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The Hon. Secretary : | am sorry Mr. Stratton is not aple
to be with us to-nighf. He informed me the other evemng
that he was expecting to be called North and was afraid h
would not be with us to-night, and | will therefore read this
paper on his behalf.

As a number of engineers have rather a vague idea of the
obstacles which combustion of the fuel has to encounter in
the _ordmarg return tube boiler, | think a_ short paP_er_ on the
subject, and on the best means of increasing the efficiency of
a furnace, might profitably be discussed af this meeting.

The first and prlnmPaI obstacle to combustion is the small

space_hetween he,flrde nd the shell of the bailer.

Second : The air required for combustion not being suffi-

_ clently heated before passing over the fire.

Third : Admitting either too much or too little air into

the furnace. _ _

The space between the fire and the front of the furpace is not
sufficient for the air required for combustion to_mingle freely
with the hot gases rising from the body of the fire ; “the con-
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sequence IS that the air does not receive the full benefit of the
heat rom the hot gases when passrng over the fire,

When the ajr is forced into_the front of the fire it passes
along this confined space at a high velocity, cooling, and carry-
|trtr]g efrlong with it some of the Burning and unburned gases 0f

e fire

As a_considerable amount of these gases pass along in con-

tact with the water-cooled plate of the furnace crown they
do not optain sufficient heat, and are, in some cases, even
reduced in _temperature by comrng in contact with either
the colder air supplied for combustion, or with the water-cooled
plate of the furnace crown, that they fail to ignite before pas-
sing out of the combustion chamber, thus a great loss of the
economical furnace effrcrency ocgurs.

To Increase the economrca effrcrencg of a furnace | think

the following points, should be attend

(1) A retractory lined space should be made at the bridge
end of the“furnace, and in the lower part of the com-
bustion chamber, for the furnace gases to mingle freely
without hindrance from water-codled plates.

(2) Admitting only a sufficient amount of hot air into the
furnace abové the fire-grate, and into the refractory
lined space of the combustion chamber, as will ensure

roper combustion of the fuel.

(3) Working with two air pressures under the fire-grate—
a strong arr pressure. along the centre, and a Irght air

ressure along the sides dnd hack.
he furnace %ases must be of a sufficiently hrﬁh tem-

Perature at the bridge end of the furnace as will ensure

heir ignition before passing out of the combustion

A S refrac i

A suitable refractory space can ea 0 |n|n
lower part of the corhbtﬁ)stron cham%e wrt% i)rrgk or
refractory materral an ormrng [Penrngs fitted with regu
Iatrng grids, and per orath tes on the plate, at the? ack
of the dsh-pit for admrttrng air rrom the ash- prt into the refrac-

tor,
Tyo de?lect the furnace gases down towards the refractory
space of the combustion chamPer a brick archéhould be built
gtrrdgee combustion end of the turnace, a short distance off the

In"some cases where the bridge is at the end of the furnace
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tube, the fire-grate would have to be shortened, and the bridge
brougrht forward, so as to leave a space between it and the
arr]ch bor the gases to pass from the fire into the combustion
chamber.
One of the_most |mPortant, and | may also say the most
neglected, points In erfecting combustion _is the requlatmg
and admission of air intg the furnace. | think if a litfle more
care and thought were_given to this |mportantsub{ect, a much
greater economical effi¢iency would be got out of the furnace.
As a general rule, in forced draught arrangements very little
attention Is paid to it ;the tendenCy, however, seems td be to
work with a'large excess of air, and the heat losses are much
more largely due to the heat mechanically carried awa)f] by
the waste gases than to imperfect combustion. The ‘heat
[osses due t0 these causes are often very much greater than
IS generally recognized bP/ engineers, and there 1S no doubt
that in many cases these fosses rise to over 30 per cent, of the
total heating value of the fuel. , ,
In some Cases | have noticed when the fires were beln%
replenished with slack coal that a considerable amount wa
carried b%/ the drau%ht directly into the combustion chamber,
without it even resting or fafling on the fire, _
Owing to the varying conditions of the fire it is pot possible
to state’the exact amount of air that should be agmitted into
the furnace, but an aﬂﬁ)rommate am?unft can ea_ng be given.
The best way to test e(?]fflmen%,o a furnace | gex min-
ing the waste gases. The examination should Cover the
following points —

%l
2
3

The composition of the waste rT%],as,es passing from the fur-
nace may De ascertained by exaniining a sample taken from
the smoke-box. The form of sam Img appr%ratus employed
depends, upon the character of the test. * The most suitdble
for marine gurposes,a pears to be either the Fischer, or the
Orsat-Lunge gas testin (a:pooaratus. By either of these appara-
tus the ercenta_ges of C02 can easily be found. For prac-
tical purposes It 15 usually sufficient to"ascertain the percentage
of carbon dioxide (C02) in the waste gases. Perfect combustion

Chemical comPosition.
Drau%ht and temperature.
Colour.
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%!ﬂdseﬁ gas containing 21 per cent. C02 and 79 per cent,
| .

T?]ge maximum percentage of C02in the waste gases when
bituminous coal 1s"burned is 19 per cent., but in working prac-
tice this percentage cannot be got, the average under the best
working conditioris being about 15 In a reat majority of
cases, owever, the gercentage will be much helow this figure.
_Percentages of C02 below™19 per cent, indicates that more
air is being passed through the furnace than is required for
the combustion process, and the diminished C02 percentage
Is the measure of this excess of air.

Thus 15 per cent, of CO02represents b 1'27 times the

requisite. amount of air, or a 27 per cent, excess. .

S 1t is not practicable under ordlnarx working conditions
to reach a hlgher percentage of C02than 15, there must alwa}/s
be some waste of fuel which will not be less than 12 per cent.
should the Bercentage of C02drop to 9 the loss of fuel would
be about 20 per cent. . _

Anather important point is the draught. The air pressure
should he taken at the fan, furnace, and ash-pit.  There is
a great difference of opinion among engineers as to the amount
of air pressure that should be carriéd in"forced draught arrange-
ments. . A number advise an ajr Rressure at thé fan of “at
least 3 inches, others say 1-| or 2 inches IS quite strong enough.

If a hlqh alr pressure’is carried, the heat'losses must be véry
great, unless means are adapted fo retard the velocity of the
gases in the furnace above the fire-grate.

The colour and appearance of the waste (T]ases should also
be examined. When perfect combustion takes place, the
%ases—w_hlle still In a Iammg state—are transparent. 1t s

ot possible to inspect a furnace pr_operl% without a coloured
glass. The best glass to use s a violet blug ; flames looked
t through such a'glass will, if in a state of imperfect combus-
tion, be“resolved Into streams of a dark coloured gas, but
when the combustion is perfect, the Interior of the furnace
and the fuel assume a lavender-grey colour, all rays of a lower
mtensﬂgl being cut off by the glass.

The dbsence of smoke. |?] no absolute guarantee thab Pe_rfect
comb%stlon and the hig %st econom%/ re_beln? obtained;
this absence of smoke may be the result of using a Targe excess
of air In the combustion” process.
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| have been asked by Mr. Adamson to glve a description of
my forced draught arrangement, and to State the advantages
to” be derived from it. “This | have Ieasure |n complyrng
with in the following short aper avmg had a number
of years’ experience with Mr. Howden’s forced draught system
| have noticed three points which | think could be |mproved

upon —

p( 1) Insufficient heating of the air required for combustion
when the fires -are being cleaned, or when the air-
heatm? tubes are dirty.

(2) The liabifity of the air in" the ash-pit escaping. throu%h

weak or uncovered parts of the fire-grate”into t
>V furnace above the flregrate Wrthout doing any
useful work along the centre of the fire.

(3) The difficulty of preventing an excessive amount of
air %ettmg Into the furhace above the fire-grate
\t/vrc would reduce the evaporative economy of

he furnace.

In Mr. Howden’s air-heating chamber the air enters at_the
centre In two seParate volumes, each Vol u]me being divided
Into three or mo e currents passes along the chamber to Its
res ectly Thus e?ch volume comes in contact with

alf t e number o the arr heating tubes that are i

t e chamber conseguenty when a fire—especially a wing
frre—rs e|n cleaned, or “when the air- heatlng tubes are
t¥ a|r passes through the, chamber with ? grettrn
the Tull beneflt of the waste gases from the other |re Or fires,

The principal defect In the s stem most geperally In use
is the liahility of the air escaping from the sh -pit into the
furnace along the outer wing bars of the fire-grate. Mr,
Howden noticed this, and P broad- srde bars in the ngﬁ
of the furnace but these are not broa enou to do mu
? ood, and If they are made anyr broader t e wouId impair
he efficiency of the urnace e alr in the ash-pit tends
to ¢ling to, or rush up, the walls of the ash p|t causing the
coal along the sides and back of the fire to burn more urc
than the coa anng the centre, so that holes and weak spots
are soon formed along, the sides and Dack of the fire, through
whrc the air escaPes from the ash-pit mto the furnace apove
the |re ﬁrate te best w g/ rt)revent or at Ieast
check, sescaﬁ]% of ajr from the would b Fto form
a separate chamber along and under eath the fire-grate ;
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Fig.
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Fig.
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by doing so, two air pressures can be used under the fire-
gfate—a strong pressure along the centre and,ah%ht pressure
along the sides and back. The part of the fire that requires
a strong alr pressure 1s along the centre of the ?rate or a
length 0f about 18 inches from the front end. ~If that part
Is Kept in ?ood burning condition there should be no trouble
In getting the remaining part of the fire to burn freely with
a Ilgnht alf pressure under it. 1 have been told that the flames
might be forced into the sides of the ash-pit on account of
the" small air pressure used there, but | think this could only
occur if the bridge and tubes were choked; the strong air
pressure along the centre would be greatly reduced in strength
In its passage through the thick part of the fire.

