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FUNCTION 1: MARINE ENGINEERING AT THE MANAGEMENT

LEVEL
Total hours
Total for .
Knowledge, understanding and proficiency Hours for eachalsrg;oject
each topic of Required
performance
Competence:
1.1 MANAGE THE OPERATION OF PROPULSION PLANT
MACHINERY
1.1.1 DESIGN FEATURES AND OPERATIVE MECHANISM OF MARINE 15
DIESEL ENGINE AND ASSOCIATED AUXILIARIES
1.1.2 DESIGN FEATURES AND OPERATIVE MECHANISM OF MARINE 5
STEAM TURBINE AND ASSOCIATED AUXILIARIES
1.1.3 DESIGN FEATURES AND OPERATIVE MECHANISM OF MARINE 5
GAS TURBINE AND ASSOCIATED AUXILIARIES
1.1.4 DESIGN FEATURES AND OPERATIVE MECHANISM OF MARINE 10
STEAM BOILER AND ASSOCIATED AUXILIARIES
1.1.5 DESIGN FEATURES AND OPERATIVE MECHANISM OF 15 50
PROPELLER SHAFT AND ASSOCIATED ANCILLARIES
1.2 PLAN AND SCHEDULE OPERATIONS-Theoretical knowledge
1.2.1 THERMODYNAMICS AND HEAT TRANSMISSION
.1 Gas cycles/engine analysis 12
.2 Properties of vapours 6
.3 Steam cycles 9
.4 Refrigeration 6
.5 Combustion 6
.6 Heat transfer 12
.7 Air conditioning 3 54
1.2.2 MECHANICS AND HYDROMECHANICS
.1 Balancing 4
.2 Simple harmonic motion 6
.3 Stress & strain 10
4 Torsion 8
.5 Combined stress 4
.6 Fluid mechanics 12 44

1.2.3 PROPULSIVE CHARACTERISTICS OF DIESEL ENGINES, STEAM
AND GAS TURBINES, INCLUDING SPEED, OUTPUT AND FUEL
CONSUMPTION
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.1 Propeller and load diagrams

.2 Propulsion characteristics diésel

.3 Propulsion characteristics steam plant
.4 Propulsion characteristics gas turbines

20

1.2.4 HEAT CYCLE, THERMAL EFICIENCY AND HEAT BALANCE OF
THE FOLLOWING

Marine diesel engine

Marine steam boiler and steam turbine

Marine gas turbine

20

1.25 REFRIGERATORS AND REFRIGERATION CYCLE
Refrigeration and air conditioning system design, operation and maintenance

10

10

PHYSICAL AND CHEMICAL PROPERTIES OF FUELS AND
LUBRICANTS

Shore side and shipboard sampling and testing

Interpretation of test results

Contaminants including microbiological infection

Treatments of fuels and lubricants including storage, centrifuging,blending,
pretreatment and handling

[E=Y

TECHNOLOGY OF MATERIAL
Destructive and non-destructive testing of material
Engineering processes used in construction and repair

B~ w

1.3 OPERATION, SURVEILLANCE, PERFORMANCE
ASSESSMENT AND MAINTAINING SAFETY OF PROPULSION
PLANT AND AUXILIARY MACHINERY Practical knowledge
1.3.1 START UP AND SHUT DOWN MAIN AND AUXILIARY
MACHINERY, INCLUDING ASSOCIATED SYSTEMS

Main machinery and associated.systems

Steam boilers and associated systems

Auxiliary prime mover and associated systems

Other auxiliary machinery

1.3.2 OPERATING LIMITS OF PROPULSION PLANTS

whbho

20
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1.3.3  EFFICIENT OPERATION, SURVEILLANCE, PERFORMANCE
ASSESSMENT AND MAINTAINING SAFETY OF PROPULSION PLANT
AND AUXILIARY MACHINERY

Diesel engines 10
Engine components 18
Engine lubrication 8
Fuel injection 12

Scavenging and supercharging
Starting and reversing

Cooling systems

Diesel engine control and safety
Diesel engine emergency operation
Multi-engine propulsion arrangement
Air compressors and compressed air systems
Hydraulic power system

Types of auxiliary boilers

Auxiliary steam system

Safety valves

Boiler water level indicators

Use of sea water in boilers

Use of fresh water in boilers

Boiler water testing

Boiler water treatment

Auxiliary steam turbines

Boiler defects

Boiler and steam turbine survey and repairs
Evaporators

Thermal fluid heating system
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148

1.3.4 FUNCTIONS AND MECHANISM OF AUTOMATIC CONTROL
FOR MAIN ENGINE

Diesel engines

Steam turbines

Gas turbines

1.3.5 FUNCTIONS AND MECHANISM OF AUTOMATIC CONTROL
FOR AUXILIARY MACHINERY

Generator and distribution system

Steam boiler

Oil purifier

Refrigeration system

Pumping and piping system

Steering gear system

Cargo handling equipment and deck machinery

1.4 MANAGE FUEL, LUBRICATION AND BALLAST OPERATION
1.41 OPERATION AND MAINTENANCE OF MACHINERY,
INCLUDING PUMPS AND PUMPING SYSTEM

Bilge and ballast.
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Prevention of pollution of the sea by oil 4 10
Sewage and sludge
Total for Function 1: Marine Engineering at the Management Level 428 hours
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1.1. MANAGE THE OPERATION OF PROPULSION PLANT MACHINERY

1.1.1. DESIGN FEATURES AND OPERATIVE MECHANISM OF MARINE
DIESEL ENGINE AND ASSOCIATED AUXILIARIES

DIESEL ENGINE THEORY AND STRUCTURE
Engine Types

The choice of a main propulsion engine for a motorship is by no means an easy one. A few
years ago a shipowner had the straight choice of a direct coupled slow-speed engine driving
a fixed pitch propeller or a geared four-stroke medium-speed engine driving either a fixed or
controllable pitch propeller. Today, vessels are entering service with geared and direct
coupled two-stroke engines driving either fixed or controllable-pitch propellers and geared
four-strokes; while for certain ships, particularly those involved with offshore oil exploration
and production, diesel-electric power plants are becoming increasingly popular. The choice
of either direct or indirect drive of a ship is governed more.by the operating profile of the
ship and economic factors concerning the power plant as a whole, rather than the
characteristics of a particular make or type of diesel main propulsion engine.

Marine engines are required to operate continuously, reliably and safety in unmanned engine
rooms and with extended periods between planned overhauls. They may be expected to
operate for considerable periods at low pewer without ill effects, and to be tolerant of low
quality fuels while maintaining very high thermal efficiency.

Continuing development and improevement in design are necessary to meet these demands
and new generations of engine models-are produced to take advantage of advances in research
and experience. Considerable improvements in design and performance of turbo-chargers
and charge air systems in recent years have contributed substantially to increases in engine
power and economy. The.supply of charge air at reduced power is sufficient to maintain
efficient combustion, and at full power surplus exhaust gas energy can be diverted to operate
‘power take off” systems'which will supplement the main electrical power output.

Changes in world trade may lead to the emergence of different ship types with special
demands upon their power systems. Manufacturers produce a range of cylinder sizes and
numbers in each model so that a wide selection of power or other parameters is available.

Further sizes are developed when a particular demand becomes evident.

Practically all new merchant ships are powered by diesel engines, and some existing large
steamships have been re-engined with diesel power to improve their economy and extend
their useful life.

Basically, marine diesel engines can be divided into two main types: large, slowrunning
direct drive engines with limited numbers of cylinders, or medium to high speed engines
driving through reduction gears. Cylinder sizes do not necessarily distinguish between; slow-
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speed engines are available with cylinder bores down to 260 mm, while medium speed
engines are produced with bores up to 620 mm.

Although there are distinct differences between both types, much of the subject matter in this
unit is relevant to all engines. Where necessary their characteristics are dealt with separately.

The Work Done Diagram

In the original patent by Rodulf Diesel, the diesel engine operated on the diesel cycle in which
the heat was added at constant pressure. This was achieved by the blast injection principle.
Nowadays the term is universally used to describe any reciprocating engine in which the heat
induced by compressing air in the cylinders ignites a finely atomised spray of fuel.

This means that the theoretical cycle on which the modern diesel engine works is better
represented by the dual or mixed cycle, diagrammatically illustrated below. The area of the
diagram, to a suitable scale, represents the work done on the piston during one cycle.
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Starting from point C, the air is compressed adiabatically to a point D. Fuel injection begins
at D, and heat is added to the cycle partly at constant volume as shown by vertical line DP,
and partly at constant pressure, as shown by horizontal line PE. At the point E expansion
begins. This proceeds adiabatically to point F when the heat is rejected to exhaust at constant
volume as shown by vertical line FC.

The ideal efficiency of this cycle, (i.e. of the hypothetical indicator diagram) is about 55-
60%: that is to say, about 40-45% of the heat supplied is lost to the exhaust. Since the
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compression and expansion strokes are assumed to be adiabatic, and friction is disregarded,
there is no loss to coolant or surroundings.

For a four-stroke engine the exhaust and suction strokes are shown by the horizontal line at
C, and this has no effect on the cycle.

Actual Diagrams

While the theoretical cycle facilitates simple calculations, it does not exactly represent the
true state of affairs. This is because:

The manner in which, and the rate at which, heat is added to the compressed air (the heat
release rate) is a complex function to the hydraulics of the fuel injection equipment and the
characteristic of its operating mechanism; of the way the spray is atomised and distributed in
the combustion space; of the air movement at and after top dead centre (TDS), and to a degree
also of the qualities of the fuel.

The compression and expansion strokes are note truly adiabatic. Heat is lost to the cylinder
walls to an extent which is influenced by the coolant temperature and by the design of the
heat paths to the coolant.

The exhaust and suction strokes on a four-stroke engine (and the appropriate phases of a two-
stroke cycle) do create pressure differences which the.crank shaft feels as ‘pumping work’.
It is the designer’s objective to minimise all these losses without prejudicing first cost or
reliability, and also to minimise the cycle loss, that'is, the heat rejected to exhaust.

In practice designers have at their disposal sophisticated computer techniques which are
capable of representing the actual events in the cylinder with a high degree of accuracy. But
broadly speaking, the cycle efficiency is a function of the compression ratio (or more
correctly the effective expansion ratio-of the gas/air mixture after combustion).

The theoretical cycle may be.compared with a typical actual diesel indicator diagram such as
that shown below.
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Note that in higher speed engines combustion events-are often represented on a crank angel,
rather than a stroke basis, in order to achieve better accuracy in portraying events at the top
dead centre, as shown below. The actual indicator diagram is derived from it by transposition.
This form of diagram is useful too when setting injection timing. If electronic indicators are
used it is possible to choose either form of diagram.

An approximation to a crank angle based diagram can be made with mechanical indicators
by disconnecting the phasing and taking a card quickly, pulling it by hand: this is termed a
‘draw card’. Faults on the engine will be indicated on the draw card,

e.g., Low compression pressure: Blow past and defective piston rings. Late ignition:

Fuel pump timing.




SEAFARERS TRAINING CENTER M-CEOS(I)-29

CHIEF ENGINEER OFFICER AND SECOND ENGINEER

A

OFFICER REV. 02 - 2015
| r _\\
| / \
| f .‘
/ ‘|
f \
/ |
/ \
" \ expansior
\
- r '
3 | /
L ‘
& /
poent of ignimion - 1 <
\
{ \ | et compreision fine
|
| |
| |
|
/ 1
_/'. '.\
BOC TODC BOX

crank anale

Engine Cycles

The term ‘cycle’ refers to one complete sequence of operators required to produce power in
an engine. This cycle of aperations is continuously repeated while the engine is running. For
a diesel engine it consists of four operations within the cylinder:

Compression of a charge of air.

Injection of fuel which then ignites.

Expansion of the hot gases formed during combustion.
Expulsion of the used gas to exhaust.

The cylinder is then recharged with air and the cycle is repeated. Diesel engines can be
designed to complete this cycle once during each revolution and this is termed the two-stroke
cycle, or alternatively to take two engine revolutions to complete — the four-stroke cycle. An
engine can only operate on the cycle for which it was designed.

Engine stroke is measured as the full distance through which the piston moves between each
end of its travel. It can be seen that it must move through two complete strokes (one up and
one down) during each revolution of the engine.
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Engine timing refers to the relative time or position of the crank, at which each operation
during the cycle is commenced and is completed. It is measured as the angle through which
the crank has been rotated from a datum position such as top or bottom centre.

Two-stroke cycle

Practically all large, slow-speed, direct drive marine diesel engines operate on the twostroke
cycle. As its name implies a two-stroke cycle takes place in two consecutive strokes of the
engine piston, or one revolution of the crankshaft. Thus each operation in the cycle is repeated
during every revolution of the engine. The two strokes of the cycle may be termed:
Compression stroke and Power or Expansion Stroke. Operations take place in a fixed order
and must occur when the piston reaches a corresponding position in“its stroke. These
positions are show as volumes on an indicator diagram which-relates them with pressure
within the cylinder. It is convenient to express them in terms of ‘angles of crank position
measured from top dead centre (TDS) or bottom dead centre (BDC) and they may be shown
as a circle on a timing diagram. (Numbers have been.added for reference).

Actual timing may differ between engines due.to construction and design differences such
as: ratio of connecting rod length/crank length, stroke/bore ratio, engine speed, engine rating
etc.

Position 1 represents bottom of stroke (BDC). Position 5 represents top of stroke
(TDC).

1-2 Completion of scavenge. Air is entering the cylinder, expelling exhaust gas and
recharging it for the next combustion. Scavenge and exhaust are open.
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2-3 Post-scavenge. Scavenge ports have closed and some air within the cylinder may lead to
exhaust. In some engines 2 and 3 are made to coincide to eliminate leakage of air.

3-4 Compression. Exhaust has now closed and the air trapped within the cylinder is
compressed by the upstroke of the piston to raise its temperature sufficiently to ignite the
fuel.

4-5-6 Fuel injection takes place and combustion occurs causing a rapid rise in pressure.

The period for which this continues depends upon the fuel pump setting and power to be
produced.

6-7 Expansion. Combustion completed, the hot gases expand forcing the piston downwards
and converting the heat energy from combustion into work on.the piston.

7-8 Exhaust blowdown. Exhaust has opened allowing gas to pass to exhaust manifold, and
pressure drops rapidly in the cylinder.

8-1 Scavenge. Scavenge ports have opened and air enters to expel the remaining exhaust gas.

1-etc Scavenging then continues for the next cycle.

Four-stroke cycle

The majority of medium and high speed diesel engines for main or auxiliary drive operate on
the four-stroke cycle, which-takes place during four consecutive strokes, or two complete
revolutions, of the engine. Exhaust Stroke, and Aspirating or Air

Induction stroke. Numbering the operations in sequence on the timing diagram:
4 and 9 are TDC positions. 1 and 7 are BDC positions.
1-2 Completion of aspiration.

2-3 Compression. Air inlet valve has closed, air in cylinder is now compressed to raise its
temperature for combustion of fuel.

3-4-5 Fuel injection. Combustion takes place with corresponding rise in pressure.
Period controlled by fuel pump setting.

5-6 Expansion. Combustion completed, gas pressure does work on piston during downward
stroke.
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6-7-8 Exhaust. Exhaust valve opened, piston expels exhaust gas on upward stroke.

8-9-100verlap. Air inlet valve opened while exhaust remains open. The length of this is
increased in supercharged or high speed engines.

10-1 Aspiration. Exhaust valve closed, piston draws air into cylinder during downward
stroke.

1-etc. Aspiration continues for next cycle.
Engine Structure

The bedplate of a large engine acts as the main strength part of its'section, providing rigid
support for the main bearings and crankshaft. It is also a platform on which other structural
components such as frames or columns and guides may be accurately mounted to support the
engine cylinders and ensure the alignment of all working parts: In high powered engines the
bedplate must withstand heavy, fluctuating stresses_from working parts. It must transmit
engine loads, including the propellerthrust, to the ship’s structure, distributing these over the
necessary area, and may complement the ship’s strength and propeller shaft alignment. The
bedplate also collects the lubricating oil from the crankcase, returning it to the drain tank for
recycling.
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The figure shows part of a bedplate for a large crosshead type of main engine. It is fabricated
from steel plates and castings welded together to form a deep longitudinal box structure with
stiffening members and webs to give additional rigidity. Lightening and access holes are
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made with compensating sleeves, to maintain lightness with strength. Transverse members
or girders are fitted between each engine unit and at each end of the bedplate. The central
section of each is formed by a steel casting shaped to support the main bearing and with holes
for a pair of tie bolts. The casting has substantial butt welds securing it to the main box
structure.

The depth of the bedplate raises its top flange clear of the sweep of the bottom end bearing
in long-stroke engines, keeping overall width to a minimum. To limit overall height, the
centre oil pan or sump is lowered and will require a recess in the ship’s structure.

a. Two main bearing caps with associated shell bearings, holding down arrangements and
oil supply.

b. Cast transverse girder (with radial webs).
c. Single piece longitudinal girder with substantial ribs.

All welding in the bedplate must be to a very high standard, carefully controlled and
inspected. It must be stress-relieved, shot blasted and tested for flaws. All plate edges must
be correctly prepared, with double butt welds and complete penetration where possible.
Plates of different thickness should not be butt welded together. Bedplate flanges are finally
machined for landing on support chocks or for assembly of other members.

Fatigue cracks may commence at points of high stress or sudden change in section and
regular internal inspection must be carried out, particularly after heavy weather or damage
has occurred. All nuts, including holding down and tie bolts, must be checked for tightness
on a running hours planned.maintenance basis and to ensure fretting has not occurred
between mating surfaces.

Earlier engines with-lower stroke/bore ratio had bedplates formed by a longitudinal box
shaped girder at each side joined by transverse girders supporting main bearings and tie
bolts in steel castings.
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In crosshead type engines-frames or columns are used to support the cylinder block from the
bedplate. These are terms' A’ frames because of their shape; they are fitted at each transverse
girder and at both-ends.of the engine. ‘A’ frames are fabricated from steel plates welded to
form a hollow structure on each side. There is clearance to allow access to main bearings.
Transverse stiffening webs are fitted and flanges added for necessary connections. Brackets
secure the crosshead guides and other internal fittings. Bottom flanges allow the frame to be
accurately aligned and secured by fitted bolts and studs to the bedplate and transverse girder.
The top flange is fitted to the cylinder block, scavenge trunk etc. Longitudinal bars and
crankcase casing plates are attached to the outer edges. Tie bolts pass vertically within the
frame; the prestressing of these maintains the frame in compression at all times.
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In some designs, a number of frames with the crankcase casing are fabricated together to
form a box before attachment to the engine.

