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PREFACE.
—_——
Having been requested by the publisher of the

well-known series of rudimentary treatises to adopt
a similar plan on the subject of “ The Combustion of

" Ceoal, Chemically and Practically Considered,” and

entirely approving of the same, the following paper
will supply the necessary information on what involves
not only the great niaﬂufacturing interests of the
kingdom, but that of steam navxga.tlon and locomotion
on our railways: in a wotﬂ, Q]}\t{b.st has reference to
the use of our native coal, and ‘obtaining from it the
largest measure of available heat.

The great practical value of the plan of rudimentary
treatises is now so generally recognised as to require
no comment, and in no instance is it more likely to be
available than in embodying all that has hitherto been
said on the construction of furnaces and boilers of all
descriptions. Through the instrumentality of rudi-
mentary treatises, much useful information is brought
directly within reach of the great industrial population
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of the kingdom, and on terms which were incompatible
with the more costly publications hitherto adopted.

These considerations have induced me willingly to
accede to the publisher’s views, instead of preparing
a new, or Fourth Edition, of works now out of print,
and to give the whole in the form of a “rudimentary
treatise.”

C. WYE WILLIAMS.

Liverroor, 1858,



PREFACE TO THE FIRST EDITION.

—_——

BeING much interested in the improvement of steam
vessels, from my connection with several steam navi-
gation companies, and having had a longer and more
extended experience in the details of their building
and equipping than, perhaps, any individual director
of a steam company in the kingdom, my attention has
been uninterruptedly given to the subject since the
year 1828, when I first established a steam company,
and undertook to have the first steam-vessel constructed
capable of maintaining a commercial intercourse across
the Irish Channel, during the winter months, and
which, till then, had been eonsidered impracticable.

The result of this long experience is the finding,
that, notwithstanding the improved state to which the
construction and appointments of the hull and general
machinery of steam-vessels have arrived, great uncer-
tainty and risk of failure still prevail in the use of fuel
and the generation of steam. A

It is true, the engineer,\ who undertakes the con-
a2
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struction of the engines, also undertakes that the
boilers shall provide a sufficiency of steam to work
them ; but what that sufiiciency means, has not been
decided; and, in too many instances, the absence of
some fixed data on the subject leaving the evils of a
deficiency of steam or a great expenditure of fuel
unabated.

So long as the operations of steam-vessels were
confined to coasting or short voyages, the consequences
of these defects in boilers, as regards the quantity of
fuel, were & mere question of pounds, shillings, and
pence. When, however, those operations came to be
extended to long sea voyages, these consequences took
a more comprehensive range, and involved the more
important question, whether such voyageé were prac-
ticable or profitable.

From being so deeply interested in the improvement
of this department of steam navigation, I have watched,
with no small anxiety, the efforts: of the engineers to
arrive at some degree of certainty in what was admitted,
on all hands, to be the most serious drawback to the
successful application of steam-vessels to long sea
voyages. I perceived the absence of any well-founded
principle in the construction of the boiler—that the
part on which most depended appeared least under-
stood, and least attended to, namely, the furnace; and
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that this was too often left to the skill (or want of it) of
working boiler-makers. I saw that, although the great
operations of combustion carried on in the furnace,
with all that belongs to the introduction and employ-
ment of atmospheric air, were among the most difficult
processes within the range of chemistry, the absence of
sound scientific principles still continued to prevail;
yet on these must depend the extent or perfection of
the combustion in our furnaces.

Years were still passing away, and while every other
department was fast approaching to perfection, all that
belonged to the combustion of fuel—the production of
smoke—and the wear and tear of the furnace part of
the boiler, remained in the same status quo of uncer-
tainty and insufficiency; and even that boilers and
their furnaces, constructed within the last few years,
exhibit still greater violations of chemical truths, and
8 greater departure from the principles on which nature
proceeds.

In the proper place I will show, that, of late years,
as much uncertainty as to the success of a new boiler
has prevailed as when I first began operations, thirty
years ago; and that few boilers, for land or marine
engines, exhibit more in the way of effecting perfect
combustion or economy of fuel than those of any former
period since the days of Watt.
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I do not affect to give any new view of the nature of
combustion. What I take credit for is, the practical
application, on the large scale of the furnace, of those
chemical truths which are so well known in every
laboratory. 1 also take credit for bringing together
the scattered facts and illustrations of such authorities
as bear on the subject before us, and so applying them
as to enable practical men to understand that part
which chemistry has to act in the Aconstruction, arrange-
ments, and working of our boilers and furnaces.

C. W. WILLIAMS.
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ON THE

COMBUSTION OF COAL

AND THE
-

PREVENTION.  OF SMOKE.

PART FIRST.

—_——

CHAPTER 1.

OF THE CONSTITUENTS OF COAL, AND THE GENERATION
OF COAL GAS.

Ix the following treatise I do not undertake to show how
the smoke from coals can be burned ; but I do undertake to
show how coalé may be burned without smoke; and this
distinction involves the main question of economy of fuel.

‘When smoke is once produced in a furnace or flue, it is as
impossible to burn it or convert it to heating purposes, as it
would be to convert the smoke issuing from the flame of a
candle to the purposes of heat or light.

‘When we see smoke issuing from the flame of an ill-
adjusted common lamp, we also find the flame itself dull and
murky, and the heat and light diminished in quantity. Do
we then attempt to burn that smoke? No; it would be
impossible. Again, when we see a well-adjusted Argand
lamp burn without producing any- emoke, we also see the
flame white and clear, and the quantity of heat and light
increased. In this case, do we say the lamp burns its smoke?

14 B
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No; we say the lamp burns without smoke. This is the fact,
and it remains to be shown why the same language may not
be applied to the combustion of the same coal and the same
gas, in the furnace, as in the lamp.

In a treatise purporting to describe the means of obtaining
the largest quantity of heat from coal, the first step is an
inquiry into the varieties of that combustible and its respec-
tive constituents.

The classification of the various kinds of coal, the details
of an elaborate analysis, made by Mr. Thomas Richardson,
with the aid of Professor Liebig, are as follows:—

{
| 5 Azote and
Species of Coal. Locality. Carbon. !Hydrogen. Oxygen. Ashes.
Splint......... Wylam ...... 74823 | 6-180 5-085 | 13-912
99 eereerses @lasgow ...... 82924 | 5-491 10457 1128
Cannel ...... Lancashire...| 837638 | 5°660 8-039 2-548
3 eeeeen Edinburgh...| 67°597 | 5405 12°432 | 14-566
Cherry ...... Newecastle ...| 84:846 | 5-048 8430 1-676
99 eeenes Glasgow ...... 81-204 | 5-452 11-923 1-421°
Caking ...... Newcastle ...| 87952 | 5-239 5416 1-393
99 eeeens Durham ...... 83-274 | 5171 9-036 2519

The most important feature in reference to this analysis
is the large proportion of hydrogen which all bituminous
coal contains, and which may be estimated at 5% per cent.—
hydrogen being the main element in the evolved gas, and by
the combustion of which flame is produced.

The theory of combustion is now well understood by
scientific men; but, as a practical art, it still remains at a
very low ebb.

‘We know, scientifically, that carburetted hydrogen and
the other compounds of carbon require given quantities of
atmospheric air to effect their combustion ; yet we adopt no
means, practically, of ascertaining what guantities are sup-
plied, and treat them as though no such proportions were
necessary. We know, sciensifically, the relative proportions
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in which the constituents of atmospheric air are combined ;
yet, practically, we appear wholly indifferent to the distinct
nature of these constituents, or their effects in combustion.
‘We know, scientifically, that the inflammable gases are
combustible only in proportion to.the degres of mizture and
union which is effected between them and the oxygen of the
air; yet, practically, we never trouble our heads as to whether
we have effected such mixture or not. These and many
similar illustrations exhibit a reprehensible degree of care-
lessness which can only be eorrected by a sounder and more
scientific knowledge of the subject; and this can only be
attained t]crouglz the aid of chemistry.

The main constituents of all coal, as we see in the pre-
ceding table, are carbon and hydrogen.

In the natural state of coal, the hydrogen and carbon are
united and solid. Their respective characters and modes of
entering into combustion are, however, essentially different ;
and to our neglect of this primary distinction is referable
much of the difficulty and complication which attend the use
of coal on the large scale of our furnaces.

The first leading distinetion is, that the bituminous portion
is convertible to the purposes of heat in the guseous state
alone ; while the carbonaceous portion, on the contrary, is
combustible only in the solid state ; and, what is essential to
be borne in mind, neither can be consumed while they remain
united.

The use of the term “jfuel,” as applied to the combustion
of coal during its several processes in the furnace, without
reference to any particular constituent, whether gaseous or
solid, is sufficiently indicative of the inattention to the
chemical conditions of combustion.*

* Many instances of inattention might hore be given. The following
will suffice. In a popular treatiste on the steam-engine, by Dr. Lardner,
speaking of Brunton’s revolving grate, he observes, ¢‘The coals are let
down from the hopper on the grate, and as they descend in very small
quantities at a time, they are almost immediately ignited,” He;e the coal

B
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The general impression is, that coal, spoken of under the
objectionable term of “ fuel,” enters into combustion a¢ once,
on the application of heat, and that, during such combustion,
it evolves the gaseous matter which it contains. This,
however, is neither correct nor scientific, and evades an
important feature in the use of coal, namely, ke order in
which the gaseous and solid portions come into use as heat-
giving media.

When heat is first applied to bituminous coal, the ques-
tion naturally arises, What becomes of it ? or, What is its
effect ?

A charge of fresh coal thrown on a furnace in an active
state, so far from augmenting the general temperature,
becomes at once an absorbent of it, and the source of the
volatilisation of the bituminous portion of the coal; in a
word, of the generation of the gas. Now, volatilisation is
the most cooling process of nature, by reason of the quantity
of heat which is directly converted from the sensible to the
latent state. So long as any of the bituminous constituents
remain to be evolved from any atom or division of the coal,
its solid or carbonaceous part remains black, at a compara-
tively low temperature, and utterly inoperative as a heating
body. In other words, the carbonaceous part has o wait it
turn for that heat which is essentisl to its own combustion,
and in its own peculiar way.

If this bituminous part be not consumed and turned te
account, it would have been better had it not existed in the
coal; as such heat would, in that case, have been saved and

is represented as being ignited, or converted into flame, which is incorrect.
Coal-gas may be converted into flame, and coke may be 1gmted, but coal
can neither be ignited nor converted into flame.

Again, “‘But, until their ignition is complete, & mbe will arise,
which, passing to the flue over the burning coal, will be sgnited.” Here it
is the gas which is ignited—the term smoke being improperly used instead
of gas. This, also, is incorrect, as smoke, properly speaking, being once
formed, cannot be ignited or inflamed in the same furnace.
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become available for the business of the furnace. To this
circumstance may be attributed the alleged comparatively
greater heating properties of coke, or anthracite, over
bituminous coal.

The point next under consideration will be the processes
incident to the combustion of the gaseous portion of the
coal, as distinct from the carbonaceous or solid portion.

CHAPTER 1I.

OF GASEQUS COMBINATIONS, AND PARTICULARLY OF THE
UNION OF COAL GAS AND AIR.

Havina pointed out the leading characteristic in the use
of coal, arising out of its elementary divisions bituminous and
carbonaceous, our next step is, its union with atmospheric
air. This part of the subject will require the more attention,
as the practicable economy in the use of coal will be found
connected with the combustion of the gases. The mechanical
engineer may ask, What has this to do with boiler-making
and furnace-building ? Nevertheless, it involves the whole
question -of right or wrong, so long as a furnace is to be
part of a boiler, and that coal is to be consumed in that
furnace. .

On the application of heat to bituminous coal, the first
result is its absorption by the coal, and the disengagement
of gas, from which flame is exclusively derivable.

The constituents of this gas are, hydrogen and carbon: and
the unions which alone concern us here are, carburetted
hydrogen and bi-carburetted hydrogen, commonly called
olefiant gas.

Combustibility is not a quality of the combustible, faken
by itself. It is, in the case now before us, the union of the
combustible with oxygen, and which, for this reason, is called
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"

the “supporter ;” neither of which, however, when taken
alone, can be consumed.*

To effect combustion, then, we must have a combm-tzbla and
a supporter of combustion. Strictly speaking, combustion
means waion : but it means ckemical union.