| will now give a“short description of the several improve-
ments which have suggested themselves to me in my experience
of forced draught, and which | have embodied n specifica-
tions and drawings setting forth the arrangements in detail.
The air enters the heatmg chamber through”an o enln% adja-
cent to one end of the thamber, and passing through it in
the direction indicated by the arrows, is hedted by coming
In contact with the tubés through which the waste gases
pass, BX this arrangement the alr is made to traversé the
whole length of the heating chamber ; consequently it gets
the benefit of the waste gases from all the furnacés in ‘the
botler or section before passing out of the chamber.
. From the air-heating chamber the air passes through open-
mgs at the ends into the air casing fIX%d in front of the bml?r ,
from_this_air casing the air passes through valve-controlled
0 enlnﬂs intq the front ?f the furnace, whence it is distyibuted
through perforated baffle boxes over the front of the fire,
Fromthe air casing air also_ passes throufg]h valve-controlled
Oﬁa_enm%s into._a chamber fixed ﬁcross the furnace. Fro
this chamber the air passes through an opening Into atroug -
shaped chamber_fixed aI_on(I; the centre' of and underneath
the fire-grate, From this rou?h-sha eP %haml?,er the air
Pass_es through the perforated plate or firebars fixed on the

p méo the bottom of the fire. " The front end of the trough-
shaped chamber. rgsts upon the chamber, and its nner énd
r?sts,on the middle or" back bearer bar. The advantages
of this arrangement over the present system of forced draught

a
(1) The air required for combustion would be more effi-
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uentdy heated .in the air-heating chamber. Mr.

wden stated in one of his lectures that the heatln%
of the air required for combustion by the wast
gases Is an element of the first |mportance in effectmg

a high economy of fuel in forced combustion.

(2) The arga of the valve-controlled ogenlnﬁ]s being
signed to g|ve a low air pressure in_the sid es an
back of t e ash pit, there |s less liability of the air
In t e ash Plt orcm an opening through the sides
and back of the fire, and S0 escaping into" the furnace
above the fire-grate,

(3) Lesaoglasmage to furnace, furnace fronts, and tube box
(4) Greater evaporative economy of the boiler.
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In lieu of the chamber along the fire-grate a narrow chamber
may be fixed along the ash-pit. ThiS chamber is open at
the“top, and |s of a depth to extend from_the floor of the ash-
Prt to, or nearly to, the under side of the firebars, and extends

rom the_door of the ash -pit Iongrtudrnally along the whole
or part of the Ien%t of the ash-pit.  The front end Is_closed

door of the ash-pit, an the Inner end is preferably
provrded with a hinged shutter adapted to be requlated, or
oBened and closed by a rod. An extra deep firebar Is prefer
aply arran?ed at a surtable distance from each side of the
chamber aongbt e whole or art of the en1gfth of the as
pit, with the Ject of baffrngt e air and di usrn |t to the
wings. The air from the chamber enters into th e front end
of the ash-pit chamber. Rising, some of it enters directly
intp the bottom of the fire and some of it passes over the
walls .of the chamber |nto the sides and back’ of the ash-pit.
In this arrangement on%/ one air pressure can be used under
the fire- grate the air being forced to rise along the centre
of ash-pit causes a greater rau?ht along the céntre of the
frre grate than along”the sides. 1 will now conclude in the

Ee that this soméwhat brief d escn?tron mdaly result in

oking a discussion on the detalls of Torced draught to w |c
our attentron has been drrected and wrth the desire that
hose o my fellow-members w 0 have had experience In the
use of mechanical draught will relate their experience, that
the advantages and, drsadvantages of the different systems
may be consrdered in the light of the aggregate experience.

Chairman ; | am sure we must thank Mr, Stratton for
brrnglrn g up this ven¥ important subj ect a subIJect which |s
of Interest to every marine engineer, as forced draught is used
so.universally. 1t'is a pity he has not explained detarls more
minutely, but as he desirés the opinions of the members, no
doubt those who have_experience of the system will express
your opinions freely. There is no doubt forced draught ¢auses
anxrety In some cases, one source being in the class of coal

upplied.  Some have the opinion that any coal will do, but
th re are other opinions on that Pornt | think the great
object In forced draught is in cutting down_the numb rof
boilers, a reduction which. makes a great difference In the
%asrcnurgsgloﬁapacrty of the ship. The subject is now open for



28 IMPROVED FORCED DRAUGHT ARRANGEMENT

Mr. J. H. Sitrey (Member) : As | feel a little in the dark
as to what Mr. Stratton S proposed arrangements are, 1t would
have been better had he een here to answer. any. questions;
| 'do not see there I an)F] difference between his principle and
that in_general use on the great majority of steamers except
In detail: The air heating chamber s practicallv the same
but. T understand the vertical baffles have been tested against
horizontal baffles and found less efficient. Another” part
that strikes me as being objectronable IS the cast-jron trough
arrangement in the ash-pit.” This would restrlct the capacity
of the ash-pits considerably ; even now with some cIasses of
coal, great care has to be exercised in keeroln g the ash-pits
clear.” T think there might be some adya tage we could
%et some air up through t efront of the fire, but th|s has heen

one hefore m natural draug A g/ means of a sli |n
baffle In the ash-pit, which_ coul be régulated accordm?
t]e rate o com ustion rer%urred Then again If | updersfan

1SS etc he allows an amount of air to pass from the ash-pit
into the combustion chamber without passing through the fire.
Is that as the sketch shows ? If the cold air 1s allowed tg go
Into the.combustion chamber, without passing through the fire,

| think jtwould not do.  Some years ‘ago wehad & paper on
forced draught n which it was made very clear that ang quan-
tity of air over that required to comPIete combustion, admitted
to the combustion chamber actua I)r reduced Its temperature
and consequently the steaming abilities of the boiler.

Mr, J. H. Redman (Assoc. Mem.) : | should like to ask
Mr. Stratton by what arrangement’ he proposes to remove
ashes from the Central chambeér. There appears to be a little
half-round door In the front, possibly  m. diameter and
31n. up from the bottom, 1 do not’ see how it Is possrble
to ?et the ashes out of this, unless the sliding door |n the

ttom, along the centre of the furnace, Is for that Joo%e
There does not seem to be very much room to remov
ashes. In the front of the furnace there is a space ahout half
the length of the furnace. In a very short time that will be
filled with ashes, and how are they to’be withdrawn ?

Chairman : With regard to Mr. Redman’s remarks, | think
the arrangement s to draw the ashes either from the side or
from the Centre. The openmg at the bottom will be for rak-
Ing the ashes through, and 1" suppose a special rake will be
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required for the purpose. These sketches are just to show
%het\r/]arlous conditions and how he proposes to adapt his system
0 them.

Mr. Sittey : My difficulty has generally been to get the
ash-pit large enough, this arrangement reduces it.

. Chairman . | understand the point you, emphasize is that
if the central combustion chamber is closed in with some kinds
of coal, the bars would come down ?

Mr. Sittey : With some coal it would be absolutely im-
possible to work with this arrangement,

Mr. W. H. Howell _[(M_ember): With Australian coal it
v¥]ould take them all their time to work with the arrangement
shown.

Chajrman . Yes, even under the present system some kinds
of coal are very bad with forced draugiht, and the same coal,
under natural drau%ht, Ives _excellent results. Nestmg
appears to be very tommon with some coal under force
draught, and | havé seen pieces about 6 to 8 in. long chok-
ing up the tubes,

Mr. Sitrey @1t may be there is a certain amount of vapour
from the coal which naturally varies with the _quantltKI of
mmfture contained In it. With Welsh, Australian or New
Zealand coal nesting very seldom occurs. Some ships use
steam Jets for cleaning tubes, and these are sometimes blamed
for causing nesting.

Mr. R. S, Kennedy (Member) : | saw a curious steam tur-
bine the other day for cleaning, out tubes. It was for elec-
trical work and was rather a_novelty. It was u%ed to clean
?ut any hard scale that had formed, by means of centritugal
orce.

Chairman : | think there are retarder arrangements nowa-
days that help ver}/_ greatly in keeping the” tubes clean.
Henderson’s automatic “firepar arrangemeént seems to be on
similar lines. They clean the fire from the back with a long

scoop. | presumethis would be worked on a similar plan:

Mr. J. G. Rendatt (Member) : We use Henderson’s bars
ou the arrangement Mr. Timpson mentioned. We have done
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away with the shovel and srmply let the back fill up, pulling
the ‘ashes out over the top. 1t does not affect th f|res or
the heat in the combustion chamber at all. "We keep the door
underneath always shut, in fact it 1s blocked up with'the ashes.

The Hon. Secretary : Practically the back is filled up to
the back bridge.

