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Marine power plants

Requirements for marine power plants

1. To be approved by classification societies2. Have as minimum
as possible volume and weight3. Have low fuel consumption4. Easy
maintenance and repair5. Have to work at heavy duty levels for long
periods

Selection of marine power plants

1. Good reliability2. Good maintainability3. Weight and volume4.
Type of fuel and fuel consumption5. Cost6. Vibration and noise7.
Level of experience for personnel

Types of marine power plants

1. Diesel engine driven2. Gas turbine driven3. Steam turbine
driven4. Combined power plants (ex. COGAS)


	
7/27/2019 Marine Power Plants.pdf

4/55

Mar

IntThwothrorprhefor

WThfoucoen

inepower

p

roductio

gas turking fluugh the

kinetic essure et energ

of a ro

rking c

workinr-strokebustionine it oc

lants

n

rbine enid to prengine

nergy ofergy is, befor

tating sh

cle

g cyclepistonoccurs

curs at a

G

gine isvide pas to bethe air ifirst of a

final caft.

f the gaengine.at a coconstan

s turb

ssentiallwer. Toaccelerincreas

ll increanversio

s turbinHowevestant pvolume

ines

y a heatachiev

ted; thised. Toed, folloback t

engine, in thessure,

.

enginethis, t

means tbtain thiwed by

kinetic

is similagas t

wherea

using aie air pat the vincrea

the addiEnergy

r to thatrbine ein the

2

as assinglocity

e, theion ofin the

of thengine,piston


	
7/27/2019 Marine Power Plants.pdf

5/55

Mar

Ga

1-

Intyptur

inepower

p

s turbin

Compre

as turbies of coine and

lants

comp

sor

es, thepresso

are dire

C

nents

compres; centrifut couple

ntrifugal c

Axi

ion of aigal or a

to the t

ompresso

l compre

r is effeial. Bothurbine s

sor

ted by otypes araft.

e of twoe driven

3

basicby the


	
7/27/2019 Marine Power Plants.pdf

6/55

Mar

2-

Thqurelaccoairmaby

Th

inepower

p

Combust

combntitiesasing teleratedditionswill deximum tthe mat

ee type

Multi

lants

ion cha

stion cf fuel,e heat ito give

equiredend upmperatrials fro

of com

le tube

ber

ambersuppliedn sucha smootby the tn the tre is limiwhich t

ustion c

ombusti

as thethrougmann

h strearbine. Tmperatuted to wihe turbin

amber

n cham

difficultthe fu

r that thof unif

he amoure risehin the re blades

xist:

er

task ofl spray

e air isrmly hent of fuequired.ange ofand noz

burningnozzle

expandeted gas

l addedHowev50 to 1les are

4

large, andd andat all

to ther, the00 Cade.


	
7/27/2019 Marine Power Plants.pdf

7/55

Mar

ine

power

p

Tubo-

Annul

lants

annular

ar comb

ombusti

stion ch

on cham

amber

ber

5


	
7/27/2019 Marine Power Plants.pdf

8/55

Mar

3-

Thcodocote

inepower

p

Turbine

turbinpressos this bbustionperatur

lants

has t, accesy extract

system.

e taskories aning enerand ex

of proshaft

y from tanding

iding thower fohe hot gthem to

powera prop

ases rela lower

to driller or rased frpressur

6

e thetor. Itm thee and


	
7/27/2019 Marine Power Plants.pdf

9/55

Marine

power

plants

7

Performance and heat balance calculations

T-S diagram for Brayton cycle P-V diagram for Brayton cycle

1-2 Compression (in the compressor)

2-3 Heat addition (in the combustion chamber)

3-5 Expansion (in the compressor turbine)5-4 Expansion (in the
power turbine)
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(compressor turbine + power turbine)

Example

A gas turbine unit has a pressure ratio of 10:1 and a
maximumtemperature of 700C. The isentropic efficiencies of the
compressorand turbine are 0.82 and 0.85 respectively. Calculate the
poweroutput of an electric generator geared to the turbine when the
airenters the compressor at 15C at the rate of 15 kg/sec. Take

Cp=1.005 kJ/kg.K and = 1.4 for the compression process, and
take

Cp=1.11 kJ/kg.K and = 1.333 for the expansion process.
Neglectthe fuel mass.