Let us bear in mind that coal gas, whether generated in
a retort or a furnace, is essentially the same. Again, that,
strictly speaking, it is not inflammable ; as, by #tself, it can
neither produce flame nor permit the continuance of flame
in other bodies. A lighted taper introduced into a jar of
carburetted hydrogen (coal gas), so far from inflaming the
gas, is itself instantly extinguished. Effective combustion,
for practical purposes, is, in truth, a question more as
regards the air than the gas. Besides, we have no control
over the gas, as to quantity, after having thrown the coal on
the furnace, though we can exercise a control over that of
the air, in all the essentials to perfect combustion. It is
this"which has done so much for the perfection of the lamp,
and may be made equally available for the furnace; yet,
strange to say, in an age when chemical science is so
advanced, and in a matter so purely chemical, this is pre-
cisely what is least attended to in practice. The %ow, and -
the whken, and the where this controlling influence over the
admission and action of the air is to be exercised, are points-
demanding the most serious eonsideration, and can only be
decided on strict chemical principles.

* ¢« Tn ordinary language, & body is said to burn when its elements.unite .
with the oxygen of the air, and form new products. One of the bodies, as
hydrogen, is termed the burning or combustible body, and the oxygen is
said to be the supporter of combustion ; but this language, although con-
" venient for common use, is incorrect as a scientific expression, for oxygen "
may be burned in a vessel of hydrogen, as well as hydrogen in a vessel of -
oxygen, the one and the other being equally active in the process, and
being related to each other in every way alike.”—Zlements of Ohemistry,
by Robert Kane, M.D, Part I, p. 285. 1840,
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CHAPTER IIIL

OF THE CONSTITUENTS OF COAL GAS AND AIR, AND THE
RELATIVE QUANTITIES REQUIRED FOR COMBUSTION.

" Tue first step towards effecting the combustion of any gas,
is the ascertaining the quantity of ozygen with which it will
ehemically combine, and the quantity of aér required for sup-
plying such quantity of oxygen. Here, then, we are called on
for strict chemical proofs — these several quantities de-
pending on the faculty of each in combining with certain
definite proportions of the other — the supporter; these
respective proportions being termed “ equivalents,” or com-
bining volumes.

Now, the doctrine of ‘‘equivalents,” that all-convincing
proof of the truths of chemistry, reduces to a mere matter
of calculation that which would otherwise be a complicated
tissue of uncertainties.

Much of the apparent complexity which exists on this
head arises from the disproportion between the relative
volumes, or bulk, of the constituent atoms of the several
gases, as compared with their respective weights. For
instance, an atom of kydrogen is double the bulk of an atom
of carbon vapour; yet the latter is siz times the weight of
the former.

Again, an atom of hydrogen is double the bulk of an atom
of oxygen; yet the latter is eight times the weight of the
former.

So of the constituents of atmospheric air—nitrogen and
oxygen. An atom of the former is double the bulk of
an atom of the latter; yet, in weight, it is as fourteen to
eight.

I have stated that there are two descriptions of hydro-
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carbon gases in the combustion of which we are concerned ;
both being generated in the furnace, and even at the
same time, namely, the carburetted and bi-carburetted
hydrogen gases, the proportion of the latter in coal gas
being estimated at about ten per cent. For the sake of
simplifying the explanation, I will confine myself to the
first.

On analyzing this gas, we find it to consist of two volumes
of hydrogen and one of carbon vapour; the gross bulk of
these three being condensed into the bulk of a single atom of
hydrogen, that is, into two-fifths of their previous bulk, as
shown in the annexed figures. Let figure 1 represent an
atom of coal gas—carburetted hydrogen—with its con-
stituents, carbon and hydrogen; the space enclosed by the
lines representing the relative size or volume of each;
and the numbers representing their respective weights —
hydrogen being taken as wunity both for volume and
weight.*

Carburetted Hydrogen.

Fig. 1.
e )
The sboro c.':n
?s" Its constituents, / ‘; )

* «(Ce gaz (carburetted hydrogen) est composé de 75°17 parties (by
weight) de carbone, et 24-33 d’hydrogéne ; ou, d’'un volume de carbone
gazeux et quatre volumes de gaz hydrogéne, condensés & la moitié du
volume de ce dernier, ou, aux 2/5 du volume total du gaz, de maniére que
de cing volumes simples, il n’en résulte pas plus de deux de la com-
binaison,” -~ Berzelius, vol. L., p. 330.
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. Bi-carburetted Hydrogen.
Fig. 7.

@ Its constituents,
1

Let us now, in the same analytical manner, examine an
atom of atmospheric air, the other ingredient in combus-
tion.

Atmospheric air i8 composed of two atoms of nitrogen
and one atom of oxygen; each of the former being double
the volume of an atom of the latter, while their relative -
weights are as fourteen to eight: the gross volume of the
pitrogen, in air, being thus four times that of the oxygen;
and in weight, as twenty-eight to eight, as shown in the an-
nexed figure 3.

Atmospheric Air.

TIn the coal gas we found the constituents condensed into
two-fifths of their gross bulk : this is not the case with aér ;
an atom of which is the same, dotk as to bulk and weight, as

the sum of its constituents, as here shown. Thus, we find,
B3

\
AR
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the oxygen bears a proportion in volume to that of
the nitrogen, as one to five; there being but 20 per
cent. of oxygen in atmospheric air, and 80 per cent. of
nitrogen.

‘We now proceed to the ascertaining the separate quantity
of oxygen required by each of the constituents (of the gas),
80 as to effect its perfect combustion.

With respect to this reciprocal saturation, the great
natural law is, that dodies combine in certain fized propor-
tions only, both in volume and weight.*

The important bearings of this elementary principle
cannot be more strikingly illustrated than in the com-
hinations of which the elements of atmospheric air are
susceptible.

For instance, oxygen unites chemically with nitrogen in
five different proportions, forming five distinct bodies, each
essentially different from the others, thus:

Atoms. ‘Weight. Atoms. ‘Weight. Gross Weight.
1 of Nltrogen 14 unites with 1 of Oxygen 8 forming Nitrous Oxide 22
1 .. 14 2 ... 16 ... Nitric Oxide 30
1 14 3 ... 24 ... HyponitrousAcid-88
1 14 4 ... 82 ... |Nitrous Acid 46
1 14 5 40 ... Nitric Acid 54

* ¢Jexpérience a démontré que, de méme que les élémens se com-
binent dans des proportions fixes et multiples, relativement & leur poids,

ils se combinent aussi, d’'une maniére analogue, relativement 3 leur

volume, lorsqu’ils sont & I'état de gaz: en sorte qu'un volume d'un
élément se combine, ou, avec un volume égal au sien, ou avec 2, 8, 4 et
plus de fois son volume d’un autre élément & 'état de gaz. En comparant
ensemble les phénoménes connus des combinaisons de substances gazeuses,
nous découvrons les mémes lois des proportions fixes, que celles que vous
venons de déduire de leurs proportions en potds : ce qui donne lieu 3 une
maniére de se représenter les corps, qui doivent se combiner, sous des

volumes relatifs & I'état de gaz. Les degrés de combinaisons sont absolu-

ment les mémes, et ce qui dans I'une est nommé afome, est dans I'autre
appelé volume.” — Berzelius, vol. IV., p. 549.
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Or thus:
Fig. 4.

Nitrogen, )| Nitrogen. J|OX78eR- - Atmospherie Air.

@@ -~ Nitrous Oxide.
OO u——

OOOO0=

‘We here find the elements of the air we breathe, by a mere
change in the proportions in which they are united, forming
so many distinct substances, from the laughing gas, (nitrous
oxide,) up to that most destructive agent, nitric acid, com-
monly called agua-fortis.

On the application of heat, or what may be termed the
firing or lighting the gas, when duly mixed with air, the
hydrogen separates stself from its follow-constituent, the
carbon, and forms an union with oxygen, the produce of
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which is water. The saturating equivalent of an atom, or
any other given quantity of hydrogen, is not double the
volume, as in the case of the carbon, but one-Aalf its volame
only—the product being aqueous vapour, that is, steam ; the
relative weights of the combining volumes being 1 of
hydrogen to 8 of oxygen; and the bulk, when combined,
being two-thirds of the bulk of both taken together, as
shown in the annexed figure.

Hydrogen
1

Fig. 5.

Again, the carbon, on meeting its equivalent of oxygen,
unites with it, forming carbonic acid gas, composed of one
atom of carbon, (by weight 6,) and #wo atoms of oxygen, (by
weight 16,) the latter, in volume, being double that of the
former, as in the annexed figure.

Carbonic Acid.

*Byuony IS0y

No facts in chemistry, therefore, can be more decidedly
proved, than that one atom of hydrogen and one atom of
oxygen (the former being double the bulk: of the latter) unite
in the formation of water; and, further, that one atom of
carbon vapour and two atoms of oxygen (the latter being

'
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double the bulk of the former) unite in the formation of car-
bonic acid gas. .

Having thus ascertained the quantity of ozygen required
for the saturation and combustion of the two constituents
of coal gas, the remaining point to be decided is, the
quantity of air that will be required to supply this quantity of
oxygen.

This is easily ascertained, seeing that we know precisely
the proportion which oxygen bears, in volume, to that of
the air. For, as the oxygen is but one-£ftk of the bulk of
the air, five volumes of the latter will necessarily be
required to produce ome of the former; and, as we want
Zwo volumes of oxygen for each volume of the coal gas, it
follows that, fo obtain thosa two volumes, we must provide ten
volumes of air. .

As the proportion of air required for the combustion
of the bi-carburetted hydrogen (olefiant gas) is necessarily
larger than for the carburetted hydrogen, a diagram of
each is annexed, showing the volume of air required for
combustion.

Carburetted Hydrogen.

BEFORE COMBUSTION. ELEMENTARY MIXTURE. PRODUQTS OF COMBUSTION,

Weight. Atoms. Weight. Weight.
1 Carbon... 6 22 Carbonic Acid.
8 %""m‘“‘l 1 Hydrogen 1 9 Steam.
YO 11 Hydrogen 1 9 Steam,
1 Oxygen... 8
144 Atmospherio |1 Oxygen... 8
Air, 1 Oxygen... 8
1 Oxygen... 8
8 Nitrogen 112 112 Uncombined
—_— —_— Nitrogen.

152 152 152
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Bi-Carburetied Hydrogen.

BEFORE COMBUSTION. ELEMERTARY MIXTURE. PRODUCTS OF COMBUSTION.

Weight. Atoms. Weight. Weight.
1 Carbon... 6 22 Carbonic Acid.
14 Bi-carburetted/ 1 Carbon... 6 22 Carbonic Acid.
Hydrogen, 1 Hydrogen 1 9 Steam.
1 Hydrogen 1 9 Steam.
1 Oxygen... 8
1 Oxygen... 8
. 1 Oxygen... 8
216 Ai:n}ﬁ:?henc 1 Oxygen... 8
1 Oxygen... 8
1 Oxygen... 8
12 Nitrogen168 _ , ~ _______ 168 Uncombined
—_— — —— Nitrogen.
230 230 230
CHAPTER IV.

OF THE QUANTITY OF AIR REQUIRED FOB THE COMBUSTION
OF CARBON, AFTER THE GAS HAS BEEN GENERATED.

 Havine disposed of the question of quantity, as regards
the supply of air required for the saturation and combustion
of the gaseous portion of coal, we have now to answer a cor-
responding question, with reference to the carbonaceous part
resting in a solid form on the bars after the gaseous matter
has been evolved.

Carbon is stated, by chemists, to be susceptible of uniting
with oxygen in three proportions, by which three distinct
bodies. are formed, possessing distinct chemical properties.

This peculiarity of the unions of carbon with oxygen is
wholly unattended to in practice: yet we shall see how
essential it is in considering the quantity of air to be intro-
duced to a furnace.
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These three proportions, in which carbon unites with
oxygen, form, first, carbonic acid; second, carbonic owide ;
and, third, carbonous -acid (or oxalic acid). With the first
and second only we have to deal in the furnace—the differ-
ence between these two formations being peculiarly im-
portant-to our present subject.

‘Were carbonic acid the only product of the combustion of
the earbon of the coal in the furnace, no more would here
have to be said; but there is the other state in which we
find carbon uniting and passing away with oxygen, and
which gives rise to-considerations of the utmost importance
in this branch of the inquiry. This other state is that of
carbonic oxide, the formation of which, in the furnace, is
wholly unheeded in practice, although its influence on the
quantity of heat obtained is very considerable, the very
name of this gas not having hitherto been noticed by any
writer in connection with combustion in the furnace.

