
CHAPTER 1

Stresses in Boiler Shells
Q. Sketch a double butt st rap joint for a multi-tubular tank boiler. St ate why th is
must be the stronges t jo in t in th e shell.

A. Co nside r a th in cylind rical shell subjected to an internal pressu re. Th is se ts up
stresses in the circumfe re ntial and longitudinal axes which can be calcul ated as
follows:

CIRCUMFERENTIAL STRESS

Fig. I Stress in the lon gitudinal seam

Longitudinal
seam --

If pressure acting upon the circumference is resolved into hor izontal compo ne nts.
th e resulting horizontal force = pressure x project ed area. Th is is resisted by th e
stresses se tup in the longitudinal joint.

Th en for equilibrium conditions:
Hori zontal forces to left = Horizontal forces to right
Hor izontal forces to left = Resisting force in longitud inal joi nt
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STRESSES IN BOI LER SHELLS

The force ac ting upon th e e nd pla te is resisted by th e stress se t up In t he
circu mfe ren tia l jo int.

Then for equil ibrium co nd itio ns :

Horizontal forces to left = Horizontal forces to right
Pr essure x e nd plat e area = Resisting fo rce in circumfe re ntia l jo int

Press. x : x di am et er' = Stre ss x cross sect. a rea of jo in t

Pr essu re x di am eter

4 x thickn ess
= Stress in circumfere ntia l jo int

Thus it follow s th at longitudinal joint stre ss is tw ice th e circumfere ntial joi nt stress .
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Longitud inal joint
(the strongest joint

~T'"~. in the she~

{~~~--
l"" I~ I

/ l~~ircum fer e nt ia l and/ 1> /,/// end joints (only need
, " / be half as strong as

'--.. . the longitudinal joint) Fig. 3 Rivel ed joi nts in a boile r she ll

T hen re arranging the shell fo rm ula in te rms o f pressu re

Max . stress x 2 x thi ckness
Max. pressure = - --- -:-:------ - 

di am eter

Thi s pres sure will be reduced by the efficiency o f the joint subjected to th e grea tes t
stress .

Max. stress x 2 x th ickness
Max . wo rking press. = . x Joi nt efficie ncy

d iam et er

It has been sho wn th at the joint subjected to the great est stress will be the
longit udinal jo int ; th e stre ngth of th is joi nt th er e fore gove rns the allowable wo rking
pressur e , and so the stronges t type of rive ted jo int used in th e boil e r is used for this
join t. See Fig. 4 on facing page .

Q. D iscuss th e need fo r co mpe nsa tion for holes cut in th e shell of a boi le r. State the
regul at ions co nce rn ing th is compen sation . Show methods of com pe nsa tion th at can
be used. Sketch a manhole door, an d show the po sit ion of th ese doors in th e she ll o f a
Scotch boiler. Wh y mu st a door cut in th e cylind rica l portion of the she ll be placed in
a certai n way?
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ST RESS ES IN BO ILE R SH E LLS
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Fig. ~ Det ail of rive ted loogitudi nal jnin t

A. A ny mat er ial cut fro m the she ll will weaken it by an exte nt related to th e amo unt
cut out. In gen er al any holes cut in the shell, with a d iameter great e r tha n:
2· 5 x plate thi ckn ess + 70 mm mu st be pr ovided with co m pe nsa tio n for th e loss of
stre ng th due to th e mat e rial cut ou t . So me forms of co mpensa ting pad s are shown in
Fig, 5,

Fig, 5 Co mpe nsa ting pad s

Leak detecting
Riveted construction hole ">. " '

, { compen sa ting ,,_~__ - "
~I~pad -- - -""\",,_
~~ .

. ) I' '" "S hell " --- ~
RIVet Welded construction

The larges t holes cut in th e she ll include th e manholes, and where these are cut in the
cyli ndrica l portion of th e she ll they mu st be arr anged with th eir minor axis parall el to
th e longitudinal ax is o f the boiler. T his is due to th e st ress acting up o n the
longitudinal seam be ing twice that ac ti ng up on the circumferent ial seam , Thus th e
she ll mu st not be weake ned more th an necessary alo ng its lo ngitu d inal ax is.

Manhole cut from shell
in such a manner as to
weaken it by the least
amount possible

Fig,6 A rra ngement of manhole in
a Scotch bo iler she ll

~
Longitud inal axis

, subjected to the___,':$: ~ greatest stress

- --...-:
Major axis along line
of least st ress
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STRESSES IN ROlLER SHELLS

Stud (screwed
into door) ./.-.0

Fig. 7 Manhole door

Q. Discuss the reasons for the limitation of pressure imposed upon tank type
boilers.

A. With reference to the thin shell formula :

Pressure x diameter
Stress = .

2 x plate thickness

o
Thickness

Fig. H

Thus it can be seen that if the stress in the material is to be kept
within fixed limits (as is the case with boiler material) then, if the
pressure or diameter increases, the plate thickness must also
change if the ratio is to remain constant.

Therefore if boiler pressure is increased , either the boiler shell
diameter must decrease, or the boiler scantlings increase; the latter leading to
increased cost and weight. In order to accommodate the combustion chamber,
smoke tubes, etc., no great reduction in the shell diameter of tank type boilers is
possible, and thus very thick shell plates would be required for high pressure .

The furnace must also be considered, as its thickness must be kept within certain
limits to prevent overheating. However, its diameter cannot be reduced too much,
otherwise difficulties in burning the fuel in the furnace would arise .

For these reasons the maximum pressure in tank type boilers is limited to about
1750 kNrrn".

Q. Show the reason for the staying of any flat surfaces in a pressure vessel. How can
the use of stays be avoided?

Stress in a curved plate

I

-.1.. Component of stress to
: balance the force

,
\
\
\
\
\,

Fig. 9

\ tFo~ce
~ Bursting stress
~~ %:.--------- (acts perpendicular

--"~I"'"'"'i--..- to any radius)

A. When a force is applied to a curved plate as shown in Fig. 9, internal forces are
set up which enable the plate to withstand the force without undue distortion.

The bursting stress can be resolved
into perpendicular components,
one of which will oppose the force .
The surface will bend until this com
ponent balances the pressure. It will
then be found that the surface is in
the form of an arc of a circle .
When the pressure acts upon a flat
plate, it will tend to bend the plate
until equilibrium is obtained. Thus
to prevent undue distortion the flat
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STRESSES IN BOILER SHELLS

Fig. 10

l-orce (due 10
pressure)

N" balancine force
(u ntil plate bends su ff icie nt ly
to provide it)

hlr,c (due 10

pr essure)

Balancingforce
provided by stay

plate must be very thick or supported by some form of stay. It follows that if the use of
flat surfaces can be avoided in the design of a pressure vessel there will be no need to
fit internal stays. Thus pressure vessels are often given hemispherical ends but, if this
is not possible, any flat surfaces must be stayed or of sufficient thickness to resist the
pressure without undue distortion.

Fig. II

o-'------!D
Hemisphericalend plates
no internal stays required

Flat end plates
internal stays must be
fitted to support them

Q. State the regulations relating to the materials used in boiler construction. To
what tests must these materials be subjected?

A. The Department of Trade and the classification societies, such as Lloyds, have
very strict rules governing the dimensions and materials used in the construction of
pressure vessels, so that they can withstand the forces set up by pressure and thermal
effects .

The DOT require that carbon steel used in the construction of pressure vessels is
to be manufactured by open hearth, electric, or pneumatic processes such as LD.
Kaldo, etc . These may be acid or basic in nature . To ensure the materials used are of
uniform quality within the requirements laid down. tests are carried out on samples
of material.

Some of the materials are as follows: Shell plates for riveted construction , and
steam space stays are to have a tensile strength between 430-560 MN/m 2

, with a
percentage elongation of not less than 20 per cent on a standa rd test length. In the
case of shell plates for welded construction the strength requirements lie between
400-450 MN/m 2

• Plates which have to be flanged have lower strength requirements.
but must have greater elongation ; therefore, the tensile strength of these plates
should lie between 400-460 MN/mZ, with a percentage elongation of 23 per cent on a
standard length. Similar requirements are laid down for plates, other than shell
plates, which are to be welded, also for plates used in the construction of combustion
chambers, and the material used for combustion chamber stays.

To maintain control over the final product the following tests are carried out:
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STR ESSES IN BOILER SHELLS

TENSILE TEST
Parallel length
not less than ,.,._.- _

23~~

~-j -

~ 200 mm
Standard test gauge length
piece

Moving crosshead
.------------,, -~/

Rams /

Fixed
crosshead

Test machine Fig. 12 Tens ile test

For th is standard te st pieces are pr ep ar ed from samples o f material ; these are then
placed in a ten sile test ma ch ine and lo aded to the re quired va lues, This enables both
the ten sile strength an d the percentage elongation of the mat erial to be determined .

BEND TEST

In thi s test a pr epared test piece is bent cold eithe r b y hydraul ic or o the r pressure, or
b y repeated hamm er blow s.

There must be no sign of
fracture after bending

T~'2 .5 ~ -i>l
.i I

There must be no signs of
cracking at edges Fig. 13 Ben d and duct ility tests

TESTS ON RIVET BARS
Rivet ba rs, in add ition to the ten sile and bend tests described, are also subjecte d to
du mp testing and sulphur pr int ing. In the latter, te sts are ca rried o ut on a cro ss
se ctio n of the ba r to pr ove there are no sulphur segregates pr esent in the core . In
d ump testing sho rt lengths, eq ua l to twice th e diame te r o f the bar , are cut from the
bar and co m pressed to half th e ir ori gin al len gth with out sign s o f fracture.

Fin ally the fo llowing tests are carried out o n a few co mple ted rivet s, selecte d at
random from each batch. Th e rivet sha nk must be bent co ld until the two parts tou ch,
with out any signs of fracture at the outside of th e bend . In th e othe r, th e rivet head is
flattened until its diameter is eq ual to 2·5 x origina l d iame te r, with no sign of
cracking at the ed ges.
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CHAPTER 2

Auxiliary Boilers

Q. Sketch and describe a Scotch boiler. Indicate overall dimensions, and plate
thickness.

A. For many years the most common boiler in use at sea was the tank type boiler
known as the multi-tubular cylindrical, or Scotch boiler. At the present time this type
has for the most part been relegated to auxiliary duties.
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The main components of a Scotch boiler consist of a cylindrical shell containing
the furnaces; these are about 1m in diameter, the number depending upon the boiler
diameter . Two furnaces are usually fitted for boiler shell diameters up to 4 m, while
three furn aces are fitted for diameters greater than this .
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AUXILIARY BOILERS

The fuel is burnt in these water cooled furnaces, constructed in the form of
corrugated cylinders, which due to their relatively large diameter have to be fairly
thick and so are liable to overheating problems. Care must be taken to ensure undue
deposits of scale are not allowed to build up on the water side of the furnace as this
would lead to overheating of the furnace metal.

After leaving the furnace the hot gases enter the combustion chamber; this is also
surrounded by water and so again provides for the generation of steam . The top of
this chamber is close to the water level in the boiler and if this is allowed to fall below
a certain minimum value, overheating may occur; thi s can lead to distortion and
possible failure.

From the combustion chamber the gases pass through smoke tubes , which consist
of plain and stay tubes-the latter being necessary to support the flat tube plates .
After leaving the tubes, the gases enter the smoke box, and then the uptakes. In many
cases gas/air heaters are fitted to increase the boiler efficiency.

As the boiler has a considerable amount of flat surface subjected to pressure, an
elaborate system of stays is required . Large steam space stays support the upper parts
of the flat end plates, while stay tubes and combustion chamber stays support the
mid-section of the back plate, the tube plates, and combustion chamber. Through
stays again are used to support the lower portions of the end plates. Girder stays are
used to support the top of the combustion chamber, transmitting the bending stresses
from the top wrapper plate onto the vertical tube plate and back plate of the
chamber.

Internal access to the boiler is provided by means of a top manhole in the shell,
and by lower manholes cut in the front end plate .

At one time this type of boiler was of all-riveted construction, but it is now
common to find a composite form of construction as shown in Fig. 14. The internal
and end plate joints being welded, while the shell circumferential and longitudinal
joints are riveted . All-welded Scotch boilers are built but, as this entails the use of a
large furnace in which to stress-relieve the completed boilers, their numbers are
limited .

The rate of steam generation is limited by the poor circulation of water in the
boiler. To assist this circulation the sides and back of the combustion chamber are
tapered in towards the top, and the smoke tubes arranged in vertical rows, so as to
offer as little resistance as possible to the heated water and steam bubbles rising to the
surface .

The Scotch boiler is a strong robust type of boiler capable of operating with poor
quality feed water, and only requires an open feed system.

It contains large amounts of water and provides a reservoir of steam, which makes
it suitable for the supply of considerable amounts of steam for auxiliary purposes.
However, the large quantity of steam and water contained in the boiler introduces a
hazard in that, in the event of failure of tubes, etc., large amounts of water and steam
can enter the boiler room .

Q. Describe the smoke tubes fitted in a Scotch boiler. State clearly how these tubes
are attached to the tube plates.

A. The hot gases leaving the combustion chamber pass through smoke tubes fitted
between the back, or combustion chamber, tube plate, and the front tube plate, on
the way to the uptakes. Two types of tubes are used : Plain and stay tubes .
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AUXILIARY BOILERS

The plain, or common tubes are expanded into the tube plates at both ends. The
tubes have a diameter of about 65 mm. with a thickness of 5 mm.

22mm Thick
'------.".

( Expanded then
) bell mouthed

fF===..l>:6i1si

65mm-75mm Diameter

/
, Back tube
plate

Projects I

about --i
l2mm /

Front
tube
plate

22mm Thick
~Expanded Front end of tube
\ ( swelled out

Fig. 15 Plain tube

The front end of the tube is often swelled out to allow for easier tube removal, if
this should prove necessary, as even slight deposits of scale forming on the water side
of the tube would make the withdrawal of parallel tubes through the holes in the front
tube plate difficult. Another provision, sometimes made, is to allow about 12 mm of
tube to project from the front tube plate so that if the tube burns away and becomes
thin at the back end it can be driven in and re-expanded. However for this to be
successful the outside of the tube must be clean and in good condition as corrosion, or
scale getting between the faces to be expanded, prevents the formation of a sound,
tight seal between tube and plate.

The back end of the tube is bell-mouthed after expansion or, as an alternative, it
may be spot welded.

The flat tube plates must be supported, so stay tubes must be fitted, these being
screwed and then expanded into both tube plates. The thickness of these stay tubes

/'
Front tube
plate

22mm Thick 22mm Thick
--... Thickened tUb~'---~ Screwed, then

Nut fitted at front end only r: J ends expanded
___ _ _ _ _ may be seal welded

65mm-75mm Diameter
//
Back tube
plateFig. 10 Stay tube

varies according to the load to be supported, but must not be less than 5 mm as
measured at the base of the thread. To prevent undue thickness of metal along the
length of the tube, the tube end is thickened by a process known as 'upsetting'. The
enlarged ends are then annealed, and finally cut with a continuous thread so that the
tube can be screwed simultaneously into both tube plates.
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AUXILIARY BOILERS

After the tube has been screwed and then expanded into the tube plates, nuts are
usuaily fitted at the front end, but not in the combustion chamber as this would tend
to cause overheating due to excess metal thickness . In some cases seal welding may
be used instead , but it should be noted that seal welding must only be carried out on
sound, screwed and expanded tubes and not in an attempt to repair a corroded or thin
tube end .

As an alternative to screwing the stay tubes into the tube plates, welding can be
used. This strength weld can be carried out after the boiler has been stress relieved, if
this is necessary, without further heat treatment, provided the tubes are not adjacent
within the same tube nest. However, the tubes must still be expanded before and
after welding.

The proportion of stay tubes to plain tubes will be in the order of 1: 3.
In some cases the marginal stay tubes in the tube nest are made slightly thicker to

allow for the greater stresses to which they are subjected .

Q. Sketch and describe a vertical smoke tube boiler suitable for auxiliary purposes.

A. The Cochran is a typical tank boiler of vertical type suitable for producing
relatively small amounts of low pressure steam for auxiliary purposes.

The fuel is burnt in a furnace having a seamless hemispherical crown, attached to
the boiler shell by means of an ogee ring. The products of combustion pass from this

Smoke tubes
64 mm dia.

Refractory
material

21mlll
.../

Gusset
stay J

Handhol;

Ogee ring i
21 mm

i
I
I
L __...

Tube plate ~~Iiir17mm

4800mm

I
183011101 --- Fig . 17 Cochran smoke tube boiler
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L AUXILIARY BOILERS

furnace into a combustion chamber lined with refractory material, and then through
smoke tubes into the smoke box at the front of the boiler.

The cylindrical boiler shell with its hemispherical crown, together with the
hemispherical furnace forming the bottom of the pressure space, requires no stays.
However the combustion chamber top requires support, and this is provided by
means of a gusset stay which transfers the stresses from the flat top of the chamber
onto the boiler shell. The flat tube plates are tied together by means of stay tubes
screwed into them.

A modified form of this boiler is now produced in an all-welded form.
As all the heating surfaces are below the water level, and the straight, relatively

short smoke tubes are readily accessible for cleaning or renewal, this type of boiler
forms a robust unit suitable for use with an open feed system and poor quality feed
water.

The boiler can be operated with either solid or liquid fuels, although in sea-going
vessels oil firing is invariably used.

The Cochran boiler can also be adapted for use as an exhaust gas boiler, using the
exhaust gases from an internal combustion engine for the generation of steam. In
other cases boilers designed for composite firing, using exhaust gases and/or oil
firing, are fitted .

Refractory material is fitted in the combustion chamber, and on the floor and
sides of the furnace . Special care should be taken in the latter case to ensure that the
refractory is high enough to prevent direct radiant heat coming onto the ogee ring,
and lower parts of the hemispherical furnace crown. These lie at the bottom of a
narrow water space into which suspended soiids from the boiler water tend to settle
out, and then form scale on heated surfaces , thus leading to the overheating and
subsequent distortion of the ogee ring.

Internal access to the boiler is provided by a manhole in the top of the shell , while
hand holes in the lower section of the shell provide access to the lower parts of the
water space for cleaning and inspection .

Hinged smoke box doors give access to the tubes and tube plate at the front, while
a removable rear panel fitted to the combustion chamber gives access to the back
tube plate .

Q. Compare a welded type auxiliary boiler with a design using riveted construction.

A. At one time welding was not considered suitable for the manufacture of pressure
vessels, but with modern welding and test procedures it has entirely replaced riveting in
the design of contemporary boilers.

The use of welded joints avoids many problems associated with riveted joints, such
as leakage, caustic embrittlement with resultant cracking between rivet holes, etc . In
addition, as there is no longer the need to overlap plates in forming seams , there is an
overall reduction in boiler weight ; also, problems of overheating where the overlaps
occurred on heated surfaces are avoided.

Fig. 17 shows a riveted boiler with a hemispherical furnace attached to the boiler
shell by means of the ogee ring connection necessary with riveted construction. This
has been replaced in the welded design shown in Fig. 18 by a water cooled furnace of
spheroidal shape. This, apart from the burner quarl , needs no protective refractory
material, which in turn allows the fully water cooled furnace to provide a greater
radiant heat surface with a resultant increase in steam generation. The smaller amount
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AUXILIARY BOILERS

of refractory helps to reduce boiler maintenance, but does give the disadvantage that
flame stability is reduced due to the lack of heat reflected back from refractory to
stabilise the flame. Thus flame failure devices are essential with fully water cooled
furnaces .

The method of attachment by ogee ring causes the bottom of the water space to be
very narrow, and so liable to a build-up of deposits, which in turn can result in severe
overheating in this area of the boiler; this may be aggravated by direct flame
impingement if the protective refra ctory over the ogee ring has been allowed to deterio
rate . The sharp bends of the ogee ring also make it vulnerable to fatigue cracking if the
proper steam-raising procedures for the boiler are not followed.

Welding the stay tubes to the tube plates helps to prevent the overheating caused by
the thickened tub e ends and the use of backing nuts required with screwed stay tubes .

Manhole

Gusset
stay

WL

Combustio n
chamber

Access door

Refractory
lining

10 mm

Mudhole

4900 mm

Burner
hole

Spheroidal furnace

Di:o.hed base
20 mm Fig . 18 Cochran spheroid vertical boiler

Q. Sketch and describe a vertical tank boiler using thimble tubes. Give the plate
thicknesses.

A. Thi s type of boiler was devel oped by Clarkson, who found it possible to
generate steam by causing a prolonged series of spasmodic ebullitions to take place in
a series of horizontal tapered thimble tubes heated externally, without any special
means being provided for circulation within the tube .

The basic form of the boiler consists of an outer shell enclosing a cylindrical
furnace sur mounted by the combustion chamber into which the thimble tubes
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AUXILIARY BOILERS

project. These thimble tubes are expanded and bell-mouthed into a cylindrical tube
plate forming the combustion chamber. The upper end of this tube plate is connected
by a dished plate to the uptake which passes through the steam space, and is then
attached to the domed top of the outer shell.

The bottom of the tube plate is attached to the furnace; this in many cases is
corrugated, and in turn is connected to the outer shell by means of an agee ring . Thus
the design of the boiler is such that no stays are required. In many cases the joints of
these boiler internals are welded.

Corrugated
furnace

·C
~ of burner

---- - ------
Ogee ring 27 mm

Circulating
tube

I4III III

Uptake
»>

270110
_/ Boiler shell of

riveted construction
..----'

14mm

Cylindrical tube
.__-l----" plate

760lllm

i l l

------~------

_ ... _ J~~~L
I I

Welded
internal
joint

Handhole
~

Thimble
tubes
100 mm dia. /

5640mlll

4-~- - - 22901010 . .~

Fig.19 Clarkson thimble tube boiler

Some versions of these boilers have a removable gas baffle fitted within the
combustion chamber to direct the flow of gases from the furnace onto the thimble
tubes; in other cases, a number of bent circulating tubes, expanded and bell-mouthed
into the tube plate at both ends, are fitted in the gas path as shown in Fig . 19.

The type of boiler shown is oil fired, but other versions can be used as waste heat
boilers making use of the hot exhaust gases from internal combustion engines, or
designed for composite firing using exhaust gases and/or oil firing as required.

Access to the boiler internals is by means of a manhole at the top of the shell,
while cleaning and inspection of the lower parts of the water space is provided by
handholes in the shell.
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AUXILIARY BOILERS

These boilers will operate for long periods without internal cleaning although, if
an undue amount of scale forms inside the thimble tubes, it is very difficult to remove .
Thus reasonable quality feed water should be provided. The formation of scale will
subject the thimble tubes to a certain amount of overheating, but the fact that they
are attached at one end only greatly reduces the possibility of tube failure.

The gas side must be kept clean as even thin deposits of soot can cause a drastic
reduction in the amount of heat conducted. It is claimed that oily deposits can be
burnt off the outside of the thimble tubes when the boiler is dry without damage, but
this procedure must not be carried out if circulating tubes attached at both ends are
fitted .

Q. Sketch and describe a vertical tank boiler with vertical smoke tubes .

A. The Spanner boiler is of this type. The basic form consists of an outer shell
enclosing a cylindrical furnace which is connected by vertical smoke tubes to a
cylindrical smokebox at the top of the boiler.

In the early versions of this boiler a riveted shell encloses welded internals, but in
later designs the boiler is off all-welded construction. See Fig. 20.
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Fig.20 Spanner vertical smoke lube boiler

14



AUXILIARY BOILERS

The vertical smoke tubes are a patent design known as swirlyflow tubes; they
have a special twist along the greater part of their length, only a short portion at each
end being left plain to allow for expansion. It is claimed that these tubes are more
efficient than normal plain smoke tubes in that they cause the gases passing through
to swirl , so coming into more intimate contact with the tube wall and therefore
increasing the rate of heat transfer.

No stays are required for the outer shell and for the internals. Only the flat tube
plates need to be supported ; this is done by stay tubes, of plain section, expanded and
then welded into the tube plates.

Internal access is obtained by means of a manhole in the outer shell , and by
handholes and sightholes cut at strategic positions in the she ll to allow for cleaning
and inspection .

The boiler shown in Fig. 19 is oil fired, the fuel being burnt in the water cooled
furnace-only the floor of which is covered by refractory material. The gases leaving
the furnace pass to the smokebox via the vertical smoke tubes.

In addition to the oil fired version shown, two others are available suitable for use
in waste heat recovery systems as fitted in motor vessels . Both of these have the same
form of vertical tube stack, which in the exhaust gas version is circulated by the
engine exhaust gases , while in the composite version a baffle separates the exhaust
gas section of the tube stack from the oil fired flue gas section. These two gas streams
are isolated from each other, each leaving by its own uptake, thus allowing oil firing
to be used in conjunction with the exhaust gases from the engine.

Q. Sketch and describe a vertical water tube boiler suitable for auxiliary purposes.

A. The basic layout of an Aalborg Q9 auxiliary water tube boiler is shown in Fig. 21.
It combines the convenient compact design of a vertical boiler with the greater evap
oration rate and flexibility of output associated with water tube boilers.

The fuel is burnt in a furnace surrounded by water walls which, by receiving radiant
heat from the furnace flame, increase the evaporation rate of the boiler, while at the
same time greatly reducing the amount of refractory material required for the furnace.
After leaving the furnace the hot combustion gases flow over the vertical water-filled
generating tubes, giving up heat before leaving tangentially to enter the boiler uptake.

Positive circulation of water through heated tubes is provided by a number of
external downcomers taking water from the steam drum and feeding it to a circular
header at the base of the boiler. This header then distributes the water to the water wall
tube s, through which it rises upon heating to enter the annular water space arranged
around the flue pipe. From here the water passes up through the numerous generating
tubes to enter finally the cylindrical steam drum at the top of the boiler. Refractory
material is used to protect the furnace floor and the bottom header from radiant heat.
At the top of the furnace the water wall tubes curve over to protect the annular water
space from the direct heat of the flame .

Of welded construction, the boiler has a number of flat surfaces which require
support. Stays are fitted in the steam drum and in the annular water space, which
together with a number of stay tubes provide the necessary support.

Manholes provide internal access to steam and water spaces, with bolted panels
giving access to the gas spaces.

A flanged skirt enables the boiler to be secured in place, with additional support
from bulkheads etc . to anti-rolling lugs welded to the upper part of the boiler.
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In many cases the steam drum also acts as a steam receiver for an exhaust gas boiler.
A modified version of this boiler can be used to incine rat e waste oil, sol id waste and

sewage, using the resulting heat to gene rat e steam.

Q. Sketch and de scrib e a forc ed circulatio n boil er suita ble for au xiliar y pu rposes.
D iscuss the use of fo rced circulation for the se duties.

A. Th e use of forc ed circulation result s in higher wat er velocities within the boiler
and so permits higher heat exchange rates to be used. Although many forms of forced
circulation boilers exist, they all have the basic components indicated in Fig. 22. In
the type of boiler shown, water is pu mped through the stea m generating sectio n
where it receives heat fro m the oi l fired furn ace. Th e resulting mixture of stea m and
water then returns to the steam drum. or receive r, where it passes thr ou gh a stea m
se parator. The re leased stea m is then used as desired, while the remaining water,
toge ther with an y incoming feed water is pumped back to the generating sect ion.
Tw o pumps are requ ired, a circulating pump which dr aws water from the stea m
receiver and pumps it through the syste m, and a feed pump supplying water to the
receiver. The generatin g se ction in thi s case consists of a single small diameter stee l
tub e arra nged in a se ries of coils. altho ugh less extreme types ar e ofte n used
con sisting of separate coile d tub es attached to vertical header s, with special pro
port ioning nozzles to en sur e that an eve n supply of wa te r reaches all the coils.
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Fig. 22 Forced circulation boiler

Make-up feed
Low pressure

Drain '\ steam out
returns -, I t

Feed IIIU ~ Safety V!V

t,"k:1~rlii" .; "'''''0<

~;:~:::er-I~I~~r/~ I~l WWLL~:;ml
1:~Ught F~~~~P Steam

Circulating drum
~~::';~]pump

~~v=o~~..J Blow down
T Orain V{V

Uptake

Steam generating

coils '"

Because no fired boiler drum is necessary and only small diameter generating tubes
are exposed to the heat of the furnace flame, forced circulation boilers are much safer
than tank type boilers.