Mr. Rendalt ; There is no brrdge at all with Henderson’s
bars. His arran?ement comes down something like that
shown on the sketch where the brick arch is, but there is no
brick arrangement. At first we used the door underneath
and shovelléd 1t out, but now we find 1t answers better to
leave the door shut and pull.it out over the top. When we
have finished cleaning the boilers, we fill the back end up with
ashes, stopping all draughts from getting in.

Chairman :In that case you may just aswell have the bridge
built across.

Mr. Sittey : Mr. Stratton says there will be less trouble
with the bacf</ lates, but | am d ubtfuI about the smoke-box
dogrs and the furnace fronts The difficul t%/ now is urte
SErious enou% although %reatest combus on takes p ace
at the back of th efurnace |f IS to be Increased towards the
front, 1 do not know how the baffle plates will stand.

Chairman : There are no baffle plates shown.

Mr. Sittey . There must be baffle plates, or the furnace
fronts WouIdy be destroyed.

Chairman : It Is not usual to leave the air space exposed,
it is bound to be baffled somewhere. . Mr. Strat on says that,
havrn had a number of years’ exPerlence with Mr. Howden’s
orc drauaght system, he has no |ced three gornts which he
thin %cou be improved upon, 0INts (1) Insuff
crent eatrng of th alr req u]rred for co bustron when the fires
are bein ce?ne out, or when the air-heating tubes are dirty.
(2) The fiability of the air in the ash-pit escaﬁrno through weak
or uncovered parts of the fire- rate |nto the Turnace” above
the f|re rate wrt out éung any useful work aon the centre

The difficylty of preventing a excessrve
amo nt of a|r ettlnﬂ]rnto the furnace ahove™the fire-grate,
which would reduce the evaporative economy of the furhace,
Is that the experience with the ordinary types, generally?



IMPROVED FORCED DRAUGHT ARRANGEMENT 31

Mr. Silley : The air supply above or below the bars can be
easily controIIed Wrth cert in classes, of fueI |t IS necessary
to wor wrt th eto va Ve uI open and wrt a reduced sup P
to the as pits, but under ord mar conditions as to coal, the
alr suppl above the bars Is about ne third of that in the ash-
?rts When the quantjty of the air above the fire is greater
han it should be, the effrerency of the boiler 1s lowered.

Chairman . It will greatly dePend ur?on the class of coal
bern? burned. The requlating at present seems to me to be
pretty well in hand. “Mr. Stratton claims as an advantage
of IS ftem over the Wesent arrangement that “the air
required for combustion d be more_efficiently heated In
the air- heatrng chamber.” | do not think he clearly shows
what that systém of heatrn% the airis. 1 do not know Whether
there 1S any objection to the present system.

Mr. Redman ; There is the objection he made in stating
his frrsti)ornt Insufficient heating of the air required for
combustion when the fires are erngg cleaned.” In"this case
he makes the air travel the whole width more than once. Mr.
Stratton refers to Mr, Howden’s arrangement and says: “ In
the air-neating chamber the air enters aat the centre |n two
segarate volumes, each volume berng Ivided into three or

more currents passrngi along the chamber to Its respective
end.” Apparently in that system it only passes right and left.

Chairman . Of course it would be a mistake if the air were
driven too qurcky through the furnace. A recording instru-
ment would %reat advantage, but | do not think there
IS an mstrument that can be applred to marine work.

Mr. Redman : | .inquired into, that point at the recent
En meerrng Exhibition’ at OXmgra and was told that the
makers had not paid particular attention to marine work.

Chairman ; |t was trjed on two, ships that | know of. The
trouble was that it would not rer[rrste Bro erly on account of
the vibration.  With regard to this question of air pressure,
he appears to provide two, different pressures, strong In the
centre and i I% tin the wrnrlrs at_w'ould possibly be an
advantage if |t worked out all right.  Of course that is a thing
that has to be proved in practice, the idea is good eCnough
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| presume with the ordinary Howden’s system the pressure
is the same all over.

Mr. Sittey : One point he raises is about the wing firebars.
This was gone into years ago. | believe that several of the
troubles with furnaces, apart altogether from the question of
economy, were supposed to be causéd by air passing Up, between
the wing firebars and furnace sides,but since then great improve-
ments Rave been made That Is, | presume, what he means
when he speaks about the wing firebars not being satisfactory.
They are very different from” what they were” when forcéd
draught first "came out for marine purposes. Mr. Howell
couI grve us some experience on that point.

Howell ﬁMember) We have a ship fitted with
Howden s forced drau% ts stem It has been fitted srx years
and we have had no Trouble with the wrng bars. %/ are
made with a groove which_is fitted well int thecorru ations
and tthrn“asbestos Is fitted inside so that there is no escape of
air at a

Chairman . There js anotherl_s)ornt that Mr Stratton raises
in_relation to the draught. He says: ere IS a great
difference of opinion among engrneers as to the amount of
alr pressure tha%should be Carried in forced dra% ght arrange-
ments, = A number ad vrse an_air pressure at te fan of ‘at
least 3 in., others say 1\ or 2n. Is quite strong enough.
Well, I think that epend% u[pon the coal and the’ conditions
under which it 1s worked : but on an average, perhaps some
of the members might say what is their experience.

Mr. Howet1; With Welsh coal | should say l|to If in.
Au?tralran coal, 2fto 3in., and about the same wrth Amerrcan
coa 2%to3|n New York c%al IS gnengraII}/ about 3 | have
never been over that, and have efy good results with
those pressures, that is at the fan.

Chairman . What would it be at the ash-pit.

Mr. Howel1 : About 1 in. at the ash-pit and a little less at
the furnace.

Mr. A. Ropertson (Member): I think the average is
aboutJv A In. as a general ryle. | have ha? the pressure
tested watch after watch for a fortnight and seldom got more
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&hgn | in. We were not supposed to exceed 21 in. at the

Chairman . Another point that mrtI]ht be useful to know
is the poundage of coal per sq. ft. of grate surface.

Mr. Robertson : It dePends upon the size of the boilers
and the amount of steam they have to generate. If you are
rushing the boilers you will naturaIIy burn more per sq. f

of grate syrface, ~ Our avera%e was about 25, but the
hoilers were forced to some extent

Mr, Srlle I should not say that was very economical
runnrngg 2 Ib. would be most economical, Of course,
ggo%rm tratton says, If there is not sufficient air there is no

y

Mr.Redman : I should like to ask on what grounds he claims
there will be * less damage to furnace, furnace fronts, and tube
bnm% rqgo\rlsa; |'do not see how it will affect the tube box doors

Mr, s.u The hrghest temperature at which the air
would be adymrtted undér this arrangement would be abouyt
240 degrees. . If that air is allowed to" mix with the gases In
the combustlon chamber at a temperature of 3000 der%rees
It 1s orng to bring down the temperature to a?reat extent
Iwore out some’years a% 0 that an increase of air pres-
sure reduces the temperature in the combustion chamber 1,000
degrees. If th etem eratur% Is reduced to that degree it must
result in low efficiency. The question seems to be whether
proper combustion can be maintained in the furnace Itself
or whether air should be admitted djrect to the combustion
chamber.  According to Mr. Howden’s experiments, | under-
stand he o(s the adverse}of satlsfactorY results when he allowed
alr to pass direct from t eas Its t0 ecombustron chamber
as the temperature in the ormer was thereby muc reduced.
| believe that Mr. Stratton IS rr%t in theqry, t at If it 1s pos-
%rble to get the air rr%ht up into the fr%nt of the fire there might
better combustio but the trough arrangement whichhe
proposes will cause trouble.

. Chajrman ; Of course that might be subject to modifications
in design.
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The Hon, Secretary : Meantime the main point is the
prrlnmple of the arrangement, not the mechanical details,
he question is whether 1t is a good thing to have some system
of heating the air as a modification of, or improvement upon
the presént system. Mr. Stratton claims that it does. |t
may not be quite clear to see how he does It, but the main
question is whether it would be a good thlnlg to heat the air
over what is obtained with the ordinary arrangements. Mr.
Stratton says that from his exaperl_ence Wou do not get a uni-
form temperature where you want it. You do not gét the best
draught through the fire at the parts where it js most re-
quired, and he has devised this system with the object of im-
Provmg that. . | have heard en,%meers arguing that heating
he entering air does not do a bit of good, they would sqoner
not have he_atmg tubes interposed between the fan and the
furnaces; this view, however, does not seem correct in theory.

Mr. Sitrey.: | think they are wrong there, | saw the re-
sults of a series of experiments carried gut with and without
heated air and entirely ingependent of Messrs. Howden &
Co. _The average savm? of fuel with the heated air of com-
bustion worked “out at 15 per cent, over that of the cold air.
The amount of water evaporated, weight of coal, and every-
thing else were taken into consideration and plotted.

Mr. Robertson @ Anybody with an_¥ practical experience
would draw the same conclusion, that It IS a great advantage
to have the air heated. When ){ou are flrlnﬂ]a boiler you have
to look after it most carefully to see that the firemen dg not
keeﬁ the doors open too long, thus aI,Iowm% too much air in.
It has a detrimental effect “on the fires at once. Has this
system Dbeen tried ?

The Hop. Secretary : No, Mr. Stratton is one of our mem-
bers who has been outon a foreign station for some years and
has only just come home.