Carbonic acid, we have seen, is a compound of one atom
of carbon with two atoms of oxygen; while carbonic oxide
is composed of the same quantity of carbon with but Zalf
the above quantity of oxygen, as in the annexed figures.

Fig. 7.

Oxygen, 8,
. Carbon, 6, forms Carb. Acid, 22.

Oxygen, 8,

Fig. 8.

Carbon, 6, forms Carb. Oxide, 14

Here we see that carbonic oside, though containing but
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one-half the quantity of oxygen, is yet of the same bulk or
volume as carbonic acid, a circumstance of considerable
importance on the mere question of draught, and supply of
air, a8 will be hereafter shown.

Now, the combustion of this ozide, by its conversion into
the acid, is as distinct an operation as the combustion of the
carburetted hydrogen, or any other combustible; yet all this
is wholly overlooked in practice in the operations carried on
in the furnace.

But the most important view of the question, and one
which is little known to practitioners outside the laboratory,
is as regards the formation of this orxide; and this is the
part of the inquiry which most requires our attention.

The direct effect of the union of carbon and oxygen is the
formation of carbonic acid. If, however, we abstract one of
its portions of oxygen, the remaining proportions would then
be those of carbonic owzide. It is equally clear, however,
that if we add a second portion of carbon to carbonic acid,
we shall arrive at the same result, namely, the having carbon
and oxygen combined in equal proportions, as we see in
carhonic oxide.

Fig. 9.

‘Oxygen,8, m
. Carbon, 6, forming Carb.Oxide, 22

Oxygen,8, (6

By the addition, then, of a second proportion of carbon to
the above, #wo volumes of carbonic oxide will be formed—
thus:
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Fig. 10.

Carb.,6, forming Carb.Oxide, 14 Q

Carb.,6,forming Carb.Oxide, 14 Q

Oxygen,8,

Oxygen,8,

Now, if these two volumes of carbonic oxide cannot find
the oxygen required to complete their saturating equivalents,
they pass away necessarily but kalf consumed, a circum-
stance which is constantly taking place in all furnaces
where the air has to pass through a body of incandescent
carbonaceous matter. .

This frequently leads to a fatal error in what is called the
¢ combustion of smoke:” for if the carbonaceous constituent
of coal, and, while yet at a high temperature, encounters
carbonic acid, this latter, taking up an additional portion of
carbon, is converted into carbonic ozide, and again becomes
a gaseous and invisible combustible.

The most prevailing operation of the furnace, however,
and by which the largest quantity of carbon is lost in the
shape of carbonic ozide, is thus :—The air, on entering from
the ashpit, gives out its oxygen to the glowing carbon on
the bars, and generates much heat in the formation of car-
bonic acid. This acid, necessarily at a very high tempe-
rature, passing upwards through the body of incandescent
solid matter, takes up an additional portion of the carbom,
and becomes carbonic oxide.*

* ¢ (Carbonic oxide may be obtained by transmitting carbonic acid over
red hot fragments of charcoal contained in an iron or porcelain tube.” It is
easily kindled : combines with half its volume of oxygen, forming carbonic
acid, which retains the original volume of the carbonic oxide. The com-
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Thus, by the conversion of one volume of acid into two
volumes of oxide, heat is actually absorbed, while we also
lose the portion of carbon taken up during such conversion,
and are deceived by imagining we have “ burned the smoke.”

The formation of this compound, carbenic oxide, being
thus attended by circumstances of a curious and involved
nature, is, probably, the cause of the prevailing ignorance of
its' properties. For, while we find, in every mouth, the
term carbonic acid, as the product of combustion, we hear
nothing of carbonic oxide, one of the most waste-inducing
compounds of the furnace, unless provided with its equi-
valent volume of air, by which its combustion will be
effected. *

Another important peculiarity of this gas (carbonic oxide)
is, that, by reason of its already possessing one-half its
equivalent of oxygen, it inflames at a lower temperature
than the ordinary coal-gas; the consequence of which is,
that the latter, on passing into the flues, is often cooled
down below the temperature of ignition; while the former
is sufficiently heated, even after having reached the top of
the chimney, and is there ignited on meeting the air. This

bustion is often witnessed in a eoke or charcoal fire. The carbonic acid
produced in the lower part of the fire is converted into carbonic oxide
as it passes up through the red hot embers.”—Graham’'s Elements of
Chemistry.

* ¢ Among the stove-doctors of the present day, none are more
dangerous than those who, on the pretence of economy and convenience,
recommend to keep a large body of coke burning slowly, with a. slow
circulation of air. An acquaintance with chemical science would teach
them, that, in the obscure eombustion of coke or charcoal, much carbonic
oxide is generated, and much fuel consumed, with the production of little
heat; and physical science would teach them, that, when the chimney
draught is languid, the burned air is apt to regurgitate through every
seam or crevice, with the imminent risk of causing asphyxia, or death, to
the inmates of apartments so preposterously heated.”—Dr. Ure's Paper on
Ventilating and Heating Apartments, read before the Royal Society, 16tA
June, 1836. :
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is the cause of the red flame often seen at the tops of
chimneys and the funnels of steam-vessels.

‘We may thus set it down as a certainty, that, if the
carbon, either of the gas or of the solid mass on the bars,
passes away in union with oxygen in any other form or pro-
portion than that of carbonic acid, a commensurate loss of
heating effect is the result.

Hence we see how the peculiar influence which carbonic
oxide exercises, in its formation and combustion, justifies
the observation of Chevreul, in his “ Legons de Chimie,” that
¢ lg connaissance de ses propriétés est indispensable pour bien
connoitre le carbon.”

Of the application of carbonic oxide in the manufacture
of iron, and the mode of effecting its combustion, notice will
be taken in a subsequent chapter.

CHAPTER V.

OF THE QUALITY OF THE AIR ADMITTED TO A FURNAOE.

‘WaER we speak of mixing a given quantity of oxygen:
with a given quantity of coal gas, we do so because we know
that the former is required to saturate the latter; so when
we speak of mixing & given volume of atmospheric air with
a given volume of coal gas, we do so knowing that such
precise quantity of air will provide the required quantity of
oxygen.

If, however, by any eircumstance, accidental or otherwise,
the air we employ has either lost any portion of its oxygen,
or is mixed with any other gas or matter, it no longer bears
the character of pure atmospheric air, and cannot satisfy the
condition as to quantity of ozygen which was essential to our

purpose. :
‘We require ten cubic feet of air to supply #wo cubic feet
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of oxygen to effect the combustion of one cubic foot of coal-
gas ; but if this quantity of air does not contain this 20 per
cent., it is manifest we cannot obtain it. The air, in this
case, may be said to be vitiated or deteriorated ; and, in this
sense, the guality of the air we employ is entitled to serious
consideration.

Let us now inquire how far the ordinary mode of con-
structing and managing our furnaces enables us to satisfy
this condition, namely, the providing unvitiated air both to
the solid carbonaceous portion of the coal on the bars, and
the gaseous portion in the furnace.

Tredgold, and others after him, overlooking these dis-
tinctive features in the processes which coal undergoes in its
progress towards combustion, give preposterous directions
a8 to the introduction of air. He says, “The opening to
admit air (the ashpit) should be sufficiently large for pro-
ducing the greatest quantity of steam that can be required,
but not larger.” Here we find the  guantity of steam™
actually considered as dependent on the area of “the
opening to admit air”’ to the ashpit, than which nothing can
be more incorrect.* If, then, Tredgold could so palpably
overlook the chemical essentials in the combustion of the
two separate constituents of coal, it cannot be a matter of
surprise that those who have been taught to follow in his
steps should have made so little advance in perfecting our
system of furnaces.

" I have alluded to Tredgold’s directions with the view of

* ¢Tn the construction of fire-places for boilers,” he observes, *‘we
have to combine everything which is likely to add to the effect of fuel, and
to avoid everything which tends to diminish it, as far .as possible. Now,
without some knowledge of the nature of the operation of burning, it will
scarcely be possible to do anything good except by mere accident. We
should be like seamen in a vessel at sea without a compass, with as little
chance of steering to the intended port.”

No man can question whether the absence of a compass would not be
preferable to one which should directly induce us to steer a wrong course.
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pointing attention to that which has hitherto been so
neglected, namely, the two distinct operations of supplying
air to the gas generated in the upper part of the furnace,
and to the solid carbon resting on the bars ; and, also, to
the injury caused by compelling the whole supply to pass
through the ashpit, and through such solid carbon; by
which not only a deficiency of oxygen is occasioned in the
air intended for burning the gas, but an undue and
injurious urging of the combustion of the carbonaceous
matter.*

Yet this is our daily practice. 'We bring air to the gases
which has already been employed in a separate and even
destructive process, and yet expect the result to be satis-
factory and the combustion complete. And when we find,
instead of producing carbonic acid and water, that we have
produced a large volume of smoke—of unconsumed combus-
tible matter—we then set about inventing processes by
which tkis smoke is to be © consumed,”’ and the evil we- had
ourselves produced, corrected. '

* ¢To gucceed in consuming the combustible gases,” observes Tred-
gold, ‘it is necessary that they mix with air that has become hot, by
passing through, over, or among the fuel which has ceased tocmokc the
words of the patent of Mr. Watt, dated 1785.”

Here there can be no mistake, yet nothing can be more unscientific or
unsound in principle. The inevitable result of this operation would be:
first, the depriving the air, more or less, of its oxygen ; and, second, by
urging this increased quantity of air to act like a blast on such red hot
fuel, to consume it with unnecessary and injurious rapidity.

.
.



22 THE COMBUSTION OF COAL

CHAPTER VI.

OF THE MIXING AND INCORPORATION OF AIR AND
COAL @AS.

Havine disposed of the questions regarding the quantity
and guality of the air to be admitted, our next consideration
is, the effecting such a mixture as is required for effective
combustion.

It seems taken for granted, in practice on the large scale,
that, if air, by any means, be introduced to ¢ the fuel in the
furnace,” it will, as a matter of course, mix with the gas, or
other combustible, in a proper manner, and assume the state
suitable for combustion, whatever be the nature or state of
such fuel. Yet, as well might it be said, that bringing
together given quantities of nitre, sulphur, and charcoal, in
masses, was sufficient for the constitution of gunpowder. It
is, however, the proper distribution, mixture, and éncorpo-
ration of the respective elementary atoms of those masses
which impart efficiency and simultaneousness of action, and,
necessarily, their explosive character:* and so, also, in the
bringing bodies of gas and air into a state of preparation for
efficient and simultaneous combustion.

In operating in the laboratory, when we mix a measured
jar of an inflammable gas with a due complement of oxygen

* Doctor Ure, in his Chemical Dictionary, puts this clearly and
forcibly. Gunpowder is composed of given weights of nitre, charcoal, and
sulphur, ‘‘intimately blended together by long pounding in wooden
mortars.” Again, “‘The variations of strength, in different samples, are
generally occasioned by the more or less intimate division and mizture of
the parts. The reason of this may be easily deduced from the consideration,
that nitre does not detonate until in contact with inflammable matter:
whence the whole detonation will be more speedy the more numerous the
surfaces of contact.”
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gas, the operation being performed leisurely, due incor-
poration follows, and no .question as to the wané of time
arises.

In this operation the quantities are small : both bodies are
gaseous : there is no disturbing influence from the presence
of other matter: the relative quantities of both are in
saturating proportions; and above all, are unaffected by
current or draught.

But compare this deliberate laboratory operation with

what takes place in the furnace. First, the quantities are
large: secondly, the bodies to be eonsumed are partly
gaseous, partly solid: thirdly, the gases evolved from the
coal are part combustible and part incombustible : fourthiy,
they are forced into conneetion with a large and often over-
whelming quantity of the products of combustion, chiefly
carbonic acid: fifthly, the very air introduced is itself
deteriorated in passing through the bars and incandescent
fuel on them, and thus deprived of much of- its oxygen:
sixthly, and above all, instead of being allowed a suitable
time, the whole are hurried away by the current or draught
in large masses.
. Dr. Reid, in his “Elements of Chemistry,”” when de-
seribing the detonating mixture, directs ‘that the oxygen
be well mingled with the hydrogen.” Here deliberate
measures are taken for the diffusion of a mere phial full, yet
we take no pains to have these same ingredients *well
mingled” in the furnace !