Solution

15273 .. 556

0.82 614.8
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..

547.16

0.85 . 611

151.119736111.005614.8288

1100 kW
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Steam cycles

The steam cycle used is the simplest steam cycle of practical
value;the Rankine cycle with dry saturated steam supplied by a
boiler toone or more turbine, which exhausts to a condenser where
thecondensed steam is pumped back into the boiler.

Simple Rankine cycle
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3600 /

3600 /

Reheat Rankine cycle


	
7/27/2019 Marine Power Plants.pdf

14/55

Marine

power

plants

12

Regenerative Rankine cycle
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1

1 1

Feed heater heat balance

1

You are required to draw the TS diagram and cycle
schematicdiagram for reheat-regenerative Rankine cycle.
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Example

In a reheat regenerative steam plant, the net power is 80 MW.
Steamenters the HP turbine at 80 bar and 550C, after expansion to 6
bar,some of the steam goes to a feed water heater and the rest
isreheated to 350C after which it expands to 0.07
bar.Calculate:

- Rate of steam flow to high pressure turbine- Fraction of steam
extracted to the feed heater- SHC- SSC- Cycle efficiency

- Rate of fuel consumption if the boiler efficiency is 95% and
fuelcalorific value is 40000 kJ/kg (neglect pump work)

Solution
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From steam tables or chart:

1 2 3 4 5 6

h 3521 2809 3165 2344 163.4 670.6

1 0.1917 1 58.15 /

3600 2.617 /

3600 7459 /

48.26%

.. 4.362 /
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Steam cycle components

1- Boiler

A boiler is used to heat feed water in order to produce steam.
Theenergy released by the burning fuel in the boiler furnace is
stored inthe steam produced. All boilers have a furnace or
combustionchamber where fuel is burnt to release its energy. Air is
supplied tothe boiler furnace to enable combustion of the fuel to
take place.

Where the main machinery is steam powered, one or more
largewatertube boilers will be fitted to produce steam at very
high

temperatures and pressures. On a diesel main machinery vessel,
asmaller (usually firetube type) boiler will be fitted to provide
steam forthe various ship services. Even within the two basic
design types,watertube and firetube, a variety of designs and
variations exist.

Two basically different types of boiler exist, namely the
watertube andthe firetube. In the watertube the feed water is
passed through thetubes and the hot gases pass over them. In the
firetube boiler the hotgases pass through the tubes and the feed
water surrounds them.

Fire tube boiler
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Water tube boiler

Boiler definitions

-

- H = steam enthalpy

h = water enthalpyL = 583.9 kcal/kg at 100C (latent heat)

-

- .


	
7/27/2019 Marine Power Plants.pdf

20/55

Marine

power

plants

18

-

- CV = fuel calorific value

2- Steam turbines

The steam turbine is a device for obtaining mechanical work from
theenergy stored in steam. Steam enters the turbine with high
energycontent and leaves after giving up most of it. The
high-pressure

steam from the boiler is expanded in nozzles to create a
high-velocityjet of steam. The nozzle acts to convert heat energy
in the steam intokinetic energy. This jet is directed into blades
mounted on theperiphery of a wheel or disc. The shaping of the
blades causes achange in direction and hence velocity of the steam
jet.

The steam from the first set of blades then passes to another
set ofnozzles and then blades and so on along the rotor shaft until
it isfinally exhausted. Each set comprising nozzle and blades is
called astage.
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There are two main types of turbine, the 'impulse' and the
'reaction'.

The names refer to the type of force which acts on the blades to
turnthe turbine wheel.

Impulse turbineThe impulse arrangement is made up of a ring of
nozzles followed bya ring of blades. The high-pressure, high-energy
steam is expandedin the nozzle to a lower-pressure, high-velocity
jet of steam. This jetof steam is directed into the impulse blades
and leaves in a differentdirection. The changing direction and
therefore velocity produces animpulsive force which mainly acts in
the direction of rotation of the

turbine blades. There is only a very small end thrust on the
turbineshaft.