Mr. Robertson ; | certainly agree with Mr. Silley on that
Eo_mt, th it is adding complications to _th?,furnace, and unless
killed firemen are eémployed trouble is likely to be caused,
and 1t will bF_ a hard jon to get_out of It at times. ~ With forced
draught the firebars are to be nicely packed in the first place—

you always have to be very careful in putting them in—and
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often if one bar projects slightly above the other it leads to
trouble before many days.

The Hon. Secretary : It would be interesting to have
records as to the hlghes¥ rpounda?e of coal consumed in forced
draught per sq. ft."of grate surface.

Mr. Robertson : On the locomotives it is very high, run-
ning to between 60 and 70 Ib, per sq. ft., but | Delieve that
sonie marine boilers get as high as 32.

The Hon. Secretary : My attention was called to a case
where, In a marine boiler, it was said to be something like 48
b. to 50 Ib., an amount which appeared to me so abnormal
that | “questioned Its correctness,

Mr. Howelt : With Queensland_coal | think it might qe,t
as high as 45, at any rate it is considerably higher than Bulli.

Chairman : Seeing that this is a subject of so much interest
to_engineers, more Of our members might like to say some-
thing “aboyt it, and | think we ought o reserve, say, next
Monday night for the purpose of an adjourned discussion,

Mr. Sittey : | do not think we can go much further unless
Mr. Stratton comes.

The Hon. Secretary .. Mr. Strﬁtton mlr%;ht_send are |¥
to this criticism and the points that have beer raised, althoug|
I think it would be better if he could be here himselt.  IT"it
IS Zour wish, 1 could give a summary of the views that have
peen expressed to Mr.”Stratton, and we would probably have
his reply before us next Monday night.

Mr. Robertsop : | should like to rP_ropose that we adjourn
the discussion till next Monday evening.

Mr. Redmap : | have pleasure in seconding the proposal
but would add that we should be pleased if Mr.”Stratton could
be present on that occasion.

Mr. Sittey ?ro osed and Mr. Robertson Seconded a
\t/eortr% _%tgaanks 0 the Chairman, and the proceedings then
i .
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ADJOURNED DISCUSSION.

Monday, April 0, 1908.
Chairman . MR JAS ADAMSON HOﬂ Secretary

Chairmap . We are met to-night fortherpurpose of renewrng
the discussion on Mr. Stratton paper and it you will allow
me | will now read Mr. Stratton’s reply to the (ﬂuestrons that
were raised at last meeting. You will gather pretty well
from his replies the nature of the questions presented to him,
without the necessity of reading over the discussion:

Referrrng to the question as to how do | get more heat
imparted t0 the air in the proposed than in the present system
the explanation is that in mr{ heater the air comes in contact
with about twice the amount of heating surface than it does
in Mr. Howden’s, which is divided into"a right and left-hand
compartment in the following way : The air’enters the heater
at the centre in two volumes, each volume being divided into
two or more currents which pass over to their re Ipectrve ends
of the heater, so that each volume only comes in contact or
in close proxrmrty with about half the number of tubes that
are_in the entire heater,

The heater now proposed is divided into two longitudinal
compartments.  The ajr enters the outer compartment through
an opening at one end and passes along the whole length “of
|t to an op enrng at the opposite end, When part passes into

a smaller comﬁ rfment at that end of the Heater, and part
passes along the inner ongrtu inal compartment to another
smaII compartment at thé orpposrte end. From these end
compartments the air passes into the air casing fixed in front
of the boiler, whence |t pas?es Into %he furnace. By Ieadrng
the air through the entrre en th of the heater jt comes
contact or |n close proxrmNp ith a %reater number of heat

%tubest an It does in Mr. Howde s neater, consmuenty
the air should get more heat imparted fo 1t; at the same
time also, the Heating of the air Js less liable 'to be effected
\tlrveh%n Eheeanaterr heating” tubes are dirty or when the fires are

|

9 Howd ebn se(fms to have thought that the air w'as not
%ually distriputed in hrs heater as Ne took out another patent
dated "December 13, 1
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In the printed specification he states — _

“In air heaters of the Howden type in which the cold air
from the outside branch of the alr-supply pipe enters the
air-heating chamber on both sides of a cross central diaphragm
dividing said chamber and extending to the admission’ orifice,
and the supplyplroe Is rounded to facilitate the inflow of air to
the heater, 1t’is found that the outer half of the heater, that
is, the half on which the air-supply pipe terminates, receives
a greater volume of air than does the other or nearer half,
even though the air entrance of both are of equal area, This
arises from the momentum of the current carrying the, air
past the first half entrance, the air being swept or gm e
Into the outer half entrance at a higher velocity by the Curved
end of the supply pipe. . The consequence “of ‘the greater
volume entering and passm? through the outer half ‘of the
heater is that the inner halt beconies less effective and the
te_mﬁera,ture of the waste furnace gases passing through the
air- eatm% tubes is not sufflugntly reduged.”

Mr. Howden overcomes the defect b flxmg a crrved,p,late
at the entrance to each half of the heater, which plate divides
the branch of the supply Plpe Into two substantially equal parts.

A %uerg has been put whether more heat is a wjse hmg,
on th gfr und that i1t mignt tend to burn the grate bars, fu
nace baffles and %hee,k plates. Mr, Howden, “who, 1 think
I the greatest authority on the heating of the air on account
of the %reat number Of experiments and tests that he has
made, stated in a paper read at Chicago that the heating of
the air required for combustion b¥ the waste gases is an ‘ele-
ment_of the first importance in etfecting a high economy of
fuel in forced combustion. This, | think, means that the
air should be as hot as possible, _

| do notsee how the heating of the air will damage the fire-
grate and baffles. It appears to me that if the suplnly(] of air
is sufficient to keep a steady flow of air through all the per-
forations of the baffles, there wall be no damage done ; it is
the stoppage, or partial stoppage, of the air through the per-
forations_that is the cayse of most of the biyrned and cracked
plates. The burnmg of the cheek and harfle plates is often
caused by the baffleS not being properly fitted to the furpace
front, sothat the air, instead 0f passing through the perfora-
tions, escapes In large volumes through holes between the
baffles and furnace front,
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With regard to the question, wouId there not be a deaI of
trouble in cIearmP out the ashes rom the trougD and t e ash-
Plt | 'may say. I' do not think there would e much extra
rouble in cIearrng out the ashes either in the trou?h chamber
or In the ash-pit. The ashes could be taken ou by means
of an opening at the bottom or sides of the trouf?
opening formed on the front end, or by lifting off the f|
?rate I one piece. Owing to the higher Rressure mtended
0 be used in the trough, thé space petween the fire bars would
hatve tth) brte small, so thiat there would be very little ashes falling
into the trou

It 1 sug qed that the greater heat generated in the front
of the frre ocaIIy would Severely punish the furnace doors,
frontg and_baffles,

| do not see how this would occur if proper means were
taken to ensure a sufficient supply of air to the baffle plates,
As the cheek baffle plates and door plate are more exposed
tq the fire than the crown plate, each shoyld haye a supply
of air direct from air casing, and independent_ of the crown
plate, so as to ensure a proper circulation of a|r through the
perforations. | have noticed |n some cases that a consider-
able amount of arr asss o tbrou er oratrons of
the crown plate ort es etween the affle plate and
furnace front, so that there |svery little left tq pass through the
perforations of the cheek plates ;" the result is that the plates
get hot and crack.

It 1S also su?gested that the fire bars would suffer, especially
wrt certam c étsses of coa ue to t econfrned space b tween
the trough and the fire bars, In re(w to this I'would point
?ut that the space between the hott fthe trou%h and the
Ire bars can De Increased so as to avoid that trouble It such
should be experienced. In lieu of the trough chamber aong
the fire- grate a chamber can be fixed along the ash \
wa Ils % trttrs aﬁt pit tc am er can texten tfrom the floor of

ash-pit right up to the |re ae xtension pieces can
[b frttedJ ﬁte wFa)rIIs oP this a prt cE er sop that any

burned part can be easily renewed.

The question as to the admission of air into the fire-box
and the consequent lowering of the temperature |s the next
to respond to nd | may say the ongreason why | Pro posed
to form a refractory s ace and to admit air into the hack
was to try and retard the great velocity of the furnace gases
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assrn anng the confined space hetween the fire and the shell
oft e furnace, | thought that it mlght be possible to reduce
the supply of air throligh perforations In the crown plate.
It may bé better not to put any alr into the back end. but
admit” it through front baffles: 1 also Pro?ose to fill up
the bottom of the combustion chamber so that the back may
be cleangd out by a Ion? rake through the furpace door,

| am inclined to keep the arch round the back end of the
furnace, so as to prevent the furnace gases passing along in
contact with the furnace crown.

In order to aIIowthe space for the ses to pass under the
arch, the bottom of the com ustlon chamber can be formed
with a slight slope or curve from the top of the bridge to the
back platg of the combustion chambers By this Cturve or
slope the back end may be cleaned out from the furnace door.

think those are replies to all the questions that were asked,

and 1t now remains for us to further discuss the matter.

| may read a few prefatory lines from The Marine Engineer
and Naval Architect in c?nnexron with the stystem which may
refresn our memories of its principal features

A System of Forced Draught with New Features.