In medium speed trunk piston engines the main strength member may consist of a single
frame or block which incorporates the crankcase, bedplate, frames and even the cylinder
block. These may be formed as a single casting of either grey or nodular cast iron machined
on all necessary faces. Alternatively they may be fabricated from steel plates and castings.
Main bearings are under-slung from the frames.and horizontal tie bolts may add to the rigidity
at this position. Typical frames for in-line and Vee engines are shown in the figure.

vee engine in-line engine
ZAV 405 ZAL 405

2y | &

In most single-acting engines, except opposed piston engines, the main gas loads from the
cylinder covers are transmitted by long tie bolts. Two bolts are fitted to each transverse
girder and they pass up through the casting, through tubes constructed in the engine frames
and entablature to the top of the cylinder block where locking nuts are hydraulically
tightened to pre-stress the structure, maintaining the cylinder block and frames in
compression. Transverse locating bolts prevent vibration in the tie bolts, which may be
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assembled in screwed sectional lengths to limit the access and removal Height. Tie bolt
centres should be as close to the crankshaft axis as possible to reduce bending stress on the
girders and to prevent unbalanced loads being transmitted to the welds.

1.1.2. DESIGN FEATURES AND OPERATIVE MECHANISM OF MARINE
STEAM TURBINE AND ASSOCIATED AUXILIARIES

A steam turbine is a device that extracts thermal energy from pressurized steam and uses it
to do mechanical work on a rotating output shaft. Its modern manifestation was invented by
Sir Charles Parsons in 1884.

Because the turbine generates rotary motion, it is particularly suited.to be used to drive an
electrical generator — about 90% of all electricity generation-in the United States (1996) is by
use of steam turbines. The steam turbine is a form of heat engine that derives much of its
improvement in thermodynamic efficiency from the-use of multiple stages in the expansion
of the steam, which results in a closer approach to the.ideal reversible expansion process.

Principle of operation and design

An ideal steam turbine is considered to-be an isentropic process, or constant entropy process,
in which the entropy of the steam entering the turbine is equal to the entropy of the steam
leaving the turbine. No steam turbine.is truly isentropic, however, with typical isentropic
efficiencies ranging from 20-90% based on the application of the turbine. The interior of a
turbine comprises several sets of blades, or buckets as they are more commonly referred to.
One set of stationary-blades is connected to the casing and one set of rotating blades is
connected to the shaft. The sets intermesh with certain minimum clearances, with the size
and configuration of sets varying to efficiently exploit the expansion of steam at each stage.

Turbine efficiency

To maximize turbine efficiency the steam is expanded, doing work, in a number of stages.
These stages are characterized by how the energy is extracted from them and are known as
either impulse or reaction turbines. Most steam turbines use a mixture of the reaction and
impulse designs: each stage behaves as either one or the other, but the overall turbine uses
both. Typically, higher pressure sections are reaction type and lower pressure stages are
impulse type.

Impulse turbines
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An impulse turbine has fixed nozzles that orient the steam flow into high speed jets. These
jets contain significant kinetic energy, which is converted into shaft rotation by the bucket-
like shaped rotor blades, as the steam jet changes direction. A pressure drop occurs across
only the stationary blades, with a net increase in steam velocity across the stage. As the
steam flows through the nozzle its pressure falls from inlet pressure to the exit pressure
(atmospheric pressure, or more usually, the condenser vacuum). Due to this high ratio of
expansion of steam, the steam leaves the nozzle with a very high velocity. The steam
leaving the moving blades has a large portion of the maximum velocity of the steam when
leaving the nozzle. The loss of energy due to this higher exit velocity is commonly called
the carry over velocity or leaving loss.

The law of moment of momentum states that the sum of the moments of external forces
acting on a fluid which is temporarily occupying the control volume is equal to the net time
change of angular momentum flux through the control volume.

The swirling fluid enters the control volume at radius "1 with tangential velocity Vis1and
leaves at radius "2 with tangential velocity Vi,

A velocity triangle paves the way for a better understanding of the relationship between the
various velocities. In the adjacent figure we have:
V1 and V2 are the absolute velocities at the inlet and outlet respectively.

Vf 1 and Vf 2 are the flow velocities at the inlet and outlet respectively.

Vior + U and Viez are the swirl velocities at the inlet and outlet respectively.
Vi1 and Vi2 are the relative velocities at the inlet and outlet respectively.

U1 and Uz are the velocities of the blade at the inlet and outlet respectively.
c¥ is the guide vane angle and 3 is the blade angle.

Then by the law of moment of momentum, the torque on the fluid is given by:

T = ?ﬁ(?‘ngg — Tlvwl)

For an impulse steam turbine: 72 = 71 = T’ Therefore, the tangential force on the blades

is £ = M (Vir — Vi) The work done per unit time or power
developed: W =T % w.

When o is the angular velocity of the turbine, then the blade speed is U = w # 7. The
power developed is then W =mU (&Vw )

Blade efficiency
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Blade efficiency ("M#) can be defined as the ratio of the work done on the blades to kinetic
energy supplied to the fluid, and is given by

B Work Done 22UV
~ Kinetic Enerqgy Supplied %5

U

Stage efficiency

A stage of an impulse turbine consists of a nozzle set and a moving wheel. The stage
efficiency defines a relationship between enthalpy drop in the nozzle and work done in the
stage.

Work done on blade _ UAV,
Enerqgy supplied per stage  Ah

s toge -

Where A = ha — Ay jsthe specific enthalpy drop of steam in the nozzle.

Ve Vi
. g+ = hy +
By the first law of thermodynamics: 2 2
2
Vs

Assuming that V1 is appreciably less than V2, we get AR~ 2 Furthermore, stage

efficiency is the product of blade efficiency and nozzle efficiency, or Istage = Tlv * Tl
L.;E

Nozzle efficiency is given by TN = Q(hl - hi), where the enthalpy (in J/Kg) of steam at

the entrance of the nozzle is 11and the enthalpy of steam at the exit of the nozzle is by
AV, = Vit — (Vi) AV, = Vigr + Vi AV, =V, cos 81 + V;a cos 3

. Vig cos 5y
AV, = Viycos B1(1+ m}

The ratio of the cosines of the blade angles at the outlet and inlet can be taken and
cos 3y
o=

denoted  €OS 1. The ratio of steam velocities relative to the rotor speed at the outlet

L Vo
to the inlet of the blade is defined by the friction coefficient Vi1,

k < 1 and depicts the loss in the relative velocity due to friction as the steam flows around
the blades (kK = 1 for smooth blades).

_2UAV,  2U(cosay — U/V;)(1 + k)
mETVE T z
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The ratio of the blade speed to the absolute steam velocity at the inlet is termed the blade

speed ratio £ = Vi

dnpy d 2
— =0 —(2cosay — p (1 +kc)) =0
Mb is maximum when @p or, dﬁ'( ! ( ) . That
COS vy U  cosm Do = U  cosm
= T t — T —
impliesp 2 and therefore V1 2 Now > Vi 2 (fora

single stage impulse turbine)

Therefore the maximum value of stage efficiency is obtained by putting the value
U cosoy

of 1 2 in the expression of b/
cos® ay (1 + ke)

_ 2 _
We get: (nb)ﬂmm = 2(.-0‘:05 y —p )(1 + k'f')
For equiangular bladegs, b= ﬁz, therefore ¢ = 1, and we
cos*o (1 + k)
(nb)mﬂm — 2

get
then () maz = cos” 0y,

. If the friction due to the blade surface is neglected

Conclusions on maximum efficiency
_ .
(nb)mﬂm = CO5

1. For a given steam velocity work done per kg of steam would be maximum
2
when €08 a1 = loray =0

2. As 1 increases, the work done on the blades reduces, but at the same time surface area
of the blade reduces, therefore there are less frictional losses.

Reaction turbines

In the reaction turbine, the rotor blades themselves are arranged to form convergent nozzles.
This type of turbine makes use of the reaction force produced as the steam accelerates through
the nozzles formed by the rotor. Steam is directed onto the rotor by the fixed vanes of
the stator. It leaves the stator as a jet that fills the entire circumference of the rotor. The steam
then changes direction and increases its speed relative to the speed of the blades. A pressure
drop occurs across both the stator and the rotor, with steam accelerating through the stator
and decelerating through the rotor, with no net change in steam velocity across the stage but
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with a decrease in both pressure and temperature, reflecting the work performed in the driving
of the rotor.

Blade efficiency
Energy input to the blades in a stage:

E = Ah is equal to the kinetic energy supplied to the fixed blades (f) + the kinetic energy
supplied to the moving blades (m).

Or, E' = enthalpy drop over the fixed blades, ‘ih'f + enthalpy drop over the moving
blades, Ay,

The effect of expansion of steam over the moving blades is to increase the relative velocity
at the exit. Therefore the relative velocity at the exit Vizis always greater than the relative
velocity at the inlet Vi1,

In terms of velocities, the enthalpy drop over the moving blades is given by:

Via— Vi
Al = 210

(it contributes to a change in static pressure)

The enthalpy drop in the fixed blades, with the assumption that the velocity of steam entering
the fixed blades is equal to the velocity of steam leaving the previously moving blades is
given by:

VP =W
‘&hf = 2 where VO is the inlet velocity of steam in the nozzle

Vois very small and hence can be neglected

1{12

Therefore, &hf = 2

E = Ahy + Ahy,
Vi V5 -V3

FE = 9 + 9

A very widely used design has half degree of reaction or 50% reaction and this is known
as Parson’s turbine. This consists of symmetrical rotor and stator blades. For this turbine the
velocity triangle is similar and we have:
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¥y — ﬁz, B = g
Vi=Ve V=W
Assuming Parson’s turbine and obtaining all the expressions we get

2
Va

2

: - V2=V _U?-2UV, cosex

From the inlet velocity triangle we have *r1 — *1 1 1

VE U? 2UVicosay

E=V} -

2
F=W-g -5+
I Vi —U? 4+ 2UV] cosay
2
Work done (for unit mass flow per

second): W =Ux AV, =U (2% V] cosa; — U)
Therefore the blade efficiency is given by

2U(2V; cosay — U)
"= V2 02 1 2ViU cos g

Condition of maximum blade efficiency
I LT
If P= Vl, then
2p(cosay — p)
(M)maz = V207 50V cos
g

For maximum efficiency dp , We get

(1 — p* +2pcosay)(dcosay — 4p) — 2p(2cosay — p)(—2p +2cosay) =0
I LT — ,
and this finally gives. " Vi !
Therefore (Tb)maz is found by putting the value of 2 = COSQ¥1 jn the expression of blade
efficiency
2 cos? oy

(??b)rea.m'm = m
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(16) imputse = COS” 0y

Operation and maintenance

Because of the high pressures used in the steam circuits and the materials used, steam turbines
and their casings have highthermal inertia. When warming up a steam turbine for use, the
main steam stop valves (after the boiler) have a bypass line to allow superheated steam to
slowly bypass the valve and proceed to heat up the lines in the system along with the steam
turbine. Also, a turning gear is engaged when there is no steam to slowly rotate the turbine
to ensure even heating to preventuneven expansion. After first rotating the turbine by the
turning gear, allowing time for the rotor to assume a straight plane (no bowing), then the
turning gear is disengaged and steam is admitted to the turbine, first to the astern blades then
to the ahead blades slowly rotating the turbine at 10-15 RPM (0.17-0.25 Hz) to slowly warm
the turbine. The warm up procedure for large steam turbines may exceed ten hours.

During normal operation, rotor imbalance can lead to vibration, which, because of the high
rotation velocities, could lead to a blade breaking away from the rotor and through the casing.
To reduce this risk, considerable efforts are spent to balance the turbine. Also, turbines are
run with high quality steam: either superheated (dry) steam, or saturated steam with a high
dryness fraction. This prevents the rapid impingement and erosion of the blades which occurs
when condensed water is blasted onto the blades (moisture carry over). Also, liquid water
entering the blades may damage the thrust bearings for the turbine shaft. To prevent this,
along with controls and baffles in the boilers to ensure high quality steam, condensate drains
are installed in the steam piping leading to the turbine.

Maintenance requirements of modern steam turbines are simple and incur low costs (typically
around $0.005 per kwh); their operational life often exceeds 50 years.

Speed regulation

The control of a turbine with a governor is essential, as turbines need to be run up slowly to
prevent damage and some applications (such as the generation of alternating current
electricity) require precise speed control. Uncontrolled acceleration of the turbine rotor can
lead to an overspeed trip, which causes the nozzle valves that control the flow of steam to the
turbine to close. If this fails then the turbine may continue accelerating until it breaks apart,
often catastrophically. Turbines are expensive to make, requiring precision manufacture and
special quality materials.
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During normal operation in synchronization with the electricity network, power plants are
governed with a five percent droop speed control. This means the full load speed is 100%
and the no-load speed is 105%. This is required for the stable operation of the network
without hunting and drop-outs of power plants. Normally the changes in speed are minor.
Adjustments in power output are made by slowly raising the droop curve by increasing the
spring pressure on a centrifugal governor. Generally this is a basic system requirement for
all power plants because the older and newer plants have to be compatible in response to the
instantaneous changes in frequency without depending on outside communication.

Turbine generator systems
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Marine propulsion

In steam-powered ships, compelling advantages of steam turbines over reciprocating engines
are smaller size, lower maintenance, lighter weight, and lower vibration. A steam turbine is
only efficient when operating in the thousands of RPM, while the most effective propeller
designs are for speeds less than 300 RPM; consequently, precise (thus expensive) reduction
gears are usually required, although numerous early ships through World War I, such as
Turbinia, had direct drive from the steam turbines to the propeller shafts. Another alternative
is turbo-electric transmission, in which an electrical generator run by the high-speed turbine
is used to run one or more slow-speed electric motors connected to the propeller shafts;
precision gear cutting may be a production bottleneck during wartime. Turbo-electric drive
was most used in large US warships designed during World War | and in some fast liners,
and was used in some troop transports and mass-production destroyer escorts in World War
I1. The purchase cost of turbines is offset by much lower fuel and maintenance requirements
and the small size of a turbine when compared to a reciprocating engine having an equivalent
power. However, from the 1950s diesel engines were capable of greater reliability and higher
efficiencies: propulsion steam turbine cycle efficiencies have yet to break 50%, yet diesel
engines today routinely exceed 50%, especially in marine applications. Diesel power plants
also have lower operating costs since fewer operators are required. Thus, conventional steam
power is used in very few new ships.

Nuclear-powered ships and submarines use a nuclear reactor to create steam for turbines.
Nuclear power is often chosen where diesel power would be impractical (as in submarine
applications) or the logistics of refuelling pose significant problems (for example,
icebreakers). It has been estimated that the reactor fuel for the Royal Navy's Vanguard class
submarine is sufficient to last 40 circumnavigations of the globe — potentially sufficient for
the vessel's entire service life. Nuclear propulsion has only been applied to a very few
commercial vessels due to the expense of maintenance and the regulatory controls required
on nuclear systems and fuel cycles.

Early development

The development of steam turbine marine propulsion from 1894-1935 was dominated by the
need to reconcile the high efficient speed of the turbine with the low efficient speed (less than
300 rpm) of the ship's propeller at an overall cost competitive with reciprocating engines. In
1894, efficient reduction gears were not available for the high powers required by ships, so
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direct drive was necessary. In the Turbinia, which has direct drive to each propeller shaft, the
efficient speed of the turbine was reduced after initial trials by directing the steam flow
through all three direct drive turbines (one on each shaft) in series, probably totaling around
200 turbine stages operating in series. Also, there were three propellers on each shaft for
operation at high speeds.[24] The high shaft speeds of the era are represented by one of the
first US turbine-powered destroyers, USS Smith (DD-17), launched in 1909, which had
direct drive turbines and whose three shafts turned at 724 rpm at 28.35 knots.[25] The use of
turbines in several casings exhausting steam to each other in series became standard in most
subsequent marine propulsion applications, and is a form of cross-compounding. The first
turbine was called the high pressure (HP) turbine, the last turbine was the low pressure (LP)
turbine, and any turbine in between was an intermediate pressure (IP) turbine. A much later
arrangement than Turbinia can be seen on the RMS Queen Mary in Long Beach, California,
launched in 1934, in which each shaft is powered by four turbines in series connected to the
ends of the two input shafts of a single-reduction gearbox. They are the HP, 1st IP, 2nd IP,
and LP turbines.

1.1.3. DESIGN FEATURES AND OPERATIVE MECHANISM OF MARINE
GAS TURBINE AND ASSOCIATED AUXILIARIES

A gas turbine, also called a combustion-turbine, is a type of internal combustion engine. It
has an upstream rotating compressor coupled to a downstream turbine, and a combustion
chamber in-between.

The basic operation of the gas turbine is similar to that of the steam power plant except that
air is used instead-of water. Fresh atmospheric air flows through a compressor that brings it
to higher pressure. Energy is then added by spraying fuel into the air and igniting it so the
combustion generates a high-temperature flow. This high-temperature high-pressure gas
enters a turbine, where it expands down to the exhaust pressure, producing a shaft work
output in the process. The turbine shaft work is used to drive the compressor and other
devices such as an electric generator that may be coupled to the shaft. The energy that is not
used for shaft work comes out in the exhaust gases, so these have either a high temperature
or a high velocity. The purpose of the gas turbine determines the design so that the most
desirable energy form is maximized. Gas turbines are used to power aircraft, trains, ships,
electrical generators, or even tanks.
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Examples of gas turbine configurations: (1) turbojet, (2) turboprop, (3) turboshaft (electric
generator), (4) high-bypass turbofan, (5) low-bypass afterburning turbofan.
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The parts of a gas turbine

POWER PRODUCER
ASSEMBLY

ACCESSORY GEAR BOX
ASSEMBLY

HOT END
ASSEMBLY

‘ SILENCER/FILTER
} (Optional)

OiL SUMP

Gas turbine engines are, theoretically, extremely simple. Gas turbine have 3 parts:

e A compressor to compress the incoming air to high pressure.

e A combustion.areato burn the fuel and produce high pressure, high velocity gas.

e Aturbine to extract the energy from the high pressure, high velocity gas flowing from
the combustion chamber.

Additionally the gas turbine will have these parts:

e An accessory drive gear box, to drive various pumps for fuel, water and oil.
e A reduction gear box, to reduce the high revolutions of the turbine to a more efficient
speed for the propeller.

Classifications of Gas Turbines

Gas turbine prime movers are classified in one of two categories: the aero derivative and
industrial engine. The aero derivative engine is an aircraft engine adapted to marine service.
This is done by changing some components, or even coating them to properly function in the
salty air of the marine environment. One example is the General Electric LM2500, weighing
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in at a thrifty 34,000 Ibs (with mounts, enclosures and such) provides one horse power for
every 1.5 pounds. In comparison, an industrial gas turbine like the GE MS5000, used in
natural gas compression, provides 20,000 hp but weighs in at 200,000 Ibs - 10 pounds for
every hp. This is due to it’s heavier construction. For further comparison; weight and volume
of the machinery required by a 20,000 shp ship is about 100 tons for aero derive gas turbine,
400 tons for industrial gas turbine, 700 tons for diesel, and 800 tons for a comparable steam
plant.
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One benefit of the aero derived engines is the short amount of time for the engine to reach
full operating temperature, this is due to the relative small amount of material used in it’s
construction. As oppose to an industrial turbine, and the more common, diesel engine or
steam plant. These must reach proper temperature before being fully loaded, this can take, in
some cases, many hours.