Reaction turbineThe reaction arrangement is made up of a ring of
fixed bladesattached to the casing, and a row of similar blades
mounted on the

rotor, i.e. moving blades. The blades are mounted and shaped
toproduce a narrowing passage which, like a nozzle, increases
thesteam velocity. This increase in velocity over the blade
produces areaction force which has components in the direction of
blade rotationand also along the turbine axis. There is also a
change in velocity ofthe steam as a result of a change in direction
and an impulsive forceis also produced with this type of blading.
The more correct term forthis blade arrangement is
'impulse-reaction'.
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Compounding

Compounding is the splitting up, into two or more stages, of
thesteam pressure or velocity change through a turbine.Pressure
compounding of an impulse turbine is the use of a numberof stages
of nozzle and blade to reduce progressively the steampressure. This
results in lower or more acceptable steam flow speedsand better
turbine efficiency.

Velocity compounding of an impulse turbine is the use of a
singlenozzle with an arrangement of several moving blades on a
singledisc. Between the moving blades are fitted guide blades which
areconnected to the turbine casing. This arrangement produces a
short
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lightweight turbine with a poorer efficiency which would be
acceptablein, for example, an astern turbine.

Named turbine typesA number of famous names are associated with
certain turbine types.

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

Curtis.An impulse turbine with more than one row of blades to
eachrow of nozzles, i.e. velocity compounded.

De Laval, A high-speed impulse turbine which has only one row
ofnozzles and one row of blades.

Rateau. An impulse turbine with several stages, each stage being
arow of nozzles and a row of blades, i.e. pressure compounded.
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Turbine blade calculations
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b = blade velocity = uai = absolute inlet velocityae = absolute
exit velocityri = relative inlet velocityre = relative exit
velocityi = inlet anglee = exit angle

re = K ri (K = blade velocity coefficient K 1)

f = driving force on wheel = fi - fe

power output = mb
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3- Condenser

The condenser is a heat exchanger which removes the latent
heatfrom exhaust steam so that it condenses and can be pumped
backinto the boiler. This condensing should be achieved with the
minimumof under-cooling, i.e. reduction of condensate temperature
below thesteam temperature. A condenser is also arranged so that
gases andvapors from the condensing steam are removed.

An auxiliary condenser is shown in next figure. The circular
cross-section shell is provided with end covers which are arranged
for atwo-pass flow of sea water. Sacrificial corrosion plates are
provided in

the water boxes. The steam enters centrally at the top and
dividesinto two paths passing through ports in the casing below the
steaminlet hood. Sea water passing through the banks of tubes
providesthe cooling surface for condensing the steam. The central
diaphragmplate supports the tubes and a number of stay rods in turn
supportthe diaphragm plate. The condensate is collected in a sump
tankbelow the tube banks. Air suction is provided on the condenser
shellfor the withdrawal of gases and vapors released by the
condensingsteam.
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Main condensers associated with steam turbine propulsion
machinery

are of the regenerative type. In this arrangement some of the
steambypasses the tubes and enters the condensate sump as steam.
Thecondensate is thus reheated to the same temperature as the
steam,which increases the efficiency of the condenser.

Condenser calculations
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h2 = enthalpy of steam before condenserh3 = enthalpy of
saturated water after condenser

(V = water speed inside the tubes = 2 ~ 3 m/s)Z = number of
tubesd = tube diameterTout = water temperature after condenserTin =
water temperature before condenser (20C)Tout Tin = 10 ~ 15C

A = lateral area of tubes = l = tube lengthU = heat transfer
coefficient = 3000 W/m2KTmean = logarithmic mean temperature
difference
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Combined Gas and Steam plantCOGAS

Example

In a combined cycle power plant the air is supplied at a rate of
2000ton/hr and at temperature of 20C. The pressure ratio is 7:1.
Thetemperature of gases before the gas turbine is 1000C. Efficiency
forcompressor is 80% and for turbine 85%. The calorific value of
oilused is 45 MJ/kg.