In the “ Experimental Researches on the Diffusion of
Gases,” by Mr. Graham, we have abundant proof of the
absolute necessity for giving time. In one case, he ob-
serves, “ the receiver was filled with 75 volumes of hydrogen,
and 75 of olefiant gas, agitated and allowed to stand
over water for twenty-four kowrs, that the mizture might
be as perfect as possible”” In general, he allowed four
hours to elapse before he considered the gases adequately
mixed.
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Professor Daniell finds, that even in laboratory experi-
ments, it is essential to give an excess of oxygen to secure
an adequate portion reaching each atom of the gas to be
consumed, no more, however, being consumed than its due
equivalent of oxygen.*

But the observations of Professor Faraday should satisfy
us at once on the question of #ime, and justifies the attri-
buting so much importance to this hitherto neglected
feature in the process of combustion on the large scale. In
his “ Chemical Manipulations,” p. 860, he says, “ It will be
proper to observe, that, although in making mixtures of
gases, they will become uniform without agitation, if eufi-
cient time be allowed, the period required will be very long,
extending even to hours, in narrow vessels. If hydrogen be
thrown up into a wide jar full of oxygen, so as to fill it, and
no further agitation given, the mixture, after the lapse of
several minutes; will still be of different composition above
and below.” Here are several minutes proved to be neces-
sary in effecting adequate mixture in a jar full of the gases,
whereas we cannot afford even several seconds for the mixing
of a furnace full.

Now this brings us to the conclusion, that, as we cannot
Jorce the gas and air to mingle with sufficient rapidity,
under the ordinary circumstances of the furnace, our views
should be directed to the effecting such modifications of
that furnace as will aid nature in those arrangements which
are essential to combustion, rather than in obstructing
them. ‘

Having consulted Professor Daniell on this subject, his
opinion, here given, is of importance.

* ¢In the process which has been described for collecting the products
of the detonation of hydrogen and oxygen, it is necessary that they be
mixed very accurately, in the proportion of two of hydrogen to one of
oxygen. In these proportions they enter into combination, and in none
other ; and if either were in excess, the surplus would be left afler
detonation,”— Daniell's Introduction to Chemical Philosophy.
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OPINION.
¢‘Kina’s CoLLEGE, 8th August, 1840,

“There can be no doubt, that the affinity of hydrogen for
oxygen under most circumstances is stronger than that of
carbon. If a mixture of two parts of hydrogen and one of
carbonic acid be passed through a red-hot tube, water is
formed, a portion of charcoal is thrown down, and carbonic
ozide passes over with the excess of hydrogen.

“ With regard to the different forms of hydro-carbon, it
is well known, that the whole of the carbon is never com-
bined with oxygen in the processes of detonation or silent
combustion, unless a large excess of oxygen be present. )

“For the complete combustion of olefiant gas, it is necessary
to mix the gas with five times its volume of oxygen, though
three only are consumed. 1If less be used, part of the carbon
escapes combination, and is deposited as a black powder. -
Even subcarburetted hydrogen it is necessary to mix with
more than twice its bulk of oxygen, or the same precipi-
tation will occur.

“Tt is clear, therefore, that the whole of the hydrogen of
any of these compounds of carbon may be combined with
oxygen, while a part of their carbon may escape combus-
tion, and ¢kat even when enough of oxygen is present for its
saturation.

“That which takes place when the mixture is designedly
made in the most perfect manner must, undoubtedly, arise
in the common processes of combustion, where the mixture
is fortuitous and much less intimate. Any method of
ensuring the complete combustion of fuel, consisting partly
of the volatile hydro-carbons, must be founded upon the prin-
ciple of producing an intimate mixture with them of atmos-
pheric air, in excess, in that part of the furnace to which
they naturally rise. In the common construction of fur-

naces this is scarcely possible, as the ozygen of the air, which
]
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passes through the fire bars, is mostly expended upon the
solid part of the ignited fuel with which it first comes in
contact. :

«“J. F. DANIELL.

¢To C. W. Williams, Beq., &ec. &c.”

CHAPTER VII.

OF THE COONDITIONS ON WHICH THE INCORPORATION OF
THE GAS AND AIR ARE EFFECTED PREPARATORY TO
COMBUSTION. .

ProrEssor DANIELL, in the opinion just quoted, states
the true principle on which any improvement in our
furnaces for ensuring the complete combustion of bitu-
minous coal must be founded, namely, the producing an
intimate previous mixture between the gaseous portion and
atmospheric air.

On this head we find many convincing illustrations of
what nature requires, and what a judicious mode of bringing
air to the gas can effect, in the common candle, and in the
Argand lamp, that I propose examining these two exempli-
fications of gaseous combinations and combustion, in the
manner adopted by the best British and continental
chemists.

Mr. Brande observes, “ In a common candle, the tallow
is drawn into the wick by capillary attraction, and there
converted into vapour, which ascends in the form of a
conical column, and has its temperature sufficiently elevated
to cause it to combine with the oxygen of the surrounding
atmosphere, with a temperature equivalent to a white heat.
But this combustion is superficial only, the flame being a
thin film of white hot vapour, enclosing an interior portion,
which cannot burn for want of oxygen. It is in consequence
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of this structure of the flame that we so materially increase
ite heat, by propelling a current of air throughiit- by the
blow-pipe.” .

- Dr. Reid observes, « The flame of a candlé imspreduced
by the gas-formed around the wick acting upon: thé.oxygen
of the air: the flame is solely at the exterior portion of the
ascending' gas. All without is merely heated: air; or the
products of combustion ; all withern is-unconsumed gas, rising
n its turn to affect (mingle with) the oxygen: of tlieair.

“If a glass’ tube be introduced within Fig. 11.
the flame of a lamp or'candle (as represented
in Fig. 11), part of the unconsumed gam
passes through it, and may be kindled as it
escapes.”

Berthier, vol. i., p. 177, observes, “The
flame presents four distinct parts: namely,
first, the &ase, of a sombre blue: this is:
the gas which burns with difficulty, because-
it has not yet acquired a sufficiently high |
temperature ; secondly, an interior dark |
cone : this is combustible gas kighly heated,
but which does mot burn, because it is not. mexed with air;
thirdly, the brilliant conical envelope: i this spankt, com-
bustion takes place with a deposit of carbony- fourthly,
a conical emvelope, which gives but little light (‘trés peu
lumineuse’), surrounding the whole flame, extremily thin
or attenuated (¢ extrémement minve’). Combustion: is: com-
plete in this part, and it is at its contact witdh the luminous
envelope that the temperature is the highest.”

Berzelius, vol. viii, p. 151, observes of thé flame of a
candle :—At its base we perceive a small parts of'a' deep blue
colour. In the middle is a dark part which contsims the
gas evolved from the wick, but which, not being yet-in: contact
with the air, cannot burn : outside of this is- the bwilliant
part of the flame. 'We also perceive on the confines of this
latter a thin faintly. luminous envelope, which becomes

02
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larger towards the summit of the flame. It is there that
the flame is hottest. Dr. Thomson, in his work on * Heat
and Electricity,” and Dumas, in his  Traité de Chimie ap-
pliquée aux Arts,” give similar illustrations of the combus-
tion of the gas in the flame of a candle. Dr. Ure observes,
¢ Nothing places in a clearer light the heedlessness of man-
kind to the most instructive lessons than their neglecting
to perceive the difficulty of duly intermingling air with
inflammable vapours, for the purpose of their combustion,
as exhibited in the everyday occurrence of the flame of a
tallow candle, or common oil lamp; for, though this flame
be in contact, externally, with a current of air created by
itself, yet a large portion of the tallow and oil passes off
unconsumed, with a great loss of the light and heat which
they are capable of producing.” .

It is here to be remarked, that notwithstanding the
attention given to the subject by these chemical authorities,
they have, nevertheless, omitted noticing the presence of
the water produced by the combustion of the gas, and which
will, hereafter, be shown to be one of the most important
products escaping from the furnace. This will be treated
in a separate chapter. -

- All these authorities agree in the main facts : first, tha.t
the dark part in the centre of the flame is a body of uncon-
sumed gas.ready for combustion, and only waiting the
preparatory step—the mizing—the getting into contact with
the oxygen of the air: secondly, that that portion of the gas
in which the due mixing has been effected, forms but a thin
film on the outside of such unconsumed gas: thirdly, that the
products of combustion form the transparent envelope,
which may be perceived on close inspection : fourthly, that
the collection of gas in the interior of the flame cannot burn
there for want of oxygen.

Now these points involve the. whole of the case of the
fumace :—they reveal the difference between perfect and
imperfect combustion. The bodies of gas and air have, it is
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true, free access to each other: yet, time is wanting for their
due mixture. Thus, diffusion and combustion only pro-
ceed, pari passu, as the constituent atoms of the gas, “ faking
their turn,” are enabled to get into contact with their
respective equivalent atoms of atmospheric oxygen.

I have not hitherto quoted Sir Humphry Davy on this
head, for his whole ‘Researches on Flame” go in corro-
boration of the facts here stated, and the inferences drawn
by so many competent authorities.*

If, then, the unrestricted access of air to tlus ‘small flame
is not able, by the laws of diffusion, to form a due mixture
in time for ignition, & fortiori, it cannot do so when the
supply of air is restricted and that of the gas increased.

Dr. BReid, speaking of the Argand lamp, Fig. 12, observes,
that the intensity of the heat is augmented by causing the
. air to enter in the middle of a circular wick, or series of

.

Fig. 14.

Fig. 12.

® <¢Inlooking steadfastly at flame,” he observes, ‘‘the part where the

combustible is volatilised is seen, and it appears darker, contrasted with

_ the part in which it degins to burn, that is, where it is so mized with air
a8 to become explogive,”
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gasgete, .80 that more gas is consumed within a given space
than in she ordinary manner.

But: why is more gas consumed within this given spaoe ?
Solely because more capability for mixture is afforded, and
a greater.aumber of accessible points of confact obtained,
arising outof this series of jets. This may be seen in Fig.
18, whare the ‘inner surfaces, ¢ a, are shown in addition to
the outer-omes b 8.

“If the aperture,” he observes, “ by which air is admitted
into the inkemer.of the flame be closed, the flame immediately
assumes the form shown in Fig. 14; part of the supply of
air being thus cut off, it extends farther into the air before
it meoks with the oxygen necessary for its combustion.”

Here ave traseithe length of the flame to the diminished
rate of mizing. and combustion, occasioned by the want of
adequate aceass, within any given time, between the gas and
the air, until too late—until the ascending current has
carried them beyond the temperature required for chemical
action ; the carbonaceous constituent then losing its gaseous
character, assuming its former colour and state of a black
pulverulent body, and becoming true smoke.

In looking for a remedy for the evils arising out of the
hurried state of things which the interior of a furnace
naturally presents, and observing the means by which the
gas is effectually consumed in the Argand lamp, it seemed
manifest, that, if the gas in the furnace could be presented,
by means of jets, to an adequate quantity of air, as it is in
the lamp, the result would be the same. The difficulty of
effecting a similar distribution of the gas in the furnace, by
means of jets, however, seemed insurmountable: one alter-
native alone remained, namely, that, since the gas could not
be introduced by jets into the body of air, the air might be
introduced by Jetq into the body of gas.

Thm, then, is the means which I adopt, and by which I
effect a complete combustion of the gases in the furnace, as
we do in the lamp. Professor Brande has so clearly de-




AND THE PREVENTION OF SMOKE. 31

scribed the operation of the jet that I avail myself of his
remarks in elucidation of the result produced by a jet of air
into a body of gas, and the analogy it bears to that of a jet
of gas into a body of air.*

This process meets the entire difficulties of the case as to
time, current, temperature, and quantity. By this means
the process of diffusion is hastened without the injurious
effect of cooling : and which always takes place when the air
is introduced by large orifices.