Power Turbine

The power turbine is much slower running than the gas turbine. It has blades and rotors
shaped as nozzles similar to that of a normal steam turbine. The power turbine output shaft
connects by coupling to the gearbox incorporating a clutch which is used to engage/disengage
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the drive. The drive shaft exits the gearbox at the revolutions required by either a fixed or

variable pitch propeller.

The ship is maneuvered either using the clutch and an
pitch propeller.

ahead/astern gearbox or a variable

A split shaft gas turbine engine room is much smaller than the normal ship's engine room,
but still contains the fuel and lube oil systems with the associated auxiliary pumps, filters and

coolers.

One such system is shown below.
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1.1.4 DESIGN FEATURES AND OPERATIVE MECHANISM OF MARINE STEAM
BOILER AND ASSOCIOATED AUXILIARIES.

General Introduction

A boiler in one form or another will be found on almost every type of ship. Where the main
machinery is steam powered, 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 firetube type) boiler will be fitted to provide steam for the various ship services.
Even within the two basic design types, watertube and firetube, a variety of designs and
variations exist.

A boiler is used to heat feedwater in order to produce steam. The energy released by the
burning fuel in the boiler furnace is stored (as temperature and pressure) in the steam
produced. All boilers have a furnace or combustion chamber where fuel is burnt to release
its energy. Air is supplied to the boiler furnace to enable combustion of the fuel to take place.
A large surface area between the combustion chamber-and the water enables the energy of
combustion, in the form of heat, to be transferred.to the water.

A drum must be provided where steam and water can separate. There must also be a variety
of fittings and controls to ensure that fuel oil, air and feedwater supplies are matched to the
demand for steam. Finally there must be a number of fittings or mountings which ensure the
safe operation of the boiler.

In the steam generation process the feedwater enters the boiler where it is heated and becomes
steam. The feedwater circulatesfrom the steam drum to the tubes surrounding the furnace,
i.e. waterwall and floor tubes, where it is heated and returned to the steam drum. Large-bore
downcomer tubes are used to circulate feedwater between the drums. The downcomer tubes
pass outside of the furnace-and join the steam and water drums. The steam is produced in a
steam drum and may be drawn off for use from here. It is known as ‘wet’ or saturated steam
in this condition because it will contain small quantities of water. Alternatively the steam
may pass to a superheater which is located within the boiler. Here steam is further heated and
‘dried’ i.e. all traces of water are converted into steam. This superheated steam then leaves
the boiler for use in the system. The temperature of superheated steam will be above that of
the steam in the drum. An ‘attemperator’, i.e. a steam cooler, may be fitted in the system to
control the superheated steam temperature.

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

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

Watertube Boilers

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

Modern D-type boilers have generating, superheating, feed and air heating surfaces in
percentage areas and position in the boilers to suit the.required operating conditions.

In the middle sixties practically all new vessels were propelled by diesel machinery. Reliable
slow speed diesel engines were available which, burning heavy fuel, were economical, and
being less complicated than a corresponding steam plant, were more easily automated.

The closure of the Suez Canal, however, caused tanker owners to consider the economies of
transporting crude oil in greater bulk and-this resulted in the design of 200,000 dwt tankers
requiring 20,000 k W for propulsion."Such powers were higher than normally available from
the oil engines of that period,.and presented a great opportunity for the revival of steam
propulsion. Boiler and turbine designers took advantage of the situation with the result that
steam was once more adopted for the higher powers.

In the constant quest for lower overall costs, including initial and operating costs, turbine
machinery installations-have been designed with a single boiler for propulsion purposes. This
generally being supplemented by some form of auxiliary power as a ‘get you home’ device,
in the event of complete boiler failure.

The single boilers of such installation have, of necessity, to be as reliable as possible, and at
the same time, must be capable of operating for long periods between shut downs for cleaning
operations, etc.

The single boilers of such installation have, of necessity, to be as reliable as possible, and at
the same time, must be capable of operating for long periods between shut downs for cleaning
operations, etc.

Features embodied in boilers for this service include:

(a) Large furnaces with conservative heat release rates and ample flame clearances.

(b) Furnaces completely water-walled either with membrane-type walls or closely pitched
tubes to cut down brickwork maintenance.

(c) Roof firing to give a more uniform heat release and improved gas flow through the boiler.
(d) Superheaters in lower temperature gas zones shielded from the furnace.




SEAFARERS TRAINING CENTER M-CEOS(I)-29

CHIEF ENGINEER OFFICER AND SECOND ENGINEER
OFFICER REV. 02 - 2015

(e) Improved forms and materials for superheater supports.

(f) Improved methods of superheat control.

(9) Improved soot blowing arrangements.

An early development in watertube boilers was bent tube design. This boiler has two drums,
an integral furnace and is often referred to as the ‘D’ type because of its shape . The furnace
is at the side of the two drums and is surrounded on all sides by walls of tubes. These
waterwall tubes are connected either to upper and lower headers or a lower header and the
steam drum. Upper headers are connected by return tubes to the steam drum. Between the
steam drum and the smaller water drum below, large numbers of smaller-diameter generating
tubes are fitted.

i e} e e S
f
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These provided the main heat transfer surfaces for steam generation. Large-bore pips or
downcomers are fitted between the steam and water drum to ensure good natural circulation
of the water. In the arrangement shown, the superheater is located between the drums,
protected from the very hot furnace gases by several rows of screen tubes. Refractory material
or brickwork is used on the furnace floor, the burner wall and also behind the waterwalls.
The doubling casing of the boiler provides a passage for the combustion air to the air control
or register surrounding the burner.

The early version of the D-type boiler were an important advance in their time but changes
in refining methods and crude from various sources produced residual type fuel oils which
began to reveal their shortcomings. The furnaces, being small and employing large amounts
of refractory, operated at very high temperature. Flame impingement was not unknown and
conditions generally for the refractories were severe and resulted in high maintenance.
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Refractories broke down requiring replacement. They were frequently covered in glass-like
deposits, and on the furnace floor thick vitreous accumulation often required the use of road
drill for removal.

In the superheater zone the products of combustion were still at high temperature and deposits
from impurities in the-fuel condensed out on the tubes, reducing heat transfer and steam
temperature. Eventually, gas passages between the tubes would become so badly blocked
that the forced draught fans would be unable to supply sufficient air to the burners,
combustion became.impaired and the fouling conditions accelerated. Sodium and vanadium
compounds present in the deposits proved very corrosive to superheater tubes causing
frequent repeated failure. Due to the fouled condition there was a loss of efficiency and
expensive time-consuming cleaning routines were required.

The need for a wider range of superheated steam temperature control led to other boiler
arrangements being used. The original External Superheater ‘D’ (ESD) type of boiler used a
primary and secondary superheater located after the main generating tube bank. An
attemperator located in the combustion air path was used to control the steam temperature.
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The later ESD 11 type boiler was similar in construction to the ESD | but used a control unit
(an additional economiser) between the-primary and secondary superheaters. Linked dampers
directed the hot gases over the.control unit or the superheater depending upon the superheat
temperature required. The_control unit provided a bypass path for the gases when less
superheating was required.

In the ESD Il boiler the-burners are located in the furnace roof, which provides a long flame
path and even heat transfer throughout the furnace. In the boiler shown above, the furnace is
fully water-cooled and of monowall construction, it is produced from finned tubes welded
together to form a.gastight casing. With monowall construction no refractory material is
necessary in the furnace.

The furnace side, floor and roof tubes are welded into the steam and water drums. The front
and rear walls are connected at either end to upper and lower water-wall headers. The lower
water-wall headers are connected by external downcomers from the steam drum and the
upper water-wall headers are connected to the steam drum by riser tubes.
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The gases leaving the furnace pass through screen tubes which are arranged to permit flow
between them. The large number of tubes results in considerable heat transfer before the
gases reach the secondary superheater. The gases then flow over the primary superheater and
the economiser before passing to exhaust.. The dry pipe is located in the steam drum to obtain
reasonably dry saturated steam from the boiler. This is then passed to the primary superheater
and then to the secondary superheater. Steam temperature control is achieved by the use of
an attemperator. Located inthe steam drum, operating between the primary and secondary
superheaters.

Radiant-type boilers are a more recent development, in which the radiant heat of combustion
is required to raise steam‘being transmitted by infra-red radiation. This usually required roof
firing and a considerable height in order to function efficiently. The ESD IV boiler, shown
above, is of the radiant type. Both the furnace and the outer chamber are fully watercooled.
There is no conventional bank of generating tubes. The hot gases leave the furnace through
an opening at the lower end of the screen wall and pass to the outer chamber. The outer
chamber contains the convection heating surfaces which include the primary and secondary
superheaters. Superheat temperature control is by means of an attemperator in the steam
drum. The hot gases, after leaving the primary superheater, pass over a steaming economiser.
This is a heat exchanger in which the steam-water mixture is flowing parallel to the gas. The
furnace gases finally pass over a conventional economiser on their way to the funnel.
Reheat boilers are used with reheat arranged turbine systems. Steam after expansion in the
high-pressure turbine is returned to a reheater in the boiler. Here the steam energy content is
raised before it is supplied to the low-pressure turbine. Reheat boilers are based on boiler
designs such as the ‘D’ type or the radiant type.
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Auxiliary Boilers

Apart from water tube boilers used for main propulsion purposes, there are a number of
designs at sea which are used for a variety of auxiliary purposes including, in some cases,
emergency propulsion.

Whereas in the past Scotch boilers were commonly used for this purpose, their weight and
space requirements have given way to the lighter and more compact water tuber boilers,
especially in tankers where there is a heavy steam demand for pumping, heating and other
auxiliary services.

Many auxiliary boilers are found on motor ships, where they may not always receive care
and attention to the degree that would be expected on a steam ship. For this reason, and also
due to the relatively short periods for which they may be fired, these-boilers are of simple
and robust construction, usually of the bi-drum integral furnace type with simple tube shapes
such as the Foster Wheeler D4 or the Babcock. These boilers-may be required to deliver
saturated steam or a superposed superheater in the uptake allows for a small degree of
superheat.

Due to the intermittent operating routine to which these boilers are subjected, and due to the
fact that returning condensate may bring particulate ‘matter and/or oil from the steam
consumers, feed and boiler water conditions may not.always reach appropriate standards of
quality and internal deposits followed by tube failure can result. Vigilance, and proper
maintenance of filters and steam systems can minimise these risks, but some owners have
avoided them by adopting the indirect fired or double evaporation system. In this the boiler
consists of two parts; a high pressure portionand a low pressure portion. The former is similar
to the D4 or M11 and is direct fired;-operating on a closed cycle on the water side. Once filled
with high quality water it only needs-occasional topping up to replace any slight leakage
which may occur. The steam‘produced is led to the low pressure portion which is supported
above the fired boiler. It consists of a pressure vessel containing a tube bundle through which
the steam generated by the high pressure stream generates steam at a lower pressure from the
water surrounding the tube bundle, within the low pressure vessel. The low pressure steam
is used to supply the auxiliary services may be dirty because the worst that can happen is that
the secondary tube bundle becomes fouled and the production of low pressure steam is
reduced. Risk of tube failure is virtually eliminated since the highly heated tubes in the
combustion zone are only exposed to the high quality closed circuit water.
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Boiler units of the double pressure or double evaporation type are available from many
suppliers worldwide, one typical design being the Aalborg AT4 above. This shows the
secondary or low pressure section arranged above the primary high pressure section and
connected thereto by welded steam_and condensate pipes. The tube bundle within is
connected to inlet and outlet headers which are welded into the drumhead. The primary high
pressure section is of bi-drum (D-type) construction and is fired by a simple rotary cup
burner. Products of combustion leave from the side of the furnace at floor level and pass in a
generally longitudinal fashion over tabular generating surface connected between upper and
lower drums. Beyond. the generating surface the combustion gases transit a superheater
arranged in the uptake. The low pressure steam is thereby superheated to some degree before
delivery to the auxiliary consumer and this is very useful in ensuring that wet conditions do
not exist when steam is passing to machinery remote from the boiler.

With the advent of single main boiler steam ships, notably VLCCs, the auxiliary boilers had
the role of emergency propulsion. So that this unit should have the same standard of
construction as the all welded radiant boilers then used for main propulsion, welded
construction and use of membrane tube panel enclosure walls was adopted.

This could be roof fired or front fired with steam atomising burners, and could deliver
saturated steam or superheated steam up to about 350°C from a superheater, and could
operate at steam pressure up to the same level as the main boiler as necessary. Auxiliary
boilers of this type could also be fitted with heating coils in the lower drum accepting bled
steam or desuperheated steam. These boilers could be sized to generate low pressure steam
for auxiliary duties at sea or could be smaller, sufficient to maintain, the boiler at 1 bar or so
pressure ready for instant firing. In either case, the boiler would be in readiness to supply
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emergency propulsion steam with a minimum delay. Such emergency steam connected to a
suitable stage of the main turbine provides get-u-home power in the event of loss of the main
boiler, and prompt supply of the power would be needed if the emergency occurred with the
vessel in close company with others, or in bad weather in restricted waters. Obviously, when
using a boiler in this way to supply low pressure auxiliary steam great care would be needed
to maintain water side cleanliness, since on occasion it would also be directly fired.

Firetube Boilers

The firetube boilers is usually chosen for low-pressure steam production on vessels requiring
steam for auxiliary purposes and in these cases water tube boilers can improve uneconomic.
Operation is simple and feedwater of medium quality may be employed. The name ‘tank
boiler’ is sometimes used for firetube boilers because of their large water capacity. The terms
‘smoke tube’ and ‘donkey boiler’ are also in use.
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Of the variety proprietary designs of firetube or tank type boiler, many are composite,
including sections for diesel exhaust gas heat recovery as well as for direct firing. In the
Cochran boiler (above), the products of combustion and exhaust gases pass through separate
sets of tubes immersed in the boiler water. These tubes are expanded into tube plates which
form part of the boiler pressure shells. With the Aalborg AQ5 the gas streams pass
horizontally over the outside of vertical tubes expanded into tube plates forming part of the
boiler pressure vessel, in such a way that boiler water flows upwards throughout the tubes.
Large downcomer tubes complete the circulation system.

A G Weser produced a boiler unit where the products of combustion pass through tubes
surrounded by boiler water whilst diesel exhaust passes over tubes through which boiler
water passes . A design similar in principle came from Howaldtswerke.
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The Sunrod oil fired boiler combines a firetube and a watertube by arranging the latter inside
the former. The watertube surface is extended by having steel pins electric resistance welded
on its outer surface. The furnace is arranged either as a water cooled shell with a refractory
floor or as a completely water cooled shell. In the largest sizes the furnace walls are of
watertube construction. In each case a number of firetubes-of large diameter extend upwards
from the furnace top to a tube plate forming the top pressure shell. Inside each of these is
arranged a watertube with extended surface. The top and.bottom of each is connected through
the wall of its firetube into the water space of the boiler.

Package Boilers

Most firetube boilers are now supplied as a completely packaged unit. This will include the
oil burner, fuel pump, forced-draught fan, feed pumps and automatic controls for the system.
The boiler will be fitted with all the appropriate boiler mountings.
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A single-furnace three-pass design is shown in-above. The first pass is through the partly
corrugated furnace and into the cylindrical wetback combustion chamber. The second pass
is back over the furnace through small-bore smoke tubes and then the flow divides at the
front central smoke box. The third pass is through outer smoke tubes to the gas exit at the
back of the boiler.

There is no combustion chamber refractory lining other than a lining to the combustion
chamber access door and the-primary and secondary quarl.

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

Exhaust Gas Heat Recovery

In the quest for higher efficiency, the designers of marine machinery installations are
constantly endeavouring to extract the maximum amount of energy from the fuel within the
limits dictated by practical and economic considerations. In all forms of marine propulsion
plant, a great deal of energy is wasted, principally by way of the exhaust gases to the
atmosphere but also through the cooling water systems, to the sea. It is this waste-heat energy
which is potentially recoverable. Continually rising fuel costs and the fact that world reserves
of primary energy are not inexhaustible make efficient use of such wasted energy
increasingly attractive.
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The figure above is a typical heat balance diagram for the main heavy oil engine of a large
modern vessel. It will be noted that not more than 40% of the fuel consumed is converted
into useful work through the main engine. Of the remaining energy liberated from the fuel,
some 34%, the equivalent of about 90% of the mechanical power output, is contained in the
exhaust gases. The temperatures of these exhaust gases range from 280°C to 340°C in the
case of slow speed 2-stroke engines and from 370°C to 410°C for medium speed 4-stroke
engines but it should be remembered that the'volume of gas available from a 4-stroke engine
is about half of that available from a similarly rated 2-stroke engine. Thus, the apparent
increased amount of heat available from the4-stroke engine is not as pronounce as appears
from reference to the exhaust gas temperatures.

When consideration is given .to. the-large volumes of exhaust gases available at these
temperatures and when it is recalled that the corresponding temperature of steam at a pressure
of 7 bar is 170°C, it readily.becomes apparent that the conversion of waste-heat from the
exhaust gases of large marine heavy oil engines into useful energy in the form of low pressure
steam presents a very convenient method of increasing the machinery’s overall efficiency.
There are a number of-special factors that require to be considered in designating a waste-
heat recovery system which are not common to a fired power plant. In the design of a fired
boiler, the required output is known and the designer has to determine the size of the boiler
and corresponding fuel input. In the case of a waste-heat boiler, the problem is approached
from the opposite direction. Here, the heat input from the exhaust gases is the known factor
and the amount of energy that can be recovered, from a practical point of view, in the form
of steam is the quantity to be determined, from a practical point of view, in the form of steam
is the quantity to be determined. In addition, of course, it is necessary to decide by what
method the resultant energy can best be utilised within the machinery installation.

In order to limit the size of waste-heat units practicable proportions, a terminal temperature
difference of about 16°C is normally considered to be a minimum figure. Since the mean
temperature difference between exhaust gas and the water boiling within the boiler tubes is
low, large amounts of heating surface are needed. To minimise the bulk and weight of the
boiler arranged above the engine, extended surfaces are used, the heat exchanger taking on
the appearance of an economiser used for final heat recovery on fired boilers. Indeed the
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suppliers for economisers also supply the heat recovery equipment. The usual arrangement
has a bank, or banks, of sinuous tubes connected at each end to headers, the whole arranged
within an insulated casing. The type of extended heating surface used varies with the
manufacturer. An exception to the use of extended surface is seen in the exhaust gas unit of
La Mont design which uses a stack of closely pitched spirally wound plain tubes connected
to vertical inlet and outlet headers.