The temperature of gas used for steam generation is increased
to1200C by burning the fuel in the exhaust coming out from the
gasturbine. The condition of steam generated in the boiler is 50
bar and500C. The condenser pressure is 0.1 bar. The temperature of
gasgoing to stack is 200C. Find the following:

1. Total power generated from the plant2. Overall efficiency of
the plant3. Mass of fuel used per hour4. Specific fuel
consumption

Take Cpair=1 kJ/kg.K , Cpgas=1.1 kJ/kg.K, air=1.4, gas=1.33

Solution
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Compressor

20273 71

..

237.9

0.8237.920

20

292.4

151310 Turbine

1273

71

..

512.5 0.85

10001000512.5

585.6

257690 257690 151310 106380 Combustion chamber 1

45000 555.6 1 . 1 100292.4
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9.779 /

Combustion chamber 2

45000 555.69.779 1 . 1 1200585.6 8.62 / 9.779 8.62 18.4 / 66.24
/

a b c d

h 3434 2210 191.7 196.7

Exhaust gas boiler

3434196.7 555.618.4 1 . 1 1200200 195 /Steam turbine

237787

237787 106380 344167

344167

18.445000 0.4157

18.43600

344167 0.192 /
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Waste heat recovery systemsEx. Absorption refrigeration
systems

The absorption refrigeration unit is used for cooling water
forrefrigeration or air conditioning, it takes the heat contained
in the

cooling water of the engine and in the exhaust. There is a
closedcircuit of water which takes the heat from the engine
(cooling waterand exhaust) and delivers it to the absorption unit.
Then anothercircuit is connected to the unit for the cold
water.

The heat gained from the cooling water (QCW)
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The heat gained from the exhaust (QexARU) The total heat gained
(Qh) The temperature of closed circuit water entering the
refrigeration unitis called the supply temperature (Ts)

The coefficient of performance of the unit (COP)

Where Qc is the cooling load required from the unit.

ExampleA waste heat recovery system of a diesel engine uses a
LiBr-waterabsorption refrigeration unit of 100 kW cooling
load.Determine:

- The heat gained of the ARU at 85C supply temperature and30C
ambient temperature

- The engine brake power ifbth=40%Assume that heat gained to the
unit equal heat lost of the engine

70 80 90 100 110 120 1300.3

0.35

0.4

0.45

0.5

0.55

0.6

0.65

0.7

0.75

0.8

0.85

Ts [C]

COP

Single stage

Two stage
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Solution

By interpolation at 85C the COP=0.4131

0.4131 100

Qh=242 kW

For the diesel engine

0.02

0.98

0.980.4 242 Qa=417.24 kW

BP=167 kW
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Ship piping systems

The piping systems onboard the ship are grouped into two
maincategories; machinery piping systems (reviewed in the
shippropulsion systems course) and hull piping systems.

The machinery piping systems include:- Fuel oil system-
Lubrication oil system- Cooling water system- Starting air
system

The hull piping systems include:- Bilge system- Ballast system-
Fire fighting system- Sewage system- Domestic water system

Bilge systemThe essential purpose of a bilge system is to clear
water from theship's dry compartments, in emergency. The major uses
of thesystem are for clearing water and oil which accumulates in
machineryspace bilges as the result of leakage or draining, and
when washingdown dry cargo holds. The number of pumps and their
capacitydepend upon the size, type and service of the ship.

Ballast system

The bilge system and the ballast system each have
particularfunctions to perform, but are in many ways
interconnected, especiallythat both works with the general service
pump of the ship. The ballastsystem is arranged to ensure that
water can be drawn from any tankor the sea and discharged to any
other tank or the sea as required totrim the vessel. Combined or
separate mains for suction anddischarge may be provided.
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Oil/water separators are necessary aboard vessels to prevent
thedischarge of oil overboard mainly when pumping out bilges.
Theyalso find service when deballasting or when cleaning oil tanks.
Therequirement to fit such devices is the result of international
legislation.