The type shown contains little more water than that required for the steam load,
and so is much smaller and lighter than natural circulation boilers producing
comparable amounts of steam, especially where these are of tank type with their
large reserves of water. Forced circulation boilers with their small amounts of water
and rapid circulation rates permit steam to be raised very rapidly which makes them
very suitable for dealing with intermittent steam demands, and because of this they
are often used as the steam generating section of package boilers. However these
properties also require fairly sophisticated automatic controls to ensure that feed
supply etc is matched to the prevailing steam demand. The steam receiver is of all
welded construction and has similar mountings to those of a normal boiler drum.

In oil fired vers ions the high heat exchange rates permissable allows the use of
pressurised furnaces if this is desired . The higher combustion pressure leads to higher
temperatures so increasing the rate of heat transfer, which would now be too great
for a naturally circulated boilder where it would cause overheating.

Waste heat installations, as fitted in motor ships, often use forced circulation
exhaust gas heat exchangers in conjunction with orthodox oil fired auxiliary boilers.
It should be noted that in this case the water is usually supplied to the bottom of the
exhaust gas heat exchanger so giving parallel flow conditions, the water flowing
upwards with the gas stream. This although giving less efficient heat exchange than a
counterflow arrangement with the water supplied at the top, avoids the problem of
vapour locking due to pockets of steam forming in the generator tubes. This could
otherwise occur where fluctuating steam demands take place in the presence of a
constant flow of exhaust gases from the engine.

Although small diameter tubes and high heat exchange rates are usually asso
ciated with the need for good quality feed water, it is claimed that for low and
medium pressure ranges the high water velocities due to the forced circulation, flush
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any precipitated particles clear of generating tubes and allow them to collect as
sludge in headers etc from whence th ey can be blown out.

Q. State wh at is meant by the term package boil er. Sketch and describe a boiler of
thi s type.

A. Where rel ati vel y sm all , intermittant steam demands are to be met, use is often
made of package boilers. This term is usually applied to self contained units mounted
o n a single bed plate and comprising a steam generating section , feed water syste m
and pump, fuel oil system and pump, together with a forced draught fan . In addition
su itable control equipment will also be required . This package now only needs
connections to the ship's e lec trica l supply and other necessary se rvices to become
ope ra t ional.

Smoke tubes
Air inlet ")

Front
chamber

Fig. 23 Typical pack age bo iler

The steam gene rating secti on ca n be of tank or water tube design , using natural or
forced circu la tio n. Fig. 23 shows a natural circula tion tank type boiler suitable for
thi s duty. The ba sic a rrangeme nt consists of a horizont al cylindri cal she ll of welded
construction, wh ich contains o ne or two cylind rica l wat er cooled furnaces. Th ese
are att ached to the front tube plate, and at the re ar e nd to a hemispherical
combustion chamber which is pressed out from a singl e plate. Hot gases from th e
furn ace , having passed through th e combust ion chamber, then enter th e first pa ss of
sm ok e tubes which co nd uc t them to a front chambe r. From here they are directed
through a second pa ss of smoke tubes to a smo kebox form ed at the rear of the boiler
by an extension of th e boiler shell beyond the back tube plate . The gases then leave
the bo iler by means of a suitable uptake .

The general layout is somewhat similar to that of a Scotch boiler and a number of
internal stays are required to su pp ort the flat tube plates e tc. About o ne third of the
smoke tubes consist of stay tubes. Internal access is provided by me an s of a top
manhole in the shell , a nd by a lower manhole cut in the front end plate . Inspection
doors a t the rear of the boiler give access to the smo ke box a nd co mbustio n chamber,
that o f the latter being protected from flame impingement by a removabl e refractory
pi .rg. At the forw ard e nd of the boiler is a wind box form ed by an ext en sion of the
I .oiler she ll beyond th e front tube plate. A forced draught fan mounted within this
space dr aws air from th e back of th e boiler, so th at it passes between the o ute r casing
and the bo iler shell, thus receiving a certain amo unt of preheat ing befor e it e nte rs th e
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furn ace . A control damper is used to regulate this air flow . Th e usu al boiler
mountin gs are fitted.

Autom atic controls are provided to regul ate the fuel and air supplies in response
to cha nges in s team demand , whil e at th e sa me time maintaining the bo ile r water
level within th e desired limits . Once sta rted up the boiler will continue to operate
aut om at ically, flashing up and shutti ng down to satisfy the steam requirem ents. The
controls are programmed to give a co rre ct se que nce for the different operatio ns to be
ca rried o ut sa fe ly. Vario us safety devices are fitted which will automatica lly shut the
boiler down in the event of loss o f water, co m bustion air pre ssure , o r flam e Failure . A
number of other devices ca n also be fitted to give wa rn ing, and if desired shut the
bo iler down in the event of high stea m pressure o r wat e r level , low fuel o il o r upt ake
temperatures etc. When o ne of th ese auto matic safety cut-o uts has o pe ra te d to shut
the boiler down, the device mu st be manually reset before the boiler can be returned
to se rvice after the fault has been rectified .

Although packaging gre atly simplifies the specifications required when ordering
new tonnage, the advantages to the o pe ra to r may be limited by th e lack of access to
be found with some of th ese pack age unit s.

A wide range of package bo ilers ar e available, with designs to cover steam
press ures from 350 kN/m 2 to 2000 kN /m 2 and with evapo ra tio n rat es of up to
10000 kg/hr.

Q. Sketch and describe a stea m to stea m generato r. Stat e the purpose of fitting such
a unit.

A. These can be used in co nj unction with high er pressure wa te r tube bo ilers to
provide low pressure sa turate d ste am for auxiliary purposes. High pre ssure stea m
from the water tube boiler is supplied to heating coil s placed be low the water level in
the steam to steam gen er at or and so producing low press ure ste am in the generator
she ll. The steam to stea m ge ne ra to r has its own se pa ra te feed water system, so
prot ecting the feed syste m of th e high pressure boiler aga inst contamination by
ae rated and possibl y dirt y aux iliary drain returns. Thi s is es pecia lly important where
stea m heating is used in ca rgo tanks o r oil fuel heat er s, with th e eve r present risk of
the return dr ain s being co nta mina ted with oil From leaki ng heatin g co ils. IFoil sho uld
enter the steam to steam gen erat or it wo uld only cau se a reduction in the evap or ation
rate due to foul ing of the heat ing coi ls, and wo uld not lead to tube failure as co uld
happen if the o il e nters a d irectl y fired bo ile r. Ho weve r the cos t of thi s a rra nge me nt is
greater than by supp lying th e low pressure stea m from the high pre ssure bo iler via
pressure reducing va lves , a nd if necessary a desuperheater . Thus a stea m to stea m
generator would only be fitted if the risk of o il co nta mina tion is con sid er ed to
outweight this higher initi al cost.

There are two basic designs of steam to steam generat ors in general use, sma ll
vertical units, and lar ger horizontal ones, a typical layout of which is shown in Fig . 24.
The heating coil s co nsist of so lid drawn copper, cupro-nickel or mild steel depending
upon the o pe ra ting co nd itions involved. Th e tu bes are attached to the header by
ex pa nding a nd bell mouthing. The high pressure steam is supplied to the upper part
of th is head er, a nd the n passes thro ugh the U -tubes unt il its lat ent heat is give n up , so
producing low pressure steam from the water in the ge nera to r she ll. This is of welded
construction , having a cylindrica l form with d ish ed e nds so avoiding the need to fit
internal stays. Mount ings similar to th ose of a boiler are fitted , the sa fe ty va lve bei ng
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Fig.24 Steam to steam generator .

able to jiandle.either the nor-val maximum evaporation, or that produced by the
failure of a heating tube. Internal access is provided by a manhole in the top of the
shell, and provision is made for the complete removal of the tube stack. The type
shown has an evaporation rate of 12000 kg/hr at a pressure of 1000 kN/m 2 when the
heating coils are supplied with 15000 kg/hr of saturated steam at a pressure of
2100 kN/m 2

•

Q. Sketch and describe a dual pressure boiler capable of supplying low pressure
steam for auxiliary purposes .

A. In some motor ships the auxiliary steam is supplied by means of a dual pressure
boiler, a typical arrangement being shown in Fig, 25. This consists basically of an oil
fired auxiliary water tube boiler which is used solely to supply steam to the heating
elements of a steam to' steam generator which then forms the secondary system and
produces the low pressure steam required for auxiliary purposes. The primary high
pressure system operates on a closed circuit using distilled water, thus giving the
advantages that, by reducing the danger of contamination due either to sea water or
oil to a minimum, water purity can be maintained without the need for expensive
chemical treatment. This allows greater thermal loads to be used in the boiler furnace
with little risk of tube failure .

The steam to steam generator which pr ovides the steam for the secondary system ,
functions in the manner of a high pressure evaporator and, not being directly fired ,
cannot be damaged by scale deposits, oil contamination or by loss of water. These
will only result in a reduction of heat transfer in the generator which in turn leads to
an increase of steam pressure in the primary system . Thus the secondary system can
operate with poor quality feed water, and can cope with dirty or oil contaminated
auxiliary drain returns. However reasonable precautions should be taken to prevent
undue amounts of contamination and the secondary feed water system, basically
similar to that of a low pressure oil fired boiler, should include a low pressure feed
filter and an oil observation tank . The primary system requires no actual feed system,
as the condensate from the generator heating coils returns to the steam drum of the
oil fired boiler by natural circulation. A small feed pump is required for filling and
possible topping up, and this should have a suitable supply of good quality distilled
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wat er a ltho ug h as th e circ ui t is tot all y e nclosed o nly a relativel y sma ll am ount will
normall y be required to co pe with possible loss.of wa te r from the pr imary circuit du e
to le ak age or lifting of th e safe ty valves e tc.

In th e majority of cas es a waste he at syste m will be involved . th e arr ange me nt
incorporati ng an exhau st gas heat exchange r mounted in the main engi ne upt ake .
and used to pr ovide low pressure steam whe n the ma in e ng ine is o pera ting at o r ne ar
full powe r co ndi tio ns . Agai n th ese ex ha ust gas un its o pe ra te at relatively low
temper atu res and so ca n tolerate th e po or quality fee d water of the secondary
syste m .

The stea m to steam ge nerato r is fitt ed with a safet y va lve se t to lift a t th e sa fe
working pressure of th e seco nd ary sys te m. and able to co pe ei ther wit h the no rm al
maximum evapora tion. or th at du e to a burst heat ing e leme nt. wh icheve r is th e
grea te r . The primary sys te m is normall y designed to have a sa fe pr essure well
abo ve th e normal oper at ing pressure . T hus the prim ar y sa fe ty valv e ca n be set at a
sufficientl y high pressure to prevent loss of distilled wat er in th e eve nt of so me
increase in th e primary pressure due to fouling of the he at ing e le me nts in th e ste am to

ste am gen erat or.
Disad vantages o f dual pr essure boi lers lie in increased complexit y and higher

initi al cos t. together with grea te r weight an d spa ce occ upie d than a co mpa rah le oil
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{

fire d auxili ary boil e r of orthodox design . A nothe r problem ca n so me times arise from
ove rco nfide nce in th e int eg rity o f the closed primary circui t, where cases of
co nta mi na tio n have occ urred, which th en re maining undetected have led to eventual
tube Failure in th e water tube boiler forming the high pressure unit.

Q. Discuss the use of was te heat bo ile rs in mot or ships .

A. To incre ase th e ove ra ll th ermal efficiency of the plant as much use as po ssible
sho uld be made of th e heat in th e exhaust gases , which in th e case of an int e rn al
co m bustion e ngine will be so me 30% of th e e ne rgy released du rin g th e combust ion
process . In mot or ships the fitt ing of waste heat boil er s enables so me 20 % to 60 % of
th is heat in the main engine ex ha ust gases to be recovered and used to ge ne ra te
stea m. Th e ac tual per centage recovered de pe nds up on th e co mpl exity o f the was te
he at sys te m, and obviously so me use mu st be found For the stea m produced. This can
ran ge from simple heating pro cesses such as Fuel oi l heating, o r domesti c hot wat er
and other-services, to its use in more complex stea m d riven plant. Here agai n is a wide
scope, ranging From pumps to stea m turb ine dr iven a lte rn ato rs. However th e more
complex th is stea m plant the grea te r will be its init ial cos t, an d th e more so phistica ted
sys te ms will normall y on ly be justified in ships spending at least two th irds of th ei r
tim e at sea at design se rvice pow er. The output of th e waste heat rec o very system
sho uld be sufficie n: to handl e th e norm al stea m requirem ents a t sea . If addi tiona l
steam from oil fired boi le rs wo uld be fre q ue ntly required to su pple me nt the ste am
produced by th e waste heat boile r. then th e fitting of a comple x waste he at recover y
system to produce steam will not normall y be ju stifi ed .

A no the r adva ntage ga ine d from th e fitt ing o f was te heat boi te rs is th at the y will
ac t as sile nce rs and spark arres te rs.

W aste he at boilers ca n be grouped int o two main types:

COMPOSITE BOILERS

These con sist of auxilia ry boilers so arranged that th ey can rec eive the heat required
for th e gen er ati on of stea m either fro m th e main en gine exhaust gases, or by th e
burning of oil in th e bo iler furn ace . In most cases th e o il firing can be used in
co nj unc tio n with th e ex ha ust gases to su p port or eve n replace them . A suitab le
by- pass line with a change -over va lve will be fitt ed so th e main engine e xhaus t gases
can be diverted from th e boiler whe n required.

EXHAUST GAS BOILERS

Th ese co nsist of some fo rm of ex ha us t gas heat exc ha nge r mounted in th e main
en gine upta ke . Howe ve r th e o utp ut of th ese un its is d irectl y dependant upon th e
main e ngine ou tp ut an d so it is necessary to pr ovide an additio na l o il fired bo ile r to
supplement or surp lant th e steam pro d uced by the exha us t gas unit when th e main
engine is ope ra ting at low load co nd itions, o r whe n it is sto ppe d . In man y cases a
co nven ient ar range me nt is to use th e drum of the o il fired boil er as a steam re ceiver
for th e e xhaus t gas heat exchanger. This give s th e advantages that on ly a singl e steam
drum with its associa ted mountings is required , and that th e o il fired bo iler is kept in
st and-by co nd itio n ready fo r imme dia te oil firin g to support o r re place the heat from
th e main en gine exha ust gases .
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Fig.26 Composite boiler

Q. Sketch and describe a Composite boiler suitable for producing low pressure
steam for auxiliary purposes.

A. The majority of motor ships are fitted with some form of waste heat boiler. The
output from these is dependant upon the temperature and mass of exhaust gas
available from the main engine, and as it would obviously be unsatisfactory to have
steam available only when the main engine was in operation. it is necessary to have an
alternative method of steam generation. A common means of doing this is to fit a
Composite boiler. this being so arranged that it can be fired either by main engine
exhaust gases. or by burning oil in the boiler furnace. In most cases the gas flows are
kept separate. each having its own uptake. this permits the oil firing to be used in
conjunction with the engine exhaust gases. to support them at low engine loads. or to
replace them when the engine is stopped. By this means the output of steam can be
maintained independent of the engine power.

Most of the standard tank type auxiliary boilers can be modified for composite
firing, a typical example consisting of a vertical, single pass smoke tube composite
boiler being shown in Fig . 26. This forms a simple compact unit, there being no need
for forced circulating pumps etc . The modification consists of an additional tube nest
added to the basic oil fired design , through which engine exhaust gases can be
circulated so providing heat for the generation of steam . As the gas flows are kept
separate, oil firing can be used to support the main engine exhaust gases at low load
conditions. In some versions a return pass of tubes are fitted so that the engine
exhaust gases can make two passes through the boiler. A by-pass line is fitted which.
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AUXILIARY BOILERS

with a suitable changeover valve. enables the boiler to be isolated from the main
engine exhaust if desired . This would be necessary for example at low engine powers
in order to prevent undue fouling of the gas side heating surfaces that would tend to
occur if the exhaust gases were allowed to fall below their dew point temperature
during their passage through the boiler.

In a few cases alternatively fired boilers are fitted, these differing from composite
boilers in that the two gas streams are not separated, the engine exhaust gases being
led into the boiler furnace and then following the same path as the flue gases.
Although this gives a very simple arrangement, it makes the operation of the boiler
much less flexible as the engine exhaust gases must be completely by-passed from the
boiler before oil firing commences, and vice versa.

Where larger amounts of steam are required water tube type composite boilers
may be used . One arrangement is to divide the generating tube bank of the water
tube boiler into sections by means of suitable gas baffles, this allows the engine
exhaust gases to flow over part of the length of the tubes . This part length is fitted with
fins to extend the heat exchange surface. Another arrangement is shown in Fig . 27.
This consists of a forced circulation multi-loop type exhaust gas heat exchanger
placed in the main engine uptake, and fitted with a separate combustion chamber in
which oil can be burnt so producing an extra supply of hot gases to support or even
replace the engine exhaust gases as required. No separate uptakes are needed as the

Uptake

Low pressure
saturated steam

Feed
lint"

Fig. 27 Forced circulation
type composite boiler
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AUXILIARY BOILERS

combustion chamber can be pressurised by its own air supply so preventing the
engine exhaust gases from interfering with the combustion of the oil.

Composite boilers form a simple waste heat system for the continuous generation
of steam for auxiliary purposes, with the advantage of the boiler being kept in
operation both at sea and in port, so avoiding long periods of shut down which can
often result in corrosion problems.

Q. Sketch and describe a waste heat recovery system including an exhaust gas
boiler, capable of supplying the auxiliary steam requirements of a motor ship.

A. Where relatively large amounts of steam are required from a waste heat
recovery system it is usual to fit an exhaust gas boiler in the main engine uptake. One
or more oil fired boilers will also be necessary to supply steam as required when the
engine is running at low power or stopped. The various steam raising units can be of
tank or water tube design, using natural or forced circulation. The latter provides
many advantages in waste heat installations, one of these being that the various units
can be positioned to best suit the prevailing engineroom layout without having to
make provision for natural circulation.

Many arrangements are used, the most simple consisting of separate exhaust gas
and oil fired boilers, each having its own feed connection, but each discharging into a
common auxiliary steam main. This type of installation often makes use of tank type
boilers, and are suitable for providing fairly small amounts of low pressure saturated
steam. However this arrangement has some disadvantages. one of which is the
problem of thermal stressing that can arise if the relatively large amount of cold water
in the exhaust gas unit is not preheated before being put into operation.

Another convenient arrangement in common use is to allow the steam drum of
the oil fired boiler to act as the steam receiver for a forced circulation exhaust gas heat
exchanger as shown in Fig. 28. This gives the advantages that only a single steam
drum is required and that the oil fired boiler is kept in stand-by condition ready for
immediate use.

The exhaust gas heat exchanger is a forced circulation multi-loop type, of
all-welded construction. Extended heat exchange surfaces are used, similar to those
in economisers, mild steel fins being fitted in the higher temperature regions, while
cast iron gills are fitted to give protection against corrosion in those sections where
the gas stream may fall below its dew point temperature under normal operating
conditions. The tube elements may be arranged to provide a staggered gas path in
order to obtain better rates of heat transfer, or a straight through path which is less
liable to suffer from gas side fouling.

Some of these waste heat recovery systems provide superheated steam for use in
turbo-alternators which are capable of supplying the ship's electrical power
requirements while at sea and proceeding at or near her normal service speed. In
other cases, where only low pressure saturated steam is required, the oil fired unit
may take the form of a dual pressure boiler of the type shown in Fig. 25.

In all waste heat steam generating installations some form of control over the
amount of steam produced by the exhaust gas boiler is necessary. Various methods
are available such as a by-pass arrangement to regulate the amount of engine exhaust
flowing through the exhaust gas boiler, or by varying the amount of heat exchange
surface in use. Another method is to dump any excess steam produced into the
auxiliary condenser. while in other cases the system is designed with a safe pressure
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we ll above th e no rm al ope ra ting pr essure , Then if stea m dem and is too low to absorb
all th e heat rece ived by th e exhaust gas boiler, its o pe ra ting pr essure will rise so
incre asing th e sa tura tion temperature o f th e steam and, b y reducing th e temperature
difference be twee n the stea m and gas strea ms, servin g to re d uce th e a mo unt of he at
t ra nsfe rre d .
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CHAPTER 3

Q. Discuss the reasons for the general adoption of wat er tube boilers in place of the
Scotch boiler for the supply of main engine steam .

A. With the demand for higher efficiencies, steam temperatures have stead ily
increased, and this for various reasons is coupled with an increase in boiler pressure .

A boiler forms a more efficient heat exchanger if it co nsists of a large number
of small diameter tubes, rather than a small number of large diameter tubes.

A basic design factor involved in these points is the tube diameter ; the reasons for
thi s are as follow s:

Thin Shell Formula

pressure x diameter
Stress = '------"----,--,,.....,---

2 x thickness

Thus for a given maximum stress, as pressure increases, the diameter must decrease
in order to keep the thickness within reasonable limits .

Conduction Formula

temperature difference x area x time
Heat conducted = -----'-----:-:--:-------

thickness

Other factors remaining constant: as thickness decreases so heat conducted In

creases .

Surface Area

A number of sm all diameter tubes offer a greater heat exchange surface per unit
length th an a comparable large diameter tube, i.e. four 50 mm diameter tubes have
approximately equal cross-sectional area to one 100 mm diameter tube, but ha ve
twice as much surface a rea per unit length.

Thus the use of sma ll diameter tube enables higher pressures to be used , while
still allowing thin tube walls, which together with the greater heat exchange su rface
avail able, e na ble the heat evolved by the burning fuel to be more readily transmitted
to the boiler water-thus a llowing high evaporation rates.

In addition the th in walled tubes are easier to manufacture , to bend, and to
expand a nd bell-mouth into drums and head ers . They also reduce the weight of metal
in the boiler.
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WATER TUBE BOILERS

The small amount of water in th e boiler also reduces the overall weight of the
boiler and, together with the small diameter tubes, reduces the danger in the event of
a tube failure, but gives the disadvantage of little reserve water and ste am in the
boil er, and thus efficient control is required for water level , etc.

The high rate of he at transfer across the thin tube walls , together with the sma ll
bore , demands rapid and positive wat er circulation through tubes, etc. Water tube
boile rs can be de signed to give suffic ient natural cir cul ation up to very high pressures
by sloping the tub es by at least 15° from the horizontal , a nd by the use of unheated
down comers to supply water to the lower parts of the boiler.

The small bore tubes demand pure feed conditions to prevent scale formation ,
which could lead to blockage and overheating. In addition the thin metal thickness
gives littl e allowance for corrosion , and care must be taken to reduce this to a
minimum on both gas and water sides o f the boiler. These factors give ano ther
disad vantage in that elab orate closed feed syste ms must be used in conjunction with
water tube boilers.

The flexibility of wat er tube boilers, co upled with their positive circulation , and
reduced amo unts of ref ractory material a llow for rapid steam raising.

The layout of the water tube boiler permits the furnace to be de signed to
give etticient combustion condition s, and also allows the boiler shape to be modified
to some ex te nt to fit the space available in the ship.

Q. Describe the con struction of the drums for a water tube boiler.

A. In early water tube bo iler s the drums were riveted or forged from a single ingot ,
but for modern boilers the y ar e invariably of welded co nstructio n.

The materials and con struction procedures are governed by very strict rul es laid
down by the DOT and th e classification societies so that the completed drums can
properly withstand the forces set up by internal pressure and thermal effects.

Main feed
Nozzle

Manhole

Circumferential
welded joint

Safety valve
connection

Tube plate

Longitudinal weldedjoint

Saturated steam
outlet

\ Balance connection\ ! Ai/ent

Wrapper plate

/ Pressure gauge
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/"T---J.+I-----.JlIL---J.l.\---..L.f...J.....-----L....I....l...J.....I..-~..1,Il-~- End plate
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Ir --------
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I
I

Auxiliary steam
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Fig 29. Steam drum fo r a water lube boile r
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WATER TUBE BOI L ERS

E ach drum will consist of four main parts ; the cylindrical portion co nsists of two
sep ar ate plate sec tions, ca lled respectively the tube and wrapper plates, and two end
plat es. These are d ished to avoid the use of internal sta ys.

The thickness of these plates is related in a general way to pressur e and diamet er
by the thin shell formulae, allowance being made wher e nece ssar y for an y reduction
in stre ng th due to holes cut in the shell. In lar ge drums the tube plat e is mad e th icker
to compen sat e fo r the num er ou s holes drill ed in it. the plate edges being tap er ed
down to the sa me thickness as the wrapper and end plates before welding is carri ed
out.

Before the plates are cut to the required sizes, te st pieces are taken and checked
to see tha t the materi al is sa tisfacto ry .

Th e plates a re then cut to size , and bent to th e co rrect cur vature. Plat es of
mod er ate thickn ess can be bent cold but , in the majority of cases, the plates forming
the drums of water tube boil er s are too thi ck for this an d need to be bent hot. It is not
pos sibl e to bend th e plates right to edges fo rming the longitud inal seams, so the
plates are cut wider than necessar y, and th en th e co rrec t width is cut from the curved
portion afte r bend ing.

After completi on of hot bending the plat es are allowed to cool. An y mill scale is
then removed by sa nd blasting, or by pickling in acid .

Th e plate ed ges are then machined to the correct sha pe fo r welding; the tube and
wrapper plates a re then asse mb led, be ing. adjusted to their correct posit ion s by
means of jacks, and held firml y and accur ately in place by clamps which are tack
weld ed in place.

Te st pieces, cut from the original plate material , ar e th en lightl y welde d to ea ch
end o f the longitud inal sea ms in such a manner th at the weld can be co ntinued across
the test piece during the weld ing of the main sea ms.

Some form of automatic fusion welding pro cess is then used, the machine, pla ced
verti cally above th e joint, movin g along th e length of the seam whil e the drum
remains sta tionary. Wh en the weld is complet ed , the drum is rotated unt il the o the r
joint comes directl y und e r the mach ine , and the welding process is rep eated. U po n
comp le tion of the welds , the test piece s ar e cut from th e ends of the joints.

Th e end plates ar e now pre ssed to the req uir ed shape and size, the manholes cut
and, aft er coo ling, th e necessary machining to plate edges, and manhole landing ar e
carried o ut. The end plates are then placed firml y and accurately in position , and
welded to the cylind rica l portion of the drum. In this case the weld ing machine
re ma ins sta tionary, while the drum rotates beneath it, so allowing the machine to
weld vertica lly downwards around the complet e circumfer ence .

Upon comple tion, the seams are dressed flush and non-dest ructive tests, such as
X-ray examination , carried out a long the complete len gth s of the welds. If any
defe cts, such as porosity, lack of fusion, cracks, or slag inclusio ns are revealed, the
affec ted sections mu st be cut out by pneumat ic tools and then re-welded. Th e
repaired sections should be again tested and proved sound .