In addition, the maximum utilisation of the energy in the exhaust gases is greatly restricted
by the danger of low temperature corrosion on the gas side of waste-heat units. The exhaust
from a heavy oil engine contain about 10% of water and when an engine is operating on fuels
of high vanadium or sulphur content conditions are ideal for the formation of sulphuric acid
on the gas side of the waste-heat unit if the temperature of the heating surfaces falls below
the acidic dew point which, for practical purposes, may be taken as-140°C. To avoid this
danger, a designed gas outlet temperature of not less than 180°C is usually recommended.

It will be clear from the above therefore, that to arrange for waste-heat boilers to operate at
pressures in excess of 7 bar may result in the available waste-heat energy not being used to
the best of advantage. On the other hand, generating steam at pressures below 5 bar with a
view to extracting a maximum amount of waste-heat may lead to unacceptable maintenance
costs due to rapid corrosion of gas side heating surfaces. For these reasons, only about one
fifth of the waste-heat in the exhaust gases, representing between 5% and 10% of the output
of the main engine is available for conversion inte useful work.

Utilisation of waste-heat in the lower temperature ranges is achieved, to a small extent, in
many modern systems, by means of exhaust gas feed water heaters or economisers having
heating surfaces protected by corrosion resisting material. Similarly, it is worthy of note that
the heat carried away in the cooling system of main engines has been successfully used for
feed water heating purposes.

To make the most efficient use of the waste-heat contained in the exhaust gases of a heavy
oil engine, machinery installation'should be so designed that there is a sufficient demand for
steam when the ship is.at sea so as to utilise most of the waste-heat available when the main
engine is developingabout 80% of full power. At the same time, a waste-heat system should
incorporate means of raising and maintaining steam for all needs, not only when the ship is
at sea under full 'power conditions, but also when operating at reduced speeds and when in
port.

Nowadays, most motorships operate on high viscosity fuels which require to be heated at all
times and it is, therefore, essential that adequate supplies of steam are always available if the
inconvenient and uneconomic practice of manoeuvring the main engine on a light diesel oil
is to be avoided.

In the case of ships having machinery in the lower power ranges, there may only be sufficient
waste-heat available to generate steam for main engine fuel and domestic heating purposes.
For ships having machinery in the higher power ranges, however, it becomes most attractive,
in the interests of economy, to install comprehensive waste-heat systems which are designed
to supply sufficient steam to generate all the electrical load at sea as well as steam for heating.
In some high powered vessels, the waste-heat potential substantially exceeds that necessary
for electrical power generation and heating, and proposals are being studied for utilising this
excess energy to supplement main engine propulsion.
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The heat recovery unit may be supplied with a steam.and water drum when arranged as an
independent unit for forced circulation, or sometimes for natural circulation. The most
common arrangement is to have the unit circulated by a pump and connected to a separate
oil fired boiler. The circulating pump draws water from this, and the steam/water mixture
leaving the heat exchangers is separated in the drum of the oil fired boiler, and the steam
taken from the drum. At sea the main engine exhaust is used to generated steam, which at the
same time keeps the oil fired boiler warm having a preservative effect. In harbour when the
main engine is shut down, the il fired boiler is flashed up to produce steam as required. If,
at sea, the steam generated from the diesel exhaust is insufficient to meet demand, then the
supply can be supplemented by firing the auxiliary boiler (above). Similar arrangements are
possible when the oil fired boiler is of the double evaporation type, the exhaust gas heat
recovery unit then being-Circulated from the LP section (below). It is not normally necessary
to make any attempt to control the generated, the pressure in the system will rise. This reduces
the mean temperature difference between gas and water in the tubes so reducing heat transfer
and the rate of steam generation. It is, however, a simple matter to fit a gas bypass so that,
should pressure tend to rise too much, a damper opens, allowing gas to bypass the heating
surfaces.
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Such heat recovery and auxiliary steam systems can be very.simple or very sophisticated
depending upon the nature of the vessel and the steam demand on board. Improvements in
the overall efficiency of the main engine have led to a decline in the temperature of the
exhaust gases so that more complicated arrangements are made in order to extract the
maximum amount of heat.

Heat recovery systems may be found to include superheaters, steam separators, dual pressure
generating sections, feedheating, steam.to steam generation and dump condensers for
additional control.

Evaporators
Introduction

There are various means of producing fresh water from sea water, such as ion-exchange and electro-
dialysis, but for most marine purposes evaporation provides the most economically viable method.

This basically uses heat from some convenient source to boil the sea water. The vapour driven
off leaves its dissolved solids behind in the water remaining in the evaporator. This water is
usually referred to as brine. The problem then arises that as the quantity of these dissolved
solids building up in the brine, they begin to deposit as scale so reducing the efficiency of the
heat transfer process. In addition the increased density leads to foaming at the water level, so
giving a greater possibility of the carry-over of water droplets along with the vapour leaving
the evaporator thus reducing the purity of the fresh water produced.

By operating the evaporator at low pressure and temperatures, and by maintaining reasonably
low densities these problems can be greatly reduced. The level of the brine density is
controlled by blowing down; this removes both the salts still in solution together with
suspended particles of sludge. In general the density of the brine should not exceed 64,000




SEAFARERS TRAINING CENTER M-CEOS(I)-29

CHIEF ENGINEER OFFICER AND SECOND ENGINEER

OFFICER REV. 02 - 2015

ppm, with a normal operating density of around 48,000 ppm. The lower the density the
smaller the amount of scale depositing but the greater the amount of blow down required,
with consequently a greater consumption of heating steam. In practice this means
compromise must be reached between the reduction in cleaning and the increase in fuel
consumption. Deposits of scale can often be removed from the heating surfaces by thermal
shock when the evaporator is operating, and by mechanical or chemical means when it is shut
down.

Small amounts of suitable chemicals added to the evaporator feed are beneficial in reducing
the amount of scale formed, or ensuring that only soft scales are deposited.

The fresh water produced can be used to provide make-up feed for the boilers, or for domestic
purposes. In this latter case it is referred to as potable water, and the vapour must be passed
through a suitable distilling plant and also be sterilised before use.

The evaporator feed can consist of fresh water obtained from shore supplies, or sea water. A
separate feed pump may be used, but in many cases the feed is obtained from a suitable main,
such as sea water cooling line. When chemicals are injected into the sea water cooling lines
to protect them from corrosion or fouling, care must be taken. that the evaporator does not
become contaminated. This is especially important when the production of potable water is
involved, and in this case, a separate untreated sea water.supply line will be required for the
evaporator.

Many types of evaporators are used at sea, the variations in design usually being to give a
more economical use of the heating medium, and (or) to reduce cleaning, rather than to
improve the purity of the water produced..This usually has a density of less than 4 ppm and,
in the case of modern combined evaporators-distillers working under vacuum conditions, less
than 1 ppm.

The make-up requirements of “high-pressure watertube boilers often demand densities
consistently below 0.5ppm and this may be achieved by double evaporation, consisting of
two evaporators placed in series, the feed of the second being the water produced by the first.
Alternatively, using fresh water feed in a single evaporator can give similar results. In other
cases the make up feed is passed through a demineraliser which, unlike the previous methods,
also enables the dissolved carbon dioxide content of the make-up water to be reduced.
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These form simple compact units suitable:for small to medium outputs. Supplying live steam
to the heating section can provide a high mean temperature difference enabling a small
heating surface to be utilised for.a.given output. This however is thermodynamically
uneconomical, and in many cases use-is made of bled steam or waste heat, for example the
jacket cooling water from a diesel engine. In general this will increase the size of the plant.

Submerged Tube High Vacuum Type

This consists of-a two-part shell, fabricated from mild steel, with its internal surfaces
protected against. corrosion by a bonded rubber coating. The lower evaporating section
contains a vertical tube stack which consists of plain aluminium brass tubes expanded into
tube plates at both ends. The upper vapour shell contains the distilling condenser consisting
of aluminium brass hairpin tubes expanded into a single tube plate and placed horizontally
above a water catchment tray. To reduce carry-over to a minimum, the vapour entering the
distilling section has to pass through a mesh type demister. This consists of layers of knitted
monel metal wire. Alternatively polypropylene mesh may be fitted.

The evaporator feed, after passing through a strainer, flow indicator, and flow controller,
enters at the bottom of the evaporator. It then passes up through the vertical heating tubes
where its temperature is raised by steam or hot water passing over the outside of the tubes.
Sufficient heat is provided for the water to boil under the vacuum conditions existing in the
shell, the resulting vapour rising to pass through the demister. The vapour can pass freely
through this but any water particle impinge onto the wire mesh, where they accumulate and
ultimately coalesce into water droplets large enough to break free, dropping down against the
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vapour flow, to fall back into the brine. Compared to vane type baffles or flat plate deflectors,
this mesh type demister greatly improves the purity of the distillate produced.

Vapour leaving the demister then enters the distilling condenser, where its latent heat is
removed by cooling water circulating through the tubes of the distiller. The resulting droplets
of condensate are collected in the catchment tray, from where it flows via a salinometer which
measures the density of the distillate. When this is acceptable the distillate pump discharges
it through a flow controller and non-return valve to the storage tanks. If the density is
unacceptable the salinometer provides a signal which stops the pump. This allows the
unacceptable distillate to pass over the double loop to re-enter the evaporator feed line for re-
distillation. As an alternative arrangement the salinometer may be used to operate a series of
diverter valves which achieve a similar object.

The brine density is controlled by fitting flow controllers in the feed and.distillate lines, these
being set to admit 2.75 times as much feed water as the amount.of distillate produced, the
excess being pumped out by the water operated ejector. This both-provides a continuous blow
down of brine so as to maintain the density low enough to prevent scale forming, and also
removes air and other non-condensible gases released during the evaporation process, from
the upper part of the vapour shell. The necessary vacuum for.the proper operation of the plant
iIs thus achieved.

About thirty times as much operating water is supplied to the ejector as the amount of brine
it removes and this so dilutes the brine that no undue build up of deposits should occur in the
discharge lines.

Another factor involved in maintaining the correct brine density is that when newly cleaned
the unit can often produce more distillate.than its normal rated output. If this is allowed to
occur it would reduce the feed to distillate ratio and so lead to an unduly high brine density.
The flow controller in the distillate line prevents this by keeping the discharge rate constant,
so that any excess distillate returns over the loop to the evaporator, so diluting the brine to its
normal density.

Heat for evaporation can be provided by a direct steam supply, by bled steam, or by waste
heat such as jacket cooling water from a diesel engine.

The cooling water for the distilling condenser can consist of feed water from a turbine feed
system, or of sea water. In the latter case, some of the sea water coolant may be bled off to
serve as evaporator feed.

It is to be used as a potable water, then the distillate must be passed through a suitable filter
and sterilising unit, before entering the storage tank.

If the feed supply is interrupted, then in order to avoid an undue build up on density the
distillate pump should be stopped until the feed supply has been restored.

The salinometer probe should be cleaned at every available opportunity, while at least once
every six months or more frequently if required, the plant should be shut down and cleaned.
Any sludge which may have accumulated at the bottom of the shell is washed out and, if
necessary, any deposits removed from the heating tubes by acid cleaning. This is done by
circulating a 10% solution of hydrochloric or sulphamic acid through the heating section,
pumping it in through the feed inlet connection and out through the brine outlet connection
in the shell.
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Flash Evaporator

As the majority of scale formation occurs only when the water actually boils, this type of
evaporator separates the heating and boiling processes to different sections of the plant, the
basic layout of which is shown.

The incoming sea water feed is first heated to some temperature below its boiling point in
tubular heat exchangers. This is done in two stages, in the first formed by the distilling
condenser the feed is heated by the outgoing vapour which gives up its latent heat, and in the
second stage by steam or hot water. The heated feed water is then released into the flash
chamber where the pressure is maintained low enough to ensure that the corresponding
saturation temperature is below that of the incoming hot water. The water cannot remain in
this super-saturated state, so some of its mass flashes off into steam;-leaving its dissolved
solids behind in the water remaining in the flash chamber. The released steam then passes to
the distilling condenser, from where the resulting distillate is pumped to the storage tanks via
a potable filter and steriliser if necessary. The density of the distillate is measured by a
salinometer and if it reaches to too high a value, the distillate pump is stopped and the
unacceptable water passes over a loop to the brine pump suction from where it is discharged
along with the outgoing brine. This is removed from the flash chamber and pumped
overboard, being diluted with sea water if necessary to prevent an undue build up of deposits
in the discharge line.

By avoiding boiling in the heating sections, scale deposits on the heat exchange surfaces are
largely avoided, final water temperatures.above 80°C being recommended to keep deposits
to a minimum. If necessary chemicals'may be added to assist in this, being essential if water
temperatures above 80°C are used.in the heaters. Any deposits forming in the flash chamber
do not interfere with the heat transfer-and so do not effect the operation of the plant.

A water operated ejector is.used to remove air and other non-condensible gases from the
vapour chamber and so maintain the necessary vacuum conditions.

The vapour chamber is fabricated from mild steel, with a bonded rubber coating as a
protection against corrosion. Aluminium brass tubes expanded at both ends into tube plated
of rolled admiralty brass;form the heat exchange surfaces. The usual mounting for the proper
working of the evaporator are fitted.

Automatic control Is necessary to ensure satisfactory operation of the plant, as it is sensitive
both to changes in sea temperature and to the water level in flash off commences, the second
stage heater has to supply all the necessary heat. This can be done either by supplying
additional heating steam, or by restricting the flow of feed into the evaporator.

Multiple Effect Evaporation

As an evaporator does no mechanical work its performance cannot be measured in terms of
efficiency and instead a performance ratio of distillate output to the heat input, often termed
the gain ratio, is used.

To increase the gain ratio the evaporating process may be carried out in a number of pressure
stages, or effects. This is achieved by arranging a number of evaporators in series, each being
operated at a progressively lower pressure and using the vapour or water from the previous
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stage to provide the heat for the evaporation process. Both submerged coil and flash
evaporators can be arranged in this way.

The larger the number of effects the greater the saving in steam but at the cost of increased
complexity, capital cost, and volume occupied by the plant. Thus the low of diminishing
returns applies, and where relatively small outputs are involved single stage evaporation is
often preferred, as these provide simple compact units. Economy is improved if desired by
using bled steam or waste heat, however for larger outputs economy becomes increasingly
important and so warrants the increased cost and complexity of multiple effect plants. For
marine use however, except in a few special cases, they are normally limited to double effect
flash evaporation plant.

Double Effect Flash Evaporator

As shown previously the incoming feed is preheated as it passes through the distilling
condensers of the successive stages and then raises to 80°C in an external heater. The hot
water then enters the first stage chamber where flash off occurs. The released vapour passes
through the demister to enter the distilling condenser where it gives its latent heat to the
incoming feed. The brine meanwhile flows through to the second vapour chamber which is
maintained at a lower pressure than the first, so that further flash off can take place. A weir
is fitted to maintain a water seal between the two stages.

Distillate formed in the two vapour condensers is collected in the catchment trays, from
where it flows to the distillate pump via salinometer probe. If the density proves to be too
high, the pump stops and the unacceptable water passes over the loop to the brine pump
suction where it is discharged with the outgoing brine.

The vapour shells are fabricated from mild steel with a bonded rubber coating although this
tends to increase the size of the unit. Although tolerable for a different form of construction
is then used. This usually takes the form of a specially fabricated steel structure, protected
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against corrosion by the application of a special paint. Some form of ejector will be fitted to
remove air and other non-condensable gases from the vapour shells. The usual mounting for
the proper operation of the plant are also fitted.

Automatic control will again be necessary for efficient working of the plant.

Vapour Compression Evaporator

Another method of achieving steam economy is by means of vapour recompression. This
process can give gain ratios in the order of 8 to 1, as compared to 0.9 to 1 for single submerged
tube, and 1.5 to 1 for double effect flash evaporation. The basic layout of a vapour
compression type evaporator is shown above.

The vapour is generated in the evaporator shell at atmospheric pressure and then passes
through the demister to the compressor suction. Work is now done on the vapour so that it
leaves the compressor at a higher pressure and temperature. This compressed vapour passes
to the heat exchange section where it gives up its latent heat so raising the temperature of the
incoming feed to its boiling point. The vapour produced then repeats this cycle.

The distillate leaving the heat exchange section is pumped to the storage tanks via the usual
salinometer probe, so that in the event of the density being too high the salinometer can send
a signal to a series to solenoid operated valves causing the unacceptable water to be dumped.
Meanwhile brine is pumped out of the vapour shell and discharged overboard. Water bled
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off from the evaporator feed line is used to dilute this water to prevent deposits from choking
the pipes and valves.

To conserve heat the outgoing distillate and brine are passed through heat exchangers, where
they give up sensible heat to preheat the incoming sea water feed.

A mechanical or thermo compressor can be used. The latter consists of a steam jet ejector,
while the former can be either a high speed centrifugal compressor or a low speed rotary lobe
type blower. Provided an effective demister is fitted to prevent carry over of water droplets
which would otherwise cause serious erosion of the lobes, the slow speed blower type is to
be preferred.

The vapour shell is fabricated from mild steel with a bonded rubber lining. This consists of
a 3mm thick layer of hard rubber known as ebonite, which is applied to a steel surface which
has been shot blasted prior to the application of bonding compound:~The rubber coating is
then rolled to squeeze out any air bubbles and then cured by steam'heat.

This layer provides protection against both the brine and any cleaning acids used. The heat
exchange surfaces consist of aluminium brass tubes expanded into rolled Admiralty brass
tube plates.

For starting up, a separate heat source must be used to provide sufficient vapour to commence
the cycle of events; in the plant considered an immersion heater is fitted for this purpose. An
air pump is also fitted to remove air from the shell when starting up. This type of plant is
normally automated, the programmed start up and'shut down procedures being initiated by a
single switch. This allows feed to enter the evaporator where the immersion heater raises it
to boiling point. As the vapour pressure-builds up it causes the air pump which has been
removing air from the shell to cut out: The compressor then starts, followed by the brine and
distillate pumps. Automatic contrel is_carried out to maintain a constant pressure in the
vapour shell.

Vapour compression plant when fitted with a mechanical compressor can operate with an
electrical input only and so can be used where no steam supply is available.

Due to the fact that evaporation in this type of plant occurs at atmospheric pressure, it is
essential that some farm of chemical feed treatment be applied. Heat exchange surfaces must
be kept clear of deposits and should be cleaned at least once every six months, or more
frequently if found to be necessary. Acid cleaning may be required to remove the deposits
formed.

Boiler Components

Boiler Mountings / Components

Certain fittings are necessary on a boiler to ensure safe operation. They are usually referred
to as boiler mountings. The mountings usually found on a boiler are:

Safety valves
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These are mounted in pairs to protect against over pressure. Once the valve lifting pressure
is set in the presence of a Surveyor it is locked and cannot be changed. The valve is arranged
to open automatically at the pre-set blow off pressure.