Fire fighting systemWater is the chief fire fighting medium on a
ship and the fire main isthe basic installation for fighting fires.
The fire main extends to the fulllength of the ship and from the
machinery spaces to the highestlevels. Hydrants served by the main,
are situated so that with suitablehoses any area on the ship can be
reached. For accommodationspaces, sprinklers are fitted in the
ceiling. Foam, CO2 and other
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materials are used instead of water according to the space
protectedin the ship.
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Sewage systemThis system is used for draining sewage from baths,
laundries,

showers, etc., to the sanitary tanks or to treatment units. The
exactamount of sewage and waste water flow generated on board ship
isdifficult to quantify. European designers tend to work on the
basis of70 litres/person/day of toilet waste (including flushing
water) andabout 130-150 litres/person/day of washing water
(including baths,laundries, etc.). US authorities suggest that the
flow from toiletdischarges is as high as 114 litres/person/day with
twice this amountof washing water.

Domestic water system

Domestic water systems usually comprise a fresh water system
forwashing and drinking and a salt water system for sanitary
purposes.Both use a basically similar arrangement of an automatic
pumpsupplying the liquid to a tank which is pressurized by
compressed air.The compressed air provides the head or pressure to
supply thewater when required. The pump is started automatically by
apressure switch which operates as the water level falls to
apredetermined level. The fresh water system has, in addition,
acalorifier or heater which is heated, usually with steam.
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Electric generation

A ship at sea cannot use an external source of energy;
consequentlyits electric power plant generates, distributes and
converts electricpower. Electricity is used for the motor drive of
many auxiliaries andalso for deck machinery, lighting, ventilation
and air conditioningequipment.

A distinction can be made between three phase alternating
currentand direct current supply systems. Most commonly used are
the threephase alternating current systems with a frequency of 60
Hz and

voltages between 440-450 V or 50 Hz and 380-400 V. if very
largeelectric consumers, such as bow thrusters or propulsion
motors, haveto be supplied, the main electric power system may use
a highervoltage of 3.3 6 6.6 11 or 15 kV. In this case the smaller
usersare fed through transformers or from secondary electric power
supplysystems, usually single phase alternating current with
frequency of 50Hz / 230 V or 60 Hz / 115 V. direct current system,
usually 24 V, isused to supply the control and monitoring
systems.

Beside the main and secondary supply systems, the plant has
anemergency system. A separate genset: emergency/harbor
generator.The emergency genset with the associated transforming
equipmentand emergency switchboard should be located above the
uppermostcontinuous deck. This system should supply the vital
electricconsumers in the ship for at least 18 hours for cargo ships
and 36hours for passenger ships.

The diesel enginesMain electric power systems of 50 Hz require
an engine with a speed

of 750, 1000 or 1500 rpm, 60 Hz systems require 900, 1200 or
1800rpm.Gas turbines may be used but it is not preferred due to its
low fueleconomy.
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Electric power distributionSwitchboards receive, control and
distribute electric energy from

generators to loads. Every ship has at least one main
switchboardand one emergency board. Main switchboards receive
electric energydirectly from the main generators. The switchboard
may receiveelectricity from shore when in port or in dock.

The main switchboard distributes electricity to near electrical
systemsand to distribution boards which group electrical systems
that arelocated further. Between the main switchboard and the
secondaryelectric supplies, the electric energy needs to be
converted from mainto secondary. The type of converter is either a
transformer (voltage),

a rectifier (AC to DC) or frequency converters.

Electric loadIn order to determine the electric power pant
capacity andconfiguration, the electric load of the ship must be
analyzed undervarious operational conditions. For many ship types
the studiedoperational conditions are:

- At sea- Manoeuvring- In port: loading and discharging- In port
without loading or discharging- At anchor

Ships with special missions (OSVs, naval vessels ) have
specialoperational conditions.
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Three ways are used to determine the electric power demand for
theship: empirical formulae, electric load analysis and
simulation.

Empirical formulae can be used successfully to obtain a first
estimateof the electric power demand in the pre-design stage. The
examplegiven here is a formula that uses installed propulsion power
todetermine the electric demand at sea for conventional cargo ship.
Asa rule the electric load when manoeuvring is 130% of the electric
loadat sea and the load in port without loading or discharging is
30 to40%. 1000.55.The most used method is the electric load
analysis or electric loadbalance. The next figure gives an example
of a balance sheet.

The balance sheet lists all electric consumers vertically, the
nextcolumns tabulate nominal properties of the electric
consumers.