The drum is now marked off; th e holes cut for the drum mountings, th e br an ch
pieces, et c. being weld ed in place as requ ired . Hol es for the tubes a re now mad e ,
special d rilling mach ines being used so th at the holes are dr illed at their co rrect angl e
to the plate surface. An y stub tubes to be fitted are then weld ed in plac e.

When all machining and welding has been completed, the d rum is stress relieved ;
this is done by heating it to between 600- 650°C. It sho uld be maint ained at this
temperature for a pe riod of time, and then allowe d to coo l slowly in still air. Th e test
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pieces, previously cut from the ends of the longitudinal joints, undergo the same heat
treatment. They are then cut up to provide the required test specimens. When
satisfactory reports on the results of these tests have been received, the drums are
prepared for hydraulic testing. Where no stub tubes are to be welded, the tube holes
may be drilled after the hydraulic test has been completed.

Q. Discuss the functions of drums and headers as used in water tube boilers.

A. The vast majority of water tube boilers consist of a steam drum, one or more
water drums, and a number of headers. These components are interconnected by
numerous tubes.

These drums and headers may be considered as follows:

Steam Drum

In natural circulation boilers the motive power to provide a strong positrve
circulation is obtained by the difference in density between water at different
temperatures.

Thus the steam drum provides a reservoir of relatively cool water giving the
gravitational head necessary. to displace the high temperature mixture of steam and
water, with its much smaller density, from the heated tube surfaces. The drum then
provides the space for the separation of this steam and water mixture as it returns.
Again the difference in density allows the dry steam to rise, and leave from the top of
the drum, while the water joins the incoming feed, to enter the downcomers and so
rejoin the circulation circuit within the boiler.

The steam drum thus contains a reserve of steam for manoeuvring purposes. It
also receives the incoming feed water so giving the head of water necessary for the
proper operation of the boiler, and provides for the distribution of this water to the
downcomers.

Water Drum

This provides for the distribution of water, entering it from the downcomers, to the
screen and generating tubes and in some cases to the water wall headers.

It also provides a space for the accumulation of suspended solids which may be
precipitated from the boiler water. The blow down connection enables these to be
blown out as required.

Headers

These perform a similar duty to that of the drums, only size forming a distinction
between them. In general the drums are large enough to be entered through
manholes, whereas access to the interior of the headers is only provided by hand
holes.

General Design Features The drum thickness is related to working pressure and
diameter in a general way by the thin shell formulae. Thus the smaller the drum
diameter for a given pressure, the thinner the plate sections that can be used, giving a
lighter and cheaper drum. However, if it is made too small difficulties arise with the
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WATER TUBE BOILERS

separation of the steam and water within the drum. In some cases special steam and
water separators have to be fitted to overcome this problem.

Too small a drum can also cause problems with the control of the boiler water
level. In some cases this can lead to severe fluctuations of the water level during
manoeuvring conditions.

The drums and headers also provide the tube plates necessary for the attachment
of the tubes. The drums are normally formed of two complete plate sections forming
the cylindrical portion, and in order to provide allowance for the reduction in
strength due to the holes drilled in the tube plate, it is usually of greater thickness,
being tapered down in way of the welded joints.

The headers may be cylindrical or rectangular in section, the latter being possible
due to the small overall dimensions which enable the flat surfaces involved to
withstand the stresses imposed upon them by the internal pressure, without having to
be of undue thickness.

Q. Give the various types of tubes used in water tube boilers, together with their
main functions.

A. The following types of tubes are used in water tube boilers:

Generating Tubes

These consist of numerous small diameter tubes placed in the main flow of hot gases,
so forming a large heat exchange surface; the generation of steam takes place mainly
by convection.

For a given rate of water circulation the minimum allowable tube diameter is
limited, as below a certain value the ratio of steam to water becomes excessive and
leads to possible overheating.

Another limitation is imposed by the fact that, while sufficient heat exchange
surface must be provided for the gas exit temperature to be low enough to ensure
economic operation, if there is too much the gases will fall below their dew point
temperature. This will lead to corrosion of the heating surfaces.

In general the number of generating tubes tends to be reduced in modern boilers,
until indeed in radiant heat boilers no generating tubes as such are fitted. Water walls
receiving radiant heat are used instead.

Screen Tubes

These are placed adjacent to the furnace, so receiving heat from the flame together
with heat from the hot gases leaving the furnace; therefore they need a relatively
large diameter to keep the ratio of steam to w.ater low enough to prevent
overheating.

The duty of the screen tubes is to protect the superheater tubes from the direct
radiant heat of the furnace flame.

Water Wall Tubes

These are used basically to contain the heat of the furnace, thus reducing the amount
of refractory material required.

In some types of boilers, water cooled refractory walls are used. These consist of
tubes with studs welded onto them, covered with refractory material, which can now
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WATER TUBE BOILERS

withstand the high temperatures without damage . In other designs part of the tube
surface is exposed to radiant heat which helps to generate steam. In some radiant
heat boilers the tubes are welded together along their length by fins or strips, and no
refractory is required.

Downcomer Tubes

These consist of large diameter, unheated tubes placed outside the gas stream which
act as feeders to the water drum and headers.

Riser or Return Tubes

These return steam and water from the top water wall headers to the steam drum.

Superheater Tubes

These consist of small diameter tubes placed in the main gas stream, after the screen
tubes. Their duty is to superheat the saturated steam leaving the drum to a
temperature suitable for use in the main turbines. They must be protected from
direct radiant heat as they are liable to overheating due to the much smaller specific
heat of steam compared to that of water.

Superheater Support Tubes

These relatively large diameter tubes act basically as water cooled supports for the
superheater tubes.

The metal surface temperature of all these boiler tubes must be considered and,
for all tubes containing water, the working temperature is assumed to be the
saturation temperature corresponding to the boiler pressure, plus 15°C. Thus
solid-drawn mild steel tubes can be used. In the case of superheater tubes, however,
the temperature is considered to be the maximum superheat temperature, plus a
value in the order of 30°C for convection type superheaters, and in excess of this
figure for radiant heat type superheaters. For steam temperatures above 455°C heat
resisting alloy steel, containing small amounts of chrome and molybdenum, must be
used.

In the majority of cases boiler tubes are expanded, and then bell-mouthed into
drums or headers. For large diameter tubes, such as downcorners, grooved seats are
used to assist the expansion in forming a tight seal. Where high temperatures are
involved, as with superheater tubes, welding may be used in place of expanding.

There are three main methods of arranging boiler tubes :
Straight tubes are easy to clean and replace but can only be used in conjunction

with headers as, if used with drums, the tubes will not enter perpendicular to the tube
plate, and the holes would have to be recessed, or arbored, in order to keep the
bell-mouthing near the drum surface. These recesses would act as stress risers, and
are banned.

Curved tubes can be used with drums, but even here the tubes will not normally
enter perpendicular to the tube plate, but at an angle ; this makes expanding more
difficult, and also results in a thicker tube plate.

In the third method , often referred to as bent tube, all the tubes are bent so as to
enter perpendicular to the surface of the tube plate. This gives the advantage of
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WATER TUBE BOILERS

easier expansion and bell-mouthing, and also enables a thinner tube plate to be used.
The disadvantage lies in the relatively sharp bends, which make cleaning and tube
replacement more difficult, and also means more spares must be carried as tube
curvature varies from row to row. However, the high quality feed available for
modern boilers, which gives little risk of scale formation, enables this method to be
used to advantage.

Q. Sketch and describe a header type water tube boiler. Give tube sizes and show
the position of the superheater. Indicate the gas and water flows , and give the gas
temperatures from furnace to funnel.

A. The header type boiler is robust and suitable for use with poor quality feed ; the
straight relatively short tubes allow good internal cleaning, and easy tube replace
ment.

The main disadvantages are the large number of handhole doors in the headers,
and extensive furnace brickwork.

Steam generation is mainly by convection , only the lower rows of screen tubes
being subjected to radiant heat.

THREE PASS DESIGN
The basic form consists of a single steam drum connected to a series of sinuous
headers inclined at 150 to the vertical. Straight tubes, inclined at 150 to the horizontal,
expanded and bell-mouthed into these headers, allow the water to circulate to
headers at the rear of the boiler similar to those at the front. From here the water now
containing a large number of steam bubbles passes back to the steam drum via the
horizontal return tubes.

By the use of baffles, the combustion gases are directed so as to make three passes
over the generating tubes, the heat from these gases being used to change the water in
the tubes to steam.

As the water is heated, so forming a mixture of hot water and steam bubbles, its
density decreases, providing the strong circulation through the inclined generating
tubes necessary to prevent them overheating.

The required superheat temperatures are obtained by positioning the super
heater with more or less tubes beneath it. Indeed for low superheat conditions it is
placed above the return tubes at the top of the first gas pass.

A horizontal header, placed across the front of the boiler below the front upright
headers and connected to them by short nipples, acts as a mud drum, effectively
trapping a large proportion of any sludge in the boiler water. This sludge can then be
removed by means of blow down valves fitted at each end of the horizontal header.

The bottom row of inclined tubes consists of 100 mm diameter screen tubes,
above these are numerous rows of 46 mm diameter generating tubes. The top
horizontal return tubes consist of two rows of 100 mm diameter tubes.

The oil fuel burners are arranged along the front of the boiler, and combustion air
pas sing through the double casing of the boiler enters through air registers into a
refractory lined furnace where combustion takes place.

SINGLE PASS DESIGN
This is of the same basic design as the three pass boiler, but with the baffles omitted so
that the gases make only one pass over the inclined generating tubes. In general this
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WAT ER TU BE BOI LERS

type of boil er is used for higher stea ming conditions th an the three pass and, in order
to obta in a grea ter heat e xchange surface , sma ller diameter tubes a re used . The
screen tubes now consist of two rows of 50 mm diameter tubes, with rows of 32 mm
diamet er gene rating tubes abo ve . The return tubes rema in un changed . As before,
access to these tubes is obta ined through handholes cut in the head er s.

The superheater in th e single pass design is always placed low down in order to
give the requi red supe rheat temperatures.

Combustion
air from
FD fan

Steam drum
/

Generating
tubes
32 mm dia.

Gas baffle _.,

Front
header ..»

Combustion
air

Uptake

Furnace

1300°C

r

Superheater

Double casing
Fig. 30 Ba bcock and Wilcox

header boiler

Water Walls In so me cases the more highly rat ed single pass boil er s have wat er
walls fitted at the sides of the furnace . These wa lls co nsist of 83 mm diameter,
studde d tub es, runn ing par allel with the generat ing tubes between two vertical
headers; these in turn are connected to the steam drum by a number of e xte rn al
downcomer s and risers consistin g of 112 mm diameter tubes.

In addition the lar gest boilers of this type may have a water cooled re ar wall.
In all but the o ldes t ver sion s, the steam drum is of all-we lde d construct ion; the

headers are so lid forged. All th e tubes, and co nnecting nipples, are solid-drawn mild
ste el.

The boiler double cas ing is o f bolted co nstructio n.

Q. Sket ch and descr ibe a two d rum, bent tube boil er. Give·tube sizes and show the
pos itio n of the superheater. Indicate the gas and water flow s, and give gas
temperatu res from furn ace to funn el.
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WATER T UB E BO ILE RS

A. This type of boiler with its lar gely wate r coo led furnace is suitable for high
ope ra ting conditio ns . The long bent tubes however, du e to difficulty of cleaning an d
tube repl acem ent , dem and good qu ality fee d water in orde r to avoid the form ati on of
scale. The basic design consists of two drums; th e lar ger stea m drum is placed ab ove a
Smaller wate r d rum and the two are conn ected by numerous 32 mm diam eter
generating tubes . See Fig . 31.

Th e furn ace is placed to one side , th e hot gase s passi ng ove r two rows of 50 mm
diameter screen tubes to a superheater placed between th e drums in front of the
generating tube ba nk.

After leaving these tubes, the gases e nter the economise r section in th e lower part
of the uptakes. Baffles a re placed to direct thi s gas flow as requ ired .

Water walls consis ting of 50 mm diam et er tubes are used on the roof, side , and
rear of the furn ace . These water wall tubes are connected to drums or header s as
required .

In the Fos te r Wh eeler D-type boiler, 82 mm diameter unde rfloo r tubes are used
to supply th e lowe r header s for the water walls with water from the water drum.
External down come rs are only fitted between the stea m and water drums . Feed
water entering th e stea m drum flows through the dow ncom er s to the water drum to
replace the water rising up through the water wall and generating tubes, as its densit y
decreases upon receiving heat from the hot gases, th us pro vidin g the positive

Genera t ing
tubes
32 mrn di a.

/

Up take

Soot blow ers

Super
heat er

" ' ---~

Expans ion joint ./ -F==~

Eco no miser
sect ion

Stea m drum

Gas baftle I
Return tu bes <,

T op head er for
rear wa ter wa ll

Double

_. . I

Sliding feet / Low er Head er For Un der Fl oo r
support s Rear Wate r Wall T ubes 82 111 m Dia

Header for sid e ~~!~~~~!i=~~~_.).~~J
water wall 1!

Side water
wa ll tubes
50 rum dia.

Fig. 31 Foster Wheeler D- type boiler
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circulation of water required in all types of water tube boilers. From the top headers,
risers return the mixture to the steam drum.

In the Babcock and Wilcox version, The Integral furnace boiler, external
downcomers are used not only to supply the water drum, but also the water wall
headers; the underfloor tubes in this case are omitted.

In both types of boiler, the external downcomers consist of tubes about 100 mm
in diameter fitted in the double casing of the boiler.

Refractory material is used on the furnace floor and front burner wall in both
types of boiler. It is also used behind the water walls, etc. In addition the Babcock and
Wilcox boiler also uses studded tube walls.

The combustion air passes through ducting arranged in the double casing of the
boiler, and it then passes through air registers into the furnace where combustion
takes place.

Internal access to tubes, etc . is obtained by manholes in the steam and water
drums, and by hand holes in the water wall headers.

In the later versions of these boilers the double casing is all welded.
All the tubes, including the downcorners, are expanded and bell-mouthed into

drums and headers.
The drums are of all-welded construction, the water wall headers are solid forged,

with welded ends. All the tubes are solid-drawn mild steel.

Q. Sketch and describe a controlled superheat boiler of a two furnace type; give
tube sizes and show the position of the superheater. Explain how the superheat
temperature is controlled. Indicate gas and water flows for the boiler.

Uptake~ 1700C
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WATER TUBE BOILERS

A. For operational superheat temperature a bove 430°C so me mean s of tempera
ture contro l becomes necessary. One method of doing th is is to have two furn aces ; no
damper s o r attempera to rs are fitted , the temperature being co ntro lled by the rat e of
firing in th e individual furn aces. Th e type of controlled superhea t boiler illustrat ed in
Fig. 29 has one stea m drum, two wat er drums, and two furn aces, th e latter being
sepa ra te d by an intermediat e bank of generating tubes.

Both furn aces have wa te r walls at roof, sides , and rear , with refr actory mat erial
o n floor s and front burner wall s.

External downcom er s supply the water drums, while the lower he ad er s for the
water walls are supplied by underfloor tubes in a simil ar manner to the D-type boiler.

The wat er wall tubes and the two rows of screen tubes adjacent to th e furn aces in
each of th e tube banks con sist of 50 mm diameter tubes. Th e gen er ating tubes
themselves are 32 mm in diameter, and the external down com er s 100 mm in
diam et er.

By burn ing a gre ater proportion of fuel in the wing furn ace th e superhea t
temperature is reduced as, although the total mass of exhaust gases flow ing ove r th e
superhea ter re ma ins the same, its overall temperature has been reduced due to the
greater proportion of these gases which have passed over the intermedi ate tu be ba nk
place d between the furnaces. This type of boiler gives a control range of abo ut 60°C
ove r th e final superheat temperature.

Th e wing furn ace is used to raise steam, thus giving added protect ion to the
superheater.

Q. Sket ch and describe a se lectable superheat boiler. Gi ve tube sizes, and show the
positi on of the super heate r. Explain how the superheat temperature is contro lled .
Indicate th e gas and wat er flows for the boiler.

A. T his boi le r is similar in basic layout to the normal type of two drum, bent tube
boiler , exce pt fo r the divided gas paths from the furnace . It has two drums. Th e lar ger
steam drum is placed above a sma lle r wa te r drum, the two being connec ted by
num er ou s gene ra ting tubes.

Th e furn ace is place d to o ne side , and the hot gases lea ving th e furn ace pass ove r
three rows of 50 mm diam et e r screen tubes to ente r two passage s placed in parallel,
and d ivided by a studde d tube wall. The supe rhea te r is placed in on e of th ese
passages, the gas flow across it be ing controlled by linked dampers which , whil e
allowing the total mass flow of gas to rem ain consta n t, regulates the proportion of gas
flowing throu gh the individua l passages.

Th e damper s ca n be controlled by e ithe r manual or automatic means, so giving a
wide ran ge of contro l over th e fina l superhe at temperature under all steaming
conditions.

Th e supe rheate r only rea ches across one gas passage and, in order to fulfil the
required surface a rea, it is of W-f'orm .

A bank of 32 mm diam et er gen er at ing tubes is placed behind the superheater,
while in the sa tura ted passage a bank of 38 mm diameter tubes replaces the
superheater.

After leaving the gene ra ting tubes the gases ente r th e damper section. The gas
str eams then combine and ente r econo mise rs, e tc .

External downcomers, 100 mm in diam et er, fitted in the double casing supply
water from the steam drum to th e wa ter drum, and th e lower heade rs for the water
walls.
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Steam drum

Saturated
passage

Control dampers

External
downcomer

Fig. 33 Babcock and Wilcox selectable superheat boiler

Top header for
rear water wall

./

Double casing

Water walls are fitted to the roof, side, and rear wall of the furnace. These walls
consist of 50 mm diameter tubes, partially studded to provide anchorage for
refractory material used to seal the space between the tubes. Refractory material is
also used on the floor and front burner wall of the furnace.

The steam drum is fitted with cyclone steam separators, and must be arranged in a
fore-and-aft position.

The fuel oil burners are grouped in the front wall of the furnace. Combustion air
flows through ducting arranged in the double casing to pass through the air registers
into the furnace where combustion takes place.

Internal access to the boiler is obtained by manholes in the steam and water
drums, and by handhole doors in the headers.

The drums are of all-welded construction; the water wall headers are solid
forged, with welded ends. All the tubes are solid drawn .
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Q. Sketch and describe an ESD.I type boiler. Give tube sizes and show the position
of the superheater. Indicate the gas and water flows, and give gas temperatures from
furnace to funnel.

A. The basic design consists of two drums, the larger steam drum being placed
above a smaller water drum, with a water cooled furnace placed to one side in a
manner similar to that of the two drum, bent tube boilers. See Fig. 34.

The furnace has water walls consisting of close-pitched 50 mm diameter tubes at
roof, side, and rear. The lower headers for these water walls are of rectangular
section, and are supplied with water from the water drum by means of underfloor
tubes. External downcomers, 130 mm in diameter, supply the water drum.

The gases leaving the furnace pass over eight rows of 50 mm diameter screen
tubes before reaching a multi-loop type superheater placed in the lower part of the
uptake. This superheater consists of mild steel elements, expanded and bell
mouthed into the headers, up to a temperature of 455°C-above this temperature
alloy steel tubes welded to alloy steel headers are used. These superheater elements
are suspended from beams cast from heat-resistant steel, and supported at their
inboard ends by water cooled support tubes .

I
I

Air in

Air out
I
t
Steam drum

Return
Top header for tubes
rear water wall

Side water wall

~

Double casing

Header

Sliding
feet

Fig. 34 Foster Wheeler ESD. I boiler
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The gas flow is directed to the bottom of the superheater by a gas baffle consisting
of flanged plates, with a layer of air castable refractory on the furnace side .

Control over the final superheat is achieved by means of an air cooled
attemperator placed in circuit between the primary and secondary super
heaters.

After leaving the superheater the gases enter the economiser section so heating
the incoming feed water.

Refractory material is used on the furnace floor and front burner wall . It is also
used behind the water walls, etc .

After leaving the attemperator, the heated combustion air passes through the air
registers into the furnace where combustion takes place.

Internal access to tubes, etc. is obtained by means of manholes in steam and water
drums, and by handholes in the water wall headers.

The drums are of all-welded construction ; the headers are solid forged, with
welded ends. All the tubes are solid drawn.

The boiler is enclosed by an all-welded double casing.

Q. Sketch and describe an ESD.ll type boiler. Give tube sizes and show the
position of the superheater and the control unit. Indicate the gas and water flows, and
give gas temperatures from furnace to funnel.

A. The basic design consists of two drums, the larger steam drum being placed
above a smaller water drum. A water cooled furnace is placed to one side, and the
gases leaving this furnace enter a split gas passage , dampers regulate the gas flow and
so control the final superheat temperature. The furnace has water walls consisting of
close-pitched 50 mm diameter tubes at roof, side, and rear. The lower headers for
these water walls are of rectangular section, and are supplied with water from the
water drum by means of underfloor tubes. External downcomers, 130 mm in
diameter, are used to supply water from the steam drum to the water drum.

Gases leaving the furnace pass over six rows of 50 mm diameter screen tubes,
where they divide, either passing over a multi-loop type superheater or over the
control unit. The latter consists of a plain tube economiser through which the feed
water passes on its way to the steam drum.

Linked dampers regulate the gas flow through the individual passages so giving
control over the superheat temperature; the greater the amount of gas flowing over
the control unit the lower the final superheat temperature.

After the damper section the gas streams combine and enter the economiser.
Refractory material is used on the furnace floor , and front burner wall. It is also

used behind water walls, etc.
As no air-cooled attemperator is used, fuller use is made of air cooling in the

double casing of this type of boiler. After finally passing' under the furnace in the
ducting provided, the air enters the furnace where combustion takes place.

The boiler is encased by an all-welded double casing; fully retractable soot
blowers are fitted in the furnace and superheater section .
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Q. Sketch and describe an ESD .111 type boiler . Give tube sizes and show the
po siti on of the superheater. Describe the method of supe rheat control used in this
type of boiler. Indicate gas and water flows, and give gas temperatures from furnace
to funnel.

A. This boiler has two drums, and a fully water-cooled furnace with the fuel oil
burners mounted in the roof. Control over the final supe rheat temperature is
achieved by means of a water-cooled attemperator mounted in the steam drum .
Some ver sions of this boiler have water walls of the close-pitched type while others
use rnonowalls. This latter type of water wall con sisting of finned tubes welded
together along their length enables a single casing to be used in place of the double
casing required with the more orthodox form of water wall.

A dividing water wall completely separates the upper portion of the furnace from
the superheater section ; only in the lower part of the wall are the tubes splayed out to
enable the gase s from the furnace to pass through on their way to the multi-loop type
superheater .

The superheate r consi sts of primary and secondary sections. a water cooled
attemperator mounted in the steam drum and placed in circuit between them giving
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control over the the final superheat temperature. A control valve is used to regulate
the amount of steam actually passing through the atternperator, the remaining steam
going directly from the primary to the secondary superheater.

It should be noted that parallel steam flow is used in the secondary superheater in
order to prevent the hottest steam and the hottest gas coming into contact. This is
done to reduce the amount of bonded deposits forming on the superheater tubes.

The superheater tubes are welded to the superheater headers, and suspended
from support beams made of heat resistant steel. The tube materials are graded to
suit the temperature conditions to which they are exposed. Mild steel tubes give way
to alloy steel tubes as the steam temperature increases .

The furnace is designed for roof firing; this allows for a long flame path which
gives a more even release of heat and allows a longer time for combustion to take
place, thus allowing very small amounts of excess air to be used. However, with the
burners mounted on top of the boiler remote from normal control positions, the use
of automatic combustion control is essential on this type of boiler.

External downcomers are used to supply both the water drum and the lower
water wall headers. The diameter of the water wall tubes depends upon the form of
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wall used ; the close pitched use 50 mm diameter tubes, while the monowall type uses
62 mm diameter. Water walls are also fitted to the superheate r section.

Aft er leav ing the prim ar y supe rhea te r the gases ent er the eco nomiser, and in
some cases if the feed temperature into the eco nomiser is high enough a gas/air
heat er may then be fitted.

Both stea m and water drums are of all-w elded con struction ; all the tubes are so lid
drawn .

Fully retractable soo tblowers are fitted in way of the sup erheater secti on .

Q. Sketch and describe a water tube boiler using tangential firing in the furn ace.

A. The basic layout shown in Fig. 37 consi sts of two drums, the larger steam drum
being arranged above the smaller water drum, with a bank of32 mm diameter genera t
ing tube s conn ecting them. The furn ace is placed to one side, with the hot combustion
gases passing over two rows of 64 mm diameter screen tubes to enter the superhea ter
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Stea m d rum

Ge ne ra ting
tub es

Fig. 37 Co mbusti on engineering VSM 9 boiler
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placed in front of the generating tube bank. The superheaters are mounted vertically to
give good drainage, and to avoid horizontal surfaces onto which slag deposits can
build up.

To avoid the formation of bonded deposits on the gas surfaces of the superheater
tubes, the metal temperatures are reduced by preventing the hottest gas and steam
flows coming together. The hottest gases first enter the primary superheater and its
lower steam temperatures, before flowing on to the secondary superheater with its
higher steam temperatures. An attemperator mounted in the steam flow line between
the two superheater sections provides control over the final superheat outlet temper
ature.

The boiler is supported at mid-height by a saddle beneath the water drum, and by
supports under the intermediate waterwall headers placed level with the water drum.
The furnace lies partly above and partly below these intermediate headers, so being
able to expand both upwards and downwards from the point of support.

Gastight diaphragm walls ofwelded construction completely surround the furnace,
reducing the need for refractory material, and allowing the use ofa single boiler casing.
The burners placed in the lower portion of the furnace are arranged for tangential
firing by mounting them in each corner of the rectangular furnace, with each burner
aligned tangential to a circle of about 0·6 m diameter in the centre of the firing space.
This allows the formation of a horizontal vortex flame pattern providing increased
turbulence and an effectively longer flame path, both ofwhich lead to efficient combus
tion with low levels of excess air, so greatly reducing corrosion and deposits in the gas
passages .

Positive water circulation in the boiler is provided by external downcomers which
first feed the water drum and then from there the lower water wall headers. This water
then rises through the water wall tubes to the intermediate headers which serve to
balance the distribution of water to the upper sections of the water walls, where risers
from the top headers to the steam drum complete the circulation path. The generating
bank is supplied directly from the water drum.

Economisers are mounted in the uptake after the generating tubes , and if required a
rotary air heater can be fitted as a final stage heat exchanger.

Q. Describe some of the design features of radiant heat type water tube boilers.

A. The ESD.lll type boiler shown in Fig. 36 forms a typical example of a radiant
heat boiler. These have no banks of generating tubes. relying instead upon water walls
which completely surround the furnace, receiving radiant heat for the generation of
steam . In a few cases tangential type water walls are fitted, but in general diaphragm
walls are preferred; these form a water box type furnace and require only a single boiler
casing . Many versions of radiant heat boilers use welded tube attachment, and in this
case only a single boiler drum is required, with a header being fitted in place of the
water drum. This is because internal access is not required in order to expand the lower
ends of the tubes.