Main steam stop valve
This valve is fitted in the main steam supply line, and is usually of the non-return type.

Feed check or control valve

A pair of valves are fitted: one is the main valve, the other the auxiliary or standby. They are
non-return valves and must give an indication of their open and.closed position.

Water level gauge

Water level gauge of ‘gauge glasses’ are fitted in pairs..The construction of the level gauge
depends upon the boiler pressure.

Pressure gauge connection

Where necessary on the boiler drum,superheater, etc, pressure gauges are fitted to provide
pressure readings.

Air release cock

These are fitted in.the headers, boiler drum etc, to release air when filling the boiler or
raising steam.

Sampling connection

A water outlet cock and cooling arrangement is provided for the sampling and analysis of
feed water. A provision may also be made for injecting water treatment chemicals.

Blow down valve

This valve enables water to be blown down or emptied from the boilers. It may be used
when partially or completely emptying the boiler.

Scum valve

A shallow dish positioned at the normal water level is connected to the scum valve. This
enables the blowing down or removal of scum and impurities from the water surface.
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Whistle stop valve

This is a small bore non-return valve which supplies the whistle with steam straight from
the boiler drum.

Watertube boilers

Because of their smaller water content in relation to their steam raising capacity, require
certain additional mountings.

Automatic feed water regulator

Fitted in the feed line prior to the main check valve, this device.is essential to ensure the
correct water level in the boiler during all load conditions! Boilers with a high evaporation
rate will use a multiple-element feed water control system.

Low level alarm

A device to provide audible warning of low water/evel conditions.

Superheater circulating valves

Acting also as air vents, thesefitted ensure a flow of steam when initially warming through
and raising steam in the boiler.

Soot blowers

Operated by steam or compressed air, they act to blow away soot and the products or
combustion from the tube surfaces.

Safety Valves

These are fitted to protect the boiler from the effects of overpressure. The DOT demand that
at least two safety valves are fitted to each boiler, but in practice it is usual to fit three safety
valves-two on the steam drum, and one on the superheater outlet header. This latter valve
must be set to lift before the drum safety valves so as to ensure a flow of steam through the
superheater under blow off conditions. It is normally of the same basic type fitted on the
drum.

Although the MCA demand a minimum of two safety valves to each boiler, these may be
fitted in the same valve chest with a single connection to the boiler, the safety valves must
be capable of releasing the maximum amount of steam the boiler can evaporate, while still
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keeping within the 10 percent accumulation of pressure rule. The accumulation of pressure
must not exceed 10% of the working pressure.

ALL BOILER SAFETY VALVES SHOULD LIFT AT 10%

The rule is necessary because, having calculated the cross sectional area of the valve bore,
the valve lid must be able to lift at least % of the valve bore in order to provide full steam
flow. However, as the valve lifts, the force to compress the spring also increases, and so
higher the valve lifts the greater the increase in boiler pressure. The DOT limit this
accumulation of pressure to 10 percent of the maximum allowable working pressure for the
boiler. This means that the lift of an ordinary spring-loaded mitre valve, although
mechanically able to lift %D, would be very limited under these conditions, and the valve
would have to be very large to give the required throughput.
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Various designs have been developed to increase this working lift, and the improved high lift
safety valve is a very suitable one for low and medium pressure boilers.

These valves increase their lift over that of a simple spring-loaded mitre valve in two ways.

One is the specially shaped valve seat, the other being to use the lower spring carrier in the
fashion of a piston, which acted upon by the pressure of the waste steam helps to compress
the spring.
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Adjustment of the valve is carried out by means of a compression nut screwing down onto
the top spring plate. A compression ring is fitted after final adjustment to ensure no further
movement takes place. A cap is then placed over this compression nut and top of the valve
spindle, and a cotter is passed through and padlocked to prevent tampering by unauthorised
persons. Clearances between this cap, the valve spindle and.the cotter are such as to prevent
the valve being held down externally, whether by accident or design.

A hexagon on top of the cap enables it to be turned, this motion being transmitted through
the cotter and the valve securing pin to the valve lid, turning it upon the seat. With saturated
steam this action is often effective in stopping the valve feathering and allowing it to seat
firmly.

Easing gear is fitted so that in the event of an emergency, the valve can be opened by hand
to full lift of %D to release the boiler pressure.

Conventional spring-loaded safetyvalves present problems when called upon to deal with
steam at high pressure and temperatures. These include distortion of the spring and valve
seats, and the difficulty of getting the valve to close smartly at these extreme conditions. The
latter is necessary in order-.to prevent feathering; this is the name given to a condition where
a thin film of steam blows across between the valve faces and leading to loss of steam. This
is especially the case when the steam is superheated.

One type of valve designed to deal with these problems is the full bore type safety valve.
This consists of main and pilot control valves; both being in direct communication with the
boiler pressure.
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Each safety valve is operated by its own control valve, the/latter consisting of a small spring-
loaded valve set to operate at the boiler blow off pressure. As it lifts its blanks off ports
leading to the atmosphere, and allows steam pressure to-build up and act upon the operating
piston attached to the main valve spindle. This piston has about twice the area of the main
valve, and the forces set up cause the main safety valve to open % of it diameter, so giving
full bore conditions for the escape of the boiler steam to the atmosphere through the waste
pipe. The throughput is approximately 4:times the discharge capacity of an ordinary safety
valve.

When the excess boiler pressure has.been relieved the pilot valve closes, so opening the ports
and allowing the operating steam. to'vent to the atmosphere; this releases the pressure acting
on the piston. The escaping steam helped by the valve return spring, closes the valve.

The main valve is kept closed by:the boiler pressure acting upon it. As there is no spring to
oppose this force, the higher the boiler pressure the greater the closing load, this being the
opposite case to a direct spring-loaded valve.

When this type of valve‘is fitted to the superheater, trouble due to the high temperatures
involved, can be greatly reduced by mounting the control valve on the steam drum so that it
operates with saturated steam. In this way both the control valve spring and the operating
piston are protected from the superheated steam.

Other advantages for this type of valve are that the main valve has no heavy spring to be
affected by the high temperature steam. The light return spring, being at the other end of the
chest away from the escaping steam, is of relatively little importance.

The control valve seat is small and so is less liable to distortion than larger seats and this,
coupled with the use of saturated steam helps to ensure that it closes tightly, thus giving a
positive closing action to the main valve. The boiler pressure acting upon this enables it to
seat tightly, even against slight distortion of the main valve seat.

Adjustment of the blow off pressure is carried out by changing the compression on the control
valve spring; this is done by means of an adjusting nut fitted to the control valve.
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Easing gear is fitted to act directly upon the main valve in order to open it in case of
emergency. In addition a hand easing lever is also fitted to the control valve, enabling steam
to be admitted to the operating piston of the main valve.

A number of direct spring-loaded disc type safety valves obtain a full lift of ¥4 of their
diameter within the 10 percent Accumulation of Pressure rule by allowing the valve disc to
lift within a sleeve so that, acted upon by the water steam pressure, it performs in the manner
of a piston helping to compress the spring. Further assistance being provided by reaction
forces set up when the escaping steam is deflected by a specially shaped valve seat and disc
face.

When this valve first lifts in response to a condition of overpressure, it allows the escaping
steam to act upon the full area of the enlarged face of the valve disc, lifting it up into the
fixed guide sleeve. This prevents waste steam pressure acting on top of-the valve, and a vent
is provided to keep the space between the valve disc and the spindle guide at atmospheric
pressure. Thus the waste steam pressure acting upon the face.of.the valve disc lifts its, so
helping to compress the spring.

When the valve fully enters the guide sleeve, it causes some of the escaping steam to be
deflected downwards by the bottom edge of the guide sleeve, the resulting reaction set up
assisting the waste steam pressure to lift the valve to its full open %D position. It is claimed
that this, together with the nozzles shaped inlet to the valve seat, gives full flow conditions
for the escaping steam.
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When the boiler overpressure has been relieved, the valve begins to close, and as the face of
the valve disc emerges from the guide sleeve the reaction effect ceases, and the valve now
closes cleanly and sharply. This helps to prevent feathering.

The spring is isolated form the main body of the valve, and this together with its heavy cross
section enabling it to be made shorter and more resilient, reduces the chances of distortion.
In addition the light sheet metal guard protecting.the spring allows a good circulation of air
over the spring, so helping to cool it.

Adjustment to the valve blow off pressure.is made by means of a compression nut screwing
down onto the top spring plate. After final adjustment has been carried out a compression
ring is inserted, and the lock nut tightened to prevent further movement. The compression
ring is in two halves so it can be placed in position without disturbing the compression nut.
The protective cap is then fitted over the nut and ring, and padlocked in place.

A further adjustment can be.carried out on this type of valve to give the desired discharge
and blow down characteristics.

The term blow down is used with reference to the fall below blow off pressure that occurs
before the valve finally-closes. This leads to a waste of steam and should be avoided as much
as possible, and many high capacity safety valves are provided with some form of blow down
control. The Hylif valve makes use of the guide sleeve to do this. The throttling effect
obtained by adjusting the vertical position of the guide sleeve effectively controlling the
speed at which the valve closes and thus the amount of blow down.

This adjustment is carried out by trial and error to give the best valve performance for
prevailing conditions. A locking screw is then fitted and a guard plate locked in place to
prevent tampering.

Stepped lugs on the valve seat prevent the sleeve being screwed down too far and restricting
the flow of escaping steam.

Easing gear is fitted to enable the valve to be opened by hand in case of emergency; this is
arranged so that it cannot be used to hold the valve closed.

An open-ended drain must be fitted to the waste pipe to prevent any build-up of water in the pipe

causing a head of water to form over the valve lid so increasing the blow off pressure. Also in very
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cold conditions this water could freeze in the upper parts of the waste pipe with possibly disastrous
results.

Main Stop Valve

This is mounted on the superheater outlet header, and enables the boiler to be isolated from
the steam line. If two or more boilers are fitted supplying steam to a common line, the stop
valve on each boiler must be a screw down, non-return type. This is to prevent steam from
the other boilers flowing into a damaged boiler in the event of a loss of pressure due to a
burst tube. In some cases the main stop valve incorporates an automatic closing device,
designed to operate in emergency conditions, to shut off steam from the main turbines.

for a fire tube Doskes
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Auxiliary Stop Valves

This is basically a smaller version of the main stop, fitted for the purpose of isolating the
boiler from the auxiliary steam lines. Again these must be screw down, non-return type
valves if necessary to prevent steam flowing back into the boiler in the event of damage. The
valve will be mounted on the superheater outlet header; a de-superheater can be used to
reduce the steam temperature as required.

Feed Check Valves
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These are fitted to give final control over the entry of feed water into the boiler. They must
be screw down, non-return valve so that, in the event of a loss of feed pressure, the boiler
water cannot blow back in the feed line.

Main and auxiliary feed checks are fitted. The main check is often fitted to the economiser
inlet header; if not, like the auxiliary check, it will be mounted directly on the steam drum.
Extended spindles are usually fitted so the checks can be operated from a convenient position.
Care must be taken to ensure the valve can be operated easily and quickly, and that a positive
indication of the open and closed positions for the valve is given.

.;[3
L

Boiler Feed Water Regulator

The water level is a boiler is critical. If it is too low, damage may result from overheating;
too high and priming can occur with resultant carry-over of water and dissolved solids into
superheaters, steam lines, etc.

Automatic feed regulators are therefore fitted to control the flow of water into the boiler and
maintain the water level at its desired value.

They are fitted in the feed line, before the main feed check. In most cases they use a float or
thermal means of operation and thus must have a direct connection to the steam and water
spaces as required. The regulator can be attached directly to the boiler shell, or alternatively
mounted in an external chamber with balance connection to the steam drum, or boiler shell.
In the case of watertube boilers with their high evaporation rate and small reserve of water the
control of the water level is so critical that the classification societies demand that some form of
automatic feed regulator must be fitted.
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Water Level Indicators

The DOT demand that at least two water level indicators must be fitted to each boiler. In
practice the usual arrangement consists of two direct reading water level gauges mounted on
the steam drum, and a remote reading indicator placed at a convenient control position.

Low Water Alarms

The classification societies demand that these should be fitted to reduce the risk of damage
in the event of a loss of water in the boiler due to burst tube or failure of the feed supply.

In some cases they are mounted inside the steam drum, but many are mounted externally.
Various types are available, either steam or electrically operated. Various types are available,
either steam or electrically operated. Some versions also incorporate high water level alarms.
If the water level in a watertube boiler disappears from the bottom of the water level gauge
glass, immediate action must be taken, the boiler being put out of service.

Due to the high evaporation rate and small reserve of water in awatertube boilers, for various
reasons such as malfunction of the feed water regulator, or.feed pump, or by a burst tube
within the boiler itself, this loss of water can happenvery.rapidly. The classification societies
therefore demand the fitting of a low water protection'device. This must both sound an alarm
and cut off the fuel oil to the boiler.

Many different types may be fitted; a typical steam operated low water alarm and fuel oil cut
off is shown in diagrammatic form below.

The device consists basically of an operating mechanism in the form of a float controlled
needle valve, and alarm whistle, and a fuel cut off valve. When the water level falls below a
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certain predetermined value the float drops — so opening the needle valve. This allows steam
to pass to the whistle alarm and to the actuator of the fuel oil shut off value.

When the steam pressure acts on the actuator piston if pushes it downwards, so closing the
shut off valve. When the valve closes, a spring loaded plunger moves into a slot in the valve
spindle and holds the valve in the closed position until it can be reset by hands. This is to
prevent some transient event, such as the water surging in the drum due to heavy weather
conditions, causing the fuel oil shut off valve to first close and extinguish the furnace flame.
If this valve were then allowed to reopen automatically immediately the water level is re-
established, it could result in large quantities of unburnt oil being sprayed into the hot furnace
leading to a possible gas side explosion causing damage or starting an uptake fire.

In addition to this resetting device, an anti-surge will be fitted to the operating mechanism.
In the type being considered it takes the form of a cage placed around-the float. Holes in this
case are such that if, during heavy weather, the water level drops momentarily below the
minimum level allowed, it will have surged back before the waterin the cage has time to
drain out enough to operate the mechanism.

Another refinement which may be fitted is the internal steam supply pipe. This prevents
deposits forming around the needle valve seat in the event.of leakage, i.e. as might occur if
the chamber were left open to the boiler water.

In many versions the operating mechanism is mounted.in‘an external chamber, and connected
to the drum by steam and water balance connections. This gives the advantages that
maintenance can be carried out on the operating mechanism without shutting down the boiler.
The low water alarm should be tested “at frequent intervals and be part of the planned
maintenance system, and as soon as/practicable after any work or adjustments have been
carried out on it. If for any reason.the device has to be shut off a notice should be displayed
on the starting platform, or in the control room, informing the watch-keeping Engineers of
the fact. The device should be returned to service as soon as possible.

Blow Down Valves

These are fitted to the-water drum to enable water to be blown from the boiler in order to
reduce the density. When the boiler is shut down these valves can be used to drain it. The
usually consist of two valves mounted in series, arranged so that the first valve must be full
open before the second can be cracked open; i.e. sufficient to give the required rate of blow
down. In this way the seating of the first valve is protected from damage, so reducing the risk
of leakage when the blow down valves are closed.

These blow down valves discharge into a blow down line heading to a ship-side discharge
valve.

Scum Valve

These should be fitted when there is a possibility of oil contamination of the boiler. They are
mounted on the steam drum, having an internal fitting in the form of a shallow pan situated
just below the normal water level, with which to remove oil or scum, from the surfaces of
the water in the drum. These valves discharge into the blow down line.
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Drain Valves

These are fitted to headers, etc, so enabling the boiler to be completely drained. They must
not be used to blow down, only being opened when the boiler is shut down.

Air Vents

These are fitted to the upper parts of the boiler as required to release air from drums and
headers, either when filling the boiler, or raising steam.

Superheater Circulating Valves

These are fitted so that when raising steam they can first release air from the superheater, and
then provide enough circulation to prevent superheating by allowing sufficient steam to blow
off to the atmosphere or a suitable drain system. They should only be closed when there is
enough demand for superheated steam to provide the minimum circulation of steam required
to prevent overheating.

Chemical Dosing Valves

These are fitted to the steam drum to enable feed treatment chemicals to be injected directly
into the boiler. Chemicals can also-be added to the system via the hot well.

Salinometer Valves

These are fitted to the water drum to enable samples of boiler water to be drawn off so that
the tests required forthe control of the feed treatment can be carried out. At high pressures it
is necessary to provide some means of preventing flash off taking place as the pressure over
the sample is reduced to atmospheric. This is usually done by passing the water from the
salinometer valve through a cooling coil which reduces its temperature to a value below
100°C.

Soot Blower Master Steam Valves

These are usually mounted on the superheater outlet header to ensure that superheater is not
starved of steam while blowing tubes.

In some cases two valves are fitted in series, with a drain valve between them in order to
prevent steam leaking into the soot blower steam supply line when these are not in use.
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Pressure Gauge Connections

Fitted as required to steam drum, superheater outlet header, etc, to provide the necessary
pressure readings. In addition suitable connections must be provided for the pressure sensing
points required for automatic combustion control systems etc.

Thermometers

Pockets must be provided in superheater. headers, etc, for the fitting of either direct or remote
reading thermometers.

Sootblowers

Cleanliness is all important in.the operation of heat exchangers including boilers and all the
ancillaries described.-For boilers, economisers and gas/air heaters which are exposed to
products of combustion some form of on loading cleaning is necessary. The most common
method involved the regular use of sootblowers in which superheated steam is discharged
onto the heating surfaces, driving off any deposits. It will be appreciated that part of the
sootblower is itself exposed to the products of combustion and this must be taken into account
when choosing the sootblower type and materials of construction.