The second part of the sheet describes the various
operationalconditions to determine the actual load for each
condition.
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- Power at full load is the power that has to be supplied to
the

flange of the machinery. For direct electric users, such
aslighting and computers, this power equals the power absorbedfrom
the electric net. For electric users driven by motors, thepower
absorbed from the net is the power demanded by theuser divided by
the electric motor efficiency.

- Number in service is the number of pieces of the machinerythat
are operated in same time. Some machinery will only be inservice in
certain operational conditions.

- The load factor indicated the relative load of the machinery
andthus specifies how much electric power is absorbed in an
actualsituation. The load factor varies between 0 and 1.

- The simultaneity factor accounts for pieces of machinery
thatare not operated continuously but intermittently.
(Aircompressors, fuel pumps, ballast pumps ). The
simultaneityfactor indicates the relative mean operational time of
themachinery. Te simultaneity factor varies between 0 and 1.

- The average absorbed power is the product of the
absorbedpower, the number in service, the load factor and
thesimultaneity factor.

Example

For a container feeder ship an electric load analysis has to be
made.Three operating conditions need to be investigated:

Sea service: the ship is sailing at service speed and a number
of

containers need to be cooled

In port- loading and unloading: no propulsion

For this exercise only a limited number of electric consumers
areconsidered. Where applicable, electric motors have to be
selectedfrom a standard range of electric motors with nameplate
(nominal)power of: 0.25, 0.5, 1, 2, 4, 7, 10, 20, 30, 40 and 50
kW.
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Determine the load analysis for the following consumers:(A)
Propulsion system:

o High temperature (HT) cooling water pumps:

Two centrifugal pumps will be installed, one of which will be
inoperation and one stand-by. The pump capacity is 85 m3/h
atpressure head of 2 bar. The pump efficiency is 0.75.

o Fuel oil service pump:

One to be in operation and one stand-by. The pump capacity is4
m3/h at a pressure head of 5 bar. The pump efficiency is 0.65.

o Lubricating oil pump:

Two screw-type pumps, one of which is in operation and
onestand-by. The pump capacity is 100 m3/h at a pressure of 6
bar.The pump efficiency is 0.8.

(B) Auxiliary systems:

o Fuel oil separators:

Two separators are installed. They run continuously during
seaservice. The excess capacity is re-circulated from the clean
fueloil daily tank, back to the fuel oil settling tank. Each
separatorhas a 4 kW electric motor. The motors are not fully
loaded. Theseparators require 3 kW of mechanical power input.

o Fuel oil heater for separators:

Two electric heaters are installed. The heaters are in
operationduring operation of the fuel separators. The maximum
capacityof one heater is 40 kW. This capacity is based on heating
of the

full fuel flow (corresponding with the maximum
separatorcapacity) from 5oC to 90oC. During normal
operationapproximately 50% of the separator output is re-circulated
andthe fuel supplied from the settling tank will have an
averagetemperature of 55oC.
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o Fuel oil transfer pumps:

Two screw-type pumps are provided, to pump fuel from storage

tanks to settling tank and to transfer fuel between storage
tanks(for stability and trim operations of the ship). The pump
capacityis 40 m3/h at a pressure head of 4 bar. The pump efficiency
is0.70.

(C) Hotel systems:

o Hydrophore system:

To provide fresh water throughout the ship, a hydrophore

system is provided. A hydrophore tank is kept under a pressureof
4 to 6 bar. Therefore, two hydrophore pumps are provided.Their pump
capacity is 3 m3/h at a pressure head of 6 bar. Thepump efficiency
is 0.60.

o Hot water heater:

For use of hot water in the galley and for showering. Two
hotwater heaters are provided. Each heater has a maximumcapacity of
120 l/h and can heat fresh water from 10oC to 80oC.The electrical
power used by one boiler is maximum 10 kW.

o Hot water circulation pump:

Two centrifugal pumps circulate hot water through the ship,such
that at every wash basin, shower and galley tap, hot wateris
immediately available. The pump capacity is 0.4 m3/h at apressure
head of 2 bar. The pump efficiency is 0.50.