The introduction of forced or mduceﬂ draught to marrne
borIers some twenty ears ago was n% alled with universa
acclamation on acco nt of troubles which occurred in several
steamers so f|tte ue to f|re box pates buckling, and. the
fears entertained as to the furnaces co Ia? |n% wrth 'the fierce
eat or to the risk of buckling by localized heat.

At the gresent day the scrugles and fears have vanished
and force draught is_ accepted as the modern system for
marine boilers, and with it most new steamers are fitted.
The system now requires no advocates. This being assumed,
the question of improvements on the usual system becomes
a factor of importance and value to all marlne engineers,
and that jt is so considered may be stated from the re erence
to, and discussions we have eﬁr on the subject, both aroun
the mess-room table and in the reading-room or lecture-hall
sacred to such technrcal matters. Mr. Jas, Macdonald Strat-
ton has evolved. as the result of observation and experience
of forced draught, a system which, although  substantiall
the same a those in 31 neral use, has some sPeuaI feature
claimed to be improvements in the direction of efficiency and
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economy. There are two princi aI arms in the system re-
ferred 0 : a Defter arrangemen heating the ar and at
the same time utilizing more of th eot erwrse waste heat from
the roducts of combustron With this obj ect an arrchamber
itted In the uptake, contarnrng vertrca ¥]pace tub es
through which the gases pass on thé way to the funnel.
far this is similar to"Messrs. Howdenssystem but in addrtron
to the usual arrangement there are division’ plates fitted to
direct the current 0f the air in its passa%e to the furnaces,
These plates are so fitted that the current of air is diverted
and directed to obtain the greatest amount of heat from the
tu be-heatin Tg surface, one special ob{ect being to avoid the
lessened ef ect due In the Usual system In operatron when
fires are_being cleaned_or not burning brightly. A reference
to the illustrations will show the improvements which are
claimed by the Ratentee Mr. Jas. M. Stratton,
From the air-neafing, chamber the air passes through. the
0 enrnds at the ends of the chamber info an air-casing fixed
front of the boiler ; from this air-casing air passest rough
vaIve controlled openings into the front of The furnace, whence
it 1s distributed through perforated baffle boxes over the
front of the fire. Fromthe air-casing air also passes through
valve-controlled oRenrngs into a horizontal cha l%er fixed In
front of the furnace. - From this horizontal chamber air
passes through an opening In the centre of the chamber into
a chamber fixed along thé whole or part of the length of the

sh-pit.

Re front of this chamber is cIosed either b% the ash-
damper or by a Separate damper or plate ; ack or in er
end may be cIosed by a damper fixed on hrnges so that it can
be rarsed or owere as defrred

The air passes from the front end of the chamber over the
walls of the amber into the sides an bgck of the ash-pit.
The air Passrng over the walls of the chamber erI keep th em
from being burnt, but extension preces may be fixe on to
the walls So that an burnt art can he easr g renewed
ord?r to prote%tthe urnacefr ?n eachi f the fire d or
8er orated baffle boxes or slabs of firedrick are placed, an in
rder to removahly fix these boxes or slabs in position they
are rovrded with” grooves co-acting, with flanged plates or
an?e irons fixed on“the inner wall of the furnace front. Bh

xing this open top chamber in the front of the ash-pit a muc
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better draught is got through the front of the fire-grate, on
account of the alrghavmg tog rise directly unde th g id fire-

N If desired the side walls of the chamber can be carried
th rouegh the flre -grate so as to form an independent chamber

in th

By means of this_independent chamber the sides of the
fire tan be worked with a less air pressure In the ash-pit than
af the centre, and it prevents the whole or greater part of the
air that Is conveyed |nto the ash th escaping through weak
or uncovered parts at the sides of t eflre ﬂratewnhout dorn?
any useful work along the central line thereof. Instead o
fixing a chamber along’the ash-pit, a corrugated or plain plate
may be fixed longitudinally along the ceritre of the ash-pit
On’the front end, or It mayb e in front of this longitudinal
plate, a transverse plate is placed so as to form a Fecess in
whrch the alr along the sides of the longitudinal plate is shel-
tere rom the veIocrty of the incoming air and so is allowed
p] Sc? ree! trough the fire-grate.  This modification
should be used with eithier an open”or closed ash-pit.

Mr. W. H. Howett (Member) : The only gbjection that |
can. sef in %he system is the chamber on the firebars and the
1pllfftl)cu ty of cledning the ashes out of the chamber under the
Irebars.

Chairman : Do you think Mr, Stratton has answered the
question on that point ? It is difficult to follow a paper when
simply read from the chair, but unfortunately we did not
get thie author’s reply in time to have It printe for members
0 have copies.

Mr. G. Shearer (Member) : Unfortunately | was not here
at the meeting last week, but I have Iooke over the paper
and there are one or twg rpornts I ond like to remark upon,
In the first place, regarding the sketches, | think it 1s a great

ity that Mr. Stratton. did” not make fhe details of the Small
sketches cIearer as It is rather difficult, from the letterpress,
? follow _the air courg cannot say that | follow them

earg There |s no doubt that his |dea Is theoretically cor-
rect ut practically | am very doubtful as to whether it would
last. | think with casings of that kind in the ash- plts the
would have a very short Iife. Most of us know what trimmers
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are, and sometimes the%/ have drffrculty in rakrng out their
ash-pits without any obstacles, let alone cleaning’ out extra
chambers as Mr. Stratton proposes. | think his |dea 00
but the cleaning is the trouble. 1 am afraid we would not
et our men to ‘do the work. 1 do not think it Is altp gether
e fault of the furnace ; it is more the fault of the firemen.

In the ordinary_method of frrrng for naturaI draug:ht we
grenera lly find the fires made uri) in the form shown In g
he fires are either made up level across or arched in that
but with forced draught the fire ought to be made u
|n a concave form (Fig. 2), ‘because the forced air has more
tendency to flow up the walls of the furnace, as Mr. Stratton
ays, and If th ere IS an esca%e in_th e sidle, bars, then the flg
eing lighter in the centre { an in the wrnlgs the air woul
naturally find its course through the thinne Rart of the fire.
But here is another point. | do not speak of |gh class ships,
but some of the intermediate ships, and some of pretty fair
class, too, are simply underengrneered they have not enough
engrneers on the staff.. | know certain sh| S runnrng oyt of
ort of London with twin screws and onr%/ one eng |neer
on watch Now, how Is it possible for one engineer to look
after a set of, twrn screw engrnes and look after the firemen
at the Sﬁme time ? One or the other must be neglected, 1t
s all r|g t |n the engrne room as Iong as everything goes r|gh
but if ‘anyt |nrg e?( wr?ng attention s cf“d {0 "th d
consequentlg/ e ‘stokehold IS neg Iected a Ieft to t
men because there Is no one there to look after them. Every
,th at IS 10 saey ships with engines of fairly hgh Qwer,
ht to have an ngrneer in the stokehold, and’that ergineer
ought to be a thoroughly competent man. ~ We were all junjor
engineers at one time, "but what did we know about firing



ADJOURNED DISCUSSION 43

then ? Many of us did not know a good fire from a bad one,
and yet it Is %enerall ,theg_unlor who 1s sent to look after the
stokéhold, although his duties are certainly more to look after
the water gauges than the fires. | know it takes a younq
engineer a year or two hefore he realizes what flrlnﬁ]ls, wha
It IS to have the firesin pro&)er condition and kept at the proper
temperature. In forced draught there Is no economy with
long fires working at a low air pressure.  The most economical
results are obtained by working the fires to the utmost, shorten-
Ing the firegrate and working "that portion of the furnace that
Is "left to I1fs highest efficiency. 1t is no good dallying with
forced draught, with long furnaces and the” back bars emgty,
because you"are retarding the steam with the empty back bars
as you are raising it with the front ones.

Chairman . That point was raised at our last meeting,
You do not say how far it is advisable to go. It was stated
that Mr. Howden does not recommend above 25 to 26 Ib. of
coal per sq. ft. of grate.

Mr ?]he yrer ;. YOU certainly get the best steamlng results
with the fires'at their very bést, though more severg on the
boilers. A short fire 1% better than havmg a_long firegrate
partly uncovered, and It you take it easy thére is not so much
economy.

, Fjgs. 3 and 4 represent the wing bar. The web (Fig. 3)
is fifted to thf corrugations of the furnace, and any srpace,
as a rule, 1s filleted up with ganlster. As these two “surfaces
move a space Is always formed, and the ganister js broken and
hauled out when fireS are cleaned. Now” | would suggest that
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a doveta|I recess should pe left i |n as shown in Flgn that
Is to say, we can lower the web, s below esurace
fthe firegrate, filling that space up W|th ganister, and if we
d| that it would keep its place. AS the ganister orwhatever
IS used generally faIIs out or 15 knocked out, but if there was
a larger-recess in the corner of the bar, as in Fig. 4, it would
overcome that.

Mr. W, Speedy (Member) : There is a recess in the bars
used in forced draught.

Chairman . |t was referred to at our last meeting. In
recent jobs there is a recess cut there

Mr. N. K. Mactean (Member) : There is a recess, but not
S0 large.

Mr. Shearer . The idga_just struck me when | saw this
paper; | have not seen it in practice.

_ Chairman : That was a oint raised, how far cap we go
in_safety with regard to the poundage per sg. ft. of grate ?
Of course, shortenlng uP the flrebars W uId mean increasing
the poundage Per sq. ft. of grate. Mr. Howell said_ that in
his experience they burned up to 40 Ib. with Australian coal.

