the 

sprinklers is bursting due to high temperatures from 

a fire. This will create a pressure drop in the system 

and the fire pump will start immediately. In standby 

mode the pumps and the pressure tank are filled with 

freshwater, but when the fire pump starts it is using 

seawater.

   

the pumps used are normally centrifugal 

pumps and can be both single stage and mul-

tistage pumps. the pumps can be both single 

pumps and complete booster sets. the pumps 

are both connected electrically to the main sy-

stem but they can also be supplied from the 

emergency generator.

Engine room 
in the engine rooms there can be a combination 

of several different systems. if water is used, the 

system can be built as shown under accommo-

dation, but the water is normally sprayed out as 

water mist (fog). The pumps used as fire pumps 

can in daily operation also be used as ballast 

pumps. 

Fig. 19
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Foam systems are normally combined with a stan-

dard water system. the foam is made by an ejector 

where the foam medium is dragged in and mixed 

with water. Foam systems are very normal on tankers. 

the pumps used are the same types as the ones used 

for the accommodation area fire fighting. often the 

pumps are combined as a set where you have 2 or 

3 main fire pumps, a small jockey pump, and 1 or 2 

foam pumps.

the CO2 system will not be described here because 

no pumps are used in it.

A typical fire fighting unit for a ship could look like the 

one in fig. 21. 

the small CR is the jockey pump, which is used to 

keep the piping system pressurised. When a fire oc-

curs the pressure in the system will drop because the 

jockey pump is unable to maintain the pressure, and 

the big CR’s will start at full speed.

Fig. 21
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Certificates

as an acclaimed worldwide pump supplier, Grundfos 

is authorised by well-reputed international classifica-

tion societies to classify pumps and pump parts. For 

insurance reasons, classification of pumps is espe-

cially important in maritime applications. these cer-

tificates are delivered with an inspection certificate 

drawn-up in accordance with the european standard 

eN 10204 3.2.

• lloyds Register of shipping (lRs)

• Det norske Veritas (DnV)

• Germanischer lloyd (Gl)

• Bureau Veritas (BV)

• American Bureau of shipping (ABs)

• Registro Italiano navale Agenture (RInA)

• China Classification society (CCs)

• Russian Maritime Register of shipping (Rs)

• Biro Klassifikasio Indonesia (BKI)

• United states Coast Guard (UsCG)

• nippon Kaaiji Koykai (nKK)
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