(D) Hull machinery:

o Steering gear:The ship is provided with an electric-hydraulic
steeringmachine. The steering machine contains two hydraulic
pumpsof the controllable axial piston type. Each pump requires 24
kWat full output.
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o Capstans/winches:

The ship has two winches on the fore-deck and two on the
aft-

deck. The installed power per winch is 30 kW. Two winches
areonly in operation during maneuvering.

o Bow thruster:

The ship has one electrically-driven bow thruster to
aidmaneuvering in port. The bow thruster has a FP propeller andruns
at a fixed speed. The propeller requires 280 kW and theinstalled
motor power is 300 kW.

(E) Cargo systems:

o Reefer containers:

The ship can carry 100 reefer containers. A reefer container
isprovided with its individual cooling system. The
maximumcompressor power per reefer container is 12 kW. The
installedmotor power is 15 kW.

The following relations may be useful:

1..

pump

pump

V PP

=

&

2.pump

absorbed

em

PP

=

3. em = electric motor efficiency, it ranges from 0.85 for 1
kW

motor power to 0.90 for 20-50 kW motor power and to 0.92 for

300 kW motor power.

You are required to make an electric load balance sheet.
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Solution

(A) Propulsion system:

o High temperature (HT) cooling water pumps:

85 /, 2 , 0.75, 0.86

. 6.3 the motor will be 7 kWThe absorbed power

.. 7.3

o Fuel oil service pump:

4 /, 5 , 0.65, 0.84

. 0.9 the motor will be 1 kWThe absorbed power

.. 1

o Lubricating oil pump:

100 /, 6 , 0.8, 0.89

. 20.8 the motor will be 30 kW

The absorbed power .. 23.4

(B) Auxiliary systems:

o Fuel oil separator: 3 , 0.86The absorbed power

. 3.5

o Fuel oil heaters:Absorbed power = 40 kW

o Fuel oil transfer pumps:

40 /, 4 , 0.7, 0.86

. 6.4 the motor will be 7 kW
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The absorbed power .

. 7.4 (C) Hotel systems:

o Hydrophore system:

3 /, 6 , 0.6, 0.84

. 0.85 the motor will be 1 kWThe absorbed power

.. 1

o Hot water heaters:

Absorbed power = 10 kW

o Hot water circulation pumps:

0.4 /, 2 , 0.5, 0.8

.

. 0.05 the motor will be 0.25 kWThe absorbed power

.. 0.1

(D) Hull machinery:

o Steering gear: 24 the motor will be 30 kWThe absorbed
power

. 27

o Winches: 30 , 0.89The absorbed power

. 33.7

o Bow thruster: 280 , 0.92The absorbed power

. 304
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(E) Cargo systems:

o Reefer containers: 12 , 0.88The absorbed power

. 13.6

Seaservice Port:loading/unloading

No.

installed

Powerat

fullload

Installed

motor

power

Absorbed

electric

power

no.in

service

Load

factor

Sim.

factor

Average

abs.

power

no.in

service

Load

factor

Sim.

factor

Averag

eabs.

power

SystemsPropulsionCWpumps 2 6.3 7 7.2 1 1.00 1.00 7.2 0

FOservice 2 0.9 1 1 1 0.80 1.00 0.7 0

FOpumps 2 20.8 30 23.4 1 0.83 1.00 19.4 0

AuxiliarysystemsFOsep. 2 3 4 3.5 2 0.90 1.00 6.3 0

FOheater 2 40 40 2 0.53 1.00 42.4 0

FOtrans. 2 6.4 7 7.4 1 0.75 0.25 1.4 0

HotelsystemsHydrophore

2

0.85

1

1

1

0.83

0.03

0.1

1

0.83

0.03

0.1

HWheater 2 10 10 2 0.09 1.00 0.1 2 0.09 1.00 1.8

HWpump 2 0.05 0.25 0.1 1 1.00 1.00 0.1 1 1.00 1.00 0.1

HullmachinerySteering 2 24 30 27 1 0.10 1.00 2.7 0

Winches 4 30 30 33.7 0 0

Bowthrust. 1 280 300 304 0 0

CargosystemsReefer 100 12 15 13.6 100 0.55 0.9 675 100 0.55 0.4
300

The total power at sea = 755.4 kWThe total power at port
(loading/unloading) = 302.9 kW
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Fuel cells may be used in the marine field mainly as auxiliary
powerunit feeding the ships electric network.