The majority of radiant heat boilers use roof firing which, by providing a longer
flame path, allows a greater time period for the combustion process to be completed
within the confines of the furnace . This provides for more efficient combustion with
reduced excess air requirements, below 5% as compared to the 5% to 15% needed for
normal side-fired furnaces. As a result there is a less intense but more even release of
heat, avoiding local high temperature regions which could be detrimental to the
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diaphragm type water walls, and also allowing a more even distr ibution of the gas flow
acro ss the superheater.

Th is superhea ter is conta ined in a water cooled space and co mprises primar y and
secondar y multi-loop type superheaters, with a water cooled sur face or spray type
attemperato r placed in circuit between them to give control over the superhea t temper
ature . Parallel flow conditions are often used in the superheater sections in an atte mpt
to reduce the formati on of bonded deposits by preventing the hottest steam and gas
flows coming together. In most cases the arrangement con sists of a cou nter flow pri
mary, with a parallel flow secondary unit placed beneath it. Th e superhea t material s
are graded to suit the steam temperatures involved.

After the superhea ter, an economiser is fitted to provide the vital heat exchange
surface needed to raise the incoming feed close to the evapo ration temperature.

In some cases , to avoi d circulation problems, a steaming economiser is fitted; these
have parallel flow so that any steam bubbles forming can pass upward s through the
tu be clements to enter the steam drum, and not inte rfere with the feed flow.

Finally, to achieve maximum boiler efficiency a rot ary ai r hea ter may be fitted after
the economiser section.

Q. Describe the method s of tube attachm ent used in water tube boiler s.

mentGrooved sea tEx panded and bell mou th ed

A. Tu bes can be atta ched to drums and headers by expa nding or by welding. In
most cases the generating, screen, and water wall tub es are expand ed into plain sea ts,
and then bell-mouthed . The tube ends must be cleaned , and then care fully dr ifted, or
rolle r expa nded into the holes in the tub e plat e . Th ey must project th rough the tub e
plate by at least 6 mm. To prevent tubes pull ing out of the tube plat e, they must be
bell-mouthed. This bell-mouthing is to be I mm for every 25 mm of outside diameter
plus 1'5 mm . See Fig. 38.

Wh en the tube enters perpendicular to the surface of the tube plate , the length of
parallel seating must be at least 10 mm . Wh ere the tu be does not ente r perpendicular
to the surface, the length of parallel seating must be at least 13 mm .

In the case of tubes with larger diameter s, such as downcomers, it is.w;oIoft!!-oH~Sf

grooved sea ts. The tube material flows into the grooves during the e ~sir~.t'a~@5ii:

so helping to form a tight seal. ;...!::J~ 1.'.,..,.~.. -.. v-::.. -~~h.
1.'\ .,!i\ ~
I 'J( ~~ *

o ~ ~.~\:.~ ~r'~j
*~ '*" .~,, ~ ;T

- .:;..... " ( . .\~ ' \ .•.'"
.. _ ( • ~ I , t .J . .0:..1

Fig. 38 E~ded tube a"nacb -. . '

Superheater tubes are also usually expa nded and bell -mouthed up to steam
temperatures of about 450°C ; above th is value the tubes are ofte n a ttached by
welding. As can be seen in Fig. 39 a stub tube is interposed between the ac tua l tube
and the header. Two meth ods of welding are shown. In the gas-welded tu be a

45



WATER T UBE BOILERS

,--- Tu be ____________

Header or

(drum ~rl'l!f--j.-~......._
"--....

Butt Weld Shaped Seat
Fig. 39 Welded tube

a ttac hment

ba cking ring may be required to prevent weld metal breaking through into the tube
bore . In the o ther type , ba ck ing rin gs are not necessar y du e to the specially shaped
tube end. Ele ctri c welding may be used. H owever , the tube must make a ninety
de gree bend close to the joint in ord er to prevent dir ect tensile stresses coming onto
the weld.

Q. Describe with the aid of sketches the basic designs of water walls used in the
construction of water tube boilers.

A. Water walls are used in water tube boilers to contain the heat of the furn ace and
redu ce the am ount of refracto ry mat erial required. Th ey a lso contribute to the evap
o ra tio n rate by receiving rad iant heat ; indeed, in radiant heat boilers the wat er walls
pro vide the bulk of steam generation .

As a design fact o r, the tube pitch is crit ical: to o sma ll, and the co rrespo nding
attachment holes undul y weaken tube plates and headers; too large a pitch, and the
amo unt of radiant heat pas sing throu gh the ga ps between the tubes overhea ts the
boile r ca sing. Fo ur basic designs of wa ter wall s to overco me these probl ems a re illus
trated in Fig. 40.

The partially studded wat er wall has a relatively wide pitch and so do es not unduly
weaken the tube plates or headers, but to seal the ga ps between the tubes a refracto ry
mater ial mu st be used , th is being keyed in place by steel studs resistance-welded to the
wat er wall tubes.

In the case of the tangent ial type water wa ll a much sma ller pitch is used , the
off-set tube end s a llowing the use of staggered holes to prevent undue weakening of
tube pla tes and head ers. However , som e radiant heat can still penetrate the wall and a
layer of suitabl e refactory mat erial mu st be placed beh ind the water to pr otect the
boiler cas ing.

D iaphragm type water walls are con structed by welding longitudinal fins betwe en
adjacent plain tubes, as in the membrane wall , o r alternati vely weld ing finned tubes
together along the line of co ntac t, as in the mon owall, In both cases similar gastight
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pan els a re formed which ca n be used to surrou nd the furnace, the weld ed fins being
omitte d in way of any required gas passages. As no radiant heat ca n pe netra te these
wall s, no refractory materi al need be fitted behind them and a sing le bo iler cas ing can
be used .

Again tube pitch remains a cr itica l fac to r; too narrow a pitch no t on ly unduly
weakens th e tube plates, but ca n a lso overcool the furnace flame lead ing to un stable
co m bustion conditio ns. Too wide a pitch can res ult in ov er heating of the lo ngitudinal
fins.

The intense sho rt flam es suita ble for usc with tan genti al o r partiall y studded wat er
wa lls are not suita ble for diaphragm water wall s, which need a low furnace heat flux
suc h as th at produced by a lon g flam e in co njunction with low values of excess air
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A disadvantage of diaphragm walls is that tube failures are difficult to repair,
simple plugging of the failed tubes no longer being suitable as the single casing, having
no refractory, would rapidly overheat. Instead, an immediate welded repair of the
damaged tubes must be performed before the boiler can be returned to service.
Another problem arises in the event of an explosion within the furnace, which would
now act directly upon these gaslight panels, distorting them, and in serious cases
pulling tubes from their attachments.
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CHAPTER 4

-x,.
Superheaters and Upta-...........

Exchangers

Q. D iscuss the reasons for the use of higher pre ssures and temperatures in mod ern
steam plant.

A. In general for any heat engine cycle the following statement can be mad e
regard ing its thermal efficien cy:

Thermal efficiency is proport ion al to the rati o

TI - T2

T I

Where

T I = The highest absolute tempe rature in the cycle.
T2 = The lowest absolute temper ature in the cycle.

Thus to increase the thermal efficien cy the temper ature d iffere nce ( T I - T2 ) must be
increased.

In a steam plant the two temperat ures to be co nside red are the stea m supply
temperature (TI ) , and the ex haust temperatu re (T2) .

To under stand the fact or s gove rni ng these two temper atures, consider a unit
ma ss of wa ter to be heated at co nsta nt pressure. The process is shown in diagramma
tic form in Fig. 41.

Evapora tio n temper atu re

( increases wit h pressure

Evaporation
temperature

,
I,,

Lat ent hea t ® "\
I ' I ,

I ! :

Superheated steam
co ndit io n

Fig . 4 \ Water Wet stea m /
co ndi tio n

Dry satu ra te d
co ndi t io n

At first the temperature of the wate r incre ases and th is co ntinues unt il it rea che s
its evap orat ion temperature , ind icated by point A o n the diagram . It th en absorbs
latent heat , the temper ature rem aining co nsta n t as indicated by th e horizontal line on
the d iagram. Th is process continues unt il all the wat er present has chan ged to steam;
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in this condition, indicated by point B on the diagram, it is referred to as dry saturated
steam . At this point if more heat is added, still at constant pressure , the temperature
o f the steam increases, and it is sa id to be in a supe rhea ted condition . If, on the o the r
hand , heat energy is removed from steam a t the dry saturated condition , it will begin
to condense , the resulting mixture of steam and water being referred to as wet steam.

From the diagram it can also be see n that as pressure increases, th e correspo nd ing
evaporation temperature increases, while the latent heat of evaporati on de creases.

Thus the e xha ust temperature is go verned by the exhaust pressure, and in a steam
turbine us ing a regenerati ve condenser, the exhaust pre ssure is close to absolute ze ro
pressure, so there is little possibility of further improvement here. Th erefore the o nly
pr acticable way to increase the rati o is to increa se the highest absolute temperature
(T,) in the cycle. There are two basic ways in which thi s ma y be acco mplished :

RAISING THE BOILER PRESSURE
This increases the evaporation temperature of the steam, but gives the foll owing
d isadvantages :

To keep th e stresses in the boiler material within the desired values, the boil er
scantlings mu st increase as boiler pressure increases .

As seen o n the diagram, when dr y saturated steam gives up en ergy at con st ant
pre ssure , it begins to co nde nse. The water dr oplets thu s formed lead to incr eased
fricti on, and also to erosion, as the steam pa sses over the turbine blad es.

Fro m the steam tabl es, it can be ascertained that littl e increase o f the en ergy
stored in the stea m occurs over a wid e range of pressure increase . Th is is due to the
fact th at, althou gh the se nsible heat energy incre ases as the evapo ra tion temperature
increases, it is off-se t by th e corresponding decrease in the latent heat value.

SUPERHEATING THE STEAM
As shown on the diagram , if dry sa turated stea m is further heated at constant
pressure, its temperature increases, and thus it stores more en ergy without increasing
the bo ile r scantlings. The o nse t of condensation is also delayed , the steam having to
drop to the eva po ratio n temperature co rrespo ndi ng to the pres sure . Howe ver
superhea ting alo ne also gives some disadvantages; these are as follow s:

During the supe rheating process, the steam must be free to expand, thus the
specific volume of the steam increases as the am ount of superheat increases.

Low boiler pressure would not give sufficient pressure drop through the
supe rhea ter, the turbine nozzles, and turbine for efficient o pera tio n.

The lower evapo ratio n temperature corresponding to the low pressu re limits the
oppo rtunity for feed heating in the syst em.

It can therefore be see n th at neith er raising the pressure , nor incr eased amounts
o f supe rhea t, provide on the ir own a suitable means of increasing the thermal
efficiency of the plant; instead there has been a general increase in boiler pressure
coupled with the use of higher superheat temperatures. The higher pressure keeps
the final volume of the ste am delivered to the turbine within reasonable lim its, giving
the higher evap oration temperatures required for the fuller use of feed heating.
Fin ally the high er pressure gives the necessary pr essure drop required for the proper
steam flow through the superheater, etc. It also en ables the pre ssure dr op through
the turbine to be ar ra nged so that the ste am temperature at any stage is a lway s above
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the corresponding evapo ratio n temperature; condensation is therefore prevented
from tak ing place until the final rows of the low pre ssure turbine .

Q. Discuss the need for control over superheat temperatures in water tube boilers.
State methods by which this co ntrol can be achieved.

A. In a water tube boiler, the water flowing through the tubes conducts the heat
away so rapidly that the tube metal temperatures lie much closer to the water
temper ature than to the gas temperature . Steam , however, due to its lower specific
heat ca nno t conduct heat aw ay from the tube metal so quickly , therefore superheate r
tubes tend to work at high er metal temperatures than those containing mainly water,
e.g. scr een, water wall, and generating tubes. However, for superheat temperatures
up to abo ut 455°C, no serious metallurgical problems arise and ordinary mild steel
tubes can be used . For superheat temperatures above this value, alloy steel s
contain ing sm all amounts o f chrome and molybdenum ar e necessary in quantit ies
graded to suit th e operating conditions. Thi s greatly increases the cost of the
superheater, and also presents difficulties in welding the tubes; this is necessary as, a t
the se elevated temperatures, expanding the tubes into the headers proves unsatisfac
tory. However, even with the use of allo y stee ls the temperatures must be kept within
certain limits, and at the present tim e supe rhea t temperatures in the order of 560°C
form the upper limits for marine use .

Thus it is ne cessary to provide some form of superheat co ntro l in o rder to keep
the temperature below 455°C so that mild stee l tubes can be used , or within the limits
required for the alloy ste el being used .

When the operating superheat temperature is well below the limit for mild steel ,
sufficient control can be achieved by the position of the superheater within the boiler
where, other factors being eq ua l, the more row s of tubes placed between the furn ace
and the superheater, the lower will be the steam temperature.

With this form of control fluctu ati ons of temperature , caused by changes in load,
can o nly be kept in check by the rate o f manoeuvring. This means th at as operating
temperatures a re increased undue limitations are imposed upon th e manoeuvring
rat e and so some further means of control become necessar y. This can be achieved by
vari ous method s:

By using dampers to co ntro l the flow of gases over the supe rhea te r.
De signing the boiler with two se pa rate furn aces so th at the superheat tempera
ture can be controll ed by the amo un t o f fuel burnt in the individual furna ces.
By the use of an atternperator. These can be air or water cooled , and are fitted in
circuit between primary and secondary superheaters.
Another method, occasionally used where the superheater is well protected from
direct rad iant he at , is to allow so me of the stea m to make a reduced number of
passes through the superheater by means of a by-pass valve fitted to the
supe rhea te r header .

All of these method s are used basic all y to protect the superheater ; i.e . by
preventing the metal temperatures from reach ing too high a level.

Another form of control, kn own as de-superheating, is nec essary to provide
lower temperature ste am for use in auxiliary machinery, or where limitations are
imposed on the stea m temperature to be used in an ast ern turbine . Two main forms
of de-superheater ar e in general use ; one is a surface type, simil ar in construction to
an attemperator. The other con sists of a water spray, either mounted in a separa te
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chamber, or directly in the steam line. The latter is used in a few cases to control the
steam temperature entering a turbine casing.

The reason for using a de-superheater, instead of taking saturated steam directly
from the boiler, is to give additional protection to the superheater by providing some
circulation of superheated steam-even when the turbine throttle is closed-so
preventing the superheater tubes from overheating.

A final reason for the control of superheat temperatures is that in the combustion
of residual oil, certain impurities (mainly sodium and vanadium salts) cause bonded
deposits to form on the superheater tubes. One way of reducing these deposits is to
prevent the hot gases which leave the furnace from coming into direct contact with
the superheater. This is done by placing rows of screen tubes to reduce the gas
temperature, and in many modern boilers by placing the superheater remote from
the furnace. In addition with multi-loop superheaters using high superheat tempera
tures, the final superheat section uses parallel flow, so preventing the hottest gas and
steam temperatures coming into contact with each other.

Q. Sketch and describe a superheater as fitted to a header type water tube boiler .
State the materials used, and tube sizes.

A. The superheaters fitted to header type water tube boilers consist of a series of
U-tubes, expanded and bell-mouthed into two separate cylindrical, or rectangular
section, forged steel headers. These are placed out of the gas stream, to one side of

Support plate .>

Saturated steam inlet

Superheated

,

Fig .42 Superheater in a header boiler

the boiler, in a plane parallel to the inclined generating tube bank . The superheater
tubes project horizontally across the gas stream, being placed at right angles to the
generating tubes.

Internal baffles are welded in place within the headers so that the steam makes the
required number of passes through the gas stream.
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Fig. 43 Alternati ve super
hea ter positions in header

boilers
Three pass boiler
low temperature superheater

Single pass boiler
high temperature superheater

For low superheat conditions the superheater is placed abo ve the return tubes, at
the top of the first gas pass. For higher steam temperatures it is placed in an interdeck
position, above two rows of 50 mm diameter screen tubes, and th en as many row s of
32 mm diameter generating tubes as necessar y to give the required supe rhea t
temperature. Th e width 'of the supe rhea te r depends upon th e quantity of stea m
produced; in the larger bo iler s it will rea ch right acro ss the ava ilable space .

In both cases the supe rhe at temperatures will be below 455°C, so that ordinary
solid-d rawn mild stee l tubes can be used .

The supe rhea ter tubes, 32 mm to 38 mm in diameter , arc supported by means of
transverse suppo rt plates which, in the case of th e interdeck type , are carried by
supe rheat support tubes.

Apart from the basic contro l ove r steam temperature imp osed by the position of
the superheater within the boiler , some control can be exercise d over the final
superheat temperature by fittin g control dampers in the gas baffles to re gulate the gas
flow over the superheate r. Alternatively by-pass valve s, fitted to th e supe rhea ter
he aders, allow some of th e stea m to by-pass the internal baffles in the headers, and so
make fewer passes through th e supe rhea te r.

The superheaters must be pr ot ect ed from overheating whenever hot gases are
flowing across them, and so prov ision mu st be made for circula tio n of ste am. Especial
care is requi red a t low load co ndi tions , and de-superheat ers are ofte n fitted in order
to provide sufficient stea m flow th rough the superheater under the se conditions.
Another precaution is that the safe ty valve fitted on the supe rheater outlet header is
se t to lift at a lower pressure th an the drum safety valves ; thi s en sur es steam flow
through the superheater in the event of the safety valves blowing off.

When raising steam , pr ot ection is given in some cases by mean s of control
dampers which reduce the gas flow over the superheater; while in th e case of
int erdeck superheaters, some can be partially filled with water th rough special
flooding valves before flash ing up . Wh en sufficient steam has been pr odu ced to
circul at e the superheater to atm osph er e , thi s water call be dr ained o ut. Th e
disadvantage with this method of protect ing the superhea ter is the possibility that
any so lids in the water can deposit out in th e superhea te r tub es before th e draining
takes place .
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ln addition to th ese means of protection, the rate of firing mu st be kept low
enough to pr event overheating taking place in way of the supe rheate r.

Q. Sketch and de scribe a sup erheater as fitted to a D-type water tub e boiler. State
tube sizes and materi als. Show the method of tube support. How is the supe rheate r
prot ected from overheating?

A. Integral furnace and D-type water tube boilers usually have their superheater s
placed between the stea m and water drums, behind two or three rows of 50 mm
diam et er screen tubes, thereby protecting them from the direct radiant heat of the
furn ace flame. The superheate r consists of se ries of V-tubes which proj ect horizon
tall y acro ss the stream of hot gases leaving the furn ace. In man y case s the tubes are
given a slight slope, ju st sufficient to allow for dr ain age .

Bartl e
plate

Handholes

Head er
suppo rt lugs

Drains -; Fig.44 Su perhea ter in a
Ootype boiler

A s th ese boilers operat e with sup erheat temperatures below 45 5°C, solid-drawn
mild stee l tub es ca n be used . Th ese tubes, 32 mm in diamete r, are ex pa nde d and
bell-mouthed into two se pa rate, cylindrical o r re ctangular sec tion, for ged steel
header s which arc arrange d in a vertic al position, outside the gas stream, at the rear
of the boiler.

Internal baffles, welded ins ide these header s, ca use the stea m on its way through
the superhea te r to make several passes across th e gas stre am. Sm all holes in these
baffle plates allo w for drain age. Int ernal acce ss to the head ers is provided by means
of hand holes; these are closed by plu gs kept in positi on by ex ternal dogs.
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Th e superhea te r tubes are supported by plates made of heat-resistant alloy stee l.
In so me ve rsio ns these plates are suspended from lugs weld ed to the underside of the
stea m drum , with a locating slot, and plate at the bottom as shown in Fig. 43 . Other
de signs use a water-cooled support tube, fitted between the ste am and water drums,
to carry a number of support plates which are clamped onto it.

G as baffles are fitted to direct the gas flow over the superheater as required .
No spec ial means of control over the superheat temperature is pro vided as the

normal o pe rating temperatures are sufficiently below the limit for mild stee l to allow
so me temperature fluctuations to occur while manoeuvring, etc. However , care must
be tak en with rate of firing at these times to prevent exce ssive vari ati on in supe rhea t
temperatures.

As with all superheaters, arrangements must be made to pr event overhe ating by
a llowing for the circulation of steam at all times when hot gases are flowing over the
supe rhea te r. Thus some steam-driven auxiliary machinery, such as turbo-feed
pumps, are advisable to ensure a sufficient minimum circul ation when the main
engine throttle is closed. De-superheaters are also usually fitted .

Th e safety valve fitted to the superheater outlet header must be se t at a pressu re
sufficiently below that of the drum safety valves to ensure th at it ope ns first and so
pr ovides ste am flow through the superheater in the event of th e boiler blow ing off.

Du e to th e risk of internal deposits, these superheaters are not flooded when
raisin g stea m. Drains and air vents are left open, and the rate of firing kept low , until
en ou gh stea m is being generated to circulate the superheat er; th e stea m is allowed to
biow off to the atmosphere until some ste am dem and ex ists to pr ovid e circulation
through the superheater.

Q. Sketch and describe the superheate r fitted to a se lectable superhea t water tube
boiler. State the tube sizes, and show the method used to suppo rt th em. H ow is th e
supe rheate r protected from overheat ing?

A. As ope ra ting ste am temperatures come near the limit of 455 °C for mild stee l,
little variation in superheat temperatures can be allowed while man oeu vr ing, etc.
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and some form of super heat temperature control must be provided . The selectable
supe rheat boil er does thi s by means of divided gas passages and control dampers.

Saturated
passage,

Screen tubes (

Header
handholes

Headers
Fig.46 Superhea ter in a selectable superhea t boiler

The superheater in this typ e of boiler is placed between the stea m and water drums,
and con sists of a se ries of W-shaped tubes pr oj ecting horizontally acro ss the
supe rhea te r gas passage. Th is form of tube is used for two reason s; on e is th at, du e to
the satura ted gas passage , the superhea te r cannot re ach right across the full width of
the gas stream leaving the furnace. The o the r is that due to th e problem of bonded
deposits forming on the gas side of the supe rheater the tubes are given a wider pit ch ,
so reducing the po ssibility of th ese deposits bu ild ing up , bridg ing the gap between the
tubes, and so cho king the gas passages th rough th e superheater. Thus th e restriction
in lcngth .jmd the wider pitch , lead to the need for the W-form of tube to provide the
required heat exch ange surface .

The so lid -d rawn mild steel tubes, 32 mm in diam eter, are usually attache d to the
header s by expa nding and bell -mouth ing, although in a few cases welding may be
used .

The forged-steel cylind rica l headers are placed outside the gas stream in a vertica l
position at the front of the boile r. Internal baffles weld ed inside these headers caus e
th e ste am to make seve ra l passes across the gas stream. Handhole s provide internal
access to the header s.

Because of the wider pitch of the tubes, and the higher opera ting temperatures,
support plates are no longe r suita ble and finger plates, clamped onto water cool ed
support tubes, as shown in Fig. 47, a re used instead.
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Fig. 47 Finger plate type l ube
suppor ts

Taper

Finger ~t==::::: .plate

Superheater support ./
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Th ree row s of 50 mm diameter screen tubes are used to protect the superheater
from direct radiant heal. Gas baffles are fitted to direct the flow of gase s across the
superhea ter as required .

The two se parate gas pa ssages and control dampers, as well as providing control
during load changes, also give protection during flashing up since the gases are
allowed to flow through the saturated passage until sufficient steam is ava ilable to
circulate the superheater.

The superheater safety valve is set at a pressure sufficientl y below the drum safety
valve s to ensure it lifts first and so provides a flow of steam through th e superheater if
the boil er blows off.

Ac cess space is provided on the gas side of the superhea te r to give ea sy entry for
clea ning and maintenance.

Q. Sketch and describe a multi-loop type superheater .

A. With increased evaporation rates and higher supe rhe at temperatures , many
mod ern boilers use multi-loop type superheaters. These superheate rs are placed
rem ote From the Furnace in the lower part of the uptake and consist of a number of
multi-loop tube elements, expanded and bell -mouthed , or more usually welded to
the headers , which in this case contain no internal baffles ; the steam enters all the
tubes together, but makes several passes across the gas str eam via each element. See
Fig. 48 .

This form of superheater provides mor e flexibility in layout , and enables
suffi cient heat exchange surface to be provided without unduly cramping the space
available for the superheater. Better access for cleaning and maintenance is
'there fo re provided , and the pos sibility of a bu ild-up of deposit s on the gas side, which
would choke the gas passages through the supe rheate r is reduced.

Multi-loop superheaters usuall y op er ate a t temperatures above 455°C and so
require the use of alloy steels containing small amo unts of chro me and molybdenum.
The tube materials are graded , starting with solid-drawn mild stee l and then, as the
steam temperatures increase, chang ing to an allo y steel via a welded transition piece .

The headers are placed outside the gas stream in a horizontal position . The inlet
header is made of mild steel while , if the final superheat temperature is above 455°C,
the outlet header is of alloy stee l.
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The superheater tubes are supported by a series of lugs made from heat resistant
alloy steel , fitted between each U-sect ion , as shown in Fig. 48. These lugs in turn are
suppo rted by means of beams of heat resisting allo y, placed across the gas passage,
above the element be ing supported. As an alternative, the top tube section in each
element has a steel rib welded along its length so that it form s a water cooled support
beam .

In both cases the inboard ends of these beams are carried by vertical water cooled
support tubes fitted between the ste am and water drums.

Pr ovision must be made for the circul ati on of steam under all conditions of load ,
and invari ably som e form of superhea t temperature control is fitted .

The safety valve pla ced on the superheater outlet header is set at a pressure
sufficiently below that of the drum safety valves to ensure a flow of steam through the
superheater in the event of the boiler blowing off.

Precautions while ra ising steam var y with the type of superhea t control fitted , but
vents and drains should a lways be left open until enough stea m can be circulated to
protect the supe rheater.

Q. Sketch and describe both a water, and an air cooled attemperator. Expl ain the
purpose for fitting these to a water tube boiler.

A. Attemperators are fitted in order to keep the steam temperature in the final
stages of the superhea ter within ce rtain de sired limit s.

This is done for two main reasons. The most important is the protection of the
superhea te r tube materi al from the effects of overheating, as it is the steam
temperature which governs the tube met al surface temperature rather than the
temperature of the gas flowing over them . Thus, for example , mild steel superheater
tubes should not be subjected to steam temperatures in excess of 455°C.
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It has also been found that the formation of bonded deposits on superheater tubes
can be reduced if steam and gas streams within certain temperature ranges are
prevented from coming into contact with each other.

Tw o ba sic types of attemperators are av ailable ; the se are described as foll ows:

WATER COOLED ATTEMPERATOR

Fig. 49 Water m illed
au crnperator

These are co nstructed in a manner similar to that of a sur face type de-superheater.
They a re placed below the water level in the steam drum as shown in F ig. 49 or, as an
alt ernative , pla ced in an external chamber connected by bal ance connections to the
circulation circuit of th e boiler.

Outlet U-tu oes

~ I
W#._~-,-- jr.J

Inlet Box header Steam drum

With th is type of attemperator some of the stea m leaving th e primary superhea te r
passe s dir ectly to the secondary supe rhea ter , whil e the remainder passe s through the
atte mpera tor before re join ing the rest of the steam to enter the seco ndary supe r
heat er. Control valve s, fitt ed to the steam line leaving the primary supe rheate r ,
regulate the final superheat temperature by va rying the proportion of stea m /lowing
direct to the seco ndary superhea ter to that passing to it via the att emperator.