In its simplest form a steam sootblower consists of a headpiece, including a valve, mounted
external to heat exchanger. Extending from this into the gas passage is a tube or lance fitted
with nozzles through which the steam discharges. An electric or pneumatic motor attached
to the headpiece causes the lance to rotate and when the nozzles come into a position where
the discharge of steam will impinge on the area to be cleaned a cam operated valve opens in
the head to admit steam from the sootblowers steam piping system. As the lance continues
to rotate, bringing the nozzles clear of the heating surfaces, the cam allows the steam valve
to close. In such a sootblower the lance is permanently in the gas passage and, apart from a
small quantity of purge air admitted to prevent combustion products from entering the head,
is uncooled when not in operation (below).
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In early D-type convection bank boilers suech sootblowers fitted in the superheater zone
experienced a very short life due to the ravages of temperature and corrosion. As a result the
superheater area suffered severely from fouling and blockage of the gas passages making it
necessary to use high pressure water.washing off load. To alleviate these difficulties
superheaters were arranged when.not in operation so that the lance is only exposed to hot
gases whilst a cooling flow of steam is passing through. These sootblowers possess a more
powerful cleaning action, better able to deal with the deposits which the chemistry of the fuel
ash at high temperature-causes to be bonded to the heating surfaces and is more difficult to
remove than dusty, sooty, deposits found elsewhere. In operation the lance revolves and
traverses across the gas-passage whilst the steam jets pointing sideways at the end of the
lance clean a spiral path. When fully inserted the lance withdraws after making a half turn so
that the outward spiral cleaned is out of phase with the inward enabling the whole area to be
exposed to the cleaning effect of the steam jet (above). The head of the sootblowers is
supported on steel work outside the boilers and the lance is traversed along a rack with the
steam being supplied through a telescopic tube (over). Retractable or rack type sootblowers,
so called because of the rack traversing mechanism, have proved extremely successful in hot
gas zones due to their improved life span and superior cleaning effect. They are naturally
more expensive than the simple, fixed head, rotating element blowers and they occupy a good
deal of space outside the boiler. For these reasons their use is confined to those areas where
the simpler type has not proved satisfactory and that is basically in areas where the gas
temperature exceeds 750°C.

At lower temperatures, and by choosing suitable materials for the lance, fixed head rotating
elements sootblowers can give good service. The arrangement of nozzles along the length of
the lance is chosen to suit the location of the lance in relation to the heat exchanger tubes. If
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the lance is aligned normal to the tubes cross the tube bank and is in close proximity to them
multijet nozzles are pitched to correspond with every third lane or so between these tubes
whereas if the lance runs parallel to and in line with the tube axes it can be located at a
distance where the tube bank subtends as arc 90° to the lance and fewer nozzles can be used.
Since all fresh water used aboard ship has to be made, and that supplied for makeup to the
boiler must be further treated with chemicals to ensure a high degree of purity, the use of
steam for sootblowers can prove expensive. In the past, use has been made of sootblowing
systems where the operating and cleaning medium was compressed air. In modern ships, and
with the residual type fuels currently available, steam is now universal. All of the sootblowers
provided for a boiler unit, including its final heat recovery system, are connected to a
permanent system of pipework outside the boiler. This pipework is normally isolated and is
put under steam only when the sootblowers are to be operated. This-will be at a frequency
dictated by operating conditions; typically once every watch. It.is necessary, therefore to
carefully warm through the piping system prior to operating the.blowers, ensuring that all
condensate is fully drained. Control system are now common which will cause the
sootblowers to operate sequentially and as necessary the operator can programme the control
to omit some blowers from the sequence or to repeat some as.local conditions may required.

Boiler Drum Internals

It is obviously an essential requirement for any boiler that steam supplied to the range or to
the superheater should be free of water particles. In boilers having a high volume to
generating capacity ratio, such as the oldertank type boilers, no special provision is necessary
to achieve this. The large steam space.coupled with the low turbulence on the surface of the
water is adequate to ensure that sufficient water particles gravitate out, for practical purposes,
before the steam exists through.the boiler stop valve.

In most water tube boiler installations, however, a better quality of steam is demanded and
due to the high turbulence present on the surfaces of the water in the steam drum and
comparatively small steam space available, some form of steam drying is required to extract
the moisture from the steam before it passes to superheaters.

In low rated installations this drying may be achieved by fitting simple perforated plates
immediately above the normal working level of the water in the steam drum in conjunction
with a steam collecting pipe which is usually slotted to provide further separation.
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For the more highly rated boilers which often include relatively small diameter steam drums,
a more complicated arrangement is required. One arrangement is show above. This
arrangement consists of a series of girth baffles which direct the steam/water mixture leaving
the tubes into horizontal separators. Here, by centrifugal action, most of the water content of
the steam is extracted.
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The final stage in this system takes the form of chevron driers, a series of perforated plates
in “V’ form, where the last droplets of moisture are removed. This arrangement has the
disadvantage that considerable dismantling requiresto be done before a thorough inspection
of the internal surfaces of the steam drum can be-made.

Water Gauges
Water Gauges

Water gauges play animportant part in the safety of boiler operation. Every boiler must have
at lest two independent means of indicating the water level. These indicators must be placed
in a position where they can be easily and clearly seen by the operator. Scotch boilers must
have the two indicators placed one to each side.

Some small, vertical low-pressure boilers may have three test cocks, placed vertically one
above the other in way of the normal water level, together with one gauge glass. However no
boiler whose working pressure is about 8.2 bar, or with a diameter in excess of 1.8m, is
allowed to use test cocks as a means of indicating water level.

In most cases marine boilers make use of two indicators in which the water level is clearly
visible.

For boiler pressure up to about 17.5 bar it is normal practice to use round glass tubes suitably
connected to the boiler by means of cocks and pipes, for indicating the working level of the
water. Above 17.5 bar the glass tube is replaced by what is in effect a built-up rectangular-
section box having a thick plate glass front and back.

Tank-type boilers, coming in the lower range of pressures, are invariably fitted with round
glass-tube gauges, these being connected to the boiler in one of the following ways:
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(a) Fitted directly to the boiler;

(b) Fitted to a large-bore bent pipe, one end of which communicates with the steam

space and the other with the water space;

(c) Mounted on a hollow column, the ends of which are connected by pipes to shut-

off cocks on the top and bottom of the boiler;

(d) Mounted on a column as in (c), but the centre part of the column is solid, the ends
again being connected by pipes to shut off cocks on the top and bottom of the boiler.
Isolating cocks or valves, fitted where these pipes areattached to the shell, give the advantage
of a double shut off. This enables maintenance t0 be carried out on the gauge glass cocks

while the boiler is still steaming.

The general arrangement of a tubular gauge glass is shown above. It consists of two gun-
metal bodies, the glass tube fitted between them, being held in place and sealed at each end

by nuts tightened onto soft, tapered sealing rings.
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Isolating cocks are fitted to the steam and water connections, while a drain cock fitted at the
lower end allows for blowing through the glass.to test it. In come cases, gun-metal cocks
having tapered plugs stemmed with asbestos are used. These are not only difficult to keep
tight, but also are liable to seize up, and in most cases the more efficient asbestos sleeve type
cocks are used.

A ball valve is fitted to the lower end of the gauge in order to shut off the water in the event
of the glass fracturing. Otherwise, as water is blow out, the reduction in pressure causes it to
flash off in large volumes.of scalding steam, with possible injury to boiler-room personnel.
Although steam will escape at the other end, it will not be subject to this great increase in
volume, and thus the mass of steam blowing out is limited. However, in some cases
restricting orifices are fitted in the steam end, only allowing a greatly reduced quantity of
steam to blow outin-the event of failure — just sufficient to indicate fracture.

Plugs are fitted in the gun-metal bodies to allow for the renewal of the glass tube, and for
cleaning the various passages.

Plate-glass guards should be fitted to prevent injury in the event of the glass tube shattering,
especially when blowing through.

Difficulty is often experienced with this type of glass in ascertaining whether it shows
completely empty or completely full of water. It is good practice to place a board, painted
with diagonal black and white stripes, behind the glass. If it is full of water, refraction will
cause the stripes to appear bent to the opposite angle. If no board is fitted, a pencil, or similar
object can be sued to the same effect.

Finally the handles of the steam and water cocks must lie vertically downwards when in the
full open position, while the drain cock handle must be in thus position when closed. This is
to prevent vibration, etc, causing the cocks to move to such a position that a false indication
of the water level could result.
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In any doubt exists about the accuracy of the reading indicated by a water level gauge it
should be tested by blowing through in the correct manner. It should be noted that, when
testing, it is not usually possible to determine whether steam or water is issuing from the
drain, but a strong blow will indicate unobstructed passages.

The figure above shows some common means of attaching water level gauges to the boiler.
The following test procedure should be carried out on gauge glasses attached directly to the
boiler shell:

Close the water cock (B), and open drain cock (C). A strong blow will indicate the steam
cock (A) is clear. Then closing cock (A), open cock (B); a strong blow now indicates the
cock (B) is clear.

A similar procedure can be carried out for gauges attached to the boiler by means of an
external pipe, or by means.of a solid column. In this latter case, the isolating cocks on the
pipes leading to the column many also be chocked. The advantage of the hollow column-
type fitting shown in the figure, is that in the event of chokage it is possible by blowing to
determine which of the four cocks is chocked.

To do this first carry out the test procedure previously described using cocks (A) and (B)
together with drain cocks (C). In both cases a strong blow through the drain indicates these
cocks are clear. Then to check the isolating cocks (D) and (E) together with the hollow
column itself, use a procedure known as cross blowing. For this close cocks (A) and (E), a
strong blow through the drain now indicates cocks (D) and (B) and the respective passages
are clear. Then close (D) and (B) and open cocks (A) and (E), where again a strong blow
shows these cocks and passages to be clear. If however, during these operations only a weak
blow, or a no blow occurs, it indicates an obstruction is present in whichever passage is open
at the time, and a simple process of elimination will show where the fault lies.

If the steam cock is choked, a vacuum forms in the upper part of the glass causing the water
to rise until it completely fills the glass.

If the water cock is choked, the water level will rise slowly, condensation in the steam space
gradually filling the glass.
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Similar results, although to a lesser extent, can be caused by partially choked cocks and
passages. This chokage is generally brought about by a build-up of deposits left behind by
boiler water evaporating away due to leakage in way of cocks, etc.

Another reason for obstruction is the cock handle being twisted; so causing the plug to be
closed although the handle is in the open position. This can occur due to tapered plugs,
stemmed with asbestos, being nipped up too tight in an attempt to stop them leaking. This
type of fault is unlikely with asbestos sleeve-type cocks, provided reasonable care is taken
when inserting a new sleeve. A locating rib on the side of the sleeve ensures correct
alignment. Also ensure the cock handle is correctly attached to the spindle.

It should be noted that the handles on the steam and water cocks should always point
vertically downwards when in the open position as another fault can rise if they are left
pointing upwards, i.e. vibration causing a loose plug to move around-to.a closed or partially
closed position.

The glass tube itself can cause trouble. If it is too short it may-result in the packing sleeve
being squeezed over the ends of the glass, so blocking the opening. This is most likely to
happed at the top steam end of the glass. Again too long a glass projecting up into the top
crock body can obstruct the steam passage.

A dirty or salted glass can prevent the water level beingeasily seen.

Where water level gauges are fitted to the boiler indirectly by means of a solid or hollow
column, as shown above, the isolating cocks on.the boiler can become choked. This again
causes the water level in the glass to read toe high — for similar reasons to those stated for
the steam and water cocks. Additional. care ‘must be taken with hollow column-type
mountings in that blowing through by means of steam and water cocks on the gauge itself,
and not using the isolating cocks on-the boiler, will not indicate if either of the latter is choked.
Gauges fitted to the boiler by either-of-the above methods should be checked on a new boiler,
or after a refit, to ensure that no-distortion has taken place of bends formed in which
condensation can collect; these may cause possible false readings.

It should also be noted that the water cools down in the relatively long pipes connecting the
columns to the boiler; this changes its density, resulting in a level in the glass slightly below
that in the boiler. Immediately after blowing, the level in the glass will appear slightly higher
— now corresponding to that in the boiler — until the water again cools down.

Having checked that all cocks and passages are clear, and with the steam and water cocks
closed, and drain open, a tubular-type water level gauge should be put back into service as
follows:

Close the drain, and open water cock (B) very slowly. If the water level in the boiler is above
the passage to this cock, it will enter the glass and rise slowly to the top. Now open the steam
cock (A), and the correct water level in the boiler will be indicated, this should be between
one quarter to three quarter of the glass.

If the level drops from the glass when the steam cock is opened, it indicates the water level
in the boilers lies somewhere between the water passage to the gauge and the bottom of the
glass. In a Scotch boiler the bottom passage lies at least 100mm above the top of the
combustion chamber; the boiler is still in a safe condition, but feed water should be added,
or the supply increased immediately. On the other hand if the water remains at the top of the
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glass, it indicates too much water in the boiler, and the feed supply should be reduced, or
stopped in necessary, to prevent priming.

If no water appears in the glass when the water cock (B) is opened, the level of water in the
boiler must be below the gauge water passage and the boiler is in a potentially dangerous
condition. Reduce boiler load and rate of firing and, as long as the water covers the
combustion chamber tops, the feed supply should be increased, and if necessary the stand-by
feed pump and auxiliary feed checks put into operation. But if the water level does not
reappear quickly, or if any doubt exists about the water covering the combustion chamber
tops, take the boiler out of operation. Shut off the fuel and, if it is suspected that overheating
has occurred, operate the easing gear on the safety valves to release the boiler pressure.
When the boiler has cooled down it should be examined, and only returned to service when
considered to be in a safe condition.

The water level gauge should always be kept clean, well it, and is in'good order. All passages
and cocks liable to chokage should be inspected, and cleaned if-necessary when the boiler is
shut down.

The water level gauges should be tested at frequent intervals, and always if any doubt arises
about the accuracy of the water level indicated. Any obstruction must be cleared as soon as
possible.

Steam and water cocks and passages in the gauge can be cleared while the boiler is still
steaming. To do this, shut the steam and water cocks, and open the drain. Remove the
cleaning plug opposite the obstruction. If this still cannot be cleared, screw in a pug with a
small hole, about 5mm diameter, drilled through it in place of the cleaning plug. Insert into
this hole a rod of such a size that, held by a gloved hand, it can be moved easily without being
slack. Then open the choked cock-and push the rod through to clear the blockage. When
clear, the open drain will prevent a‘build-up of pressure, and only a small amount of steam
will blow past the rod, the glove protecting the operator from injury. Then close the cock and
replace the normal cleaning.plug. The gauge glass can now be tested and, if satisfactory,
returned to service.

DO NOT CARRY OUT THIS OPERATION ON A PLATE-TYPE GLASS ON A
HIGH PRESSURE BOILER.
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Although plate-type water level gauges can be used for low pressure, in view of their greater
cost, usually only come into.general use of pressure above a value of about 17.5 bar. The
reflex glass shown below is:an example of a type of water level indicator suitable for boilers
working at a medium pressure range between about 17-30 bar.

These gauges are supplied with gun-metal bodies up to pressures of 17.5 bar while for higher
pressures forged steelbodies are used.

The gauge is normally fitted directly to the boiler shell or steam drum. The isolating cocks
in the steam and water connections, together with the drain cock, are of the asbestos sleeve
type. In many cases these cocks can be operated by extended rods, or chains, to prevent injury
in the event of the glass shattering when blowing through the glass. However, the glass plates
are so strong that this form of failure does not occur often, and even then the pieces of glass
frequently remain in position, thus the fitting of an external guard is not necessary.

The single-sided glass ingeniously make us of the refraction of light so that, when illuminated
from the front, the series of ribs at the back of the glass plate cause the light rays to be
reflected back from the steam space and absorbed in the water space. This gives a bright
silvery appearance to the former, while the latter shows dark. The strong contrast between
the two enables the operator to see immediately the position of the water level. It also make
it possible to tell at a glance whether the glass shows completely empty or completely full of
water — a condition which causes some confusion with many other types of gauge glass.
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A ball valve is normally fitted to the lower end of the gauge to shut off the water in the event
of glass plate shattering and blowing out. The ball valve thus prevents the escape of water,
with the resulting flash-off of large amounts of steam, making it difficult to shut off the gauge,
and possible causing injury.

Another problem arises at higher pressures to the fact that hot distilled water at high pressure
erodes the glass away. This effect is even more pronounced if alkaline feed additives are
being used. To resist this a special borosilicate glass is used for the higher pressure, but can
only give limited protection. For pressures above 34 bar some means must be used to prevent
the water from coming into direct contact with surface of the glass. This is usually done by
placing a sheet of mica between them. Due to the ribbed glass, the reflex-type gauge cannot
make use of this form of protection, and so is not suitable for use with high pressure boilers.
In the case of high pressure watertube boilers working at values above-34 bar, water gauges
usually take the form of double-sided, plate glass type water level indicators, with mica
protection for the glass plates.

This protection is necessary as at high pressures hot distilled water erodes the glass away and
unless a sheet mica is placed between the glass and the water, attack takes place quickly,
indeed at the higher pressure ranges the glass will burst within a few hours if this protection
IS omitted.

The general arrangement of a typical double-pate-water level gauge is shown over. It consists
basically of a hollow centre piece with flats machined on each side to take the two plates of
toughened glass. These are held firmly in place by means of a clamp plate. Care must be
taken during assembly to prevent undue stress being set up which sill cause the glass plate to
shatter when put into service.

Thus the following procedures should be carried out. Strip down the gauge. Discard the used
glass plates, mica sheets, and joints. Make sure all joint faces are scrupulously clean. Check
frame and cover plates for flatness; any warping can cause the glass to shatter. Build up the
gauge, inserting the new joints, together with the mica sheets, in their correct sequence. This
is indicated below. Bolt the clamp plate onto the outer case. The clamping bolts should be
pulled finger tight onto the louver plate. Then starting from the centre, tighten these nuts in
the order indicated below. Do not overtighten, and pull up evenly, preferably using a torque
spanner.

A ball valve is fitted at the lower end of the gauge to shut off the water in the event of the
glass plates shattering. It should be noted that some form of double plate gauge glasses can
be placed on the boiler upside down. This places the ball valve at the top of the gauge, where
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it rolls down and obstructs the steam passage, so causing a false reading. It is thus advisable

to mark this type of fitting so as to clearly identify the top and bottom ends of the gauge.
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Top cock body
Bottom cock-body
Drain cock bedy
Plug

Neck bush
Tightening nut
Packing sleeve
Stuffing box head
Packing ring
Lantern bush
Bottoming ring
Gland

Gland studs and nuts
Cleaning plug
Washer
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17A Gauge centre piece

18
19
20
21
22
23
24
25
26
27
28
29
30
31

Gauge louver plate
Gauge back plate
Gauge nuts and studs
Gauge setscrews
Gauge glass gasket
Gauge glass strip
Gauge mica-strip
Gauge tube

Split nut
Gauge-tube cap
Tube cleaning plug
Tube plug washer
Gauge-tube washer
Shut-off ball

33
34
35
36
37
38
39
40
41
42
43
44
45
46
47

Bottom cock handle
Drain cock handle
Studs and nuts
Joint washer
Union nut

Tail pipe

Joint washer
Glass plate
Reflector
Retaining collar
Stuffing-box plug
Washer for above
Joint washer
Stuffing-box head
Cleaning plug
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16 Gauge front piece 32  Top cock handle

When installing a new gauge glass, first shut the steam and water cocks, and open the drain.
Remove the defective unit and fit the new gauge. Leave it in this condition, with the steam
and water cocks shut and drain open, to heat up for some hours. Then just crack open the
steam cock. After about twenty minutes follow up the clamp nuts in the correct sequence,
preferably using a torque spanner. Then close the drain, and fully open the steam and water
cocks, to put the gauge into operation. Do not stand directly in front of the gauge during these
operations in case the glass shatters.