Mr. Hower1 : Corrinal, a better class of Bulli.

Mr. Shearer . Of course with Newcastle coal or any of
the Northern Australian coals you would burn more.

Mr. Howel1 : It runsabout 37 Ib. with Corrlnal the Queens-
land is 42, 43 or 44, and Welsh about

Mr. Shearer : Thereis a great deal in the coal. The forced

B A e o s 0 ol Bt ot

Mr. Speedy : If they get plenty of wind they will.

Mr. Sh > You would require to have special grates
for 1t, with some coa?s that have %great deal of f lag In %hem

Mr. Speedy : It s necessarP/ to alter the bars with Bulli.
As soon isr%/ou take In the Bull L}/ou take out some of the bars,
still workirig at 3 in. air pressure

Mr. Shearer . | am speaking ofAcoal of quite a different
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nature to the Bulli coal. This coal deposits so much slag that
it_silts up the firebars. You have not the same difficulty
with the natural draught, as th eprlcker IS used with the open

ash-pit_and the firebdrs can be cleared. There is a method
of dealing with this coal which | think was advocated if it was
not originated by Mr. Howden’s representative, and who
Is, | dare sa% man who has had more expenence with
forced drau% f than g other man In the City. His plan in
using coal of that kind, wh en he found it Would not burn
throligh the firebars 5| tlng was o put in a special fire-
?rate As far as | remember it was in sections and was per-
orated with |-in, or f-in. holes.  The view of that plate was
something like this —

S 7

that is to saY the hoIes come down through each of those
paps or nipples ; aps were raised about £ in. or f In.
ahove the veI of the Iate When the fire was cleaned they
}J? The sand as th r?wn Into the furnace and
Iedt e pIates u to the level of these paps that was the
ong way t e tfurn coal of that description, because
hén th e sla accumu ated the % could lift t in a cake and
draw it out or the fire door. The sand would not allow it to
adnere to the plates. IheardthatMr Howden had some diffi-
culty with coal of that kind, and as far as | can understand
they had to put in these plates.to suit that coal, because the
coa smted the com any f|t d|d not suit the boilers, and he
d to put In gates of that kind to carry out the contract,
Most people are under the impression that’ any coal can burn
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with forced draught as long as it gets plenty of air ; that is
true, but you car(’rJ 't get arrgthrougﬂ choked ¥|rebars

Mr. Howell : May | ask Mr. Shearer what is the name of
the coal he refers to?

Mr. Shearer_ : It was a Lancashire coal, | understand. |
did not handle it myself ;I only know the' result.

Mr.J. H. Redman (Assoc. Mem.) : Was the sand used every
time the bars were cleaned ? It’ seems to me there would
be great difficulty in raking out the back end of the firebars.

Mr. Shearer : As far as | understand the firegrates were
short.  They were specially built for Howden’s forced draught
and did n twanﬁabrﬁflre rate area. However, they mana ed
to burn the coal with that process, and it was the’ only way
they could do it.

Mr. Mactean ; | have not heard the paper read, and do
not know what the discussion has been ; but | suppose it is
forced drau httthat has been utnder consrderatrton If | hag
my wa ainly would not have any system of force

ryau hY for t?re sak)e of tHe boilers, and Ihavg no doubt that
the borler -makers should raise a monument to Mr, Howden
higher than any on earth, hecause no man has given them
more work. With some coal, Yankee slack and gther Kinds,
you will not get . European frremen to work the fires as they
should. They will not do it. You may show a man how the
fires should be kept, an% he does 1t for time; but as soon
as you turn your back he just ?loes bac to the oId style of
filling up the furnace and ouwr avet e cheek plates byrnt
away Very qujck Zs g owrn toteman keeping his fires
tot efront of the furnace. He erI obey your, orders as IPnrg
as you see him. Another thing is the éxpansion of the U
naces with the force drau%hts If 1t we e an | eaI urnace
t at woud rlnv% and not force the tube pates a% orced

draught could be worked more advantageously ;  but
r}]oet %%epérrhat Mr. Stratton proposes, not having quite studred

Chairman : What is the air pressure you work to usually ?

Mr. Maclean : It may be from J in. to 6 in. Some are
of opinion that forced draught should be used as an auxiliary,
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an opinion which | %mte_ agree with, in cases, for instance,
where you have at any time a bad class of coal to take on
board. ° I think in a former paper read before the Institute
such a question cropped up, and it was mentioned that ope
of the superintendent engineers in London had adopted the
prmmgle of ada tmg hiS_boilers to maintain steam under
natural conditions at ordinary times, using forced draught
as an ayxiliary, which I think was a very wise Plan. he
furnace jllustrated in this small sketch of Mr. Stratton’s shows
practically one-third of the furnace taken up by the bridge.
In another one he has the furnace shortened up. by half almgst,
with a division plate in the centre. What is 'his intention
for that ? He has a haffle operated by a rod at the top of
the furnace, and from this | would takeit that he intends the
air to go up over this baffle. Is that so ?

Chairman : There is one plan_which_shows the bridge very
much_shorter than the other. There is an air opening over
the fire door right above the furnace.

Mr. Maclean : This blue print shows a plate which goes
?.alfbway in the ash-pit, and is then carried up almost into the
irebars.

Mr. Redman ; In the forward end is a box where he pro-
poses to maintain the higher aerressure, while the lower air
pressure is In the back part of the furnace.

Chairman . He aims at having the higher air pressure in
the centre and reducing 1t in the wings. The object Is to
overcome the difficulty” Mr. Shearer réferred to, of the air
clinging to the wings of the furnace, and entering freely by
the ‘slack ganister dt the wing bars.

Mr. Maclean : The extra _heatm% of the air would be a

very good thing, although it is not Clear to me how he does

this by the series of baffles shown among the tubes. Does

Illle naent,lor,} the increase In temperature as compared with
owden’s

Chairman . No, he onIK saa/s it will be more ; he has no
experimental data to work from.

_Mr. Mactean : It is simg,le theoretical so far ? Well, if
lie manages to increase the air temperature he is in the right
D
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direction. We cannot get on nowadays in the large ships
without forced draug ht I Was thinking, when on hoard the
Lusitania, on orn through her stokehold, which means
practically two Irds of the shr that wrthout forced draught
It would "be an utter impossih |ht¥] to get th e power ; they
could not get boilers enou?h In the ship. |s air- heatrng
arrangemert seems to me fo be very good but with regar
to_the distribution of the air in the ash-pit, | do not see

it is possible to maintain it. | am afraid the framework would
need’ renewing every month. If the ashes are allowed to
remain in the" ash-pit any time the bars are liable to come
down, and the hotter the air the greater would be the tendency
to bring the bars down,

Mr. Shearer : There is not the slightest doubt regarding
the cheek plates being saved, but it entirely depends ypon
the firemen. ~You cannot get them to keep thie fire back from
the cheek plates.

Mr. A, Robertson (Member): | must disagree somewhat
with Mr, Shearer with reference to his remarks about the
firing with natural draught. | always understood, and always
carried It out, that the correct way was to hollow the fires
LA O O L R e

v jole. Ifficulty we alw W

the frremenpto keep the fires thrck at the chk ana that vgv]as
an experience that | was very soon taught not after years of
tra|n|n as Mr. Shearer sugqests It tak rr/oung engrneers to
learn. t think their difficulty is to learn to deal with the
men and get them to do what they tell them, not in the fact
that the engingers do pot kpow w en a fire is right or wrong,
In the first sh wrth forced draug t | 'went to sea in, | wenit
as. fourth, a verY Ogood a Y]rce from the third. He
sajd ; “ If ou want to fina out i efrres are correct, put a
rake in the back of the firg, and(}/ou will very soon tell,"untif
ou_have had some \Apractrce can tell by looking at the
ire.” 1 quite agree ith Mr. § earersremarks that to'shorten
up the bars Js_advantageous in many cases. With reference

thes ecial frregrate at he sketched, one of the Liver rﬁool
s ps a op t? hdt with veroy great success, burning almost
any class, of coal. Instead of CTircular holes they had slots.
It ‘was of solid cast-iron.
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Mr. Shearer : Were they raised above the surface ?

Mr. Robertson : No, flat right through. 1 should like
to ask Mr, Shearer whether he elieves i packin f|rebars
trght It is a point about which there is ver much discus-
sion.  Some contend that if they are packed in excessively
tight, when under ord |nar steaming conditions the firebars
expand In greater ratio to t e furnace and are likely to distort
the furnace. Qthers contend that under steam’conditions
the, bars are slightly slacker, f anything, than when_cold.
It is a very debatable point. " | do not kiow Whether it has
ever been proved, but it is a point | should like enlightenment
upon.

Mr. Shearer . Regarding the firebars being packed, and
the dlfference between them when cold and under steamin
conditions is simply a question of change of temperature.
firebar, under ordlnary conditions, does not get' very hot as
long as it Is |n posi on |t IS generally when the frrebars get
out of their place t at ay get hot. " Very orten sy avrn

wide fireb arsBaces sma c0 getsmtotheas PI'[ con equenty
there is a fire under the bar as well as on R of It.
will bring down the whole]flre rate at times, which was urte
a comm%n qecurrence with so ecoas under natural dra ﬁh
It the ash-pits were not kept clear. But | would tancy that
the expansion of the furnace was about equal to that of the
firebars under normal conditions.