The difference, then, between the application of air by
means of the jet, and that of the ordinary action of the
atmosphere, .consists in the increased surface it pregents for
mutual contact in any given unit of time. Let Fig. 15
represent the section of a candle and Fig. 16 that of a
diffusion jet. In the former, the gas in the centre meets
the air on the exterior. In the latter, the air in the centre,

* ¢ Each jet of air which you admit becomes, as it were, the source or
centre of a separate flame, and the effect is exactly that of s0 many jets of
inflammable or coal-gas ignited in the air ; only, in your furnace, you
invert shis ordinary state of things, and use a jet of air thrown into an
atmosphere of inflammable gas, thus making an experiment upon & large
and practical, which I have often made on a small and theoretical scale, in
illustration of the inaccuracy of the common terms of ‘combustible’ and
¢ supporter of combustion,’ as ordinarily applied.

¢¢1 fill & bladder with coal-gas, and attach to it a jet, by which I burn
s flsme of that gas in an atmosphere of, or a bell-glass filled with, oxygen ;
of course the gas burns brilliantly, and we call the gas the combustible, and
the oxygen the supporter of combustion. If I now invert this common
order of things, and fill the bladder with oxygen and the bell-glass’
with coal-gas, I find, that the jet of oxygen may be inflamed in the
atmosphere of coal-gas with exactly the same general phenomena as when
the jet of coal-gas is inflamed in the atmosphere of oxygen. This is pre-
cisely your prooess. You admit a number of jets of air into a heated,
inflammable atmosphers, and so attain its combustion in such a way as to
produce a great increase of heat, and, as a necessary consequence, destroy
the smoke. You, in fact, convert what is commonly called smoke into
fuel, at the time when and place where this combustion can be most
effectively brought about.”— Professor Brande's Letter to the Author.
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issuing into the atmosphere of gas, enlarges its own area
for contact mechanically, and consequently, its increased
measure of combustion.

Fig. 16.

Thus we see, that the value of the jet arises from the
circumstance of its creating, for ifself, a larger surface for
contact, by which a greater number of elementary atoms of
the combustible and the supporter gain access to each other
in any given time.

Turn the matter, then, as we may, the question of perfect
or imperfect combustion, as far as human means are to be
applied, is one regarding the air, rather than the combustible
—the mode in which it may be introduced, rather than the
quantities supplied—the contact of afoms rather than of
masses. .
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Before concluding this notice on the mode of effecting the
combustion of the inflammable gases, it will be right to say
a few words on some of those recommended by others;
namely, such as are founded on the erroneous idea, which
appears to have laid hold of the minds of so many inventors
of late years, that the gases are consumabls by being brought
into contact with a body of “glowing incandescént fuel.”’
This will be inquired into more in detail when we come to
examine the various plans of “smoke-burning® furnaces
and boilers.

“This erroneous notion of the supposed combustion of the
gases (or smoke), by bringing them into contact with a
mass of “glowing coals,” appears to have originated with
‘Watt; and, having been adopted by Tredgold and others,
has since passed into a recognised principle. It appears
strange, that, while so many have taken this as their text,
or adopted it as their starting-point, none of these inventors
have examined, or even doubted, its correctness. Yet any
chemical work of authority would have informed them of
the well-established fact, that decomposition, not combustion,
is the result of a high temperature applied to the hydro-
carbon gases—that no possible degree of heat can consume
carbon—and that its combustion is merely produced by, and
is, in fact, its wnion with, oxygen, which latter, however,
they take little care to provide.

It is the palpable oversight of this distinetion that has led
to that manifest chemical blunder—the supposing that the
coal-gas in a furnace is to be burned by the act of bringing
it into contact with bodies at a high temperature; or, in the
words of the patentees, by “ causing it to pass through, over,
or among a body of hot, glowing coals.” Indeed, these
words of Watt, “ through, over, or among,” have led more
men astray, and have occasioned more waste of money, loss
of time, and misapplication of talent than almost any other
false light of the day.

But, I have said, this erroneous view of the combustion
03
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of the gases began with Watt. His patent of 1785 fully
justifies this assertion.* In his specification, after reiterating:
the injunction, -thab “the smoke or flame is to pass over or
through the edked or charred part of the fuel,”” he sums wup
in these words: “Lastly, my invention consists in the
method of semsuming the smoke and inoneasing the heat by
causing ke -smoke and flame of fresh fuel to pass through
vory hot fumnels or pipes, or among, through, or near fuel
swhich is intemsely hot, and whick has ceased to smoke : *° and
then follows that part of his instructions which his successors
have so stwangely neglected, “and by mizimg it with fresh
air, when in these circumstances.”

Tt is cleax, Watt had a right conception of the necessity
for mixing air with the gas. His.error lay in the extent to
which he considered the application of heat essential to its
combustion. r His followers and commentators have neglected
that part of his instructions in which he was right—the
“mixing with-fresh air;"’ and have fixed their minds on that
in which “he was wrong—the bringing the gas or smoke

* Watt’s patent, of 1785 (see Repertory of Arts, vol. iv., p. 226), con-
sists ““in causing the smoke or flame of the fresh fuel to pass, together with
a current of fresh air, through, over, or among fuel which has ceased to
smoke, or which is converted into coke, charcoal, or cinders, and which is
intensely hot, by which the smoke or groeser parts of the fiame, by coming
close into contact with, or by being.brought near unto, the said intensely
hot fuel, and:by being mixed .with the current of fregh or unburnt air, are
consumed or converted into heat, or into pure flame, free from smoke. I
put this in practice by constructing the fire-place in such a manner that the
flame and the air which animates the fire must pass downwards, or
laterally, or horizontally through the burning fuel. In some cases, after
the flame has passed through the burning fuel, I cause it to pass through
a very hat famnel, flue, or oven, hefore it comes to the bottom of the boiler,
by whidh.means the smoke is still more effectually consumed.” Neglecting
the sound,.and adopting the unsound part of Watt’s specification, several
patents have, of late years, been taken out in the very words of the above.
In one of these, by means of double furnaces, one above the other, the gas
generated in the upper one is actually forced or drawn down by artificial
currents through the ignited fuel in:the lower one.




AND THE PREVENTION OF SMOKE. 86

“through, over, or among intensely hot fuel.” So much,
indeed, was Watt impressed with the importance of intense
heat, that he actually provides both for the *fresk air” and
the gas passing through the hot fuel on the bars; overlooking
the facts, that, in that event, the air would no longer remain
pure; and that no heat to which he could introduce the air
or smoke could equal that created in the furnace by the
very act of union between the air and the gas; but which
he erroneously imagines can be aided by the heat of the
¢ charred part of the fuel.”

Thus, we see the very words of Wa.tt where he was in
error, have been adopted to express the main, and, in many
instances, the only feature of these smoke-burning patents;
while the judicious part of his instructions has been unac-
countably emitted. :

I need only say, chemistry has since taught that the

whole process is injurious; and that, if the introduction of
the air be properly managed, the necessary keat for effecting
combustion will never be wanting in the furnace.
- The mere.enunciation, then, of a plan for *consuming
smoke” is primé facie evidence that the inventor has not
sufficiently considered the subject .in its chemical relations.
Chemists can understand a. plan far the prevention of smoke,
but as 40 its combustion, it is so unscientific, not to say
impossible, that such phraseology should be avoided. The
popular and conventional phrase, “a furnace burning its
own smoke,” may be allowed as conveying an infelligible .
meaning ; but, in a scientific work, or from one professing
to teach those who cannot distinguish for themselves, and
who may thus be led into error, it is wholly objectionable.
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SECOND PART.

—_——

CHAPTER 1.

OF THE PRINCIPLES ON WHICH BOILERS AND THEIR
FURNACES HAVE HITHERTO BEEN CONSTRUOCTED.

Havixe, in the preceding part of this Treatise, examined
the subject in reference to its ckemical relations, we have
now, in this second part, to consider its application prac-
tically, in the construction of steam-boilers and their

It will not be disputed, that before we are in a position
to decide on the necessary proportions of any vessel, we
should first understand the purposes to which it is destined.
Hitherto, although the combustion of bituminous coal is
admitted to be of the most complex character, nevertheless,
in apportioning the several parts of furnaces in which those
operations are to be conducted, the slide-rule has too often
been allowed to supersede the ruls of chemical equivalents.

Until 1841, there was no published work in which the
combustion of coal, on the scale of the furnace, was treated
with reference to its division into the gaseous and solid
states, and the requirements peculiar to each. The only
consideration appeared to be, the giving the coal “a free
supply of atmospheric air.” Watt, and others since his
time, have acknowledged the practical difficulty of so intro-
ducing the air as to effect perfect combustion; still, no
consideration has been given to the necessity of providing
separate supplies to the constituents of the coal, in their
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separate states. In laboratory practice (by which we must
submit to'be instructed) nothing would be considered more
anomalous, or even absurd, than dealing with any bodies in
nature without giving attention to the nature of their
constituent parts respectively; nevertheless, we affect to
economise fuel, and produce its perfect combustion, yet give
attention, exclusively, to the several parts of the boiler in
their mere mechanical proportions. Mechanical details, how-
ever, must yield to those of chemistry.

‘While the enlightened mind of Watt was directed to the
employment of Steam as a mechauical agent, in the develop-
ment of power, we see him also studying the phenomena of
nature in the generation and application of heat, concur-
rently with those mechanical arrangements, by which it was
to be made practically available. Instead of limiting his
views to mere proportions, he regarded them only as they
were—subservient to scientific considerations. He went
elaborately into all that belonged to the character and
constituents of solid, fluid, and gaseous matter, as far as the
very limited chemical knowledge of the time admitted ; and
it was in the course of these scientific researches that he
became the true discoverer of the constituents of water.
He examined the laws which governed its temperature and
volume; its expansive force as steam; and the measure of
that heat which was again to be surrendered under the
process of condensation. In everything we find his compre-
hensive mind keeping scientific inquiries, and mechanical
appliances in view. Here, then, we have a sound and
practical course suggested, and under which alone we may
hope to bring our-labours to a successful issue.

The inquiry before us cannot be confined to a mere com-
parison of the several descriptions of boilers, mechanically
considered. The merits on which, respectively, they rest
their. claims, must be examined with reference to other
data, viz., their relation to the perfect combustion of the
fuel employed—the generating the largest measure of heat
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—and so applying it as to produce the largest volume of
steam. Apart from these considerations, indeed, there.is
little scope for inquiry. Al beilers have their furnaces
and grate-bars, on which the fuel is placed; their flues, or
tubes through which the flame or gaseous produdts have to
pass; and the chimney by which those produects are to be
cartied away, and the necessary draught obtained.

Hitherto, those who have made boiler-making a separate
branch of manufacture, have given too much attention to
mere relative proportions. One class place reliance on
enlarged grate surface; another, on large absorbing sar-
faces; while a third demand, as the grand panacea, * boiler
room enough,” without, however, explaining what that
means. Among modern treatises on Boilers, this principle
of room enough seems to have absorbed all other eon-
siderations, and the requisites, in general terms, are thus
summed up :

1st. Sufficient amount of internal heating surface ; :

2nd. - &Lﬁmently roomy furnace ; :

-8rd. Sufficient ur-spaoe between the bars;

4th. Sufficient area in the tubes or fiues ; and

8th. Sufficiently large fire-bar surface.

In simpler terms, these amount to the truism—give
suffieient size to all the parts, and thus aveid being deficient
in any.

So gravely is this question of relative proportiens insisted
on, that we find many treatises on the -use of Coal, and the
construction of Boilers, laying down -rules with mathe-
matical precision, giving precise formule for their caleu-
lations ; and even affecting to-determine the working power
of a steam-engine, by a mere reference to the size of the
fire-grate, and the internal areas and surfaces of the boiler.
Yet, during this apparent search after certainty, omitting
all inquiry respeeting the pmeesses or operations to be
carried on within them.

Among those in which the mbpct has been treated in
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the most detailed manner, it will be sufficient to refer to
the work of Dr. Lardner, whose illustrations as a popular
writer have peculiar merit, and whose statements may be
considered as a summary of the practice which generally
prevails. In his work on “The Steam-Engine,” while
commenting on “tke want of gemeral principles,” he falls,
unconsciously, into neglect of the very principles on which
alone the inquiry should be based. Calling theny principles,
ke lays down a series of rules, or data, which. refer, exclu~
sively, to mechanical proportions; but which furnish no
guide to.the involved operations to be effected by their
means. His rules for the construction of Boilers are thus
dogmatically laid down.

For every cubic foot of water to be-evaporated per ‘hour;
allow—one square-foot of grate-bar; onme square-yard of
heating surface; ten cubic feet of water-space ; five square-
feet: of water-surface ; ten cubic feet of steam-space.