AIR COOLED ATTEMPERATOR

Air bypass'"--- -" i
)

Finned
. tubes

.
Air to

Superheated steam burners
from primary superheater

Steam at
reduced temperature
to secondary
superheater

Fig. 50 Air coo led
att ernperator

This is usuall y fitted in the double cas ing of the boiler, and co nsists of inlet and outlet
headers connected tog ether by a se ries of multi-loop tube eleme nts, whi ch en abl e the
supe rheated steam to make several passes across the path of the co m bustion a ir

Rowing to the furn ace . Combustion air Air inlet
from FD fan Control
~~ dampers

" \
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In this type of attemperat or , a ll the steam leaving the primary superheater pas ses
through the attemperator bef or e entering the secondary supe rheater. The control
ove r the final steam temperature is obtained by regulating the amount of combustion
air flowing over the attemperator by means of control dampers and an air by-pass.
The general arrangement of this is shown in Fig. 50.

The poor heat exchange e ffi ciency between the air and steam compared to that of
water and steam means that air coo led attemperators are much larger than a
corresponding water cooled type .

The size of the air cooled vcrs ion can be reduced to so me extent by the use of
finned tubes which increase the heat excha nge surface .

A stea m air heater is usually fitted to heat the combustion air which is being
by-p assed .

Q. Discuss the reasons for the use of de-superheaters. De scribe how a de
superheater operates.

A Th e purpose of a de-superheater is to reduce the temperature of a quantity of
superheated ste am and make it suitable for auxiliary ser vices requiring low tempera
ture or satura ted steam conditions.

The reason for doing it in this way, rather than by taking th e satura ted steam
direct from the stea m drum, is to prot ect the superheat er s; th ese mu st be protected
against ove rhea ting und er all- condi tions of load by circulating stea m through them.
In this way the steam required for auxiliary purposes is allowed to pass first through
the supe rhea ter , and is then cooled in a de-superheater. This helps to ensure the
necessary circulation for the prevention of overheating, even when the main engine
throttle is closed.

Although attempera to rs and de-sup erheaters are both used to protect the
superheater from overheating, they do this in different ways. Attemperators are
fitted to control the temperature of the stea m passing through , while de-superheaters
help to provide the necessar y circulation of steam.

Two other important differences between these two item s of equipment are
firstly, that de-superheaters are fitted afte r the final superheater stage and the
de-superheated stea m is not then raised aga in in temperature , and secondly, that
while attemper ators give control over a range of superheat temperature, a de
superheater usually produces steam at a con stant temperature.

The cho ice be tween the two basic forms of de-superheater available gen er ally lies
in the quantity of de-superheated steam required . A surface type is used for
relatively sm all amo unts, and a spray type for larger quantities.

SURFACE TYPE DE-SUPERHEATER
These consist of a tube or tubes placed bel ow the water level in the steam or water
drums. The stea m passing through is cooled to about 30°C above th e sa turation
temperature correspo nding to the pressure in th e drum.

In some cases fins are fitted on the tubes to extend the heat exchange surface , but
usually bare tubes formed into a number of loops , or in the form of a se ries of
U-tubes, are used.

If larger qu antities of steam are required , th e de- superheater may be placed in an
external chamber connected to the steam and water drums by balance co nnectio ns.
The sensible heat given up by the supe rhea ted steam passing through the
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de-superheat er is used to ge nerate steam which is then return ed via the top balance
connection to the steam drum .

SPRAY TYPE DE-SUPERHEATER
These are fitted independent of the boil er , and are su itable for producing large
amounts of de- superheated steam. An example o f a spray type de-superheat er is
show n in Fig. 51. It consists basically of a mixing tube, water spray nozzle, and a
thermos ta t to provide control.
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is sprayed into thi s stea m through an a to mizing nozzle , and an exc ha nge of he at by
dir ect contact takes place . The su pe rhea t temper ature of the steam is reduced , whil e
the water receiving th is he at as latent heat chan ges to steam. An y water droplet s
rem aining are sep ar at ed out by the baffle, and are dr ain ed off through th e steam trap,
while th e de-superheated steam pa sses up the outer mixing tube to an orifice plate
fitted in the outlet pip e to ensure a tho rough mixing and final evap orati on of an y
remaining particles of wat er bef ore the steam leaves.

The amo unt o f wa ter sprayed in is co ntro lled by means of th e th erm ostat placed
in the steam outle t pip e. Thus the steam leaving the de-superheater mu st be kept a
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few degrees abo ve the co rresponding eva po ra tion temperature to ena ble efficient
co ntro l to be maintained .

Q. Sketch and describe an eco nomiser suitabl e for use with a wat er tube boiler.

A. Econo misers are used to increase bo iler e fficiency, be ing placed in the uptak es
to lower the temperature of the ex ha us t gases, an d in so doin g heat up the incoming
feed wa te r as it passes th ro ugh the eco nomise r on its way to th e stea m drum.
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Double casing
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Feed water
o u t le t header
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Fig , 52 Economiser

A typical econ omiser consists of two or more solid-for ged mild steel head er s, to
which are connected series of tubes. Th ese may be attached to the header s e ither by
ex pa nding and be ll-mo uthing, or by weld ing, usuall y by mean s of stub tubes.

Th e econ om iser shown in Fig. 52 co nsists of a number of multi-loop tube
elements enabling the feed water to mak e severa l pa sses ac ross the gas strea m as it
passes throu gh the ccono miser.

The mat eri als used for the vario us economiser section s are governed by the
minimum metal surface temperatures required to reduce corr osive attack . Th ese
metal temperatures in turn are a fun ction of the feed temperature , being in gene ra l
so me 5°C high er than th at of the wate r passing through the tube.
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For feed temperatures above 13Soe plain , so lid -d rawn mild stee l tubes may be
used, but it is usu al to weld mild steel fins or studs onto the tubes so as to e xte nd their
heat exch ange surface. If the feed water temperature lies between 115°C to 138°C
cast-iron gills a rc used . These completely cover the mild stee l tubes, thu s protecting
them from corrosiv e attack.

Th e tubes are supported by vertical tube plates forming th e sides of the uptake . In
some cases add itional intermediate tube support plates are fitted with in the upt ake.

A reli ef valv e must be fitted to the economiser if it can be isolat ed from the boiler.
In many cases thi s is not possible since the feed check, and fee d regulato r are placed
on the inle t to the econo mise r, which then forms an int egral part o f the boiler.

A ir vents must be provided for the release of air when filling the econo rnise r, or
when raising ste am. Drain valves fitted to the lower headers e na ble the eco no mise r to
be emptied of water when required.

Efficient soot blowing arrangeme nts must be provided so as to keep the heat
exc ha nge surfaces free from soot. This is important not only in the interests of
efficiency, but a lso to reduce the pos sibility of an upt ake fire starting in sooty
deposits.

Suita ble access and the necessary fitt ings a nd dr a ins sho uld be provided for the
water washin g of the uptake heat e xchanger s when the boiler is shut down.

Q. Discu ss with respect to the efficient operation of eco no mise rs the imp ortance of
maintaining both the gas and water temper atures a t their correct valu es.

A. Aft er leaving the last rows of generating tubes the e xha ust gases are s till at
re la tive ly high temperatures, and heat excha ngers placed in the uptakes to reduce
thi s temperature lead to a gain in the ove ra ll thermal efficiency of the boiler.
However, a practical limitation is imposed upon their use by the fact that if an y metal
surfaces in the uptakes fall below the 'de w point' temperature at which the water
vapour in the exhaust gases condense, then any sulphur dioxide or trioxide present in
th e ex haust gases, formed by the combust ion of any sulphur in the fuel, will be
abso rbe d by the water. This results in the fo rmat ion of acidic deposits on any metal
sur face s below 170°C. This acid can cau se corrosive attack on mild steel surfaces at
temper atures below 138°C, and on cast iron at temperatures below 115°C.

The feed temperatures are also important as the metal temperatures involved are
a function of these feed temperatures, be ing in ge ne ra l some 5°C higher.

It is thus important to maintain the se minimum temperature values under all
stea ming conditio ns. If the normal feed temper ature e ntering the economiser is
a bo ut 140°C there is an a llowable margin ofso me 15-20oe,but the feed temperature
should never be allowed to fall below the 115°C limit under steaming conditions; if it
does, he avy fouling ca n oc cur in add ition to the co rros ive att ack , due to soot deposits
building up on the acid dew forming o n the cool met al su rfaces. Thus some means
sho uld be provided to maintain the feed temperatures ab ove these minimum valu es ;
for example, by suppl ying e xtr a stea m 10 a deaerator in a sys te m where one of the se is
fitted.

These points are vital as the gas temperature lea ving the economiser, provided it
is above the dew point temperature , has little to do with fouling or corrosion as long
as the metal temperatures are kept above the minimum value quoted.

The water temperature within the eco no miser should not be allowed to e xceed a
temperature 30°C below the corresponding evaporation temperature ; thi s pre vents
the formation of steam within the economiser.
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In many water tube boilers the gas temperatures leav ing the last rows of
generating tubes a re so intense that, due to the high ope rating temperatures
involved, the economiser forms an important part of the heat exchange surface of the
boiler. Ind eed in som e radiant heat type boilers, the gases leaving the sup erheater
immed iately enter the economiser and the gas temperature is so high that, in o rder to
prevent the form ati on of stearn in the economiser, the direction of the water flow is
reversed . These ar e referred to as ste aming econ omisers. Th e water enters at the
bottom and then rise s parallel to the gas flow. Thi s has the effect of levelling out the
temperature gradient and helps to pr event steam forming in the economise r under
normal stea ming conditions.

Q. Sket ch and des cribe tubular type air heaters as fitted in the uptake of a water
tube boiler. Discuss the limitations to the use of gas air heaters.

A. If the uptake temperatures warrant it a gas air heater may be placed in the boiler
uptake. However, if this is to be don e a critical factor to be conside red is that the
temperatures of the met al surfaces involved should remain above the dew point
temperature of the exhaust gases under all conditions of load, in o rde r to avoid undue
deposits and/or corrosion taking place in the uptake . This often prohibits the use of
both gas air heaters and economise rs a t the same time .

In Scotch boilers, and some header type water tube boilers, the gas temperature
leaving th e last rows of generating tubes is usually so low that only a gas air heater can
be fitted. In other typ es of water tube boilers the gas temper ature leaving the
generating tubes is higher . and provided suffi cie nt feed heating is ava ilable to raise
the feed temperature ab ove 140°C economisers a re normally fitted . Gas air he aters,
placed in the uptake as a final stage of heat extraction after the eco nomiser, can only
be considered in a few cases as a viabl e proposition , i.e. where the feed temperature
ente ring the economiser is above 200°C. .

If a choice exists, an economiser will normally be fitted due to the greater
efficiency of he at exchange between gas and water, than between gas and air.

When gas air heaters are fitted , those of tubular form are most widely used. These
are of two ba sic types:

VERTICAL TUBE TYPE
These consist of se ries of vertical tubes, expanded into two horizontal tube plates. In
th is type the gas passes through the tubes while the air flows over the outside of them .
Up to a certain point these are easy to keep clean. However, this cleaning process
needs to be carried out manually by me an s of brushes which are pu shed down the
tubes when the boiler is shut down . Under ste aming conditions soo t blowers are
used , but are not completely effective be cau se of the tube arrangement. In addition
to this, unless extreme care is taken in maintaining the uptake temperatures above
their minimum values, heavy deposits can form under low load conditions, often
completely choking the verti cal tubes; this is especiall y likely to occur when burning
fuels with a rel atively high sulp hur content. The gas air he ater should be by-passed to
keep the uptake temperatures as high as possible above their minimum values in
orde r to reduce these deposits.

Under certa in conditions these deposits can catch fire, but in the case of vertical
tube type heaters these fires tend to be confined to individual tubes, and so are less
likely to cause serious damage .
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HORIZONTAL TUBE TYPE

These consist of horizontal tubes expanded into vertical tube plates. In this type the
air flows through the tubes, while the gases pass over the outside of the tubes.
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Fig. 53 Tubular type air heater

This form of tube arrangement is less susceptible to chokage, and is more
effectively cleaned by soot blowers. But again if allowed to operate at unduly low
temperature conditions, heavy deposits, which are often hard enough to resist the
action of the soot blowers, can form.

Once fouled, horizontal tube type air heaters are prone to uptake fires, which can
rapidly spread throughout the heater and result in serious damage to both the uptake
and the air heater.

Horizontal tube heaters are more difficult to clean manually than the vertical tube
type, and usually water washing is necessary in order to remove all the deposits.

Again at low load conditions the air heater should be by-passed. This is normally
only possible on the gas side. In some cases this can lead to unduly high metal surface
temperatures giving greater risk of fire, and in some boilers both the gas and air sides
can be by-passed to avoid this possibility.

Q. Sketch and describe a regenerative type air heater. State where it would be fitted,
and give suitable materials for the heat exchange matrix.

A. In many boilers, especially those of radiant heat type with extensive economiser
surfaces, the emerging gas temperature is too low to permit the use of tubular type air
heaters, but if desired a regenerative rotary type can be fitted as a last stage heat
exchanger.
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Fig.54 Rotary type air heal er

As shown in Fig. 54, a rotating drum contains a heat exchange matrix ofcorrugated
steel plates so arranged as to pas s alternately through the separate gas and air ducts as
the drum rotates. The plates absorb heat from the hot flue gases and then reject it to the
incoming combustion air.

A motor drives the drum at about 2--4rpm. A stand-by motor is fitted, but in the
event of complete drive failure , by-passes are arranged for both gas and air flows to
avoid overheating the stationary drum, or for usc at low load conditions to prevent
undue fouling resulting from the low operating gas temperatures.

Th e corrugated plates are made of vitreous-enamel-coa ted mild steel, or from
'Corten' steel which offers good resistance to corrosion under these conditions. The
plate stacks can be removed through an access door for cleaning or renewal.

The drum is carri ed by a central support bearing, with support jacks provided for
overh aul. Mechanical seals are fitted to prevent gas or air being carried over between
the ducts, except for the small amount trapped between the plates. It should be noted
that when required for an inert gas system on a tanker, the gases are drawn off before
the air heater.

Soot blowers are fitted for cleaning the unit, and must be operated for at least one
complete revolution of the drum. Th ese blowers arc normally operated more fre
quently that those on the rest of the boiler, due to the greater amount of fouling taking
place as a result of the relatively low temperatures at which the unit operates.

In some cases a separate steam air heater is fitted to preheat the air entering the
rot ar y heater, or to heat the air being by-passed.
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CHAPTER 5

Boiler Mountings

Q. Enumerat e the bo iler mountings fitted to a water tub e bo iler. State the purpose
of eac h fittin g and a ny special design featu res involved.

A . Various valves and other fitt ings are required for the prop er working of th e
bo iler. Those attached directl y to the pressure parts o f the bo iler are referred to as
boi ler mount ings. In gene ra l all th ese mountings mu st be carefully designed to
pe rform their functio n co rrectly. They must be positioned so as to be readily
accessible both for maintenan ce a nd operati on , the later bein g performed e ithe r
dir ec tly, or indirectly, by means of e xtende d rods, spind les, e tc .

for a wat e r tu be boiler th e mountings usuall y co nsist o f the followin g ite ms:

Safety Valves

These are fitted to protect the bo iler from the effec ts of overp ress ure . Th e DOT
dem and that at least two safety va lves are fitted to each bo iler, but in pract ice it is
usual to fit three sa fe ty valves-two o n the steam d ru m, a nd o ne o n the superhea ter
o ut let head er. T his latter valve mu st be set to lift before the drum sa fe ty val ves so as
to e nsure a flow of stea m th rough the superheat er under blow off conditions. it is
normally of the sa me basic typ e fitted on the drum.

Main Stop Valve

This is mounted o n th e superheat er o utlet head er , and enables the boiler to be
isolat ed from the steam line. If two or more boil ers are fitted supp lying ste am to a
common line, the stop valve on each bo iler mu st be a screw down , non-return type .
Th is is to prevent steam from the o the r boil ers flowing into a da maged boil er in the
eve nt o f a loss of pressu re du e to a burs t tube . In so me cases the main stop va lve
inco rpo ra tes a n a uto ma tic clo sin g devi ce , desi gned to operate in e me rge ncy con d i
tio ns, to shut off stea m fro m the main turbines .

Auxiliary Stop Valves

This is bas ica lly a sma ller versio n of th e main stop, fitted for the purpose of isolating
the bo iler from the auxiliary steam lines. Again these mu st be screw do wn,
non-return type valves if necessary to prevent steam flow ing back into th e boil er in
the eve nt of damage. The va lve will be mounted o n the supe rheater ou tle t head er ; a
de- supe rheat er ca n be used to redu ce the stea m temper ature as requ ired .
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Feed Check Valves

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

Boiler Feed Water Regulator

The water level in 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 connec
tions to the steam drum, or boiler shell.

In the case of water tube 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 .

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 a 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. Some
versions also incorporate high water level alarms.

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
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drain it. They 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 leading to a ship-side
discharge valve.

Scum Valves

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 surface of the water in the drum. These valves discharge into the blow
down line.

Drain Valves

These are fitted to headers, etc., so enabling the boiler to be completely drained.
They must not be used to blow down when the boiler is steaming under load, only being
opened when the boiler is shut down or in an off load condition.

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 overheating by allowing
sufficient steam to blow off to the atmosphere or to 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.

Salinometer Valves

These are fitted to the water drum to enable samples of boiler water to be drawn off
so that the tests required for the 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.
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Soot Blower Master Steam Valves

These are usually mounted on the superheater outlet header to ensure the
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 lines when these are
not in use .

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 superhea te r headers, etc . for the fitting of either direct
or remote reading thermometers.

Q. Sketch and describe a water level indicator suitable for boilers operating at low
pressures .

A. Every boiler must have at least 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 above 820 kNrrn ", or with
a diameter in excess of 1 ·8 m, is a llowed 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 pressures up to 1750 kN/m 2 these usually take the form of
tubular-type water level gauges , while for pressures above this value some form of
plate-type gauge glass is used.

The general arrangement of a tubular gauge glass is shown in Fig. 55. 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 .

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 some 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.

The gauge may be fitted directly to the boiler shell, and while this is recom
mended, in some cases-especially with Scotch boilers-in order to clear the smoke
box, etc. it is fitted to an external pipe, or alternatively to a hollow or solid column,
the ends of which are then connected to the boiler shell by pipes. Isolating cocks or
valves, fitted where these pipes are attached to the shell, give the advantage of a
double shut off. This enables maintenance to be carried out on the gauge glass cocks
while the boiler is still steaming.
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Fig. 55 Tubul ar type water level gauge

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 blown out, the reduction in
pressure causes it to flash off into 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 blowout in 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 used 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 this position
when closed. This is to prevent Vibration , etc . causing the cocks to move to such a
posit ion that a false indication of the water level could result .

Q. Describe how you would test a water level gauge of tubular type to ensure it is
indicating a correct level. State the various causes for a false reading.
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A. If 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 .
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Drain cock (C)
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Gauge attached directly to ~ge attached to a
the boiler shell hollow column

Fig .56 Alternative arrangements of water level gauges

Fig. 56 shows two 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 may also be choked. The advantage of the
hollow column-type fitting shown in Fig. 56, is that in the event of chokage it is
possible by blowing to determine which of the four cocks is choked.

To do this first carry out the test procedure previously described using cocks (A)
and (B) together with drain cock (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
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obstruction is present in whichever passage is open at the time, and a simple process
of elimination will show where the fault lies.

A problem can arise with the hollow column-type fitting in that, if either of the
isolating cocks (D) or (E) fitted on the boiler chokes, a strong blow will still be
obtained if the gauge glass is tested by means of cocks (A) and (B) only, and no
indication of the ob struction will be given . Thus when the gauge glass is returned to
service, if say cock (D) on the boiler is choked , there will be a tendency for the water
level in the glass to rise above that in the boiler, due to the vacuum forming in the
steam balance connection to the boiler, causing water to flow into the hollow column.
If cock (E) is choked, the water again rises in the glass due to condensation, until such
time as testing is carried out. Then although a strong blow is obtained, no water will
appear in the glass when it is returned to service . Thus the full test procedure,
described previously for this type of fitting, should be carried out if any doubt arises
about the accuracy of the level indicated.

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. ff 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 quarters of the glass.

If the level drops from the glass when the steam cock is opened, it indicates the
water level in the boiler 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 100 mm
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 glass, it indicates too much water in the boiler,
and the feed supply should be reduced, or stopped if 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 che ck 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.

Difficulty in deciding whether the glass is completely empty or completely full of
water, can be avoided by making use of the principles of refraction. A pencil, or
similar object, held at an angle behind the glass tube will appear to be bent to the
opposite angle if the tube is full of water.

A plate-glass guard should be in place around the glass tube to reduce the risk of
injury during these test procedures.

Q. Enumerate the faults to which direct reading gauge glasses of tubular type are
subject. Explain the effect these faults will have upon the level indicated in the glass.

A. Various reasons can lead to a false reading being indicated by a tubular water
level gauge glass. Choked cocks and passages are a common one.
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If the steam cock is choked, a vacuum forms in the upper part of the glass cau sing
the wat er to rise until it completely fills the glass.

If the water cock is choked, the water level will rise slowly, conde nsa tio n in the
steam space gradually filling the glass

Simil ar 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 du e to leakage in way of cocks, etc .

Another reason for ob struction is the cock handle being twisted; so causing the
plug to be closed, althougy the handle is in the open position . Thi s can occ ur 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
re asonable care is taken when inserting a new sleeve. A locating rib on the side of the
sleeve en sures correct alignment. Als o ensure the cock handle is co rrect ly atta ched to

the spind le.
It should be noted that th e handles on the steam and water cocks should alway s

po int vertically downwards when in the open position as another fault can arise if
they are left pointing upwards ; i.e. vibr ation cau sing a loose plug to move round to a
closed or partially closed po sition .

The glass tube itself can ca use trou ble. If it is too short it may result in th e packing
slee ve being squeezed over the ends of the glass, so block ing the opening. Thi s is mo st
likely to happen at the top ste am end of the glass. Again too lon g a glass projecting up
into the top coc k body can obstruct the steam passage.

A dirty o r salted glass can prevent the water level being easily seen.
Where water level gauges are fitted to the boiler indirectly by means of a solid or

hollow column, as shown in Fig. 56, the isolating cock s on the boiler can become
cho ked. Th is again causes the water level in the glass to read too high-for similar
reasons to those stated for the steam and water cocks. Additional care mu st be taken
with hollow co lumn- type mountings in that blowing through by me an s of the steam
and wat er cocks on the gau ge itself, and not using the isolating cocks on the boiler,
will not indi cate if e ither of the latter is choked .

Gauges fitted to the boiler by either of the ab ove methods should be checked on a
new boiler, o r afte r a refit , to ensur e that no distortion has taken place or bends
formed in which condensation can coll ect ; these may cau se a possible false reading.

It should also be noted th at the wat er cool s down in the relativ ely long pipes
connecting the columns to the bo iler ; thi s changes its den sity, result ing in a level in
the glass slightly bel ow that in the boil er. Immediately aft er blowing, the level in the
glass will appear slightly higher-now correspond ing to th at in the boiler-until the
wat er again coo ls down .

The water level gauge should a lways be kept clea n, well lit, and in good order. All
pa ssages and cocks liable to cho kage should be inspected, and cleaned if necessary
when the boiler is shut down.

Th e water level gauges should be te sted at frequent intervals, and always if any
doubt arises abo ut the accuracy of the water level indicated . Any ob struction mu st be
cleared as soon as pos sible.

Steam and water cock s and passage s in the gau ge can be cleared wh ile the boiler is
still steaming. To do th is, shut the stea m and water cocks, and ope n th e dra in.
Remove th e cleaning plug opposite the obs tru ction. If thi s still cannot be cleared,
screw in a plu g with a sma ll hole , about 5 mm diameter , drilled through it in place of
the cleaning plu g. Insert into thi s hole a rod of such a size that , held by a gloved hand,
it ca n be mo ved eas ily without being slack . Then ope n the cho ked cock and pu sh the
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rod through to clear the blockage. When cle ar , the open dra in will prevent a build-up
of pressure , and onl y a sma ll amount of steam will blow past the rod , the glove
protect ing the operator from injury. Then close the cock and replace th e normal
cleaning plug. The gauge glass can now be tested and, if satisfacto ry, returned to
service .

Do not carry out this operation on a plate -type glass on a high pressure boiler.

Q. Sketch and de scribe a water level indicator su itable for boilers working in the
medium pressure ra nge .

A. Although plate-type water level gauges can be used for low pressures, in view of
their greater cost , they usually o nly come into general use for pressures abov e a value
of a bo ut 1750 kN /m 2

. The reflex glass shown in Fig. 57 is an example of a type of
water level indicator suitable for bo ilers working at a medium pressure range between
a bout 1700-3000kN/m 2

•

St eam and water sp ace
"Gaskets ' '\

\

/ / \. , Centre pie ce
Reflex glass Fig.57 Reflex type water level gau ge

I

These gauges are supplied with gun-metal bodi es up to pre ssures of 1750 kN/m 2
,

while for higher pressures forged stee l bodies ar e used .
The ga uge is normally fitted directly to the boiler shell o r steam drum. Th e

isolating cocks in the steam and wat er connection s, together with the drain cock , are
of the asbestos sleev e type. In many cases these cocks can be operated by ext ended
rod s, or chains, to prevent injury in the event of the glass shattering when blowing
through the glas s> However, the glass plates are so strong that thi s form of failure
do es not occur often , and even then the pieces of glass frequently remain in position ;
thu s the fitting of a n extern a l guard is not necessary.

The single-sided glass ingeniou sly makes use of the refraction of light so th at,
when illuminated from the front, the series of ribs at the back of th e glass plate cau se
the light rays to be reflected back from the steam sp ace and absorbed in the wat er
space. This gives a bright silvery appea rance to the former. while the latter shows
dark . Th e strong contrast between the two e nables the operator to see immediat ely
the pos ition of the water level. It also makes it pos sible to tell at a gla nce whether the
glass shows completely empty or completely full of water-a condit ion which causes
som e co nfusion with many other typ es of gauge glass.

A ball valve is normally fitted to the lower end of the gauge to shut o ff the water in
the event of glass plate sha tte ring and blowing out. The ball valve thu s prevents the
escape of water. with the resulting flash-off of large amo unts of s tea m, making it
difficult to shut off the gauge, and possibly causing injury .
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Another problem arises at higher pressures due 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 pressures, but can only give limited protection. For pressures above
3400 kN/m 2 some means must be used to prevent the water from coming into direct
contact with the 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.

Q. Sketch and describe a type of water level indicator suitable for use on high
pressure water tube boilers .

A. All boilers must have at least two independent means of indic ating the water
level, and in the case of high pressure water tube boilers working at values above

Fig. 58' · bii\iOle·pi~ t e type water level gauge

Front
plate

Water shut
off ball
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3400 kN/m l
, these usually take the form of double-sided, plate-glass type water level

indicators, with mica protection for the glass plates. This protection is necesssary as
at high pressures hot distilled water erodes the glass away, and unless a sheet of mica
is placed between the glass and the water, attack take 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-plate water level gauge is shown in
Fig . 58. It consists basically of a hollow centre piece with flats machined on each side
clamp plate . Care must be taken during assembly to prevent undue stresses being set
up which will cause the glass plate to shatter when put into service. Thus the following
procedure should be carried out. Strip down the faulty gauge. Discard the usedglass
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 io shatter.
Build up the gauge, inserting the new joints, together with the mica sheets, in their
correct sequence. This is indicated in Fig. 59. Bolt the clamp plate onto the outer
case. The clamping bolts should be pulled finger tight onto the louvre plate. Then
starting from the centre, tighten these nuts in the order indicated in Fig. 60 . Do not
overtighten, and pull up evenly, preferably using a torque spanner. .,..,--~_M"",

.,...:....» ~ /.' 'F",~r/- '~

Centre piece /" • 1\./;,;·' ·..•V~
.; ~"... ~-.
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a cant at a time

Fig. 60

The louvre plate at the back of the gauge is placed with its slots angled upwards so
that it directs the light rays from the electric lamps in such a manner that the actual
water level in the glass appears as a plane of light when viewed from below.