Strip down and rebuild the defective unit as soon as possible and place it in a rack close to
the boiler.

The shut off and drain cocks are asbestos sleeve type, and can be.operated at some safe
distance from the gauge.

Two of these gauges are normally fitted directly onto each boiler.steam drum, usually to one
of the end plates, but in some cases to the side of the drum — one at each end.

Remote Water Level Indicators

Difficulty is often experienced in observing the water.level as indicated by the direct reading
water level gauges mounted on the steam drums of watertube boilers. Thus it is usually
considered necessary to provide an additional means of indicting the water level at some
point convenient to the starting platform_or control room. This can be done by a remote
indicator such as the (Igema) gauge shown below.

A

o
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This consists basically of a U-tube, the two legs connected to the steam drum as shown. Red
indicating fluid, which is insoluble in water, fills the lower end and remains there since its
density is greater than that of the water.

Above this fluid the two legs of the U-tube are filled with water; one being kept filled to a
constant head by means of steam condensing in the unlagged condenser. The level in the
other leg corresponds to that in the steam drum. Thus the heads supported by the indicating
fluid vary. As the water level in the drum rises so it tends to balance the constant head, and
the indicating fluid rises in the glass. The opposite happens when the drum water level falls,
the level of the indicating fluid in the glass also falling.

The sharp contrast between the red indicating fluid and the water enables the operator to see
the indicated water level at a glance. A completely empty or full glass is immediately
obvious.

When taking the boiler out of service, shut off the remote indicator by first closing the gauge
isolating valve (3), then the steam isolating valve (1), and finally the water isolating valve
(2).

When opening up, first open the steam valve (1), then the water valve (2), and finally the
gauge isolating valve (3).

If the remote indicator is connected to the same balance connections as one of the direct
reading waterleel gauges, it is important that the remote indicator is isolated before the water
level gauge is blown through. Otherwise water may be drawn out of the legs of the U-tube
so causing a false water level to be indicated by the remote reading gauge.

After cleaning, etc, the following procedure should be carried out to refill the indicator. First
close the isolating valves (1) and (2) on the boiler, and the regulating screw (4). Remove all
filling plugs. Then pour in the indicating fluid through the indicator filling plug (5) until the
lower part of the U-tube is completely-filled, fluid overflowing at the filling plug.

Close the gauge isolating valve(3) and replace the filling plug (5). Then slowly pour distilled
water into the water filling plugs (6) on top of the dirt trap until it overflows. Replace the
filling plugs. Finally pourwater into the top filling plug (7), until again it overflows, the plug
is then replaced.

The remote reading gauge glass should now show completely red. Leave it in this condition
until full boiler pressure has been raised.

When the boiler is under steam open the steam valve (1), then the water valve (2) followed
by the gauge isolating valve (3). Leave for about 15 minutes to settle down, then crack open
the regulating screw (4) and slowing bleed off excess indicating fluid, dropping the level
about 6mm at a time, with about fifteen minute between, until finally the level of indicating
fluid at the centre of the glass corresponds to the water level at the centre of the direct reading
water level gauge glass.

Although subjected to boiler pressure, the remote indicator glass is not at high temperature
and very rarely gives trouble. However, the apparatus should be cleaned out about once every
six months. The indicator should be isolated, drained, and flushed through with clean water.
The indicator must never under any circumstances be blown through either with steam or
water.

The glass is illuminated from behind, access to these lights being obtained by removing the
sheet metal casing at the back of the gauge.
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Boiler Operation
Boiler Operation

Boilers of all types are subject to extremely hazardous conditions involving very high
temperatures, abrasive and chemically aggressive fuel constituents and the ever present risk
of lax operating procedures brought about by over confidence engendered by the inherent
robustness and reliability of the plant. Vigilance is essential at all times and the prime
consideration is cleanliness of both gas and water sides of the various sections of the boiler
plant so that the boiler operates efficiently and with low maintenance:

A high efficiency is obtained when heat losses are low. A major heat loss occurs in the
products of combustion exhausted to atmosphere via the funnel.. This is minimised by
keeping heating surfaces clean and operating with a minimum of excess air so that the
temperature and quantity of the exhaust gases is as low as'possible.

Complete combustion must not be confused with perfect combustion — complete combustion
can readily be obtained by supply excess air, but when this is done, it must not be forgotten
that the greater the amount of excess air admitted into-the furnace, the greater will be the
amount of nitrogen present. This nitrogen is an inert-gas and absorbs heat, carrying it away
to the uptake. It will readily understood, therefore, that if perfect combustion and maximum
efficiency are to be obtained, a close control on the air supply must be maintained.

Excess air or, in other words, excess axygenand nitrogen, are the chief source of heat loss in
combustion. On the other hand, when-.insufficient air is supplied for complete combustion,
the loss due to the presence of the‘inert nitrogen is small compared to that resulting from
incomplete combustion.

In practice, excess air is necessary.The excess air is the mechanical means of obtaining more
intimate contact between the oxygen of the air and the fuel.

Combustion efficiency is the relationship between the amount of air actually supplied for
combustion and the amount theoretically required. The amount of excess air required for the
efficient combustion of coal is a very variable quantity as, with hand firing, the amount and
thickness of fuel, also the condition of the firebars, etc, vary from one fire to another. Qil, on
the other hand, finely atomised and intimately mixed with air, can be burnt under more stable
conditions, the excess air required being about 10-30%.

A smokeless funnel accompanied by a high carbon dioxide (CO.) percentage, low oxygen
(O2) percentage and without carbon monoxide (CO) is the ideal.

In the absence of gas-analysis apparatus, assuming all burners are clean and oil is at the
correct temperature, it is considered good practice to reduce the excess air from the smokeless
funnel state until a light-brown haze is obtained.

A further loss is due to the latent heat of moisture formed during combustion from the
hydrogen in the fuel but there is little of practical value to be achieved by the operator. Finally
there are radiation and unburned loses. The former may be contained by keeping all insulation
in good order and the outside surface of the boiler unit as clean and bright as possible.
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Unburnt losses can be kept to a small value by proper maintenance and care in operation of
the combustion equipment.

The necessary care begins with receipt of the fuel on board. The fuel must reach the point of
combustion in good condition. For oil fuel, settling tanks provide a ready use quantity of oil
which may be kept at a suitable pumping temperature for a sufficient time, for any water or
other residue to settle out. From here it is taken through suction strainers by the pumping and
heating unit, which is arranged in duplex form so that 100% standby pumping and heating
capacity exists.

Steam heating is used in service, although a separate small capacity electric heater and pump
iIs used for lighting up form cold. From the pumping and heating unit, the fuel oil is further
filtered before entering the pipework leading to the firing front. This pipework is arranged in
a complete loop back to the suction side of the pumping and heating unit; to enable the whole
system to be brought up to working temperature by circulating hot.oil before attempting light
off. Connections from this pipework to the individual burners and their control valves must
be short as possible to minimise the amount of cold oil injected into the furnace during the
first attempt at ignition. The arrangement of the pipework should be such that no dead legs
or loops occur where sludge deposits may accumulate, and-their heating of the oil should be
closely controlled at all times. It is customary to exercise this control so that the viscosity at
the burners is at an optimum value for the particular.type of atomiser in use. This may be
done by temperature, knowing the temperature-viscosity characteristics of the fuel, or
directly by means of a viscometer.

Combustion equipment needs special care.since inadequate combustion conditions caused by
badly serviced combustion equipment can.lead to serious long term difficulties downstream.
With oil firing, regular cleaning and.inspection of the atomiser tips is an essential safeguard.
Poor atomisation occurs with dirty, partially blocked or misshapen orifices. As soon as wear
is detected, the sprayer tips should be replaced with new and old discarded. This should apply
to all burners of a group, which should all have sprayers of equal size and quality at all times.
The burner barrel must be.set up correctly within the air register i.e. centrally disposed and
with the atomiser in the correct axial location. The swirler or impeller should be firmly
attached to the burner-carrier tube and in its correct axial location. The air register doors
should be free to operate and provide unrestricted passage when open. The correct settings
for the combustion equipment should be clearly specified by the manufacturer.

The air supply arrangements must also be in order. The suction of the forced draught fan
should not be impeded, and the trunking should be clear, particularly following any
maintenance which may have disturbed those parts. The closely pitched heating surfaces of
a steam air heater can also be blocked easily, and should be inspected for cleanliness at
intervals and cleaned as soon as necessary. Any dampers in the forced draught air trunking
should be checked to ensure that they are in the correct position and that the blades and
spindles have not parted company. Sometimes, baffles are used in the windbox to obtain the
correct, even air distribution between the several registers, and an occasional check that these
have not shifted is worthwhile.

Secondary air systems involve high pressure secondary air fans, which may taken their
suction from the hot forced draught air trunking, and deliver to a duct system encompassing
the front and rear to the furnace, ending in a number of branches to the individual secondary
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air nozzles which pierce the furnace wall. Distribution of secondary air in this duct system
may be adjusted by means of dampers which should be correctly set.

Assuming that good combustion conditions with a minimum excess of air are achieved, there
should be no tendency for severe fouling to occur. Fuels used will, however, vary within a
certain range, and contain many undesirable impurities, certain combinations of which will
increase the tendency to fouling which must be countered by regular use of sootblowing
equipment. For this to be successful the sootblowers by regular use of sootblowing
equipment. For this to be successful the sootblowers must themselves be maintained in
correct working order, and any deterioration corrected before it leads to problems within the
boiler. This involves checking the condition of the lances and steam nozzles and ensuring
that the blowing arc during which steam is admitted is correctly aligned with the heating
surfaces. The air purging arrangements should be checked to avoid corrasion due to ingress
of combustion products when not in use. Further, a check should be’'made that the sootblower
lance is obtaining steam at the appropriate pressure as specified-by the designer. This will be
adjustable at each sootblower head. At intervals, when the plant is shut down for maintenance
and survey, the cleanliness of all gas side surfaces can be/inspected and, if necessary, water
washing carried out. Very high pressure water washing equipment is available for this task,
and, if embarked upon, it should be carried through.to a conclusion which leaves all surfaces
clean and deposit free. If this is not done, small amount of deposit remaining, now devoid of
any soluble matter, will be baked on during subsequent operational periods and will need
severe mechanical attack for removal.

If left on it provides a good key for a further rapid build up of new deposit. This is particularly
so in high temperature zones and the extra care and effort necessary to achieve a good result
will be repaid.

Water side cleanliness is no less‘important to a good service life from a boiler as it has been
observed that even very think layers of scale inside heated tubes soon lead to temperatures
which can cause tube failure. It is therefore most important to ensure that water conditions
within the boiler are adjusted by the addition of water treatment chemicals, avoiding scale
formation and promoting corrosion free conditions within the whole boiler, steam and
condensate systems. Feed water entering the boiler should pass through a fine microfilter to
remove particles which may have been picked up in the pre-boiler system. After several years
operation, or more frequently should there be any accident or interruption in proper treatment,
it may become necessary to clean the water side of the boiler. With modern all welded
designs, the use of chemical cleaning has come into vogue. This must be approached with
caution and the services of a properly qualified chemical cleaning team should be used. Since
cleaning is accomplished by circulating weak acids around the affected parts it is essential
that thorough flushing and subsequent passivation procedures follow the cleaning stage.
Passivation ensures that the water side surfaces receive a protective layer of magnetite, and
follows all water side cleaning operations, even those occurring prior to commissioning when
the task is to remove millscale and other small debris resulting from construction. The actual
treatment used for boiler water condition varies with operating pressure since, in general
terms, the higher the pressure the greater the degree of water purity required. For the highest
pressures, volatile treatments are used, limiting the amount of dissolved solids in the boiler
water and avoiding the need to continuously blow down a small quantity of water from the
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boiler drum to control the solids content of the water. Care is needed to avoid a build up of
small particles in the lower parts of the boiler which, if left unchecked, could impede
circulation. To avoid this it is customary, on shutting down and after extinguishing burners,
to briefly operated manually the bow down valves from the lower headers.

Raising Steam

In the case of new boilers or boilers which have been out of service for survey or repairs,
there are a number of general points to note before starting to raise steam.
Serious accidents have occurred through this procedure being casually carried out, under
divided responsibility — especially in the case of new installations —and it is important
therefore that the procedure is the responsibility of an experienced qualified engineer.
Prior to filling the boiler, a thorough examination should be made, both internally and
externally.
Internally
(@) All tubes should be proved clear — oily waste and tube cleaning gear have on
occasions been left in tubes.
(b) Apertures in drum ends leading to water-gauges, etc, should be examined — tools
have been found obstructing these passages.
(c) Internal surfaces should be free from.scale and oil — this also includes oil from
tube expanders, if these have been used.
(d) Internal fittings should be secure i.e."perforated plates, feed pipes, internal steam
pipes, baffles, etc.
The header handhole plugs-and.lower manhole doors are now replaced.
Externally
(e) All refractory should be in good order — particularly any protecting drum surfaces.
(f) All valve, safety valves and cocks should be in good operable condition and shut.
(g) Manhole and handhole door joints should be in good condition and properly
tightened.
(h) Superheat control valves (dependant on arrangement) should be correctly set to
ensure that all'initially generated steam flows through the superheaters.
Check the gas side of the boiler is clean and in good order. Make sure that sootblowers are
correctly fitted, and operate over their correct traverse. Operate any gas or air control dampers
fitted to ensure they move freely for their full travel. Leave them closed or in mid-position
as necessary. The boiler casing doors are now replaced.
Open the direct reading water level gauge isolating cocks, together with all boiler vents,
alarm and pressure gauge connections. The superheater drains are also opened. Check that
all other drains and blow down valves are closed.
Commence to fill the boiler with hot deaerated water. At this stage the initial dose of chemical
treatment can be added through the top manhole doors which are then replaced.
Continue to fill to a level just above that which causes the low water level oil fuel cut out to
operate. Close any header vents as water issues.
Remove the funnel cover, and ensure that all air checks operate correctly and that the forced
draught fans are in working order. If gas heaters are fitted they should be by-passed.
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Check the fuel oil system to ascertain it is in good order. Start up the fuel oil service pumps
and check for leaks. The boiler is now ready to commence raising steam.

Heat the fuel oil to the required temperature, using the recirculating line to get the heated oil
through the system. If no heat is available for this, use gas oil until sufficient steam is
available to heat the residual fuel oil normally used.

Start the forced draught fan, and with all the air checks full open purge the boiler, making
sure any gas control dampers are in mid-position so giving a clear air passage.

Carry out a final check to make sure water level gauge cocks are open, water is showing in
the glass, and that steam drum and superheater vents are open.

Now close all the air checks except for the burner to be flashed up, this being done by means
of ignition equipment or a paraffin torch. The following few seconds is a trial for ignition
period, during which the burner should ignite and a signal received-by-the flame scanning
device. Should light up not occur during this period the burner issecured and the sequence
restarted with a further air purge. With the first burner safely firing use the lowest possible
firing rate. Adjust the air supply so as to obtain the best combustion and check that, as the
boiler heats up, the water level in the glass begins to rise.

At this stage the boiler stop valve is closed, the drum and.superheater vents are open, the
superheater and steam range drains are open and the superheater circulating valve is open.
This last is found in small bore pipe leading from the superheater outlet to atmosphere, its
purpose being to permit a cooling flow of steam through the superheater until the boiler goes
on load. The pressure raising period is a hazardous one for the superheater and requires that
the firing rate be limited, so that, with the small steam flow allowed, the superheater tubes
do not become overheated. Pressure should begin to rise after the first hour or so and until
this point no steam is available to cool.the superheater, so during this initial period great care
is taken not to overfire. Thereafter, with a steady firing rate, usually specified by the designer,
the pressure will rise so that'the saturation temperature in the boiler increase at the rate of
1°C per minute, so avoiding any risk of stresses induced by any substantial temperature
differential in any area of the boiler pressure parts. The typical lighting up chart (below)
shows how the pressure will increase at a faster rate as time passes until full boiler pressure,
in this case 62 bar, is reached in a little over 4 hours.

This chart also indicates the status of the various vent and drain valves during the lighting up
period.
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Steam temperature should also be monitored so that the circulating valve is not needlessly
left wide open, but is trimmed in to conserve water and aid pressure raising. This valve is
finally closed when the boiler takes load.

When the steam pressure has reached a value of about 3 bar blow through the water level
gauges to ensure they are working correetly. The isolating valves on the remote reading water
level indicator can now be opened, and the indicator placed in service.

With the steam pressure at about 10 bar follow up the nuts on all new boiler joints.

At a pressure of about 11 bar open the drains on the auxiliary steam lines, crack open the
auxiliary stop valve and warm the auxiliary line through. Now close the drains and fully open
the auxiliary stop valve.

When the main engine is ready to take steam, open the main steam line drains, and crack
open the main stop.valve and warm through the main steam line. Then close the drains and
fully open the main stop valve. The remaining burners are ignited. Thereafter the fuel oil
pressure is varied, causing the firing rate to match the steam demand by maintaining constant
boiler steam pressure.

The procedure from flashing up to coupling up at full working pressure should take about
four to six hours. Only in emergency should it be carried out more rapidly. If new refractory
material has been installed carryout the procedure more slowly.

At all times during the raising of steam the superheaters must be circulated with steam to
prevent them overheating. It the temperature of the superheaters goes above the permitted
value for the boiler reduce the rate of firing.

On modern plant, burner management and boiler control is achieved with automatic devices
and it is only necessary for the operator to satisfy himself that this equipment, the built in
alarms and safety cut out are operational, and to engage the system according to the maker’s
instructions. The automatic controls will take care of all manoeuvring situations and steady
load operations at sea, during which it is only necessary for regular checks to be made on
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safety devices such as low water level alarms and low level trips, which extinguish the
burners when water reaches a dangerously low level. There is an established routine for
blowing down water gauge glasses, and it is as well to extend this to include a check on all
alarm and safety cut out devices since such equipment, if seldom called into play, has been
known to fail to operate when an emergency arises. If, during any emergency, steam pressure
falls back well below the set point, care is needed, following resolution of the problem, not
to regain pressure too quickly. For safety of the superheater, fuel flow and steam flow should
be in balance. When regaining pressure, fuel flow must be greater than needed for the existing
steam flow. This excess firing rate will elevate the superheater tube temperature and must
therefore be limited. It will be satisfactory if the rate of regained pressure does not exceed
the rate of pressure rise existing at the end of the lighting up period, as shown on the lighting
up chart.

Fires

Cleanliness of the heat recovery surfaces after the boiler/can often be judged by observing
the gas pressure differential above and below. Any significant rise in this value should be
attended to. Whilst good combustion conditions will minimise the risk, deposits allowed to
accumulate in this area are a fire risk and, should fire‘take hold undetected, it can prove
impossible to control and can wreck the heat exchanger, or even the whole boiler. There is
plenty of evidence of soot fires leading on to-hydrogen fires.