Mr. Robertson ; The temperature of the flrebars would
be equal, at least, -fo.the temperature of the metal of the fur-
nace, and the expansion of cast-iron is more than that of steel.

Mr, Shearer ; That IS S0, but it entirely depends upon the
air %ettrn%rn rom below the bars. 1n some cases during cold
weather the bottom of the firebars are so cool that you tould
put your hand on them.

Mr. Robertson ; Not on the surface ; that is, where you
get them packed close.

Shearer : Within an hour’s time after lighting fires
there 15 enough, of ash to protect them from the heat while
the air is pa?]srng through™ keeping them cool; that is, In
natural draught
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Mr. MacLean : It depends on the coal. Some burn down
and some above.

Mr. Shearer Regarding the questron of putting a rake
through the fires. at IS gractrca y the only way to find
out W ether It 15 a good fire or a bad one, but | would ask
*unrorsr they knew When |(5 wafs In proper condition. | have
oun Pent y"who have had a few years’ experience and yet

know by touch whether thiere was sufficient fuel’ at
the back or not.”. Firemen are very curious creatures to deal
with, and glay nice little tricks on engineers if they are not
kept in the right grain.

Mr. John Crark (Member) : | have listened with great
interest to some of the remarks that have been made to-night,
and | do not think that the details of the paper can be Very
well criticized. Mr. Shearer remarked that the stokehold
should have more attention than any other department, and
his remark bears a glreat deal of truth There is one thing
that struck me rn istening to the remarks, to-night—the
|neff|crenc¥ of the uman machrne | should like to ask wh
we do not use a mechanical one. We have them on land,

vrng reat satisfaction, and I unde gtand In one or two cases

ec aniical sto ers are used on hoar ?wrt qoo resu ts

hearer referred to a flat grate with airholes

hear of that_for the same purpoSe. Mr. Robertson remar
about one with slots. | believe in some cases they are per
fectly flat with the holes level with the top surface,"and these
are doing very well. Tt is common in destructors, and in
destructors at” times very high temperatures are realized.
With regard to the hot-air’ chamber, as some of the gentlemen
have remarked, it seems rather complicated, and it does seem
a Irttle obscure as to the actual track of the arr Ht generally
sgea mtr_h the more the air is split UP brougnt into con

tact wr the hot surfaces, no doult twrugather more heat,
and | think that is a good point.  The blue print showsanrce
rounded sweep with & firebrick arch.  Theoretically I suppose
Itisa ood thing, but practically | question very much whether
|i |so not.  We know that In"the ordinary Lancashire boiler

flues there are not, or should not be any ouare crf)rners but

(uestion whether one can sa get a higher efficiency In
that way or not. Itm?yd btterr maring boilers. Curves
confornt to the natural “sweep of the gases, but the plainer
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and simpler things are generally the more satisfactory. |
am sorry Mr. Stratton has not more information to give us.
IT he had been hfre {0 glve us the b%neflt of his remarks, |
am sure they would have been of much Interest.. Mr, Shearer
remarked about forced draught and heated air; but it is
open to question whether we do get greater econom?/ by its
use or not. It may be obtained gn test, but in the fong run
It seems to me to be very doubtful indeed:

Mr. MacLean : One advantage of the bricking up of the
back end would be to keep the gases from impinging on the
sides and the back of the combustion chamber.

Chairman ; Mr, Stratton refers to the brick arch at_the
back end of the lire ; it s shown on the blue print. That
brick arch is almost essential in some cases, as where the tube
plate Is flanged and hored out at the back end, then the fur-
nace turned to suit, slipped in agood fit and riveted through
so that the rivets are exposed to the fierce heat at the back

nd, where they thus need protection, by means of special
ndck arcr]es. Y P y P

Mr. MacLean : We carry a cast-iron bridge to protect the
saddle rivets.

Chairman : Do you not find they burn away quickly ?

Mr. MacLean : We have to renew them, but they stand
better than the firebrick.

Mr. Robertsop . Cast-iron bridges made in three pieces
have_bee?l tried_in ‘on¢ company _thgat_ | know of with IOboats

running out of London. ~ One section is made to drop in over
the oter.

Mr. MacLean : They would have to be faced up with fire-
clay. It is only the framework that would be of cast-iron.

Mr. Howell : Mr. Robertson mentioned aboyt wedging

ip] the fiBeb(?rs. 1 .have heard of wedging the bars, but I thin
that Is bad practice.

Mr. Robertson : That goes to prove what | suggested.

Mr. Shearer ; | do not think there is any doubt that the
best method is to leave them easy.
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Mr. MacLean : If you don’t do so, and you have a firebar
to put In at sea, you will not be able to do’lt.

Mr. Shearer : | should like to ask Mr. MacLean, who has
had a gfood deal of experience, his oprnron regardrnlg the attend-
ance ot the boilers and stokrng eneraY S oud the junior
engineer attend the water only, or should a leading fireman,
a responsible man—say a donkey man—be the leading man
frtJr the stoking on large ships ? 1"am speaking of full-powered
steamers.

Mr. MacLean : | think the stokehold ought to have the
supervision of the senior man on watch, but unfortunately
the senior men, do_not care so much about it, and would rather

ive It to the junjor, It takes the_junior all his time to look
fter his work. ~ With the erratic firing of the European fire-
men it is an utter impossibility to keeg his water level in_the
different borlers and attend to the frres at the same time.
Consequently, we_ have fa ead mg stoker, more p%rtrcular){
under he su ervision of the serfior engineer in ‘cha
takes t | nrors trme altogether to look after the wat r
With force rau? ht you cannot carry much water in the
boiler, or you will have priming. Consequently, the water
has to be Kept at a pretty Tow level to greventt at.  In some
ships, where there are not so many hoilers to attend to, the
engineer could be the leadjng man as far as the frnnt[; IS con-
cerned, | quite agree with My. Shearer’s remark that the
majority of vessels “going ouf of London at the present time
are” undermanned as regards engineers, In the ‘interests of
economy with efficiency.

Mr. Shearer ; The point that we are having at present
under consideration at the Board of Trade is the mannrn% of
s ips, and | think we ou% to logk at the en |neerrng Ide

equestron Of course the su gect Is taken gmor wit
the .question of deck work, but herg we are only dealing wrt
engingers and firemen. My ex errence |s srmrlar to. Mr M
Lean’s, that the Aunror engineer has entZ to do in o? g
after the water | w'olld advocae t there should b
a leading fireman, not aworkrng a but srmPysupervrsrng
th ewr who WOTd be respo srb rthe firin The r
s;)onsr le 'man would he bett rg Hrse and if his jo
worth keeping, he will look after it; Wrt regard to heatrng
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the air, Mr. Stratton_glves us no data in connexion with his
plan, hut | may mention that | saw a new air heater the other
day in connexion with forced draught. |t is quite a change
from Mr. Howden’s, and is something like Fig. 0.

mr
CLcly.

P'IG. 6.

There is a series of thin corrugated plates ; each pair are
crossed alternately in making up the nest, which is square
in form, and stands on its corners (Fig. 6} 50 the smoke and
alr courses are at 45° or at right “angles to each other.
They are welded in two ends by the oxy-acetylene process.
Arrow 1 shows the upward course of the Smoke, and arrow 2
the downward course of the heated air. They are graded the
same, and the smoke or air passes through the alternate spaces.

Mr. MacLean : | suppose you will have each plate welded
on the one side and not on the other.

Mr. Shearer : No : they are welded on two ends. The
other two are open (Fig. 6{
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er. Clark : IS there not a difficulty in keeping that system
clean ?

Mr. Shearer : That is the first question | asked but was
fold that the ehanges of temperatuyre Erevent anything hang-
Ing on ; the changg in expansron shakes It off the same as the
scale on the corls of an eva orator. They have been ex eri-
menting with it for somet ree %ears and’it is likely to come
to the Tront; but I think in the eyes of the practical man
the necessity for cleaning would be rather detrimental.

Chairman . Were the plates secured in the uptake ?

Mr. Shearer : Yes: they take the place of the heatrn%
tubes and will be in the same osrtron but instead of tube
they are corrugated plates ; %ases are led through the
one side and the air through the other. | am informed that
they get verg/ r%ood results from the system, and it will be
Plae on thé market very shortly. But what | would I|ke
0 see is natural draught wrth forced draught, as Mr MacLean

ays, as an auxiliary, to take you out of a calm or to give a
I|t le agsistance when you aré using coal which is hard to
burn with natural dradght.

Mr. R . Would Mr, Shearer prefer induced draught
to forceddgraaﬂrght or closed stokeholg !

Mr. Shearer : AS @ matéer of fac I have ha no gractrcal
experience with induced draught | thin forced
draught Is the best of the two. There IS great drffrculty with
the fans in induced draugnt.

Mr. Redman : Onland installations an economiser is usually
fitted which reduces the temperature of the waste 8ases before
tlhey dreegar%Iesthe fan, so that the temperature 1s about 300 to

Mr. Shearer : Certarn\% at thg beginning, when it was ﬁll
theory, you may say, | Was under the |m ression that t

induced “draught was the better ; but that was when there
was so much trouble with the tubes, esgecraIIY In the Nav
where they had to put in ferrules or tue 91n. Ton reven
the intense heat of the forced draug it driving t W ter en-
tirely away from the tube plates, |stortrnﬁ the tube ends
and ‘tube plates and’ causing leakage. | tHought then the
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induced draught would be much better. However, | have
had no practical experience with it.