Here we have all the proportions laid down and squared,
aecording to rule, as if it were the proportions of a building
that were under consideration, rather than of vessels, in
which complicated chemical processes were to be eonducted.
These rules, however, will not teach us how best to effect
the combustion of any given weight of fuel, or imcrease
the generation, transmission, or absorption, of any given
quantity of heat. We have here laid down a scale of
internal proportions, but no clue to that of the heat
generative effect of a square-foot of grate-bar, or the heat
tranemitting power of a square-yard.on internal surface.

It may, indeed, be asked, what relation a square-foot of
grate-bar can have to a cubic-foot of water; or to any given
weight of fuel? We know that under different circum-
stances, treble, or quadruple the amount of these propor-
tions may be bensflcially, or injuriously, found in practice ;
and that.even double:the weight of fuel may be more
advantageously cgnsumed, on a given area of grate-bars, in
one class of boilers than could be effected in another.



40 THE COMBUSTION OF COAL

In truth, the weight of fuel to be comsumed has mo
legitimate relation to the space on which it may be laid, and
depends on other considerations, viz., on the quantity of air
passing through it, the time employed, and the weight of
oxygen taken up by the several constituents of the fuel
respectively.

Again, it may be asked, what relation a square-yard of
heating- surface has to the transmission of any given
quantity of heat, or the generation of any given quantity of
steam ?

It is strange that so astute an observer (for Dr. Lardner
does not affect to be an authority), should have omitted all
reference to those processes and tests, by which alone a
correct estimate could be made of the effective value,
chemically or ecommercially, of any one of the proportions
he has given; or the relation they bear to the functions of
the furnaces or flues of a boiler. He has given no clue to
the femperature produced in any part; yet temperature is
the very element and measure of efficiency. His calcula-
tions, in fact, have no value except on the assumed, but
ntterly erroneous data, that each square-foot of bar-surface
was equivalent to the perfect combustion of a given weight
of fuel, and the generation of a given quantity of heat in a
given time; and that every square-yard of internal surface
must, necessarily, be brought into action, and received as
equivalent to the transmission of a given quantity of heat.
He has also omitted reference to the influence which internal
areas have on the circulation of the water, and the relative
volumes of air to be supplied, or of gas generated, con-
sumed, or wasted. Now, the magnitudes and quantities
which here really require to be calculated are ckemical, not
mathematical. They are not those of flue-surfaces, or grate-
bars, but of the bodies to be introduced to them, the
quantities in which they respectively combine, and the
heat evolved, applied, or lost. If these quantities can be
expressed in the terms of an equation, let it be given. It
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cannot fail of being useful, at least in one respect. It will
enable the boiler-maker to appreciate the small degree of
confidence to which these theories are entitled.

In a modern treatise on the construction and proportions
of steam-boilers, we find the slide-rule endowed with extra-
ordinary properties. In illustration of the utter inapplica-
bility of such a mode of proceeding, let us but imiagine
Professors Brande or Faraday desirous of producing, on a
large scale, carbonic acid and water. 'What would be their
reply, if advised that a practical boiler-maker was the
person best qualified to instruct them as to the relative
areas and proportions of the vessels to be employed, and
that the slide-rule would save them much trouble, inasmuch
as it would supply the true principle which should govern
those proportions? Yet these processes are identically
those which are carried on by the combustion of coal in our
furnaces. 'When, therefore, we see the attention of the
practical boiler-maker thus directed to mere mechanical
data, can we be surprised that the chemistry of combustion
has been virtually ignored, and made to give way to calcu-
lations drawn from the slide-rule?

Setting aside these puerilities, the inquiry must be
directed not to the several parts of a Boiler, but to zhe
purposes and functions for which each part is to be con-
structed. Investigations conducted in this spirit, and with
the aid which the eye, the pyrometer, and the thermometer
supply, would soon indicate, not only what should be done,
but what should be avoided ; and show that what was well
adapted to one class of boilers or furnaces, or one descrip-
tion of fuel, might chemically, practically, and economically,
be the reverse as regarded other classes.
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CHAPTER II.

OF THE FURNACE, AND THE RELATION WHICH ITS SEVERAL
PARTS BEAR TO THE OPERATIONS CARRIED ON WITHIN IT.

Ix considering the furnace and its appendages, it will be
necessary to distinguish the functions of each part separately,
to avoid attaching duties, or attributing failure, to any ane
of them, for which another should be accountahle.

In the combustion of bituminous coal we have seen there
are two distinet bodies to be dealt with, the one a solid, the
other -a gaseous body, these necessarily requiring distinct
Pproceases.

On & charge of coal being thrown info a furnace, the heat
by which the distillatory, or gas-generating’ process is
effected, is derived from the remaining portion of the previous
ehargs, then in an ineandescent state on the bars. This
process corresponds with what takes place in the-gss works,
where the coal inside the retorts is.acted on by the incan-
descent fuel eutaide of them. This demand for heat in the
furnace is, however, -confined to the commencement .of .the
operation with each charge. The heat required for cantinwed
gasifactian is, or aught to be, obtained chiefly from the fame
itself; a8 in the case: of a candle, where the gasifaction of
the tallow in the wick is derived fram zhe heat of iis own

Jlame. This operation shows the impertance of sustaining
a sufficient body of incandescent fuel on the bars; and in
particular, when a fresh charge is about to be thrown in.
Allowing the fire to run too low, before a fresh charge, must
be attended with the same injurious effects as allowing the
heat which surrounds the retorts to fall below what would

be required for the continuous and uninterrupted generation
of gas after they are recharged ;—namely, loss of time and
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duty ; the object being, in both cases, to obtain the greatest
quantity of gas from a given weight of coal, in & given time. .

‘With reference to the proportions of the several parts of
a furnace, we have two points requiring attention ; first, the
superficial area of the grate, for the retaining the solid fuel or
coke; and, second, the sectional ares of the chamber above
the fuel, for receiving the gaseous portion of the coal.

As to the area of the grate-bars, seeing that it is a solid
body that is to be laid on them, requiring no more space
than it actually covers at a given depth, it is alone important
that it be not 200 large. On the other hand, as to the area
of the chamber above the coal, seeing that it is to be occu-
pied by a gaseous body, requiring room for its rapidly
enlarging volume, it is important that it be not too emall.
‘With reference to the areas of the.other parts of the boiler,
it is manifestly impossible, & priors, or with any pretensions
to correctness, to lay down specific rules, since the weight of
fuel:that may be placed, or consumed, on any square foot of
such surface, must depend on numerous other contingencies.
Indeed, to lay down any inflexible rule of proportions would
be as inappropriate as to impose -on the chemist certain
mathematical formule for the shapes or capacities of the
vessels employed in the laboratory. So soon as all that
belongs to the introduction of air to the two distinet bodics to
be consumed (the gas and the coke,) shall have become
systematised in practice, the supposed difficulties in the
apportioning of sizes-and areas will vanish, and the effecting
perfect combustion in the jfurnace will become as much a
matter of course as it now is in our gas bwmers. So long,
however, as beginning at the wrong end of the question, we
attempt determining the proportions of the several parts of
the vessels to be employed, before we kave considered what
is to be done within them, we must continue in our present
state of uncertainty. _

As to the best proportion for the grate, this will be the
easiest of adjustment, as a little observation will soon enable
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the engineer to determine the extent to which he may
increase, or diminish, the length of the furnace. In this
respect, the great desideratum consists in confining that
length within such limits that it shall, at all times, be well
and uniformly covered. This is the absolute condition, and
sine qua non of economy and efficiency ; yet it is the very
condition which, in practice, is the most neglected. Indeed,
the failure and uncertainty which has attended many
anxiously conducted experiments has most frequently arisen
from the neglect of this one condition.

If the grate-bars be not equally and well covered, the air
will enter in irregular and rapid streams or masses, through
the uncovered parts, and at the very time when it should be
there most restricted. Such a state of things at once bids
defiance to all regulation or control. Now, on the conirol
of the supply of air depends all that human skill can do in
effecting perfect combustion and ecomomy ; and, until the
supply of fuel and the quantity on the bars be regulated, it
will be impossible to control the admission of the air.#

On this head, it is of every day occurrence that complaints
are made of the introduction of the air being attended with
decreased evaporation, or increased consumption of fuel.
The complainants, however, should understand that they are
themselves the direct cause of these effects, and by mere
inattention o the state of the furnaces. They overlook the
fact, that while they are complaining of the effects produced
by the introduction of certain limited quantities of air in the
right place, they allow their firemen to leave much of the
furnace-grate uncovered ; thus affording the shortest and
hottest possible route for the introduction, perhaps, of
double the volume that could possibly be required.

Of the great waste of heat and the consequent reduction

* This necessarily suggests the importance of feeding the furnace by
mechanical means, Here, then, is a legitimate direction for the ingenuity
of patentees. The principles on which a mechanical feeder should be
based will be hereafter considered,
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AND THE PREVENTION OF SMOKE. 45

of temperature in the flues, arising from the single circum-
stance of allowing the incandescent fuel, towards the end of
the charge, to run too low, or be irregularly distributed, the
experiment of Mr. Houldsworth, as shewn in the annexed
diagram, is highly instructive, and merits the most attentive
consideration. This experiment was made expressly for the
British Association assembled at Manchester, in 1842.
(See plate 1.)

By this diagram, it will be seen that on a charge of 3 cwt.
of coal being thrown on the furnace, the temperature in the
flue (as indicated by the pyrometer) rose, in 25 minutes,
from 750° to 1220°, when it began to fall, and descended to
1040°, the fuel not having been disturbed during 756 minutes.
At this stage, however, a remarkable change took place.
Perceiving the temperature in the flue to have become so
low, Mr. Houldsworth had “ ke fuel levelled,” that is, had
it more equally distributed, and the vacant spaces covered.
The effect was (as shewn in the diagram) the sudden rise in
the temperature from 1040° to 1150°, at which it continued
during ten minutes, when it gradually fell to 850°.

The upper line of the diagram represents range of tem-
perature, air being admitted.

The lower line of the same represents range of tempera-
ture, air being included, common plan.

Two important questions are here raised, viz., Why
did the temperature in the flue fall, after 25 minutes,
from 1220° to 1040°? and why did it suddenly rise to
1150° P—nothing whatever having been done, with the excep-
tion of this one movement, the having * the fuel levelled.”
This movement, however, is the key to the whole,—an
increase of temperature of no less than 110° being thus
obtained in the short space of 2} minutes, not by any addi-
tion of fuel, or mere rapid combustion, but merely as the
result of having “the fuel levelled” The causes of these
remarkable alterations of temperature then were, first, the
admission of an excess of air in trreqular and uncontrolled
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guantities through the uncovered portion of the bars ;—and,
second, the mere check put to that evil by their being more
equally covered with the fael.®

* As the use of the pyrometer is of the highest importance, not merely
or experimental purposes, but for all boilers, and for general use, when-

ever it can be introduced, the simple but valuable instrument which is
used by Mr. Houldsworth, and by which he obtained the above results, is
“here given from an interesting paper on ¢ The Consumption of Fuel and
the Prevention of Smoke,” read before the British Association by William
Fairburn, Bsq., C.E., F.R.8.

¢ Ror these experiments we are indebted to Mr. Henry Houldsworth, of
Manchester ; and, having been present at several of the experiments, I can
vouch for the accuracy with which they were conducted, and for the very
satisfactory and important results deduced therefrom.

¢In giving an account of Mr. Houldsworth’s experiments, it will be
necessary to describe the instrument by which they were made, and also
to show the methods adopted for indicating the temperature, and the
changes whioh take place in the surrounding flues.

PYROMETER.

Fig. 18.

, ‘m\;numnwummunv.\‘nnmu.nnuumm
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“The apparatus consists of a simple pyrometer, with a small bar of
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It is here to be observed that when a change is nearly
exhausted, or begins to bwrn in holes, the evil increases
iteelf by the accelerated rapidity with which the air enlarges

copper or iron (@ in the previous sketch) fixed at the extreme end of the
boiler, and projecting through the brick-work itt front, where it is jointed to
the arm of an index lever 3, to which it gives motion when it expands or
oontracts by the heat of the flue.