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 forms 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 it rolls down a nd 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.

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 ,
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wit h the stea m and wa te r cocks closed and drai n o pe n , to heat up for so me hours.
Then ju st crac k o pe n th e stea m cock. After abo ut twenty minutes foll ow up the
clamp nuts in the co rrect seq uence, pr ef erably using a torq ue sp a nner. Then clo se th e
dr a in , and full y open the stea m and wat er cocks, to put th e gauge int o o pera t io n. Do
not sta nd direct ly in fron t of th e ga uge du rin g th ese o pe ra tio ns in case the glass
sha tters.

Strip down and rebuild th e defect ive unit as so on as pos sible and place it in a rack
close to th e bo iler.

T he shu t off and drain cocks a re asbes to s sleeve typ e , and can be operat ed at som e
sa fe d is tance fro m th e gauge.

T wo of th ese gauges are normall y fitt ed directl y o nto each boil er stea m drum ,
usu all y to o ne o f th e e nd plat es, but in so me cases to th e side of the drum-one a t
each e nd .

Q. Ske tc h and describe a remote read ing typ e wa ter level ind icat or sui ta ble fo r a
high pressure water tube boil e r.

A. Difficult y is ofte n ex perienced in obse rv ing the wa te r level as indicat ed by the
direct readin g wat e r level gau ges mounted on th e ste am dru ms of water tu be boilers.
Thus it is usu ally considered necessary to provide an ad d iti onal me ans of indi ca t ing
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the water level at some poi nt convenient to the start ing plat form or control room .
This can be done by a remote reading indicator suc h as the (Igema) ga uge show n
in Fig.61.

This consi sts basically of a U- tube, the two legs con nec ted to the stea m drum as
shown. Red indi cat ing fluid , which is insolub le in wa ter, fills the lower end and
rem ain s there since its density is grea te r th an th at of the water.

A bove this fluid the two legs of the U-tube are filled with wat er ; one being kept
filled to a co nsta nt head by mean s of steam conde nsing in the unlagged conden ser.
T he level in the other leg co rres po nds to that in th e steam drum. Thus the head s
supported by th e indica ting fluid vary . As the wate r level in th e drum rises so it tends
to ba lance the constant head, and the indicating fluid rises in th e glass . The opposit e
happen s when the drum wate r level falls, the level of th e ind ica ting fluid in the glass
also falling.

The sharp contrast bet ween th e red indicating fluid and the water enables the
ope ra tor to see the indi cated wat er level at a glance . A complete ly empty o r full glass
is imme diately obvi ou s.

Wh en taking the boiler ou t of se rvice , shut off the rem ot e indicato r by first closi ng
the gauge iso lating valve (3) , then the steam isolating valve (1), an d finally the water
isolating valve (2) .

When ope ning up , first open the stea m valve (1 ), then the wat er valve (2), and
fina lly th e ga uge isolatin g va lve (3) .

If the remote indi cator is connec ted to the same balance connection s as one of the
direc t reading water level gauges , it is important that th e rem ot e indica to r is isolated
before th e water level gau ge is blow n through . Otherwise water may be drawn out of
the legs of the U-tube so caus ing a false wate r level to be ind icat ed by th e rem ot e
readin g ga uge.

Afte r cleaning, etc. the following procedur e sho uld be carried out to refill the
ind icat or. First close the isolat ing valves ( 1) and (2) on the bo iler , and th e regul at ing
screw (4) . Rem ove all filling plu gs. Th en pour in the indi cat ing fluid through the
indica tor filling plug (5) until the lower part of the U-tube is complete ly filled, fluid
ove rflowing at the filling plu g.

Close the gauge isolat ing valve (3) and replace the filling plug (5) . Then slowly
po ur d istilled water into the wate r filling plugs (6) on top of the di rt tr aps until it
ove rflows. Replace the filling plu gs. Fin ally pour water into th e top filling plug (7),
unt il aga in it overflows; the plug is th en replaced.

The re mo te reading gauge glass sho uld now show complet ely red . Leave it in th is
con diti on until full boiler pre ssur e has been raised .

Wh en th e boiler is under steam ope n the stea m valve (1), then the wat er va lve (2)
followed by th e ga uge isolating va lve (3) . Leave for ab out 15 minutes to se tt le down ,
then crack ope n the regulating screw (4) and slowly bleed off excess indica ting fluid,
d ropp ing the level ab out 6 mm at a time , with abo ut fifteen minutes betw een , until
fina lly the level of indi cating fluid at th e centre of the glass co rrespo nds to th e water
level a t th e ce ntre of the dir ect read ing wat er level gauge glass.

Althou gh subje cted to boiler pressur e, th e remote indicator glass is not at high
tem per ature and very rarely gives trouble . However, the appar at us .should be
clean ed out about once every six months. Th e indicato r should be isolated , dra ined,
and th e flushed through with clean wat er. Th e indicator mu st neve r under any
circumstan ces be blown through either with steam or water.

Th e glass is illuminated from behind , access to these light s bein g o btai ned by
removing the sheet met al casing at the back of the gauge.
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Q. Sketch and de scr ibe a low water a larm suitab le for a wat er tube boil e r. St at e the
mean s of o peratio n, a nd wh y these alarms mu st be fitted to water tube boilers .

A. Unlike the procedure with Scotch boilers, if the water level in a wa te r tube
boiler dis appears from the bottom of th e wat er level ga uge glass, imm ed iat e action
mu st be tak en , the boil er being put out o f se rvice.

Du e to th e high eva po ra tio n rat e and sma ll reserve of wat er in a water tub e boiler,
for various reasons su ch as a malfunct ion of the feed water regul at or, or feed pump,
o r by a burst tube within the boiler itself , this loss of water can happen ve ry ra pid ly.
Th e classificati on societies therefore dem and the fitting of a low wa te r pr ot ect ion
de vice. Thi s must both so und a n a larm and cut off the fuel oil to the boil er .

Whistle alarm..-

Steam line
to oil fuel
shut off valve

,~

..
'Q",,=91 Oil fuel in

Oil fuel shut off valve

Oil fuel out

Hand resett ing lever

Drain

Isolating valve

(
Steam drum Operating piston

Fig. 62 Low water a larm

Man y different types may be fitted ; a typical stea m operated low wa ter ala rm a nd
fuel oi l cut off is sho wn in dia grammat ic form in Fig. 62.

The de vice co nsists ba sicall y of an o pe ra ting mechani sm in the for m of a float
controlled needle va lve , an alarm whistle, and a fuel cut o ff valve . Wh en the water
level fa lls below a certain predet ermined value the float drops-so ope ning the
needl e valve. This allows steam to pass to th e whi stle alarm and to the ac tuato r of the
fuel o il shut o ff va lve .
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When the steam pressure acts on the actuator piston it 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 hand . 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 device 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 cage are such that if, during heavy weather, the water
level drops momentarily below the minimum level allowed, it will have surged back
before the water in 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
advantage 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 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 .

Q. Sketch and describe an electrically operated low/high water level alarm and
cut-out.

A. The type illustrated in Fig . 63 operates on the principle that while unlike magnetic
poles attract each other, like poles are repulsed.

An external float chamber with balance connections to the steam drum is mounted
in way of the drum water level. A float within the chamber then relates to this water
level, and moves an attached magnet up and down in response to any changes of water
level within the steam drum.

Four micro switches with magnetically operated arms are fitted on the outside of
the balance chamber. They are arranged so that, when the internal magnet comes level
with one of these external magnets, like poles are presented, and so, repelling each
other, operate the micro switch .

The positions of the four switches are set to correspond to predetermined water
levels within the steam drum. One switch will correspond to a low water level condi
tion, and when this is reached will operate an alarm. If then no corrective action is
taken, or it proves ineffective , and water level continues to fall, the next switch pos
itioned to a predetermined low low water level will trip out the fuel oil shut-off valve, so
shutting the boiler down before damage can occur.

The other two switches are positioned in a similar manner for high water levels,
operating an alarm for a predetermined high water level in the drum, tripping out the
fuel oil shut-off valve, and closing in a motorised feed check valve in the event ofa high
high water level.
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Fig.63 Electrically operated lowwater alarm

Restrictions in the balance connections, o r time delay switches in the electri c cir
cuit, p revent ope rat ion of th is pr otect ive device by some transient eve nt, such as surg
ing of the drum water level d ue to movement of the ship in a heavy seaway.

Micro switches are also fitted to the isolating valves on the balan ce connection s to
ensure that they are fully open when the device is in operation.

As a further safeg ua rd it is usual to fit two different types of protective device for
th is duty, and the unit described could well be used in conjunction with a differenti al
pressur e transmitter which compares the variable drum water level with a consta nt
head of wat er provided by a condensing reservoir connected to the drum steam spa ce.
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Movement of the transmitter is amplified and used to operate fo ur micro switc hes in a
simila r man ner to the magnet ic type, as the water level moves th rou gh its full ra nge.

Th ese devices sho uld be tested by act ua lly raising or lower ing the drum water level
when the boi ler is off load , the direct-read ing water level gauges bein g observed
thro ugho ut the test to ensure co rrect operation o f the devices. Eac h device is gagged in
turn, to make sure that each individual unit is functioning prop erly. It shoul d be noted
that different ial pressure devices a re sensitive to water density and sho uld only be
tested with the boi ler at full working pressure.

Q. Sketch and describe an Improved high lift type safety va lve.

A. This is a sa fe ty device fitted to the boiler to prevent overpressure . Th e DOT
dem and a min imum of two sa fety va lves to each boiler , and a ltho ugh these may be
fitted in the same valve chest with a single connec tion to the boi ler, the sa fety valves
must be ca pable of releasing the maximum amo unt of ste am th e boiler can evaporate ,
while still keep ing within th e 10 pe r cent accumulation of pressure rule.

This rule is necessary be cause , having ca lculated the cross sec tio nal area for th e
va lve bore , the valve lid mu st be ab le to lift a t least 1of th e va lve bor e in or de r to
provide full stea m flow. However as the valve lifts, the for ce to compress th e spring
also inc reases, and so the highe r the valve lifts the greater the increase in boi ler
pressur e . Th e DOT limit th is accumulation of pressure to 10 per cent of the
maximum allow abl e working pressure for the boile r. This mean s th at the lift o f an
ordi na ry spring-loaded mitre va lve, although mechanicall y able to lift 1D , would be
very limited unde r these conditions, and the valve wo uld ha ve to be very large to give
the requ ired throu ghput.

Va rious designs have been developed to increase thi s wor king lift, an d the
Improv ed high lift sa fety valve is a very suitable one for low and medium pressu re
boilers. See Fig .64.

T hese valves increase thei r lift ove r that of a simple spring- loaded mitre va lue in
two ways: See Fig. 65.

O ne is the specia lly sha ped valve sea t, the o ther being to use th e lower spring
ca rrier in th e fash ion of a piston , which ac ted up on by the pressure of the waste steam
hel ps to compress the spring.

As can be seen in Fig. 65, a lip is placed around the va lve sea t so tha t, when the
valve lid lifts, escap ing stea m is trap ped in the annular space around the valve face ;
the resultant buil d-up of pr essure ac ting upon the grea te r va lve lid area cau ses th e
valve to lift sha rply. This ar ra nge me nt gives ano ther advantage in th at if the valve
were a llowed to close slowly, the final film of ste am blowing ac ross th e faces set s up
high frictional resistan ce to the closu re of the valve , and this can cause the boile r
pressure to fall well be low the blow off pre ssure befor e the valve fina lly clos es . This is
referred to as the blow do wn effect , and can ca use conside ra ble wastage of stea m.
Th e shape d valve seat causes the va lve lid to pulsat e , and thi s 'Di rling' action ena bles
the va lve to close cleanly and sharply with ver y littl e blow down effect.

T he second feature of th e valve lies in the fact that as the escap ing steam enter s
the was te pipe and, altho ugh regulati ons exist to prevent this pip e be ing mad e too
small , so me build-up of pressure does take place . Th e Imp roved high lift sa fety valve
mak es use of thi s waste press ure to increase the va lve lift. Th is is do ne as pr eviou sly
ment ion ed by allowi ng th is pressu re to ac t upon the lower spring ca rrie r, which fits
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within a floating ring, so forming in effect a piston; the pressure acts upon this piston
causing it to move up, helping to compress the spring, and so increasing the valve lift.

One of the features of this design is the loose ring, which is arranged so that if the
spring carrier were to seize in the ring, the ring itself would lift and the overall action
remain unchanged.

The valve lid is wingless, and has a flat faced landing. Thus it must be ground in by
means of a jig.

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 the top of the valve spindle, and a cotter is passed through and padlocked to
prevent tampering by unauthorized 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 a full lift of !D to release the boiler pressure.

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 cold conditions this water could freeze in the upper
parts of the waste pipe with possibly disastrous results.

Q. Sketch and describe a full bore safety valve operated by means of a pilot control
valve.

A. Conventional spring-loaded safety valves present problems when called upon to
deal with steam at high pressures 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-the wire-drawing resulting from this quickly cutting 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 communica
tion with the boiler pressure. See Fig. 66.

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 it
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 one-quarter of its 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 x 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 main valve.
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The main valve is then 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, troubles 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 from the superheated steam are protected.

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 .

Easing gear is fitted to act directly upon the main valve in order to open it in case
of emergency. In addition a hand casing lever is also fitted to the control valve,
enabling steam to be admitted to the operating piston of the main valve.

An open-ended drain must be fitted to the waste pipe .

Q. Sketch and describe a full lift safety valve of the nozzle reaction type.
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A. A number of direct spring-loaded disc type safety valves obtain a full lift of
one-qua rte r of their diameter within the 10 per cent Accumulation of Pressure rule
by allowing the valve disc to lift with in a sleeve so that , acted upon by the waste steam
pre ssure, it performs in the manner of a piston helping to compress the spring.
Further assistance being provided by re action forces set up when the escaping ste am
is deflected by a specially shaped valve scat and disc face.

The Hopkinson Hylif safety valve is an example of this type of safety valve .
When this valve first lifts in response to a condition of overpressure, it allow s 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 it, so helping to compress the spring.

When the valve fully enters the guide sleeve , it cau ses 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 pre ssure to lift the valve to its full open.Tl)
position . It is claimed that this, together with the nozzle shaped inlet to the valve seat ,
gives full flow conditions for the escaping steam .

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. Th is helps to prevent feathering.
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Fig.68 Detail of full lift safety valve

The spring is isolated from 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 the 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.
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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.

Q. Sketch and describe a consolidated type full lift safety valve.

A. The general arrangement is illustrated in Fig. 69. The valve has a number of
special features . First an adjustable blowdown control ring screwed onto the valve seat
provides a quick full lift or 'pop' action to the opening valve disc, and a cushioning or
blowdown control action as the valve closes. Both actions are provided by deflection of
the escaping steam against the inclined sides of the valve disc, so producing an
upthrust: with the initial high escape pressure, this gives the valve its opening 'pop'
action; then, as boiler pressure falls and the valve closes under the influence of the boost
cylinder, this same upthrust, although now reduced, cushions the final seating ofvalve.

Adjusting the ring too high produces excessive cushioning, so preventing a snap
closing of the valve, which can cause excessive loss ofboiler pressure before the valve
eventually shuts. Set too low, and insufficient upthrust will be provided on the opening
valve with resulting loss of the required 'pop' action, which in turn can lead to the valve
disc chattering on its seat.

A second feature is a boost cylinder fitted above the valve disc to provide a pre
cision closing control. As the valve pops full open, some escaping steam is bled off to
this boost cylinder from whence it is vented to the atmosphere. As boiler pressure falls
and the valve begins to shut, this atmospheric vent closes, immediately causing a sharp
rise of steam pressure in the boost cylinder. The resulting down thrust on the valve disc
produces a positive closing action and gives the desired snap shut which reduces
blowdown. The term 'blowdowri' refers to the amount the boiler pressure falls below
the blow-off pressure before the safety valve finally closes . A snap closing action "also
prevents feathering of the escaping steam, which can damage valve faces when high
superheat temperatures are involved, as a thin film of steam continues to blow across
the valve faces.

For high temperature applications a thermodisc valve seat is fitted; this is formed
by recessing the bottom of the valve disc to form a thin wall, so providing extra
flexibility at the point of contact as the valve closes. This allows better heat transfer
between the mating surfaces, which serves to reduce local distortion and so prevent
valve leakage. Easing gear is fitted so that in the event ofan emergency the valve can be
opened by hand in order to quickly release the boiler pressure. This gear must be
arranged so that it cannot interfere with the opening of the valve under normal operat
ing conditions. When the safety valve is being overhauled, remember to check that the
operating mechanism of the easing gear is in full working order.
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CHAPTER 6

Combustion of Fuel in Boilers

Q. Describe the process by which a residual fuel oil is burnt in a boiler furn ace.
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Fig.70 Combustion in a boiler furnace
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The burner also imparts rotational energy to the fuel so that it leaves the burner
tip as a hollow, rotating cone formed of fine droplets of oil.

The combustion stage itself can now commence, and in a boiler furnace a type of
combustion often referred to as a 'suspended flame' is used . For this a stream of oil
particles and air enters the combustion zone at the same rate at which the products of
combustion leave it. The actual flame front therefore remains stationary, while the
particles pass through it, undergoing the combustion process as they do so. The
combustion zone itself can be sub-divided into two main stages; these are referred to
as the primary and secondary flames.

PRIMARY FLAME
For the oil to burn, it must be raised to its ignition temperature, where continuous
vaporization of the oil required for its combustion takes place. Note this temperature
should not be confused with the flash point temperature of the oil, where only the
vapour formed above the oil in storage tanks, etc. will burn. The ignition or burning
temperature should normally be at least some 20°C above this value.

For the reasons already stated this ignition temperature cannot be obtained in the
fuel oil heaters, and therefore the heat radiated from the flame itself is utilized so
that, as the cone of atomized oil leaves the burner, the lighter hydrocarbons are
rapidly raised to the required temperature by the heat from the furnace flame; they
then vaporize and burn to form the primary flame.

The heat from this primary flame is now used to heat the heavier constituents of
the fuel to their ignition temperature as they, together with the incoming secondary
combustion air, pass through the flame.

The stability of the combustion process in the furnace largely depends upon
maintaining a stable primary flame and, to ensure it is not overcooled, a refractory
quarl is usually placed around it so as to radiate heat back to the flame . The primary
flame should just fill the quarl . If there is too much clearance excessive amounts of
relatively cool secondary air enter the furnace; too little and the heavier oil droplets
impinge on the quarl and form carbon deposits.

Another important factor for the formation of the primary flame is that it must be
supplied with primary air in the correct proportion and at the right velocity. In the
case of air registers using high velocity air streams this is done by fitting a tip plate
which spills the primary air over into a series of vortices, as indicated in Fig. 70. This
ensures good mixing of the air and fuel and, by reducing the forward speeds involved,
helps to maintain the primary flame within the refractory quarl.

SECONDARY FLAME

The larger oil droplets, heated in their passage through the primary flame zone, then
vaporize and begin to burn. This, although a rapid process, is not instantaneous, and
so it is essential that oxygen is supplied steadily and arranged to mix thoroughly with
the burning particles of oil. An essential feature for the stability of this suspended
secondary flame is that the forward velocity of the air and oil particles must not
exceed the speed of flame propagation. If it does the flame front moves further out
into the furnace and the primary flame will now burn outside the quarl with resulting
instability due to overcooling.
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As indicated in Fig. 70 careful design of the swirl vanes in the air register can be
used to create the required flow patterns in the secondary air stream. The secondary
flame gives heat to the surrounding furn ace for the generation of ste am.

Sufficient time must be given for complete combustion to take place before
unburnt oil particles can impinge onto tubes or refractory mat erial. This usu ally
entails the supply of a certain amount of air in excess of the theoretical amount
required for complete combustion if the se practical considerations could be neg
lected , and unlimited time taken for the mixing of the air and fuel. The actual amount
of excess air supplied depends upon a number of factors, such as the design of the
furnace, the efficiency of the combustion process for the condition of load, etc., but
will in general reduce the boiler efficiency to some extent due to the heat carri ed away
by this excess air leaving the funn el. It can also lead to increased deposits in the
uptakes due to the increased am ount of sulphur trioxide that will form from sulphur
dioxide in the pre sence of excess oxygen .

Q. Sketch and describe a pressure jet fuel oil burner. State how the throughput of
oil is controlled .

A. A pressure jet oil burner, such as that shown in Fig . 71, forms a simple robust
unit, widely used in marine boilers.

Boiler casing
'--

carrier

/' Locking screw
~and le

Oil supply

Fig. 71 Pressure jet type fuel oil burner

The basic assembly consists of a steel tube, or barrel, to which are att ached swirl
and orifice plates; the se are made of a high grade or low alloy ste el, and are held in
place by a cap nut.

The complete unit is clamped into a burner carrier attach ed to the bo iler cas ing.
This both holds the burner in its correct position relative to the furnace , and also
permits the supply of fuel through an oil tight connection. Som e form of safety dev ice
must be fitted in order to prevent the oil being turned on when the burner is not in
place. ( ~' l · l' . ';" . .'Yo '

Try.e oWi&,~~upplied to the burner under pressure and , as it pass es through, the
burnet performs two basic operations. Fir st it imparts rot ational energy to the oil as it
passes through angl ed holes in the swirl plate . The rotating stream of oil thus form ed

r--"Jt' ~
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is then forced under pressure through a sma ll hole in the orifice plat e whi ch ca uses
the jet to break up into fine droplets. This latter process is referred to as ato mization,
a ltho ugh ea ch indi vidual droplet of oil is formed of vast numbers of ato ms .

As the final result of these operations a hollow rotating cone, formed of fine
particles of oil , lea ves the burner tip.

Many variations o f design exist for the swirl and orifice plates. The choice of the
actual design used often depends upon the means employed by the manufacturer to
carry out the accurate machining processes required for these items .

In thi s type of burner control over the throughput of oil is obtained in two ways ;
by varying the oil supply pressure and/or by changing the diameter of the hole in the
orifice plate . Limitations exist which prevent either method being used as the so le
means of control over a wide range of throughput. ..r. ,·",,tr>

The rat io of the maximum to minimum oil throughput of the burner is known as
the turn down ratio of the burner, and in the case of pressure jet burners this can be
sta ted in terms of the square root of the ratio of the maximum to minimum oil supply
pressures .

In all pressure jet burners, however, a minimum supply pressure in th e order of
700 kN/m 1 is necessary to ensure efficient atomization is maintained. At the sam e
time various practical considerations limit the maximum pressure to abo ut
7000 kN/m 1

, thus the turn down ratio with this type of burner is limited to a value of
about 3·5 .

If a wider range of turn down is required a system incorporating a number of
burners is used, which controls the overall turn down on the basis of the number of
burners in operation, or changing the orifice size in addition to the variation in supply
pressure con sidered above . However, while this system is convenient for manual
operation, it is not suitable for automatic control due to the need to change orifice
sizes when the oil supply pressure reaches its upper or lower limits.

The burners must be kept clean and care should be taken during this operation
not to dam age o r scra tch the finely machined surfaces of the swirl and orifice plates .
The latter sho uld be renewed as the orifice wears beyond a certain amount. This
sho uld be check ed at regular intervals by means of a gauge. After cleaning make sure
all the various parts are correctly assembled. Any oil leaks must be rectified as soo n
as po ssible as they can lead to fires in the air register or double casing of the boil er.

Burners not in use sho uld be removed, otherwise the heat from the furnace will
cause any oil rem aining in th e burner barrel to carbon ize .

Q. Sketch and de scribe a rot at ing cup type of fuel oil burner.
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A. A rot ating cup oil burner ato mizes the oil by throwing it off the edge of a tapered
cup being rotated at high spe ed s of between 2000-7000 rpm by either an air turbine
dr iven by primary combustion a ir, or by an electri c mot or driving the cup shaft by
mean s of vee belts.

Electric motor
./

. Gear or belt
drive

Prim ary air
inlet

Fuel co ntrol .>

I

Fuel oil '
supply

Rot at ing ..
L-:....-~

cup

fan,
Prim ar y at omizing ,
air stre am "\

Fig , 73 Ro ta ting cup type fuel oil
burner

The basic assembly indi cated in Fig. 73, con sists of a tapered cup fitted onto the
end of a cent ra l rotating spindle mounted on ball or roller bearings. The fuel oil is
supplied to the inner surface of the cup through the hollow end of the spindle. Here
centrifugal force causes it to spi-e'i1aout evenly into a thin film, which then moves out
along the taper until it reaches the lip of the cup, where the radi al compo nents of
velocity cau se it to break up into fine particl es as it passes into the surro unding air
stream. Thus like a pressure jet burner this type of burner performs two functions :
first, supplying rot ational energy to the o il, and then breaking it up into fine particles.
The final result is a hollow rotating cone of o il droplets lea ving the burner.

High o il supply pressure is unnecessar y as this pressure plays no dir ect part in the
atomization process, and only sufficient pre ssure to overcome friction al resistance to
the flow of oil through the pipes is requi red. Thus this type of burner can be used with
a gra vity typ e oil fuel supply syst em.

The oil th roughput is controlled by a regulating valve placed in the fuel supply
line, and thus can easily be adapted to aut om atic control. Here the wide turn down
ratio available with this type of burner is a great advantage. Values of ove r 10: 1 are
possible.

The diameter of the cup must be large enough to handle the required throughput,
and there mu st be sufficient taper and rotati on al spe ed to ensure the oil is thrown off
with the de sired ve loci ty. These factors govern the maximum oil throughput of the
burner ; the min imum throughput is limited only by the fact that suffi cient o il must be
supplied to maintain a co ntinuous film of o il inside the cup so as to provide a stable
primary flame.

The flame pr oduced by a rotating cup burner tends to be long and cigar sha ped ,
although a shorter flame can be obtained by car eful design of the swirl vanes in the air
register, so as to dir ect the flow of air in such a manner as to give the de sired flam e
shape.
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In the sma ller units it is po ssible to supply all the combustion air through the
burner itself, the air flowing through the space between the rotating cup and the fixed
casing. However, in most cases only the primary air , which in this type of burner is
used mainly for atomization , is supplied in this way . It only forms about 10 per cent of
the total a ir required , the remainder being delivered through a secondary air register,
to whi ch it passes by means of a separate air duct with its own forced draught fan.

This type of burner is difficult to design for very large throughputs, and still give
the required flame shape , and so while very suitable for auxiliary boilers with their
relatively small outputs, they are not in general use for main wat er tube boilers. Here
if more than one burner is to he fitted , the complication inherent in each rotating cup
burner, with its own dri ve motor, makes other systems of atomization more suitable .
Also rotating cup burners cannot be used in roof fired boilers .

Q. Sketch and describe a steam blast jet type fuel oil burner . D iscus s the reasons for
the use of this type of burner in preference to a pressure jet type fuel oil burner.

A. With automated control systems it is advisable to avoid extinguishing and
re-igniting burners while manoeuvring, etc. It is also impracticable to change th e size
of the atomizing tip automatically . Thus simple pressure jet burners with their
limited turn down ratios on a single orifi ce size ar e not sui tab le , since it is necessary to
use a typ e of fuel oil burner with a large turn down rat io. Various forms of these wide
range burners are availabl e, and one type in common use is the blast jet burner.