Chairman : Was it not that the forced draught advocates
were too greedy at first 7 That is to say, Mr. Howden said ;
“1f you put I this boiler you will save bunker space,” and
in trying to achieve this end they put in too small boiler power
for engine power, with resulting’evils and troubles ; they thus
really “hindered forced draught comrngi to the front for years
?n dccount of their short- srghted P icy ; whether it arose
rom enthusiasm alone or &xaggeration of the theoretica
efficiency with a disregard to other condltlons coming into
play under actual seagoing experience, | cannot say.

Mr. M acLean : There are man¥ causes that tend to brmg
furnaces down—dirt, scale, msu clent water space due t
fault>{ construction,_ etc., there b em% a much greater danger
of collapse when using forced drau
remember a case of collapse m the furnaces of a steamer

btult on the Clyde. On her frrst VO a%e to India thfe sides

the furnaces caved In on the line 0 J8st abovet e firebar,
the furnaces a]o[pearm?hhke the figure This happened on
the passa eo on the return 1think the pressure was re-
duced ere was no apgarent cause for the collapse, and
on the arrrva of the vessel in London the boilers were sub-
Jecte to_the survey of a number of surve ors but n ne
could assign a ause Fhere was no scal some sar
was due t ba oll used In the im ermeator ﬁas t]e |m
permeator had not been used, or any oll mterna this d|
not hold. At last the whole question was ref rre to_ the
puilders, and, of course, to_every engineer and shipbuilder
In Glasgow. After careful jnquiry, the general opinion was
that the furnaces were t00 cIose together, not suffrcrent water
space between, the mtense heat set HJIO on th e sides of the
urnace havrn[q forced the water from the plate, with
result t e plates got heated locally, hence t cola
prove this the Messrs. ~ Weirwent to consi erable exp nse an
at a me tm% of the Institution of Engineers in Glasgow emon
strated by Special glass vessels and”lamps the acfion of heat
on water—when the flame was Iow the water boiled, and one
could see the globules rrslnlg msr e the glass. On mcreasmg
the flame the water boiled P )(and be%an to [ift from th
glass away from the flame, here was quite an arch of
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a parent void between the fIame on the ?Iass and the water.

(y) reducing the flame gradual 'y e waler came closer and
cI ser to the side of the glass tilf it boiled as at the begrnnrng
close fo the glass. Now If the Iintense heat of the lamp ha
been kePt up any time the glass vessel would have burst or
meIted oca¥ as the furnaces had collapsed under similar
conditions.  The members present agreed” Messrs. Weir had
hit on the true cause of the mishap.” New boilers were put
|nto the steamer, and there was no trouble afterwards.

Redman . Generally the water has to find its way up
and down as best it can.

Mr. Shearer : Water-tube boilers, for example, Yarrow’s,
and, in fact, all water-tube boilers, have down-takes, large
outside tubes for conve¥|ng the water to the bottom of t e
chambers—which were thought to be necessary to keeP
the circulation, In some way or other, owever some mn%]
went wrong with Yarrow’s down-takes, and they took the
off, workrng the boilers without them, and found the boiler
worked just as well without as with them, so that they have
not been used since. Of course the tubes next the furnace
in that class of boiler are at a much |fg er temperature than
those next the shell or casrn% and, so far as crrculatron qOes,
the water ascends next the hot furnace tubes while It descends
through the cooler casing tubes.

Robertson . DO not the Admrralt}/ enforce frttrn%
the down take ? | think you will find 1t |s he case, becaus
when we paid our visit to Messrs. Mumford’s works 1t was
pointed out that they had to fit a large down-take at the back
of the boiler. The engrneer said 1t “was_possibly of little or
no use, but the Admiralty would have it

Mr, Shearer ; They have them in TI|ornreR/erofts and Nor
mandy’s and drfferent other types, not aware of |t
In the Yarrow. |t magr be the case in the British Navy :

course there are not so many Yarrow boilers there, at Ieast
In the big ships, but I know that Yarrow did away with t.

Mr. R abertsan It was a special oornt rrarsed at the Col-
chester works at the time of our visit.  Their engineer was
an Admiralty man, and he said it was enforced by them.

Mr. Shearer : Well, as far as my experience of water-
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tube hoilers goes, | like the down-take ; it is always a point
of safety. Of course circulation in tubes is a very difficult
thrn% f0’ deal with It takes some very funny turns at times,
according as the heat is applied.

Chairman . | do not know that we are very much further
forward from Mr. Stratton’s point of view, But | think we
seem o be pretty well agreed that he is workrng in the [ ht
direction.. First of all, in reference to the eatrn% that |
a good thing to get more heat into the air before enterste
furnace. That was gquestioned at our last meeting, whether
there was so much. benefit derived from the heating of the
air as |s claimed for it; but the mere fact of this new apparatus
that Shearer has, described bein brought out_shows that

genera opinion is that it is a 3ood thing. Then, as to
tratton’s contentjon, that the 4ir in the ordinary system
does not do its work efficiently, that has elicited the comments
as to the arrangement of frllrnrt; In the grooves with ganister
and cutting a recess showrnrg hat his obseryvation IS correct
as fo the difficulty of the air funning up the sides. ~Mr. Strat-
ton’s object is toget the air |n the Tentre of the furnace with
greater certainty, therefore_he increases . th e pressure there
nd allows the air to find its wa t% olrstrr ution over the
wings at a redyced pressure due_t0 the fact that It has to
ov I the side of the troug and find its wgg/ to the wrng ars
as been remarked thdt he has not mg ?urte clear how
the arr does go In Its passage through the drf erent channels
to the furnace. He states that it does pass, over a reater
area, and therefore absorbs more heat than in the ordinary
system : but it will be made clearer w en Mr. Stratton, &5
he intend s goes .more thoroughly into the system experi-
mentall¥ hen brings the matter up.again to let us know the
result of the experrments made during the summer.

Mr. MacLean prcposed and Mr, Snearer Seconded a vote
of. thtar(tjks to the Chairman, and the proceedings then ter-
minate

In order to make the arrangement of his improved furnace
uite clear, Mr. Stratton_ has krndh{ supplied the following
I tter sketches and det farled descrrP lon —

The principal object of this invention is to provide means for
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heating the air required for combustion, and to distribute it
into the front of the fire, and also into the ash-pit in a more
efficient manner than heretofore, o
For this purpose an air-heating chamber is, fixed in the
uptake, and is provided with a number of vertical intersect-
mgrtubes through which the waste. furnace gases pass. .
he air-heating chamber is divided into"two longitudinal

STRATTON'S improved furnace.

TftANsve/?SE Secr/OAls 0 3 a 3. C.
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compartments. The air enters the outer longitudinal compart-
ment through an opening (e2) at one end 0f it and proceeds
along the said compartment to the opposite end,” whence
partpasses out of the heater through the opening (ed) and part

3 stratton’s improved furnace.

B C
Lolvalrvo/AIAL  Sercrfolv A A

proceeds alan% the inner longitudinal comRartment to the
other end, whence It passes out of the heater t rou?h the open-
Ing; (e*zr?. - By ca_usmP the air to enter one end of the heater
and ‘conducting 1t afong the whole length thereot, the air
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comes in contact with or in close prommltx toa %reater number
of air-heating tubes than it would do in the heater that is now
used in forcéd draught arrangements, and it ?ets the benefit
of the heat of the waste gases from all the furnaces In the
boiler, consequently the heating of the air is. less liable to
Pebaffected by the Cleaning of the fires or by dirty air-lieating
ubes.

From the end compartments of the heater the air passes
through openings (ed) into, the air casing (/), fixed on the front
of the'boiler.  From the air-casing (/) aif passes through valve-
controlled openings (d2) into the  front of the furnace, and is
distributed through "perforated baffle plates over the front

of the fire,

From the air-casing (Q air also passes through  valve-con-
trolled openmﬁs ?f/Z), (0*3), into a chamber (g fixed across
the front of the furnace. =~
gTh(lgs) ch?:mber W}ay tﬁe dtIJVIde(d) w\to two separa%ﬁ chawbtehrs

*) (9 From the” chamber e alr passes throu e
Sggnl_ng (9) into the fr nﬁ of tﬂe chambep @ which ig fix%d
centrically”along the whole or part of the lehgth of the ash-
pit, . .

From the chamber (¢*) the air passes through the opening
() info the front of the ash-pit, whence it passes along the
sides of the ash-pit.

Instead of fixing, the chamber Sh) along the bottom of the
ash-pit 1t ma¥ befixed or hung on the bearer bars.. _

By means of this separate chamber along the ash-pit two air
pressures can be used un?er the firegrate—a strong air pressure
along the centre line of the firegrate and a low air pressure
along the sides. :

BY using two_ air pressures under the firegrate, there
will "be less liability of the air In the ash-pit forcing openin
throu%h weak spots along the sides of the fire, and s0 escapin
Into the furnace above the flretgr%te without doing any usefu
work along the centre line of the firegrate.
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