“The instrument being thus prepared, and the bar supported by iron
pegs driven into the side walls of the flue, the lever (which is kept tight
upon the bar at the point ¢ by means of a small weight over the pulley at
d) is attached, and motion ensues. The long arm of the lever at d gives
motion to the sliding rod and pencil £, and by thus pressing on the peri-
phery of a slowly revolving cylinder, a line is inscribed corresponding with
the measurements of the long arm of the lever, and indicating the variable
degrees of temperature by the expansion and contraction of the bar. Upon
the cylinder is fixed a sheet of paper, on which a daily record of the tem«
perature becomes inscribed and on which are exhibited the change as well
as the intensity of heat in the flues at every moment of time. In using this
instrament it has been usual to fix it at the medium temperature of 1000°,
which, it will be observed, is an assumed degree of the intensity of heat,
but a sufficiently near approximation to the actual temperature for the
purpose of ascertaining the variations which take place in all the different
stages of combustion consequent upon the acts of charging, stirring, and
raking the fires.” .

Mr, Fairburn then gives two interesting diagrams exemplifying the
result of experiments made by the aid of the .pyrometer, and con- .
tinnes : —

“On & careful examination of the diagrams, it will be found that the
first was traced without any admixture of air exoept that taken through the
grate-bars ; the other was inscribed with an opening for the admission of
air through a diffusing plate behind the bridge, as recommended by Mr. C.
W. Williams. The latter, No. IL, preeents very different figures: the
maximum and minimum points of temperature being much wider apart in
the ono than the other, as also the fluctuations which indicate a much
higher temperature, reaching as high as 1400°, and seldom descending
lower than 1000°, giving the mean of 1160°.

¢¢ Now, on comparing No. II, with No. I., where no air is admitted, it
will be found that the whole of the tracings exhibit a descending tempera-
ture, seldom rising above 1100°and often descending below 900°, the mean
of which is 975°, This depression indicates a defective state in the process,
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the orifices it has thus made for its own admission, causing
a still more rapid combustion of the fuel around the unco-
vered parts, and at the very time when these orifices should
have been closed.

Had it been possible, in Mr. Houldsworth’s experiment,
to have preserved the fuel continuously, and uniformly
spread, throughout the charge of 100 minutes, the diagram
would bave indicated a more uniform line of temperature,
as marked by the dotted line, and, consequently, have pro-
duced a higher average range of heat in the flue.

M. Peclet,® in his elaborate work, appears to have given

‘

and although a greater quantity of coal was consumed (20001bs. in 396
minutes in the No. II. experiment, and 18401bs, in 406 minutes in
No. I,) yet the disparity is too great when the difference of tempera-
ture and loss of heat are taken into consideration. As a further proof
of the imperfections of No. I. diagram, it is only necessary to com-
pare the quantities of water evaporated in each, in order to ascertain
the 'difference, where in No. I. experiment 5-05 1bs. of water are evapo-
rated to the pound of coal, and in No. II. one-half more, or 7°71bs. is
the result.

¢ Mr. Houldsworth estimates the advantages gained by the admission of
air (when properly regulated) at 85 per cent., and when passed through a
fixed aperture of 43 square inches, at 84 per cent. This is a near approxi-
mation to the mean of five experiments, which, according to the preceding
table, gives 33} per cent., which probably approaches as near the maximum
as can be expected under all the changes and vicissitudes which take place
in general practice.”

Here are practical results from unexceptionable quarters, and although
they have been 8o many years before the public, nevertheless, smoke burn-
ing observations and hot air fallacies continue to be listened to, and dearly
paid for.

* ¢ To produce a good and useful effect, furnaces should, at all times,
burn the same quantity of fuel, since the variations in the consumption, caused
by the use of dampers, which cannot be made to. follow the variations in the
thickness of the bed of fuel, always cause the passage of a large volume
of air that would be unnecessary for combustion.”

Again he observes,—‘‘I am convinced, that in a great number of steam-
boilers, more than & third of the heat is lost, principally by the introdue-
tion of too great an excess of air, It is evident, that to this circumstance
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much attention to the necessity of having the fuel on the
bars at all times, in the most uniform state; and thus
avoiding any irregular or exeessive local admission of air.

‘With reference to the rate of combustion, and-the weight
of fuel to be laid on each square foot of bar-surface, this
continues-to be a debated point. Mr. Craddock, in a late
publication (On the Ohemistry of the Steam Engine, Practi-
cally Oonsidered), observes:—* There would be no great
difference in- the steam-gemerating efficiency of a ‘large
grate-surface and a slow draught, or a small grate-surface
and a very quick draught, as in our present locomotives.”

No correct inference, however, can be drawn from this
statement, as he -has omitted to explain what is meant by
the term “gfficiency.” "Whether it has reference to the fuel
employed, or the time employed :—to the weight of water
evaporated by a given weight of fuel, or the time occupied in
producing that effect. Slow combustion will' be most
economical as regards the jfuel employed, as in the Cornish
boilers; while guick combustion will be most so as regards
the' #ime employed,.as in the locomotive and marine boiler.
As the weight of the water evaporated is in the ome case
over-rated, so the time employed is under-rated in the other.
The mean between the two false estimates will-then be the
true' exponent of the relative commercial value of the two
operations.

The view of the subject, as stated by Mr. Craddock, is
certainly not supported in praetice. By spreading fuel over
‘g very large surface,” the facilities are increased for the
admission of a local and wasteful excess of air in numerous

may be attributed the singular fact observed by many Engineers, —that in

 certain descriptions of boilers, the effect produced by the surfaces which are

heated by contact with the burnt air, (as in the tubes)is but one-third part
of that produced by those surfaces which are heated by radiation, as in the
fire-box or furnace.”—Traité de la Chaleur, considerée dans ses Applica-
tions, par E. Péclet, Inspecteur General de UUniversité, appltquée aux
Arts & D Ecole Centrale, &e., Paris.

b
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small, but aggregately large, quantities, the injurious effect
of which in the flues cannot be too strongly enforced, as was
go clearly demonstrated in the pyrometer experiment of
Mr. Houldsworth.

It is true, by these mechanical contrivances, by which the
fuel is thinly and continuously spread over a large surface,
there would be less tendency to the formation of dense
smoke, because the quantity of air introduced over that
extended surface, being 8o much greater than is chemically
required, the volume of flame is considerably reduced, and,
consequently, the volume of smoke.* We must not, how-
ever, deceive ourselves in this matter. The avoidance of
dense smoke by these means must be attended with the
* production of less available flame and heat, relatively with
the area on which the fuel is spread, from the extended and
attenuated temperature in the furnace chamber.

Many trustworthy manufacturers, having tried the system
of revolving grates, moving bars, and self-acting feeders, and
having found them unaccompanied with the nuisance of
smoke, are hence led to infer that they have produced perfect
combustion of the fuel, and economy in its application. This
error will be commented on in the succeeding chapters.
‘Without derogating from the merit due to such inventions,
mechanically and practically considered, it will, however, be
found that these, and such appliances, are but expedients
for avoiding the consequences of the first error, namely, the
neglect of supplying the gaseous products of the coal with its

# A familiar illustration of this may be seen in the flame of a candle, If
we walk gently, carrying a candle, the current of air induced by our
motion cools the flame. The upper part then becomes red, and is con-
verted' into a stream of smoke. If, however, we walk briskly along,
that elongated lurid flame becomes suddenly short, clear, and withoat
smoke, This change arises from the great access of air to which the
flame was then exposed. This is precisely the effect produced by in-
troducing an excess of air through an extended, but thin, body of fuel
cn the_bars,
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proper quantity of air in the right way. In a word, having
first made a serious blunder, we endeavour to escape its
consequences by ingenious and even costly contrivances,
and actually bestow on them the merit of having rightly
worked out the ends and processes of nature. Yet, with
equal truth might we designate the nostrums of quacks as
the true means of securing a healthy state of hody, while
they were but so many palliatives of the effect of previous or
habitual errors.

Having spoken of the grate-bar surface, and what is
placed on it, we have next to consider the chamber part of
the furnace, and what is formed therein. In marine and
cylindrical land boilers, this chamber is invariably made o0
shallow and too restricted.

The proportions allowed are indeed so limited as to give
it rather the character of @ large fube, whose only function
should be, the allowing the combustible gases to pase
through it, rather than that of a ckahber, in which a series
of consecutive chemical processes were to be conducted.
Such' furnaces, by their diminished areas, have also this
injurious tendency,—that they increase the already too
great rapidity of the current through them. The defect of
insufficient capacity in the chamber of the furnace, above
the fuel, will be best appreciated when we consider that in
it the gases are generated,—their constituents separated,—
each brought into contact with the oxygen of the air,—and,
finally, their combustion effected. -

The constructing the furnace chamber so shallow, and
with such inadequate capacity, appears to have arisen from
the idea, that the nearer the body to be heated was brought
to the source of heat, the greater would be the quantity
received. This is no doubt true when we present a body to
be heated in front of a fire,. 'When, however, the approach
of the colder body will have the direct effect of interfering
with the processes of nature (as in gaseous combustion), it
must manifestly be injurious. Absolute contact with flame

»2
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should be avoided where the object is fo ' obtain all the heat
which could be produced by the combustion of the entire of
the constituents of the fuel.*

Fig. 19,

* On this point Dr. Ure observes, ¢ When a boiler is set over a fire, its
bottom should not be set too mear the grate, lest it refrigerate the flame,
and prevent that vivid combustion of the fuel so essential to'the maximum
production of heat by its means. The evil influence of leaving too little
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‘When, however, the object is merely to raise a body to a
high temperature by local application, as when we heat a
bar of iron in a forge, or a flame, and without reference to
the quantity of heat produced and wasted; in such eases,
direct contact becomes necessary. So much, however, has
the supposed value of near approach, and even impact, pre-
vailed, that we find the space behind the bridge, frequently
made but a few inches deep, and bearing the orthodox title
of the flame bed, as in Fig. 19. Sounder views, however,
have shown. that it should have been made capacious, and
the impact of the flame avoided. This will be enlarged on
hereafter.

So little attention has been given to this part of the
subject, that we find the practice adopted in locomotive
Jurnaces is directly at variance with that in marine and land
boilers. In marine furnaces, using bituminous coal, and
where, for chemical reasons, large capacity in the chamber is
an absolute essential, it is, nevertheless, made skallow,
narrow, and long. In locomotives, on the contrary, where no
similar gaseous operations are carried on, the chamber
(called the fire box) is desp, wide, and ehors. Thus the
former is deficient in the capacity which is there an
essential ; while the latter has it in abundance, though not
absolutely necessary.

This'anomaly-is illustrative of the absence of due inquiry
when the Jocomotive tubnlar system was inadvertently intro-
duced into marine boilers, as will be shown hereafter.- Itis

room between the grate-and the cogper may be illustrated by e very simple
experiment. If a small copper or porcelain capsule, containing water, be
held over the flame-of & candle a little above ita apex,;the flame will suffer
no abatement of brightness or size, but will continue to keep.the water
briskly boiling. If the capsule be mow lowered info the middle of the
Jlame, this will immediately lose its brightness, becoming dull and smoky,
covering the bottom of the capsule with soot ;; and owing to'the imperfect
.combustion, though the water is.now surrounded. by the flame, its ebul-
Lition will cease,”
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here only necessary to add, that as bituminous coal cannot
efficiently, or economically, be employed, except on the con-
dition that the gasecous as well as the fized portion be
supplied with the air necessary for combustion; so it is
essential that adequate space, or area, be provided in the
furnace for the due performance of such duties.

As a general rule, deduced from practice, it may be
stated, that the depth between the bars and the crown
of the furnace should not be less than #wo feet six
inches where the grate is but four feet long; increasing
in the same ratio where the length is greater: and,
secondly, that the depth below the bars should not be less,
although depth is not there so essential either practically or
chemically. :

CHAPTER IIL

OF THE INTRODUOTION OF THE AIR TO THE COKE, OR
FIXED PORTION OF THE COAL IN A FURNACE, PRAC-
TICALLY CONSIDERED.

‘Wire reference to the volume of air required for the
combustion of the coke of a ton weight of coal, independently
of the gas, there can be neither doubt nor difficulty. There
is but one body, or combustible to be dealt with, viz., the
carbon : 8o there is but one supporter of combustion required
—the oxygen of the air. Any difficulty that may arise, there-
fore, in practice, cannot be a chemical one, and must be the
result of some impediment mechanically introduced.