Safet y oil
cut off valves

~oile r cas ing

Burner carrier

"

Steam supply
valve

Steam blast je t type fuel oil burner

Oil supply
valve

Steam purging '
va lve

Fig. 74

Burner barrel ')

Flame stabilizer o r
tip plate

,~

Atomizing nozzle

,.....,v.
These atomize the oil by spraying it int o the path of a high velocity jet of steam or

air. Although e ither 13/,.edium can be used, steam is usually both more readily ( <.,

av ailable and ecoYloMical at sea. Compressed air is therefore seldom used, except
when lighting up from cold. ' ,, '

Fig. 74 shows in diagrammatic form the general arrangement of a steam blast jet
burner of the widely used Y-jet type .

In this the ste am flows along the central passage, and is then expanded through a
convergent divergent nozzle, where its pressure energy is converted to kinetic energy
re sulting in a high velocity jet of steam, Oil sprayed into this jet is entrained by it ,
being torn to shreds and atomized in the process,
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The exit ports are arranged tangentially, thus giving the necessar y swirl to the oil
droplets in order to form the hollow rotating cone of fine particles of oil needed for
the efficient combustion of a residual fuel oil in the boiler furnace . However, the
flame shape is not so clearly defin ed as those obtained with pre ssure jet type burners
du e to the entrainment of air by the high velocity steam. Thi s enables simple air
registers to be used. There is no need to fit the usual swirl vanes for the secondary air
strea m--only a venturi sha ped throat and tip plate are required .

The throughput of oil is controlled by varying the oil supply pressure. Since the
atomizing effect is not obtained directly by the use of pressure, the same limit is not
impo sed on the use of very low oil supply pre ssures as with simple pressure jet
burners; large turn down rat ios of up to 20 : 1 are ther efore ava ilable with blast jet
burners without having to resort to unduly high pre ssures. The oil supply pressure
ranges from about 140-2000 kN/m', with cor respo nding ste am pre ssures of
140-1500 kN/m ' .

Care must be tak en to use only dry steam, any water present having a chilling
effect which could cau se flame instability. The ste am may be obtained directly from
the boiler, the pre ssur e being dropped to the required value by passing it through
reducing valve s. Alternatively it may be obtained from an auxiliary source such as a
steam to steam gen er ator.

Exce ssive use of stea m can be caused by incorrect se tt ing of the burner, or by
leakage across the joint faces in the atomizing head of the burner, and in some
versions gasket s are fitted 10 prevent this as shown in Fig . 75.

Steam is left on all the time the burner is in operati on , even when the oil is turned
off, in order to coo l the burner and prevent any remnants of oil in the burner passage s
from carbonizing.

Safety shut off valves are fitted to the burner carrier; these are opened by
projections on the burner so that oil and steam are automatically shut off when the
burner is removed .

Q. Sketch and de scribe an air register suit able for the supply of combustion air to
the furnace of a water tube boiler.

A. The term air regi ster is applied to the assembly of vanes, air swirler plates, etc.
fitted within the double casing of the boiler in way of ea ch burner position, in order to
supply the air required for combustion in the correct manner. The width o f the casing
at this point is determined by the de sign of the reg ister used.

The regi sterperforms the following funct ions: it d ivides the incoming combustion
air into prim ary and secondary streams, and then directs these streams so as to give
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the air flow patterns necessary for the efficient mixing of the air with the hollow
rotating cone of oil particles leaving the burner. Another important duty performed
by the register is to regul ate the amount of air supplied to the indi vidual burner.

Eariier types of air registers de alt with large amounts of air flowing at low
velocities whereas later types, for corresponding amounts of fuel, admit smaller
amounts of a ir mo ving at much higher velocities . Carefully designed swirl vanes are
used to direct the air as required.
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- •....._..J

Flap valve
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Fig.76 Air register

Many variations in design exist , and here any constructional details a pply only to
the register shown in Fig. 76, but some, or all of the components shown, a re common
to all types of air register.

The combustion air must pass through the air check in order to enter the register.
In some case s the check is formed by the swirl va nes themselves being rotated about
their axes until they touch, so shutting off the air flow to the burner. However, in most
cases some form of sliding sleeve is used. This type of check is shown in Fig . 76.

The air check may be operated by hand, usually being placed in a fully open or
fully closed position. However, in the case of wide range burners, especially where
automated combustion control systems are fitted, a pneumatic means of operat ion is
used. In so me cases the check may be placed in an intermediate position in order to
adjust the air supply to indiv idual burners.

BatRes are then often fitted to separate the air into primary and secondary air
flows; these are concentric within the cylindrical regi ste r. The inner primary air
stream flows along until it reaches the tip plate fitted at th~ end of the burner tube .
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Here the air impinges on the back of the plate, and then spills over to form a se ries of
vortices which have the effect of reducing the forward velocity of the air , and so helps
to retain the primary flame within the quarl . Various de signs o f tip plates are used ,
ranging from circular flat plates to more complex swirl vanes, but a ll perform the
same basic function; i.e . the formation of the vortices which is so important in
modern air registers with their high velocity air flows.

The outer, secondary air stream passes over swirl vanes which cause it to rotate as
it passes through the quarl, so giving better conditions for the mixing o f fuel and air in
the secondary flame zone. Again by careful de sign the air flow pattern can be mad e to
fo rm a series of vortices . In this way the forward velocity of th e burning oil particles is
reduced , giving a longer period for combustion to tak e place within the furn ace . The
seconda ry air flow also has some influence on the flame shape ; this is espe cially the
case with rotating cup type burners.

A small amount of cooling air is often allowed to flow betw een th e inside edge of
the tip plate and the atomizing tip of the burner. Thi s amo unt of air must remain
small, otherwise it can ups et the vortex system formed by th e tip plate.

It is important that the air check forms a tight seal in order to prevent co mbustion
air e nte ring the register when the burner is not in use , otherwise th ermal shoc k
cau sed by the relatively cool combustion air leaking through can damage the
refract ory quarles.

An insulated front plate must be fitted in some cases to prevent overheating of th e
bo iler front due to radiant heat from the furnace penetrating through the gap s
between the swirl plates, etc.

In some typ es of registers, especially those used with simple pressure jet burners
with their small turn down ratios, very little adjustment of the relative positions
between the various vanes, air swirler plates, etc. can be carried out. In others a
whol e range of minor adjustments may be carried out to suit different fuels,
conditions of load , e tc.

It may be noted that, in the case of steam jet burners, the steam provides
add itiona l energy for the mixing of the air and fuel, and the swirl vanes for the
seco nda ry air stre am may be omitted from air registers used with this type of
burner.

Q. De scribe a fuel o il system from the settling tanks to, but not including, th e
burners.

A. Fig . 77 shows the diagrammatic layout of a semi-automatic fuel oil system which
makes use of wide range burners operating on a varia ble oil supply pre ssure. The
ba sic layout con sists of a ring main supplying the individiduaI burners by a series of
dead legs.

O il is pumped into the se ttling tanks, and any wat er allowed to settle out. This can
then be drained off by me an s o f spring-loaded drain cocks.

When required for usc, the high suc tion valve on the settling tank is opened and
oil allowed to pass to the cold filter s fitted on the suction side side of the fuel oil
service pump.

Due to the high viscos ity of the unheated residual oil only a coarse filter, just
suffi cient to pre vent dam age to the pump, can be used at this stage. This consists of a
positive displ acement pump ope rating at a constant delivery pressure. A spring
loaded reli ef valve fitted on the d ischarge side of the pump allows any excess oil to
spill back to the suc tion side of the pump in th e eve nt of overpressure.
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Fig.77 Fuel oil system

After leaving the pump, the oil temperature is raised in a fuel oil heater. This is
done in order to lower the viscosity of the oil, making it easier to filter and finally to
atomize. The correct oil temperature is maintained by means of a thermostat placed
in the outlet from the fuel oil heater, which controls the supply of steam to the heater.

The hot filters fitted after the heater are normally of an auto-clean type; in some
cases they are constantly rotated by electric motors. These filters provide a fine
filtration. This prevents wear and chokage of the fine passages in the atomizing tip of
the fuel oil burners.

The heated and filtered oil now passes through an automatic pneumatically
operated control valve which varies the oil supply pressure to the burners in response
to variations in the main steam pressure transmitted to a master pressure controller.
The combustion air controller also varies in order to maintain the correct ratio
between the amounts of fuel and air supplied to the furnace.

Two emergency valves are now fitted; the first is a manually-operated quick shut
off valve which enables the fuel oil to be shut off by hand from the boiler very rapidly
in case of emergency. The second is a shut off valve with a steam actuator which
operates to shut off the fuel oil in the event of loss of water in the boiler.

The oil is now ready to enter the individual dead legs supplying oil to the burners.
An isolating valve and a safety cock, or similar device, is fitted to each leg.

To enable the oil temperature in the system to be brought quickly up to and then
maintained at the desired operating value, a recirculating valve is fitted which
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enables oil to be circulated through the ring main back to the pump suction. This
valve is closed as the burners are brought into operation.

In the system shown in Fig. 77 the individual" burners are ignited by means of a
paraffin torch, but in many cases automatic igniting devices are fitted . In this case it is
advisable that a flame failure alarm should also be fitted.

The system uses gas oil to flash up from cold . Air pressure supplied to the gas oil
storage tank is used to force the oil through to the burner. The use of this oil
continues until sufficient steam has been generated to enable the fuel oil heaters to be
put into operation so as to raise the temperature of the residual fuel oil to the value
required for its combustion.

All necessary pressure gauges, thermometers, air vents, etc. must be fitted for the
proper operation of the system.

Safety fittings include quick closing valves-operated from outside the engine
room-fitted to the suction lines from the settling tanks, which enable fuel to be shut
off from the system in case of emergency. There is also an emergency stop fitted to the
fuel oil service pump.

All oil lines and fittings containing heated oil should be placed above the plates, in
well-lit situations, so that any leakage can be easily detected .

The system shown can easily be changed to manual control by simply bypassing
the automatic control valve, and controlling the oil supply pressure by means of a
hand jacking wheel on the spring-loaded relief valve governing the discharge
pressure from the fuel oil service pump.

Q. Discuss the use of refractory materials in boilers.

A. The basic requirement of boiler refractory materials is that they should contain
the heat generated in the furnace. They must therefore have good insulating
properties and be able to withstand the high temperatures to which they will be
exposed . They must also have sufficient mechanical strength to resist the forces set up
by the weight of adjacent brickwork, etc.; to withstand vibration; and the cutting and
abrasive action of the flame and flue dust. The materials must also be able to expand
and contract uniformly without cracking.

At the present time no single refractory material can be used economically
throughout the boiler, and the choice of suitable materials for various parts of the
boiler is generally governed by the temperatures to which they will be subjected.

The material from which these refractories are manufactured can be grouped into
three main types:

Acid materials: Clay, silica, quartz, sandstone, gamister.
Neutral materials: Chromite, graphite, plumbago, alumina.
Alkaline or base materials: Lime, magnesia, zirconia.

it should be noted when choosing suitable materials that care must be taken to
ensure acid and alkaline substances are kept apart as, at high temperatures, they can
react to form salts which destroy the effectiveness of the refractory.

These refractory materials are available for installation in one of two basic forms:

FIREBRICKS

These are formed into bricks and then fired at high temperatures in special kilns .
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MONOLITHIC REFRACTORIES

These are supplied in an unfired state , installed in the boiler, and fired in situ when
the boiler is put into service. This form o f refractory can be subdivided into:

Mouldable refractory This is used where direct exposure to radiant heat takes
place . It must be pounded into place during installation.

Castable refractory Placed behind wat er walls and other parts o f the boiler where it
is protected from direct exposure to radi ant heat. It is installed in a sim ilar manner to
building concrete.

Plastic chrome ore This, bonded with clay , is used in the con struct ion of studded
water walls. It can resist high temperatures, but has little me chanical strength, and is
pounded onto steel studs welded to the tubes. These studs provide both strength and
means of attachment for tile refractory.

All th e forms o f refractory materi als pr eviously mentioned must be securely
attached to the boil er casing and, in addition to the above-mentioned studded tubes,
various types of bolts, clips, and keys are used for this purpose .

To prevent undue str esses being set up in the refractory, ample expan sion spaces
must be provided. Ca re mu st be taken to e nsure these spaces do not bec om e blocked
in a ny way as thi s ca n ca use the refractory to break away from its a ttachme nts and
bul ge o ut, with the danger of possible coll ap se .

Refractory materials impose limits up on the tim e required for raising steam; the
great er the amo unt of refractory, the slowe r the ste am raising process must be in
or der to prevent dam age to the refractory mat erial.

A ir checks sh ould be closed immediately the corresponding burner is shut off,
o the rwise the relatively cold air impinging upon th e hot refractory ca uses a sur face
flaking, known as sp alling, to take place . This lead s to a reduction in wall th ickn ess .

Flame impingement mu st be avoided as it lead s both to a build -up o f ca rbo n
deposits, and to dam age ca use d by carbon penetrat ing into the refractory.

A no the r form of d am age is caused by im purities in the fuel: mainl y van adium and
sodi um sa lts reacting with th e refractory material to form a molten slag, which then
run s d own to th e furnace floor. This both reduces the wall thickness, and lead s to a
bu ild-up in the level of th e furnace floor whi ch can eventually interfere with the
sha pe o f the flam e.

Q. Sketch and describe a soot blower suitable for fitt ing to a water tube boiler . State
why th ey are fitted.

A. In o rde r to maintain the gas side heat ing surfaces of a boiler in a cle an condition
a nd so pr event an undue build-up o f deposit s wh ich can lead to corrosion and/ o r
upta ke fire s, so ot blowers are fitted .

Soot blowers con sist of two main parts, the head o r chest , and one or more nozzles
a ttache d to a tube or spindle made of heat-resistant stee l. An operating mechani sm
fitted in th e chest rotating and, in some cases, retracting th e nozzles as required .

The efficiency of the blower dep ends upon the conversion of pressure energy in
th e blowing medium to kin eti c e ne rgy; this results in a high ve locity jet of fluid
impingin g upon the sooted surfaces .
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Although in a few cases the soot blowers operate with compressed air, the
majority of marine soot blowers use steam.

Superheated steam is normally used to maintain dry conditions, and also to
ensure that the superheater is not starved of steam while blowing is in progress.

Soot blower steam lines should be sloped so as to be self-draining to a suitable
drain valve. These are often automatic to ensure they remain full open when the
steam is shut off, closing when the steam is turned on, but not until sufficient steam
has been allowed to blow through in order to warm the lines.

The reason for leaving the drain full open, when the master valve supplying steam
to the soot blowers is closed, is to prevent any leakage past this valve leading to a
build-up of pressure, which would force steam to leak past the blower seal rings and
so cause corrosion of the blower nozzles.

When air or high pressure steam is being used, a double shut off valve is fitted in
addition to the seal rings to ensure the air or steam only enters each soot blower as it
actually commences its blowing sequence.

Gear Reversing
drive gear box

~lexible~
coupling \

Valve
operating
mechanism

Chest
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I Superheated
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Electric motor

Cooling air
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Fig. 78 Soot blower

The general arrangement of a high pressure, automatically operated soot blower
is shown in diagrammatic form in Fig. 78. It is operated by an electric motor driving
through a reversing gear box. The motor is started in its correct sequence from a
central control consol, moving the blower through its correct blowing procedure until
a cam arrangement in the gear box switches it off, and as it does so it gives a signal for
the next blower to start.

A handle can be fitted to the square at the end of the operating screw to enable the
blower to be operated manually.

The type shown is retractable, so first the operating screw extends the nozzle to its
blowing position. As it comes towards the end of its travel, the cam opens the double
shut off valve, allowing steam to pass through to the blower chest, where the seal
rings have now moved to a position which allows the steam to enter the admission
ports in the sliding spindle. The steam passes alcng this spindle to the convergent

103



COMBUSTION OF FUEL IN BOILERS

divergent nozzle where the expansion process taking place results in a high velocity
steam jet.

A guide pin moving in a slot causes the nozzle to be rotated through its blowing
arc while the steam is on.

To prevent high pressure steam eroding tubes in high temperature regions of the
boiler, restriction or orifice plates, fitted in the steam supply passage to the individual
soot blowers, reduce the pressure as required .

Cooling air is sometimes supplied to the wall box tube. This air is normally taken
from the forced draught fan discharge before the air heater.
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CHAPTER 7

Boiler Operation

Q. ' Describe the process of raising steam from cold on a Scotch boiler.
-"- - _.- -- - -- - _.....__.._._- _._- ..-..--_...•_'- "--_....-..._ . _ -' . ,---_.~..---- ~ ---_ ._-~,._'_.~....---.--.

A. If the boiler has been opened up for cleaning or repairs check that all work has
been completed, and carried out in a satisfactory manner. Ensure that all tools , etc.
have been removed. Examine all internal pipes and fittings to see that they are in
place, and properly fitted. Check that the blow down valve is clear. Then carry out the
following procedure:

Fit lower manhole door. Check external boiler fittings to see they are in order.
See that all blanks are removed from safety valves, blow down line, etc.

Fill boiler with water to about one-quarter of the water level gauge glass. If
possible hot water heated by means of a feed heater should be used. The initial dose
of feed treatment chemicals, mixed with water, can be poured in at the top manhole
door at this stage if required . Then fit top manhole door. Make sure air vent is open.

Set one fire away at lowest possible rate. Use the smallest burner tip available .
By-pass air heater if fitted. Change furnaces over every twenty minutes.

After about one hour start to circulate the boiler by means of auxiliary feed pump
and blow down valve connection, or by patent circular if fitted. If no means of
circulation is provided, continue firing at lowest rate until the boiler is well warmed
through especially below the furnaces . Running or blowing out a small amount of
water at this stage will assist in promoting natural circulation if no other means is
available . Continue circulating for about four hours, raising the temperature of the
boiler at a rate of about 6°_T'C per hour. Water drawn off at the salinometer cock can
be used to check water temperature below 100°C.

At the end of this time set fires away in all furnaces, still at the lowest rate. Close
the air vent.

Nuts on manhole doors, and any new joints should be nipped up. Circulating the
boiler can now be stopped, and steam pressure slowly raised during the next 7-8
hours to within about 100 kN/m' of the working pressure.

Test the water gauge. The boiler is now ready to be put into service. About 12
hours should be allowed for the complete operation provided some means of
circulating the boiler is provided. If circulation cannot be carried out, the steam
raising procedure must be carried out more slowly , taking about 18-24 hours for
the complete operation. This is due to the fact that water is a very poor conductor of
heat, and heat from the furnace will be carried up by convection currents leaving the
water below the furnace cold . This will lead to severe stresses being set up in the
lower sections of the circumferential joints of the boiler shell if steam raising is
carried out too rapidly, and can lead to leakage and 'grooving' of the end plate
flanging .

If steam is being raised simultaneously on more than one boiler, use the feed
pump to circulate each boiler in turn, for about ten minutes each.
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Q) Describe the procedu~~f()r_()p~!}!!.1gu_p aSco~r:.~~()iler.W!U;llinspect~
be cari'ied-uurtretore-Iheboiler is again boxed up?

A. Empty the boiler, preferably by allowing the boiler to cool down , and then
running or pumping out. If there is not sufficient time for this, allow boiler pressure to
fall to 300-400 kN/m 2 and blow down . When pressure is off the boiler, open the air
vent and allow the boiler to cool down.

When the boiler is cool, make sure there is no vacuum in the boiler; this should be
done by opening the drain cock on the water level gauge glass in case the air vent is
choked.

Then commence to open up the boiler by first removing the top manhole door . To
do this, slacken back the nut s holding the dogs, but do not remove them unt il first
breaking the joint. This precaution should be taken in the event of pressure or
vacuum existing in the boiler. The nuts and dogs can then be removed, and the door
removed . Depending upon the weight of the door, it may be necessary to rig a lifting
block to the door in order to do this.

The opening should then be roped off, and all personnel warned to keep clear.
The bottom door can now be removed , again taking care when breaking the joint in
case water is still above the sill of the door. If this should be the case, pump out before
removing door.

It is important that this sequence be followed as, when the lower door is removed,
it allows a through-draught and hot vapour rising through the top door may scald
anyone standing over the hole . Hot vapour can remain in a Scotch boiler even after a
considerable period of time allowed for cooling down .

With the doors removed, allow the boiler to ventilate before attempting to enter.
Do not allow naked lights near the boiler until it has ventilated due to the danger of
explosive gas in the boiler. If in doubt, use a safety lamp to test the atmosphere in the
boiler is safe to breathe before entering.

A preliminary internal inspection should be carried out before cleaning is
commenced to check the general condition. Note scale deposits and any special
points.

Plug the orifice to the blow down valve to ensure it does not get choked during
cleaning operations, and place guards over the manhole landings to ensure they are
not damaged . The boiler can now be cleaned, and any internal work carried out.

When all work is completed, a full internal examination must be carried out. It is
advisable to keep a record of the boiler, consisting of a drawing on which any
troubles, rep airs , etc. can be shown, and a book in which rem arks regarding scale
formation , corrosion , deformation, etc, can be kept.

Check to see all cleaning has been carried out efficiently, especially where the
tubes enter the tube plates. See that all tools and other articles have been removed
from the boiler, paying special attention to combustion chamber top, tube nests, and
bottom of boiler. Make sure all openings are clear, taking special care with the water
level gauge connections to ensure they are clear and free from deposits. Make sure all
internal pipes and fittings have been replaced correctly, and are secure ly attached .
Th e guards can be removed, and the faces of the manhole doors and landings
inspected to see they are clean and undamaged.

Remove the plug from the blow down valve orifice . Replace the lower manhole
doors, using a new joint. Operate all boiler mountings and see they work correctly.
Le ave in a closed position, except for water level gauge steam and water cocks, and
air vents.
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The boiler can now be filled to one-quarter level in the gauge glass if steam is to be
raised, or filled completely if a hydraulic test is to be carried out .

.Q.' State _th~J_~,gula,~i()nsc.;~nc.;~~l1jn,g the..~y'~.r!:,':I}.i~ t~~tiIl8. . ?f.. ~_~~?_~~E..!?~!~r.
pe~_crilJ~JlQ.WY9\J WQuJd carry .out such.a.test.

~ New boilers havinga design pressure in excess of 690 kN/m 2
, together with their

components, must be subjected to a hydraulic test at a pressure = (1 ,5 x des ign
pressure + 350) kN/m 2 upon completion. For boilers working at pressures below this
value the test value is 2 x design pressure.

The test must be carried out in the presence of an authorized surveyor, who upon
satisfactory completion of the test will stamp the boiler with the official DOTstamp if
it is for a passenger vessel, or if a classification society surveyor is concerned, their
official stamp will be used. The surveyor's initia ls are also put on alongside the stamp,
which is usually on the bottom front plate, near the furnace.

Boilers which have undergone structural repairs must be subjected to a hydr aulic
test at a pressure at least equal to the design pressure .

The surveyor may call for a hydraulic test at any survey, the test pre ssure being to
the surveyor's requirements .

The procedure for such a test is carried out as follows . Close or blank off all
openings . Measuring tapes may be placed around the boiler, and deflection gauges in
the furnace . Lagging sho uld be removed as required to facilitate inspection of joints,
etc.

The boiler is then completely filled with water, the air vent being left open until
water shows to ensure no air is trapped inside. It should be noted that the use of hot
water places the boiler closer to working conditions, but may scald in the event of
failure if the water is hot enough to flash off into steam with the resultant drop in
pressure .

The force pump, and test gauges can now be fitted. The gauge glasses should be
shut off if the test pressure is to be above the design pressure. The readings on the
measuring tapes, and deflection gauges should be noted. The boiler can now be
pressurized by means of the force pump. Care should be taken to ensure that the
pre ssure rises smartly in response to the pumping action; if it appears sluggish, open
the air vent to remove any air remaining in the boiler. Listen carefully during
applica tion of pressure in case any combustion stays, etc. fracture.

Then examine all joints, especially if these are riveted. Check flanges for cracks.
All flat surfaces should be checked with a straight edge for signs of bulging due to stay
failure, overheating, or thinning of the plate. Look for signs of leakage at tell-tale
hole s in the combustion chamber stays and welded compensating rings. Examine all
tube ends for signs of leakage. Check, and note readings on measuring tapes, and
deflection gauges .

The test pressure must be maintained until the surveyor has completed his
examin ation , and must in any case be kept on for at least ten consecutive minutes.
Th e pressure can then be released . Readings on the measuring tapes and deflection
gauges should again be checked to ensure they have returned to their initial values.
The boiler can then be emptied , and examined inside and out.

~~-~ie?e.scri~~. ~.proced~re for closing up', and then, raising steam on. a water tube
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A. Before closing up the boiler inspect the internal surfaces to ensure they are
clean, all openings to the boiler mountings clear, and tubes proved to be free of
obstruction by means of search balls, flexible wires, air or water jets.

Replace any internal fittings which have been removed, checking to ensure they
are correctly positioned and secured.

The header handhole plugs and lower manhole doors a re now replaced.
Operate all boiler mountings to ensure they work freely, leaving all the valves in a

closed position.
Check the gas side of the boiler is clean and in good order. Make sure the soot

blowers 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 de aerated 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 until water just shows in the water level gauges. 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 air heaters are fitted they should
be by-passed.

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 . Use the lowest possible firing
rate. Adjust the air supply so as to obtain the best combustion conditions and check
that , as the boiler heats up , the water level in the glass begins to rise.

After about one hour steam should show at the drum and superheater vents and,
when issuing strongly, open the superheater circulating valve and close the air vents.

When the steam pressure has reached a value of about 300 kN/m 2 blow through
the water level gauges to ensure they are working correctly . 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 1000 kN/m 2 follow up the nuts on all new boiler
joints.

At a pressure of about 1400 kN/m 2 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 .
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Various auxiliary equipment such as fuel oil heaters, turbo-feed pumps, etc . can
be put into service and, provided this entails a flow of steam through the superheater,
the superheater circulating and drain valves are closed.

Bring the boiler up to working pressure, keeping the firing rate as steady as
possible, and avoiding intermittent flashing up.

Check the water level alarms.
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 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 carry out the procedure more slowly.

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

It must be noted that, due to the great variety of water tube boiler designs in use,
the foregoing procedure is only to be taken as a guide; for example, header boilers
with their greater amount of refractory material will require about eight hours to
reach full pressure. Thus the engineer should always follow the procedure laid down
for his particular boiler, which may vary in detail from the basic principles previously
stated.

Q. Describe the procedure for carrying out a hydraulic test on a water tube boiler. To
what pressure would you subject the boiler for purpose of testing.

A. New boilers having a design pressure in excess of 690 kN /m 2 together with their
components must be subjected to a hydraulic test at \ ·5 times the approved design
pressure, carried out to the surveyor's requirements.

Although the surveyor may call for a hydraulic test at survey, it is not normally
required for routine survey unless limited access prevents a practicable visual examina
tion. After repairs to pressure parts a hydraulic test to 1·25 times working pressure is
usually accepted; for minor repairs such as tube renewal, testing to just below working
pressure will suffice.

For purpose of testing the boiler is considered to extend from economiser inlet to
main steam stop valve.

Before testing, carry out a thorough inspection of the boiler to ensure that all
necessary work has been completed, all internal surfaces are clean, and all tools etc.
have been removed. Remove any casing as necessary for a proper inspection of the
pressure parts undergoing test. In seme instances it may be necessary to remove some
of the boiler insulation.