There are five main fuel cell types in markets:- Polymer
electrolyte FC (PEFC)- Alkaline FC (AFC)- Phosphoric acid FC
(PAFC)- Molten carbonate FC (MCFC)- Solid oxide FC (SOFC)

The difference between all the types is in the type of
electrolytebetween the anode and the cathode of the cell.

TypeLow temperature cells (0-250C)

High temperaturecells (600-1000C)

FC type PEFC AFC PAFC MCFC SOFC

Electrolyte Ionexchange

membranes

Potassiumhydroxide

Phosphoricacid

Moltencarbonate

ceramic

Temperature 80C 65-220C 205C 650C 600-1000C

Catalyst Platinum Platinum Platinum Nickel Perovskites

Watermanagement

Evaporative Evaporative Evaporative Gaseous Gaseous

Heat

management Process gas

Process

gas

Process

gas

Internal

reforming

Internal

reformingPower range

300 kW 20 kW 50-200 kW300-3000

kW100-1000

kW

Efficiency 40-50% 45-55% 40-50% 50-60% 45-65%

Advantages of fuel cells include high efficiency, low emissions
andquiet operation.
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Solar energyThe solar radiations may be exploited in one of two
ways. The first is

directly converting the sunlight into electricity and the other
is byheating a medium for heating purposes or to use it for
electricgeneration in a later process.

Photovoltaic panels (PV) are used for directly converting
sunlight intoelectric current. They are used in the marine field as
auxiliary sourceof power generally for DC users, since the output
of these panels islimited to few hundreds of watts; they are used
only in leisure craftsindustry. Few companies, e.g. Solar Sailor,
are producing PV panelswhich can be used in the same time as sails
for the ships to further

reduce the fuel consumption.

Solar collectors are used for collecting heat from sunlight to
producehot water for heating or air conditioning purposes. Also
these unitsare used in leisure crafts industry. The major problem
for any type ofsolar energy is the orientation as the panels have
to be continuouslyoriented towards the sun to do the job, so these
systems are usefulonly in crafts working in daylight and with long
stops.

Three types of solar collectors are widely used; simple flat
collectors,coated collectors and evacuated (vacuum) collectors.
Each type isused for a specific range of temperatures and
applications. Thesimple flat collector is the cheapest while the
evacuated is the mostexpensive.Beside the cost and the temperature
range provided by each type,efficiency is a factor that has to be
taken into consideration. Thecollector efficiency is the ratio
between the useful amount of heattransported to the heating medium
and the amount of heat receivedby the collector.

... is the flow rate of the heating mediumC is the specific
heatI is the solar radiation in W/m2

A is the collectors area
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The x-axis is the difference between the average temperature
acrossthe collector and the ambient temperature.

Note that the efficiency never reaches 100% due to optical
losses
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ExampleA Nile floating hotel has a free roof area of 20 m2, a
solar collector is

to be fitted in this area for water heating.The solar radiation
in this area is 1000 W/m2 and the ambienttemperature is 35C. The
temperature of water across the collector is40/120C.The performance
curves of different collectors at previous conditionsare:(Tab-Ta) C
0 20 40 60 80 100 110

Simple collector(c) 0.75 0.60 0.43 0.23 0.0 - -

Coated collector(c) 0.82 0.76 0.65 0.50 0.32 0.12 0.0

Evacuated Collector(c) 0.75 0.74 0.67 0.58 0.49 0.40
0.36Given:The cost of one m2 is 1000, 2000 and 3000 LE
respectively.

- Estimate the mass flow rate of the water pump used with
themost economic collector.

- Estimate the new area for the most efficient collector for
thesame flow rate.

Solution

0 10 20 30 40 50 60 70 80 90 100 1100

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

Tab -Ta

simple

vacuum

coated
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120402 3 5 4 5

At 45C simple = 0.38

0.38 4.18 120401 2 0

0.0227 /At 45C evacuated = 0.65

0.65 0.02274.18120401

A = 11.69 m2
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