Soot Fires

The ignition of an accumulationof soot, rich in carbon, caused by poor combustion either in
ort or when operating at lowpower for prolonged periods, can when supplied with the
necessary oxygen be the source ‘of a fire sufficiently intense to melt and burn steel. Air
heaters, with their thin.steel plates or air tubes and an abundance of oxygen, can, unless kept
clean, be very susceptible to this kind of damage.

Hydrogen Fires

Instances have occurred in which the tubes of watertube boilers, superheaters, economisers
and exhaust gas heat exchangers have, as a result of an intense fire, literally melted and run
away in streams. Sometimes in the case of vertical tubes, they have melted and flowed back
into their headers to solidify. According to the engineers who investigated these cases, the
fires were subsequent to the overheating of tubes which were short of water or steam.

How then does a ‘hydrogen’ fire occur in a watertube boiler or exhaust gas heat exchanger?
In the watertube boiler the importance of always ensuring an adequate steam circulation
through superheaters has already been mentioned, and cannot be overstressed. Additionally,
the firing rate, actual location of the superheater in the boiler, the inner and outer surface
cleanliness and condition of the superheater tubes, and possible maladjustment of the burner
equipment causing ‘flaming through’ screen tubes, can all influence the likelihood of severe
overheating of these tubes.
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When overheating of a superheater due to insufficient steam circulation is very severe, the
tube material may ignite at about 700°C and, burning in the steam, produce free hydrogen.
The iron will continue burning independently of any supply of oxygen from the air, and the
hydrogen produced by the reaction will burn on coming into contact with air. This means that
once such a fire has started there are likely to be two fires burning simultaneously, one, iron
burning in steam and the other, hydrogen burning in air, the combined fire being self
supporting and probably lasting until the supply of steam is exhausted.
The conditions necessary for the initiation of a hydrogen fire fortunately rare are generally
accepted to be as follows:

1. Tube metal temperatures of over 705°C.

2. Tubes with some steam content (usually quiescent or of poor circulation).

3. The presence of a catalyst in the form of a carbon ash.
The extreme importance of adequate steam circulation was vividly demonstrated in one case
where one of the two D type main boilers of a VLCC burnt out-In this incident, subsequent
to a tube burst and reduction of steam pressure in one boiler, the NR stop valve shut and,
before low water level shut off the fuel, a hydrogen fire started in its steam starved
superheater. This white hot fire spread throughout the boiler.melting and burning most of the
tubes, and also initiated soot fire in the air heater. Waterwall and screen tube headers were
subsequently found to be blocked solid with plugs of steel which had formed when the molten
boiler tubes and run back into their holes.
In the foregoing incidents with water tube boilers the source of heat responsible for the
overheating has been the boiler burners. Such fires do, however, occur in finned tube exhaust
gas heat exchangers and boiler economisers, where the source of heat is flue gas with a
temperature much too perchance during a soot fire; the unit concerned is not being circulated,
the intense heat of the soot fire, rich-in-carbon, may initiate a hydrogen fire and that this, as
in the case of boiler superheater fires, once started, is self-supporting until al steam is
exhausted.
It is important, therefore, that boiler economisers and exhaust gas heat exchangers are kept
clean on the gas side to prevent soot fires, and that if defective are either bypassed on the gas
side, or if not bypassed-have their defective sections properly blanked off, drained and vented.
Sometimes, due to tube failure in an economiser if the individual tube cannot be isolated, or
if the failures are of a multiple nature, it becomes necessary to make an emergency bypass of
the economiser on the water side. Ordinarily, the gas temperature in this zone will not be
sufficiently high to cause any distress to the metal parts, but there will be a fire risk due to
the overheating of any deposits on the tubes. Sootblowers should therefore be operated prior
to operation with the economiser bypassed, a suitable reduced firing rate should be
established and the gas temperature into and out of the bypassed unit monitored, the plant
being shut down at the first sign of untoward readings. Such events are also known to have
occurred in diesel exhaust gas boilers and, apart from keeping them clean, a sensible
precaution with this equipment is to leave the circulating pump running, after the engine is
shut down, to cool down the unit and to ensure that air is not admitted until cooler conditions
prevail. The only cure is prevention.

Furnace Explosions




SEAFARERS TRAINING CENTER M-CEOS(I)-29

CHIEF ENGINEER OFFICER AND SECOND ENGINEER

OFFICER REV. 02 - 2015

Furnace explosions or on a lesser scale ‘blow backs’ generally occur when volumes of oily
vapour and air, present in a furnace in explosive proportions, are ignited, although sudden
admission of air to a fuel-rich burner flame may well produce the same result. These
explosions should not occur in boilers fitted with automatic sequential controls, as these,
apart from controlling the fuel to air ratio also ensure adequate purging before ignition.
Even in the best designed system, however, automatic light-up failures do occur, and it is
then, when going over to manual control, often in a hurry that the wrong action is sometimes
taken, resulting in an explosion. Failure to obtain ignition at the first attempt must be followed
by adequate purging.

Explosions in watertube boilers with their large capacity furnaces can, be a serious
occurrence, often involving the loss of lives. These explosions usually occur when steaming
conditions are not stabilised, as for instance during a vessel’s fitting-out period when steam
is intermittently required for testing auxiliaries. At such times the‘operation of the boiler is
sometimes a divided responsibility, and may well be under manual control without all its
safety devices completely installed.

Boiler operation should always be the responsibility of one.qualified engineer who full
appreciates, from the furnace explosion aspect, the vital necessity of adequate pre-ignition
purging, and who is aware of the possibility; especially with membrane walled boilers, of a
serious furnace explosion pulling tubes out of drums and disgorging the boiler contents into
the engine room.

Laying-up Boilers

During idle periods precautions have to be taken to protect boiler internal surfaces against
corrosion. Two methods are in.common use dependant on the length of lay-up.

For short periods up to say a'maximum of one month, the boiler, superheater desuperheater
and economiser, with all valves and cocks shut, are completely filled with hot distilled de-
aerated alkaline water — daily checks subsequently being made to ensure that fullness and
alkalinity are maintained.

In the second methods,-used when longer lay-ups are envisaged, the boiler, superheater,
desuperheater and economiser are completely dried out using heating stoves in the drums and
hot air through the tubes. When dry valves and cocks are shut tight, all doors replaced (using
new joints) and the boiler hermetically sealed — trays of a drying agent such as ‘silica gel’;
usually being inserted before sealing up.

In the case of auxiliary boilers which operate under intermittent steaming condition corrosive
conditions are likely to occur both internally and externally unless precautions are taken
during their off periods.

A method frequently used, always assuming steam is available from another source is to
embody simmering coils in their water drums. The use of such coils enables a slight pressure
to be maintained in the off duty auxiliary boiler, thus eliminating the risk of air ingress, and
the gas side is kept warm and dry.

Boiler Tubing
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Tube Failures

Tube failures can occur at very inopportune moments, renewals are costly and a ship may be
delayed,; it is of the utmost importance, therefore, when active pitting at present, that its cause
is established and obviated. In most cases, having established the cause and satisfied oneself
regarding the internal condition of the tubes, it is an advantage to chemically clean the boiler
so that any oxide scabs covering pits are removed, prior to re-steaming the boiler under
corrected water treatment conditions.

While examining steam drums internally attention should be paid to the condition and
fastenings of any fittings not removed for access purposes — internal pipes to desuperheaters,
internal feed pipes, low-water pipes, low-water alarms and in particular steam driers.

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

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

Sometimes it is difficult to find the failed tube, in an exhaust gas boiler with closely fitted
finned tubes for example, a method, which has found success, is ultrasonic detection.
Equipment required is a microphone pickup, connected to an oscilloscope.

Pressurise the tube stack and headers with air.

Enter the gas space with the microphone pick up.

Go round the tube stack with the microphone.

The maximum air hiss will give the maximum deflection on the oscilloscope.

The leaking tube will be in that area.
Temporary Repairs To Membrane Or Monowalls At Sea (Ships' Personnel)

The method of tube repair.used in an emergency at sea would depend principally on whether
a competent welder-and.machine are available. If not, the suitable plugs or expandable blind
nipples for each of the failed tubes, should be available and also a supply of protective
refractory to prevent subsequent burning through of the casing in way of the blanked-off
tube.

(@) Welded repairs. Welded repairs are usually of a patch nature and have the advantage that
as the tube remains in use it is not necessary to protect it with refractory. A butt welded patch
is preferable, but as this, and also any internally fitted patch, are liable, in the hands of an
inexperienced welder, to result in weld splatter entering the tube bore, it is safer for a quick
temporary repair to rely on an external fillet welded patch. For repairs of this nature the
defective part of the failed tube is cut back to sound material and then a patch piece,
preferably cut from a tube having bore equal to the outside diameter of the failed tube, is filet
welded over the removed section of the failed tube — the overlap being kept small to prevent
subsequent overheating when in service. Subject to a satisfactory hydraulic test on
completion such a repair should allow the vessel to reach a port where permanent repairs can
be effected (see below).
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(b) Mechanical repairs. If a welded repair is impracticable the tube may be plugged at both
ends providing the tube is subsequently protected by refractory to prevent local burning of
tubes and possible the boiler casing.

Various mechanical plugging methods have been devised by the boiler designers, but lack of
internal access and the high temperatures appertaining at shut down can make this an
extremely unpleasant and/or lengthy operation. Two methods are described below:

Method 1. Windows are cut in the tube about 62mm from its extremities through which wires
with taper plugs attached can be pulled the taper plugs having been inserted into the headers
via the inspection doors. The plugs are pulled into position through pieces inserted across the
windows, and are then pulled up solids by nuts.

After both ends of the tube have been plugged in this manner the whole length of the defective
tube and the boiler casing behind it are shielded. from the furnace heat during subsequent
steaming by a thick shield of plastic refractory.

Method 2. Again windows are cut at each end.of the tube through which blind nipples are
inserted and subsequently expanded.

It will be appreciated that in this method boiler pressure tends to blow the plugs out whereas
in Method 1 boiler pressure tightens the plugs in the hole. It is important to ensure therefore
that with this method the expander rollers project down the bore of the nipple beyond the
header or drum thickness sa that an internal anti blow-out ‘collar’ is formed on the nipple
during expanding; as a double precaution special ‘stepped’ roller can be used to form this
collar.

As in Method 1, the whole length of the failed tube has subsequently to be shielded from the
furnace heat.

Repairs To Membrane Or Monowalls In Port

The type of repair whether accepted as permanent or semi-permanent will depend largely on
the availability of welders skilled in this type of work.

Inserting a new section

The obvious and most straightforward permanent repair consists of cutting out the defective
length of tube along with part of its adjoining membranes and butt welding in a new section.
This repair entails the services of skilled welders, the removal of casing and refractory in way
of the repair, and accurate weld preparation.
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It is important to note that unless welders skilled.in the type of repair are available, the
surveyor should insist that the welders being employed do a preliminary procedure test to his
satisfaction.

Fish mouth tube replacement method

This method, when carefully executed, is also acceptable as a permanent repair and has the
advantage that as all welding is done from the furnace it is not necessary to disturb the boiler
casing and refractory.

The defective part of the tube along with part of its adjoining membranes are burnt out, as in
the previous method. The replacement piece of tube is prepared with its top and bottom ends
cut off at 45° to give access when the replacement is in position for welding, from the furnace,
the rear part of the two circumferential butt welds.
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When these rear parts of the circumferential welds have been satisfactory completed, wedge-
shaped pieces of tube are welded into the two windows, and the circumferential butt weld
then complete working from the outside. The membranes are subsequently closed by welding
as in the previous method.

The configuration of the wedge pieces can be varied to suit tube diameter and access required

and, if necessary, backing rings may be used.

The loose ring method

In ports where it is doubtful whether the experience of the welders justifies their employment
on the previous two methods of repair, it is possible by this ‘loose ring’ method, to make an
acceptable repair of a semi-permanent nature using down hand welding.

In this method aceess has to be made all around the tube and loose rings with cupped upper
surfaces are slid into position in way of the butts to be welded, so that an inexperienced
welder has a better chance of making a butt cum fillet joint. In all other aspects the repair is
as in the previous two cases.

In view of the extra metal thickness in way of the rings and possible build up of weld metal
this repair could subsequently be the subject of overheating in service, and on that account
the repair should only be regarded as semi-permanent.

Testing

On completion of any of the foregoing repairs whether temporary or permanent, the boiler
should be subjected to a working pressure hydraulic test. In the case of the repairs effected
in port the welds should be crack detected and, if possible, X-ray detection equipment should
be used.




SEAFARERS TRAINING CENTER M-CEOS(I)-29

CHIEF ENGINEER OFFICER AND SECOND ENGINEER

OFFICER REV. 02 - 2015

1.1.5 DESIGN FEATURES AND OPERATIVE MECHANISM OF PROPELLER SHAFT
AND ASSOCIATED ANCILLARIES.

Main propulsion shafting is supported by bearings which maintain the shafting in proper
alignment. These bearings divide themselves naturally into two groups; those with bearings
inside the watertight boundary of the hull and those bearings which are outside the hull
watertight boundary.

The requirements imposed upon main shaft bearings are extremely severe. The bearings are
required to operate at speeds ranging from 0.1 rpm, when on turning gear, to 100 or more
rpm, in either direction of rotation. Unlike some applications, the bearing loads do not vary
with rpm but are essentially constant of all speeds. Reliability is heavily emphasised in the
design of bearings because there is no redundancy for bearings-and a single bearing failure
may incapacitate the propulsion system.

Therefore it is advisable to have one spare shaft bearing shell -held on board at all times.

In addition to the radial bearings which support the main shafting, there is located inside the
ship a main thrust bearing which transmits the propeller thrust from the shafting to the hull
structure.

Shaft Support Bearings

Bearings located inside the ship’s watertight boundary are called line shaft bearings, although
they are sometimes referred 10 as steady or spring bearings. Almost without exception, these
bearings are ruggedly constructed, conservatively designed, Babbitt lined, and oil lubricated.
Except in special cases; the bearings are self-lubricated by rings or disks arranged in such a
manner that lubrication is effected by the rotation of the shaft. Roller bearings have been used
in smaller shaft sizes, but the advantages of lighted weight and lower friction have in general
not been sufficient to offset the higher reliability and lower maintenance costs of the babbitt
lined type.

When shaft bearings are opened up for inspection or survey, it is important that the oil spaces
and running surfaces are protected from the ingress of foreign materials, e.g. blasting grit.
On assembly, the position of the oil thrower ring must be checked.

Line shaft bearing housings are made of steel castings or fabricated of steel plates welded
together. Completely satisfactory bearing housings are obtained by either method, and
manufacturing costs govern the construction method used. Since rigidity is more of concern
than strength, low carbon steel is used as the material for bearing housings with the exception
of bearings for naval combatant vessels, in which case high-impact shock requirements may
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necessitate the use of high-strength steel. Bearing housings are split horizontally at the shaft
centreline. The bottom half of the bearing must be very ruggedly designed since it carries the
vertical shaft load and any side load that exists.
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FLF ALIGNING UNE SHAFT BEARMG WITH O DISK LUSSICATION

Shaft Alignment
General Considerations

Hog and sag effects due to state of loading and draught, effects of waves, etc, can quite easily
be as much 1mm per 1 m or ship length and even more.

The effect of waves and sea action are mainly indeterminate over the bedplate length (say
16m) is ignored. However, this indeterminate influence gives a realisation of how difficult it
IS to put a heavy engine and shafting, in perfect alignment, on a flexible beam form of a ship
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under the action of sea influences, such realisation must show that some amount of reasonable
flexing and allowances for same must always be accepted.
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NON-SELF-ALIGNING LINE SHAFT BEARING MWITH OiL RING LUBRICATION
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Stiffening of tank tops and engine supports, together with use of rigid bedplates, can reduce
central deflection to-a maximum of about 13mm over the engine room length and less, and
to about 2mm maximum over the bedplate from the no load to the full load condition.
Invariably the bedplate has a sag from when light ship of say 1mm and a hog form when fully
loaded to say 1mm. The curves for average conditions. An engine crankshaft set true at light
ship could when hogged 2mm introduce static bending stresses of say 90 MN/m2. Most
engine builders have their own records and experiences for dealing with this problem.

Oil Lubricated Stern Tube
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TYFPICAL QI LUIRICATID STERN TUSE FEARING
This stern tuber has been in use for many years. Various designs are available but the same

principle is apparent — seal the ends of the tube with‘a glands and supply oil under pressure.
Water should be regularly drained off and in port_they should be emptied and drained. A
typical oil tube is as sketched in the drawing. Weardown for the white metal should not
normally exceed 2mm to avoid hammering out and the period between inspections is about
six years. A highly resilient reinforced-plastic:material is often used in place of white metal.
It is claimed to have superior load carrying capacity, high resistance to fatigue and shock
loading, with good lubrication properties. Stern tube seals, with oil lubrication, have also
tended to use rubber rings increasingly. Fluoric rubber (Viton) with additives has been shown
to be more effective than nitrile butadiene rubber for seal rings. In these designs four seal
rings are usually located. in the support housing aft with oil pressure supply to the middle
chamber. Two similar ring seals, with oil feed between, are arranged in a floating housing at
the forward end. Ceramic coated liners can also be used.

Stern Tube Lubrication Oil Systems

Oil lubrication stern tube bearings are totally submerged in oil, and seals on the aft and
forward ends of the tube prevent the ingress of seawater and the leakage of oil into the ship,
respectively. The pressure of the oil in the stern tube is maintained above that of the ambient
seawater by means of a head tank which is located about 3 metres above the full load
waterline.

During service, if the stern tube starts to leak externally, adding high viscosity oil to the
system, e.g. “Vickers Hydrox”, can cure this.
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Ships which have large draft changes may require two head tanks; one for the full draft
operation and one for ballast operation.
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The drawing illustrates a typical tube oil diagram for an oil lubricated stern tube
bearing. A small pump is usually installed as shown to force oil circulation through the
stern tube. The oil flow is such that oil is circulated through both bearings. Many
variations of this system have been used including filters, heaters, coolers, and
coalescers to condition the oil as it passes through the circuit.

Thrust Blocks

Modern types are of the Mitchell principle. The thrust of the collar is transmitted
through the oil film and pads to the casing. The white metal surface would be more
likely to yield than the oil film at pressures as high as 500 bar (compressive yield of
white metal say 560 bar = 56 MN/m?).
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The oil scraper bears on the outer periphery of the thrust collar and delivers oil to the
reservoir-stop from where it cascades on to the pads and bearings. The pads fit radially in the
inverted horse show castings, pads being secured circumferentially by the stop. The castings
back on to liners so ensuring location in fore and aft direction and fixing the clearance, which
can be adjusted. The radial pivot line on the pad back vary from half to two thirds of the pad width
f