Gag the safety valves and shut off the water level indicators, alarms etc. if going
above the working pressure, and isolate or blank off any parts not designed to with
stand the test pressure. Pay particular attention to attemperators or de-superheaters,
as these are often designed to cope only with the differential pressures between the
drum and superheater; it may be necessary to equalise pressures across them during the
test , in some cases by slacking back one of the flanged connections.

Check that all valves operate freely and seat properly. Then close all valves, drains
etc . on the boiler but leave all vents open. All manhole doors can be closed, and any
header plugs replaced.
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Fit the force pump and any test gauges required, ensuring that these are properly
calibrated.

Start to fill the boiler using water as close to the metal temperature as possible, but
not less than 7'C, as any sudden change in temperature such as may be caused by filling
a warm boiler or superheater with cold water may cause leakage by way of expanded
joints. The boiler must also be protected against mechanical or thermal shock during
the test, so never put a hydraulic test on a hot boiler or superheater. During filling,
check for leaks, open drains etc . and if an y are found stop filling until they are rectified .
Close vents as water issues from them, continuing to fill until the boiler is completely
pressed up, and all air is released .

The force pump can now be used, building up the pressure slowly so as to avoid
shock . If the pressure does not begin to rise with the first few strokes of the pump, check
all vents to ensure that all air has been released.

When fully pressurised, check all visible seams, expanded joints etc . for signs of
leakage or distortion, maintaining the test pressure for at least 30 minutes.

With inspection completed, slowly release the test pressure. If any leaks have been
detected, the water level need only be dropped sufficiently for the leak to be recified.
Retest until no leakage occurs.

Before draining the boiler it is a convenient time, after the gags have been removed,
to use hydraulic pressure to reset the safety valves ifrequired. They will then only need
a final adjustment under steam.

Should raw water have been used for testing, completely drain and then flush out
the boiler with distilled water before returning to service.

~__~ive ~he b~sics~rvey procedure tobe carried out on a marine boiler.

A. Surveys are carried out to ensure that the boiler is in a safe working condition and
likely to remain so until the next survey. Main water tube boilers of passenger ships are
surveyed annually, while for cargo ships bi-annual survey is sufficient. The normal
procedure for auxiliary boilers is bi-annual for the first eight years, thereafter annual,
although a concession may be made for auxiliary water tube to continue on a two year
cycle, provided that they are in good condition and with good records, especially those
for water treatment.

The survey will cover the boiler from burner front, or exhaust gas inlet, to funnel
top, including all pressure containment parts, valves and fittings .

During the survey the boiler , economiser and air heater are to be examined both
internally and externally as far as access permits, and where considered necessary
pressure parts subjected to a hydraulic test. Thickness of plates and tubes is to be
determined, usually by ultrasonic test equipment.

The principal boiler mountings are to be examined externally, and opened up for
internal inspection where considered necessary. Boiler casings, supports etc. will be
examined to see they are in good order, and allow for free expansion. Automatic
control equipment for water level and for fuel oil is to be checked, with special regard to
safety cut-outs.

Isolate the boiler from all working systems, and open up both water and gas sides,
removing any internals necessary for a proper visual examination. A visual inspection
should be made to ascertain general boiler conditions, before it is cleaned both inter
nally and externally.

Previous records, if any, should be examined and note taken ofany previous defects
or repairs, so these can be given special attention . A convenient survey procedure
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taking into account the layout of the boiler should be decided upon. This will vary from
one boiler to another, but a typical procedure will be as follows . The steam drum is
examined internally and externally together with its mountings, then all top headers
and the burner positions, including carriers and associated pipework. Economiser and
superheater headers can be inspected before entering the water drum. Under the boiler,
any mountings and supports are checked.

Do not carry out any gas side inspections until all internal examinations are com
plete, in order to avoid carrying grease, dirt etc. into the water spaces.

On the gas side, start with the furnace (staging may be required in large roof-fired
units). Then in turn the superheater, economiser, and air heater can be inspected.

A note pad with pencil securely attached , an unbreakable torch and a mirror on a
rod should be available, together with other items if desired such as a straight-edge, an
introscope to examine tube bores, and a polaroid camera to record any defects found
during the examination. In the case of welded boilers with limited access, blanket
radiography pictures using portable gamma ray equipment may be obtained, and used
to look for suspected internal foreign objects inside tubes etc.

The survey is not complete until the boiler has been examined under steam, and the
pressure gauges checked against a test gauge. The water level indicators and protective
devices must be tested, and the safety valves adjusted to their correct blow-off pres
sures. The fuel oil system is to be checked under pressure, and remote operated fuel oil
cut-off gear tested.

In the ease of exhaust gas boilers where steam cannot be raised in port, the ship's
Chief Engineer will be responsible for the correct setting of the safety valves at sea, with
the boiler survey record not being completed until he confirms that this has been done
satisfactorily.

6~1 Dis=-~~~~~me_~r. .t~.:co~~on,?r?bl~lllst~at_cal1 .arise in Jh.~.Ql?~r!!~iQ!!_oJ.JTI!l_rine
l5<5{lers.----.
A. Boiler damage can be considered under five main headings: corrosion, erosion,
overheating, cracking and mechanical damage.

Corrosion There are two principal forms of corrosion. One is direct chemical attack
and mainly occurs in superheaters due to the high metal temperatures involved. It can
result in pitting or cracking in tube bores, or in scaling or flaking on the gas side of
tubes. This form of corrosion also occurs when loss of water circulation causes the
metal to overheat in the presence of steam.

The more cornon form ofcorrosion found in boilers is the result ofelectro-chemical
attack usually involving acidic water conditions in the presence of dissolved oxygen.
General wastage of the boiler metal due to this form of attack has been virtually
eliminated by the use of chemical feedwater treatment, but isolated pitting can still
occur if the treatment is not operated within the correct limits. It may be found along
the water level in the drum, generally as the result of poor shut-down and storage
procedures where the boiler is left partly filled with cold water. Pitting along the roofof
the drum can result from condensation. In the lower parts of the boiler it can be due to
poor drainage, pools of water remaining in drums and headers. However, isolated
pitting can also result from operating with the boiler water allowed to remain at too
Iowa pH value, and in this case will also tend to occur in the bores of tubes subjected to
the highest rates of heat exchange, such as screen and water wall tubes.
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Erosion This is a mechanical wearing away of the boiler metal due to water, steam or
gas flowing over the metal surface. Thus tubes can wear thin in the region of bends, due
to water impingement, or wear externally as they stand in the flow of hot abrasive gases
leaving the furnace . Serious local ero sion can result from the direct impingement onto
the tube surface of a steam jet from a badly aligned soot blower.

Overheating In-service boiler metal subjected to the heat of combustion must be
continually cooled by water or steam . If for any reason this cooling affect is lost , or
greatly reduced, the boiler metal overheats, loses strength and distorts. This can result
in expanded tubes pulling out of tube plates, local bulging of tube surfaces with even
tual rupture, the sagging of superheater tubes between their supports, etc.

Loss of water brings about the most immediate and serious damage, but loss of
circulation through tubes will also quickly result in damage. A build-up of deposits on
the water side acts as an insulating layer, reducing the rate of heat transfer through the
metal so causing it to overheat and leading to eventual distortion . Oil entering the
boiler only forms a thin, but efficient, insulating layer upon heated surfaces, but also
encourages a further build -up of scale deposits.

Superheaters at their operational metal temperatures are very vulnerable to over
heating, and a circulation of steam through them must be provided at all times when
the boiler is steaming, circulating to atmosphere if not load is available. Priming and
carry-over must be avoided, as impurities passing over with the water will result in a
build-up of deposits in the superhea ter tubes, again causing eventual overheating.

Dire ct flame impingement onto water walls will lead to overheating and distortion.
Fire in uptakes or superhea ters due to a build up ofdeposits in the gas passages can also
result in serious overheating and damage even to pressure paris of the boiler .

Cracking Welded boilers are especially vulnerable to fatigue cracking resulting from
bad design , poor workmanship or both . Cracks of this nature, even if starting in a
minor weld, can continue to propagate even into the main shell plate .

Fatigue cracking is also associated with thermal cyclic stressing, which can result
from poor steam-raising pro cedures, lack of expansion, or even from a continual
carry-over of water droplets causing cracking inside superheater headers.

Over-expansion of tubes into tubeplates can lead to cracking of the bellmouthing
and in some cases to cracks forming in the tubeplate between the holes.

Cracking due to caustic embrittlement can take place in boilers of riveted construc
tion , due to slight leakage allowed to continue over a period of time in a riveted scam .

Mechanical Damage This can result from poor workmanship, such as damage to
tube plates by over-expanding during tube attachment, scoring of joint faces, distor
tion of doors by overtightening.

Another source of damage are explosions in the furn ace due to bad flashing-up
procedures . These can be especially serious in roof-fired rad iant heat boilers with gas
tight water wall panels; the force of the explosion acting directly upon these ean cause
them to suffer severe distortion . It is normal practice to warm this type of furn ace with
heated air etc . before attempting to flash up from cold.

Q. State the general precautions to be followed by a watchkeeper in charge ofa water
tube boiler installation.
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A. The watchkeeping officer must familiarise himself with the plant of which he is in
charge, and,be aware of all individual equipment operating control signa ls, flow rates,
temperatures and general load conditions. He must check these regularly so as to
become aware quickly of any deviations from the norm. Rarely do emergency condi
tions arise without some previous indication, which an alert watchkeeper should recog
nise, investigate, a nd then take corrective action before the situation gets out of hand.

Ensure that all boiler and associated safety shut-down devices are maintained in
full operational condition, a nd tested at regular intervals so as to be ready for instant
operation . All alarm and automatic control systems must be kept within the manufac
turer's recommended operating limits. Do not allow equipment to be taken out of
operation for reasons which could reasonably be rectified .

All control room check lists must be kept up to date, with any known deviations
from normal operating procedures noted, both for immediate reference and to inform
oncoming watchkeepers of the ongoing situ ation. Remember that any det erioration in
wat ch keeping standards can give rise to circumsta nces whereby deviations remain
un-noticed and may build up to potentially serious conditions.

Automatic control loops do not think for themselves, and subjected to external
irregularities will still try to perform as normal. This can result in their final control
action being incorrect, or to some other piece of equipment being overworked in an
attempt to compensate . In situa tions where the automatic control of critical par
ameters is not dependable, or where it becomes necessary to use manual control,
reduce operating conditions so as to increase acceptable margins of error.

High performance water tube boilers demand high qu ality feed water, so do not
tolerate any deterioration of feed water conditions; immediately trace the source ofany
contamination, and rectify the fault.

Do not neglect leakage of high pressure, high temperature steam, as even minor
leaks will rapidly deteriorate. No attempt sho uld be made to approach the site of
leakage directly, but the defe ctive system sho uld be shut down as soon as is practicable
and the leakage rectified. Do not allow steam and water leaks to go un-corrected as,
apart from reduction in plant efficiency , they also lead to increased demand for extra
feed with an inevitable increase in bo iler water impurities .

Alw ays be alert fo r conditions which increase the potential fire risk within the
engine room: the best method of fire fighting is not to allow one to start. Thus all
spaces, tank tops etc. mu st be kept clean, dry, and well lit. This not only improves the
work environment, but also makes for the early detection of any leakage and encour
ages early repai r.

Store an y necessary stocks of combustibles remote from sources of ignition. Main
tain all oil systems tight and free from leaks and overspills.

Follow correct flashing-up procedures for the boiler at all times, especi ally in the
case of roof-fired radiant heat boilers.

Be familiar with the ship's fire fighting systems and equipment, and ensure that a ll
under your direct control are kept a t a full state of readiness a t all times.

Asse ss particular risk areas, especially in engine room sp aces, and formulate your
approach in case of emergency; decide in some detail how you would deal with fires a t
va rious sites in the engine room.

Make sure that your are familiar with the quick closing fuel shut-off valves, the
remotely operated steam shut-off val ves etc . to enable the boiler to be put in a safe
condition if having to abandon the machinery spaces in the event of a fire.
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Q. State a basic pr ocedure to be followed for the cleaning of a boiler a fter a peri od of
service.

A. The frequency of boiler cleaning depends upon various factors such as the nature
of the service in which the vessel has been engaged, the quality of feed water and fuel
with which the boiler has been supplied. In general, every reasonable opportunity
should be taken, whenever the boiler is shut down, to examine internal and external
surfaces.

Records of uptake and superheat temperatures taken during the passage will give a
guide to the condition of the boiler, as deposits forming upon any heated surfaces of
the boiler will reduce the rate of heat transfer; thus uptake gas temperatures tend to
show an increase, while superheat temperatures decrease.

Where possible the boiler should be shut down at least 24 hours prior to cleaning,
with ifpracticable the soot blowers being operated just before shut-down. When boiler
pressure has fallen to about 400 kN rrn", open blow down valves on drums and headers
to remove sludge deposits . Finally empty the boiler by running down through suitable
drain s etc. Do not attempt to cool the boiler forcibly as th is can lead to thermal shock .
All fuel, feed and steam lines must be isolated , and the appropriate valves locked or
lashed shut. Air vents must be left open to prevent a vacuum forming in the boiler as it
cools down .

Internal Cleaning With boiler cooled, open the steam drum doors, followed by water
drum doors and any bolted header plugs where fitted. Take care to avo id any remain
ing hot vapour or water, and allow the boiler to ventilate before making an y attempt to
enter. Light covers should be fitted in place of the manhole doors to protect the bo iler
interior when work is not in progress. With a man standing by outside the door, the
boiler interior can be inspected to ascertain if cleaning is required.

Should cleaning prove to be necessary, remove any internal fittings required to
provide access to tubes etc ., keeping a record of any items removed. Also note that all
attachment bolts are present, and that a\l are accounted for when refitting.

Where the boiler designpermits, cleaning can 'be carried out by mech anical brushes
with flexible drives; if these are not suita ble, chemical cleaning must be used. After
cleaning, flush the boiler through with distilled water.

Upon completion of cleaning, tubes etc . must be proved clear. Where access is
available, search balls or flexible search wires can be used. Where neither is practical,
high pressure water or air jets can be used, the rate of disch arge from the outlet end
being used to indicate whether any obstruction is present within the tube. Where
necessary, welded nipples are removed to permit sighting through headers. With
welded boilers the tubes must be carefully searched before welding takes place, and
suit able precautions then taken to avoid the entry of any foreign matter into tubes etc.
Where work is to be carried out in the drum, rubber or plastic mats can be used , with
flexible wires attached and secured outside the drum so that they are not left inside
when the boiler is closed up .

Check a\l orifices to boiler mountings to prove that they are clear, and ensure that
all tools, cleaning materials etc. have been removed from the boiler. All internal fittings
removed must be replaced . Fit new gaskets to all doors and headers, and close up the
boiler.

All personnel working in the boiler must be impressed with the importance of the
avoidance of any objects entering the tubes after the boiler has been searched, but that
if a mishap should occur it must be reported before the boiler is finally closed up.
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BOILER OPERATION

External Cleaning Spaces between tubes can become choked with deposits which are
not removed by soot blowing. Where sufficiently loose they may be removed by dry
cleaning using brushes or compressed a ir. but in most cases water washing will be
necessary.

Washing will require hot water, preferably fresh, under pressure and delivered by
suitable lances. The water serves two purposes, dissolving the soluble deposits and then
breaking up and flushing away the loosened insoluble residue.

Once started. washing should be continuous and thorough, as any half-dissolved
deposits remaining tend to harden off, baking on hard when the boiler is again fired,
then to prove extremely difficult to remove during any subsequent cleaning operations.

Prior to cleaning, a bitumastic paint should be applied around tubes where they
enter refractory material, in order to prevent water soaking in to cause external cor
rosion . Efficient drainage must be provided, with sometimes drains below the furnace
floor requiring the removal of some furnace refactory . Where only a particular section
is to be washed, hoppers can be rigged beneath the work area, and the water drained off
through a convenient access door.

For stubborn deposits a wetting agent may be sprayed on prior to washing.
After washing. check that no damp deposits remain around tube ends, in crevices

etc .• removing any remaining traces found . In a similar manner remove any deposits in
double casings around economiser headers etc ., especially if they have become damp
due to water entering during the washing process.

Ensure that all cleaning materials, tools. staging etc . have been removed, and any
refractory removed has been replaced, after whieh the access doors can be replaced.

Run the fans at full power with air registers full open for some minutes to clear any
loose deposits . Then dry the boiler out by flashing up in the normal manner. If this can
not be done immediately, then hot air from steam air heaters or from portable units
must be blown through to dry the external surfaces.

Q. Give a routine procedure for a soot blowing operation, suitable for use with high
performance water tube boilers.

A. Before soot blowing is commenced, ensure that sufficient reserve feed water is
available, that the soot blowing system is in good order with correct oil levels in blower
gearboxes, and that where required bearings have been lubricated with a high temper
ature grease. Make sure that the boiler flame failure devices and low water level alarm
and cut-outs are in full working order. Note the uptake temperatures if these are not
already recorded . Then inform the bridge that soot blowing is about to start. They may
require time to alter course etc. and will ring back when ready.

The soot blower main steam supply valve can now be cracked open and lines
allowed to warm through and drain. The drain valves, if non-automatic, are then
closed, and the steam supply valve is fully opened. In many cases two supply valves are
fitted in series, with a drain between them to ensure that no steam can leak through to
the soot blowing system when it is not in use.

Automatic combustion control can be shut off, or set to the blowing mode, which
ever is applicable, and boiler operating conditions, such as superheat temperature,
reduced if necessary. Shut off gas sampling lines to CO2 recorders etc . and inert gas
systems if fitted . Any gas or air control dampers should be set to their optimum pos
ition for soot blowing. The combusion air fans should be speeded up unless otherwise
instructed .
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Soot blowing can nowbegin, starting with the topmost blower and then, when this
has completed blowing, proceeding to the lowest blower, operating this and the subse
quent units in turn along the line of the gas flow. When the topmost blower is again
reached, it is operated for a second time. Ensure that each unit performs correctly in
sequence and over its full traverse. Operate any faulty units manually.

Throughout the operation maintain a constant watch on boiler operating condi
tions, and if necessary stop blowing.

When soot blowing is finished, inform the bridge. Then restore all the boiler func
tions to their normal operating conditions. Close the soot blower steam supply valves
and fully open the drains. Check the reserve feed tank, and adjust the make-up feed
supply as required to restore the water level in the tank . The gas sampling lines can be
reopened, together with any inert gas system fitted. Note the uptake temperatures and
compare them with previous readings; any marked variations can indicate some fault
in the soot blowing system.

It is usual to operate soot blowers once every 24 hours, with rotary air heaters,
where fitted, being blown every 12 hours.
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Air vents, 63, 69, 105, 106, 107, ) 14
Allborg boiler, 15
Alloy steel, 42, 51, 55, 57
Atomizat ion , 61, 91, 94
Attemperators:

air cooled, 41, 58
water cooled, 41,59

Automatic control, 17, 19,38,42,94,95,
96,98, 103, 113, 115

Auxiliary stop valve, 67

Babcock Willcox boilers, 36, 38
Baffles, 13, 15, 24, 33, 35, 40, 52, 53, 57,
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Balance connections, 60, 79, 81,82
Bell mouth, 9,13,27,45,57, 112
Bend test , 6
Blow down effect, 83, 88, 89, 90
Blow down valves, 18, 30, 68, 105, 114
Blow off pressure, 21, 83, 85, 87, 89
Boiler cleaning, 114, 115
Boiler drum, 17,28,44
Boiler feed regular, 68
Boiler shell, 4
Bonded deposits, 44, 45, 56, 59

Carbon deposits, 92
Carryover, I) 2
Castable refractory, 102
Chemical cleaning, 114
Chemical dosing valve, 69
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Chrome, 57
Chrome ore, 102
Circumferential joint, 8
Circumferential stress, I, 2
Clarkson boiler, 12
Cochran boiler, 10
Collision chock, 7
Combustion:

air , 91, 96, 98
chamber, 4,7, II , 12, 18,24,73
process, 91

Compensation , 3, 4, 107
Composite boiler, 22, 23
Condensat ion , 50, 74, III
Conduction formula , 27
Consolidated safety valve, 89
Control dampers, 19,38,41,53,56,60,
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Controlled superheat boiler, 51
Corrosion, 9, 10, 28, 31, 44, 62, 63, 103,
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Corten steel, 66
Cracking, 12,107,111,112
Cyclone steam separators, 38

Dampers, 19,38,39,41,51,53,56,57,
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Density, 30, 33, 35
De-superheater, 53, 55, 60
Dew point temperature, 24, 25, 63, 64
Diaphragm water wall, 44, 46
Double casing , 33, 34, 36, 41, 59
Down comers, 15, 28, 30, 32, 34, 36, 37,

39,41 ,42,44
Drain valve, 63, 69, 99, 103, 115
D-t ype boiler , 35, 37, 54
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Dual pressure boiler, 20

Easing gear, 73, 85, 86, 89
Economiser, 40, 52, 64
Enamel coating, 66
Erosion, 104, 112
ESD. I typeboiler, 39
ESD. II typeboiler, 41
ESD. III typeboiler, 42
Excess air, 42, 44, 47, 93
Exhaust gas boiler, II, 15, 16,21 ,22,25,

III

Fatigue cracking, 12
Feathering, 85, 87, 89
Feed water check valve, 67
Flame failure device, 12, 19, 101, 115
Flash off, 69
Forced circulation boiler, 16, 17, 18,24,

25
Force draught fan, 18
Foster wheeler boiler, 35, 39,40
Fuel oil system, 100
Full bore safety valve, 85
Full lift safety valve, 86
Furnace, 7, 10, II, 12, 13, 14,35,43

Gamma ray equipment, 'III
Gas/air heater, 8, 43, 64, 65, 108
Generating tube, 15, 24, 31, 33, 34, 35,

37,38,43,44
Girder stay, 7, 8
Gusset stay, II

Handhole door, II
Header, 15,27,30,33,36,39,56

. Header boiler, 33, 64, 109
Hemispherical furnace, II, 18
Hollow column, 72
Hopkinson safety valve, 87
Hydraulic test, 30, 107, 109, 110

Igerna gauge, 78
Ignition temperature, 92

Improved high lift, 83
Internal cleaning, 106, 114
Integral furnace boiler, 36, 84
Internal inspection, 106, 108, 110

Joint efficiency , 2

Kaldo steel , 5
Kinetic energy 96, 102

Latent heat, 19,49,50
LD steel, 5
Longitudinal joint, 1,2,8,29
Louvre plate, 77
Low water level alarm, 19, 68, 80, 81, 83,
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Main stop valve, 67
Manhole door, 2, 4, 8, II, 13, 15, 18,20,

29, 30, 38,40, 105, 106, 108, 109
Manoeuvring, 51, 55
Membrane water wall, 46
Mica, 76, 77
Multi-loop economiser, 62
Multi-loop superheater, 39,41,45,57
Multi-tubular boiler, 7
Molybdenum, 32, 57
Monolithic refractory, 102
Mono water wall, 41, 43, 46

Natural circulation,
Nozzle reaction, 86

Ogee ring , 10, II , 12, 13
Oil contamination, 19,20, J 12
Orifice plate, 61, 94, 104
Overheating, 10, II , 12, 31, 53, 54, 55,

58, 73, III, 112

Package boiler, 18
Parallel flow, 17,42, 52, 64
pH value, III
Plate glass gauge, 75, 76
Pop action, 89

118



Pressure jet burner, 93
Primary combustion air, 92, 97
Primary flame, 92
Primary superheater, 40, 41, 44, 59
Priming , 112

Quarl , II, 92, 99
Quick-closing valve, 100, 113

Radiant heat, II, 15, 31
Radiant heat boiler, 31, 32, 44, 65
Raising steam, 105, 107
Recirculating valve, 100
Reflex water gauge, 75
Refraction, 71, 73, 75
Refractory, II, 12, 15,36,38,40,41 ,46,

48,99,101 ,102
Relief valve, 63
Remote reading gauge, 78, 108
Riser, 32, 36,44
Riveted joint, 3, 5, 6, 8, II , 14,28, 107,

112
Roof firing, 42, 112, 113
Rotary air heater, 44, 65
Rotary cup burner, 95

Safety valve, 19,21,55,67,73,83,85,
86,109, III

Salinometer valve, 69, 105
Scale, 8, 14,20,28,106, 112
Scotch boiler, 7, 8, 18,27,64, 70, 105,

106107
Screen tube, 31, 33, 35, 37, 38,41,52,

57, III
Scum valve, 69
Seal welding, 10
Secondary combustion air, 93, 97
Secondary flame, 92
Secondary superheater, 40, 41, 42, 44,59
Selectable superheat boiler, 38, 55
Settling tank, 99
Single boiler casing, 41,44,47
Smoke box, 8, II, 14, 18
Smoke tube , 8, 9, 14
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Sodium, 52, 63, 64
Soot blower, 41, 43, 63, 64, 65, 66,102,

108,115
Soot blower master valve, 70, 103, J 15
Spanner boiler, 14
Spheroid boiler, II
Spheroidal furnace , 11
Spray type attemperator, 45
Spray type de-superheater, 51,61
Steam/air heater, 66
Steam blast jet burner, 96, 99
Steam drum, 15, 16,22,28,30,33,35,

38,39,41,43,59,60,67,68,78,81,
108, III

Steam/steam generator, 19
Steaming economiser, 45, 64
Stay, 5,7, II, 13, 15, 18
Stay tube , 8, 9, II, 12, 15, 18
Stub tube , 29
Studded tube, 36, 38, 46
Sulphur, 63, 93
Superheater circulation, 52, 53, 55, 58,

60,67,69
Superheater circulating valve, 69
Superheater support tube, 32, 45, 51, 52,

54, 56, 57, III
Superheater temperature control, 33, 34,

36 38, 40, 41, 42, 44, 45, 51, 53, 55, 58
Superheater tube , 32, 39, 52, 55, 56, 58
Survey procedure, 110
Suspended flame, 91
Swirl plate, 94
Swirlyflo tube, 15

Tangential firing, 43
Tangential water wall, 44, 46
Tank boiler, 7, 10, 14,23,25
Tensile test, 6
Test piece, 6, 29
Testing of safety valve, 110, III
Testing of WL gauges, 71, 74, 79, 105,

108,110, III
Thermal efficiency, 22, 49
Thermodisc valve seat, 89
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Ultra-sonic test, I 10
Uptake, 8, 13, 15, 18, 23, 35, 44, 57, 62,

63,64, 116
Uptake fire, 63, 64, 65
Uptake fouling, 63, 64, 65, 66, 99
Uptake heat exchanger, 63, 64, 65
Underfloortube, 35,36,37,39,41

Valve lift, 83, 85, 87
Vanadium, 52, 102
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Venturi,97
Vertical boiler, 10, 12, 13, 14, 16, 23
Viscosity, 91, 99,100
Vortices, 91, 92, 99

Waste heat boiler, 17,22, 23
Waste steam pipe, 83, 85
Water circulation, 8, 13, 15, 16, 18, 20,

24, 25
Water drum 30, 35, 37, 38, 39,41 ,43
Water level gauge, 68, 70, 71, 73, 75, 76,

78
Water wall, 15,31 ,34,35,37,38,39,41 ,

44,46
Water washing, 115
Welded joints, 8, 10, II , 13, 14, 15, 19,

28,38,45,46
Wrapper plate, 28, 29

X-ray examination, 29

Y-jet burner, 96
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