‘We have seen that in combustion, atmospheric air is the
largest ingredient; yet, it is just the one to which, practi-
cally, the least attention is given, either as to quantity or
control. This surely is not in accordance with the scientific
status of the age. Indeed, the practice of the present day
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is in direct opposition to what science dictates; and may be
compared to that of a chemist, who, though requiring precise
proportions and equivalents, both in weight and volume, of
two ingredients, for producing a given result, should never-
theless be particular as to providing the one, but regardless
as to the otker.

Mr. Craddock, with the view of refuting the objections to
the tubular boiler, observes, “ If chemistry did not teach us
that the rate of combustion produced in the furnace is
dependent on the quantity of air passing through it, every
day’s experience would soon convince us of this.” Now,
chemistry certainly does not teach, mor does experience
justify, any such inference. "What both teach is this, that
combustion depénds not on the quantity of air passing
through it, but on the weight of oxygen which is taken
up in the passage. In truth, the quantity of air passing
through it may be even destructive of combustion when
in excess of the demand of the fuel, if improperly intro-
duced. .

Again, he observes, “This being the case, the matter
stands thus :—the quantity of heat generated is dependent
. upon the quantity of air admitted: so also is the quantity of
steam produced dependent upon the greater or less intensity
of the fire.”

Neither chemistry nor experience justify these inferences.
The quantity of “heat generated” is dependent on the
relative weight of hydrogen first, and carbon afterwards,
chemically combined with their equivalent weights of atmos-
pheric oxygen. The quantity of air admitted may, indeed,
actually diminish the quantity of heat generated. So,  the
quantity of steam produced’” does not depend on the
¢ intensity of the fire,” but on the quantity of heat absorbed
by the water, as will hereafter be explained.

‘Were there nothing else requiring attention, in the use of
coal, than the combustion of its fixed carbon (as in the fire-
box of a locomotive) nothing further would be necessary

.~
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than the supplying the air through the grate-bars to the
fuel on them. In the use of coal, however, as there is #he
gas also to be generated and consumed, any excess of air, or
its injudicious introduction, though it might not affect the
combustion of the carbon, must necessarily interfere with
the quantity introduced for the use of that gas.

As to the guantity of air chemically required for the coke,
or fixed portion of the coal, after the gas has been expelled,
it has already been shown that every 6lbs of carbon requires
161bs. of oxygen. Now, the volume of atmospheric air which
contains 16lbs. of oxygen.is. estimated at about 900 cubic
feet, at ordinary: temperature. . Taking, then, bitumineus
coal as containing-80 per cent. of. carbon, we have 1600lbs:
of coke (the produce:of 20 cwt. of coals) requiring its
equivalent of oxygen, and which will be.equal to 240,000
cubic feet of air; since:-as 6: 900:: 16 : 240,000, This greas
quantity of air required for the.exclusive use of the.coke on the
bars, must, therefore,.be passed upwards, from the ash-pit,
the product being transparent carbonic acid gas, of a high
temperature.

In this process no error-can be committed. . The earbon
remains quiescent, and withou?. combustion (wholly irrespec-
tive of the temperature to which.it may be raised), until
each atom shall, successively, obtain contact, and combine
with its equivalent of oxygen; which become, as.it were,the
wings by which it is literally to be.carried away,-in the
shape of - carbonie .acid. . Of itself, and without the aid of
such wings, it had ne power' of movement, escape; or-comn
bustion. .

The conditiens nnder-which coksenters. into union with
oxygen, and the singleness of the.process; marks strongly
the distinetion between its.use; in the:locamotive, and that
of coal in the marine, or land boiler. In the.former,:there
is but one operation,as here shown ; in the:latter, however,
there are the:several gaseous operations, all of which require

systematic management.
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In supplying the air to the eoke, and to avoid the admis-
sion of a larger quantity than is legitimately required for its
own combustion, the principal. point requiring abtention is
the proserving. a uniform and sufficiont body of fuel on the
bars, as noticed in the last chapter ; - thus.to prevent the air
passing through the fuel in masses or streams, by whick a
cooling effect would be produced, injurious to the generation
and combustion of the gas.: 'Where anthracite is used, as in
the United States; and which is.composed chiefly of carbon,
the practice is to keep a body of it on the-bars of from 7-to
12 inches deep, If this depth of -anthracite is advisable,-it
will Liereafter be-explained, that a greater depth is requisite
with bituminous coal.. '

CHAPTER 1IV.

ON THE MEANS OF INTRQDUCING AIR TO THE GASEOUS
PORLTION OF THE COAL.

HaviNe spoken -of the air required for ke eoke.of a ton of
coal, we have new {o consider:the quantity required for the
gas of the same. Hers we .enter, unquestionably, on: the
most difficult branch of the.inquiry. .

It has -been shown that. each cubic foot of gas requires,
absolutely, the oxygen of ten cubic feet of atmospherio air.
By - the -proceeds of the Gas :Companies, we learn, that
10,000 -eubic feet are produced from each tan of bituminous
«coal: this necessarily requires no less than 100,000 cubic
feet of air. Adding this to the 240,000 .cubie feet required
for the .coke, we have a gross volume of 840,000 cubic
feet as the minimum quantity absolutely required for the
combustion of eaeh ton of -coal, -independently of that excess
which will always be found to pass beyond what is chemi-
zcally required.

) >3
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As it continues to be asserted that this great volume of
air might, under management, be introduced through the fire
bars and superincumbent fuel, the question demands a closer
examination. A little consideration, however, will show,
that such a proceeding would be not only opposed to all
chemical experience, but that it involves a physical impos-
sibility.

It will not here be mnecessary to prove, that a body of
air could not pass through a mass of incandescent coke,
without being deprived of the entire, or a large portion,
of its oxygen: as well might we expect that air
would pass through the lungs of one human being, and
yet contain the necessary quantity of oxygen for the
support of life in another.

Before a fresh charge of coal is thrown in, there will, or
should be, as already observed, a sufficient body of clear and
highly heated coke remaining on the bars. Af¢erthe charge
has been made, & large volume of gas will be generated ;
and, consequently, an equivalent quantity of pure air will be
required for its combustion. Now, at this stage of the
process, and by reason of the mass of fresh fuel thrown in,
the passage of the air through it must then, necessarily, be
the most restricted. Thus the smallest quantity of air would
be enabled to gain admission, simultaneously, with the
greatest demand for it ; and the largest generation of gas,
simultaneously, with the most restricted means of enabling
the air to obtain access. "'Were there no other considerations,
these alone would be sufficient to show the absolute neces-
sity of providing some other channel for the introduction of
the air for the gas, and the impossibility of introducing the
requisite quantity in that direction.

As the obtaining the largest measure of heat from any
given weight of coal, turns.exclusively on the introducing
the air in the proper quantity and manner, this, in fact,
becomes the cardinal point in the inquiry ; and on this point
have the greatest mistakes been made. Watt in his early
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patent (1785) sought to introduce the air through the body
of fresh coal placed in front of the furnace. Chemistry,
however, has since shown, that not one hundredth part of
the required quantity could be so introduced. When Watt
was engaged in considering the generation of steam, concur-
rently with the use and economy of fuel, all was uncertainty
as to the proportion of air, chemically required for its com-
bustion. The scientific world had but a vague idea of the
relations between the combustible .and the supporter of
combustion. The all-important system of chemical equiva-
lents which now forms the basis of our knowledge, as to
quantities, was not even suspected. Since then, however,
by the discoveries of Higgins, Dalton, Davy, and their suc-
cessors, uncertainty has given way to certainty, and we are
now as sure of our results as if we had, physically, the
power of handling and combining, at will, the several
elements which enter into the composition of bodies. In
the language of Stockhardt, ¢ Previously to the discovery of
the laws of equivalent proportions, hardly fifty years ago, it
could only be ascertained by laborious trials, how much of
one body was required to combine with another, or to
replace another. It is now only necessary to refer to the
table of the proportional or equivalent numbers, to ascer-
tain, and beforehand, the quantity to be employed.”

Had Watt been experimenting on the combustion of coal,
with the accurate knowledge we now possess, he certainly
would not have neglected (as is the case in the present day)
the providing the relative quantities of the ingredients, air
being one of them. '

‘We may here imagine the amazement which Watt would
have experienced, had the following formulse been presented
to him.

“ Organic substances have an incomparably more compli-
cated constitution than in the organic compounds, as the
following examples show :
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¢« From the well known amber, a peculiar
acid, succinie acid, is obtained, which con-
sists of four atoms of carbon, two atoms of
hydrogen, and three atoms of oxygen, and has
accordingly the formula C,H,0, (see Fig. 20).

“If one atom of oxygen is added to.this,
we have the..constitution of malic asid =
C.H, 0, (sep Fig..21). .

“If one more atom of oxygen is added,
that of tfartaric acid = C,H,0, (see
Fig. 22).

“ And by adding yet another atom of
oxygen, that. of formic acid = C,H; Q,
(see Fig. 23).

“But on the other hand, if one atom of
hydrogen is added to the succinic acid, which
was the starting-point, the constitution of
acetic acid is obtained = C,H;0; &c. (see

" Fig. 24).

“ Sugar, starch, and wood have precisely the same consti-
tution, namely, C; H; O : they areisomeric. If we imagine
these three elements grouped together in different ways, as
“Yor instance :—

IN SUGAR, IN STARCH. IK WOOD.
Fig. 25. Fig. 26. Fig. 27.
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¢ Here, then, we ean.form an idea how one and the same
quantity of the same elements .may combine, forming such
" very different bodies,”.

‘With reference :to the volume of air to be intreduced,
'Professor Daniell ebserves, that it will be necessany, even-in
laboratory practice, to supply twice the quantity thak.wonld,
strictly and chemically, be requirgd.. Now,. taking .the
minimum quantity of- air, at atmospheric temperature (for -
the gas of one ton of-coal), at 100,000 cubip.feet, $o form
an idea of what that quantity is, it will only be neoessary to
say, that it would £ill a tube of 13 inches square (the area of
ordinary fire deors), and.of no less than 20 miles in longth.
This will enable us to consider practically the,great; body,.on
bulk, we have to deal with, and the. difficulty of effectingitq
introduction.

The introducing the required.quantity of air will neces-
sarily depend, first,, on the ares of the orifice throngh whigh
it enters; and secondly, the velocity .at which it passes
through that area. It has been stated that the aperture for
the admission of the required quantity should average from
one-half to one square inch for each square foot of grate-bar
surface.

So entirely disproportioned, however, is the area here
stated, that it would not supply one-fourth the quantity
absolutely required; much less that additional quantity
which we have seen must of necessity pass with it.

There seems, then, to have been some serious oversight
in making these calculations. Practice and experiment
prove that instead of an area of one square inch, no less
than from four to six square inches for each square foot of
furnace will be required, according to the gas-generative
quality of the coal, and the extent of the draught in each -
particular case.

In examining the tables of results supplied by experi-
menters, the cause of their error may be traced to a mistake
in the estimated.'velocity of the heated gaseous. matter
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passing through furnaces to the chimney shafts. As this
has, in many instances, been adopted on the supposed
authority of Dr. Ure, it is right to state, that the error
appears to have originated in taking what that accurate
. chemist and experimenter had given,—not as practical, but
a8 theoretic results.®

It is to be observed, that we are not here determining (as
Dr. Ure was) the velocity of the current of hested gaseous
products passing tkrough the flues of a furnace, or escaping
by a shaft of any given height. It is not the egress of
intensely heated products that we are considering, but the
ingress of air at merely atmospheric temperature and pres-
sure; and further subject to all the consequences of im-
peded motion from friction, in passing through numerous
small apertures.

The following table of relative velocities of the air on
entering, will illustrate the joint influences of current and
area through the admission orifices.

Air aperture per | Velocity per | aupic faet perhour| For ton of
square foot of | second of ingress tering th; h Co:lvfryCubi
furnace for bltu- | eurrent of sir at | “urui igcod foot.
Square inches. | At ft. per second. Cubic feet. Cubic feet.

6 5 7,500 75,000
6 10 15,000 150,000
6 20 80,000 800,000
5 5 6,250 62,500
5 10 12,500 125,000
5 20 25,000 250,000
) 4 5 5,000 50,000
4 10 10,000 100,000
4 20 20,000 200,000

* Dr. Ure’s statement is as follows: ¢‘The quantity of air passing through
well-constructed furnaces, may, in general, be regarded as double what is
rigorously necessary for combustion, and the proportion of carbonic acid
generated, therefore, not one-half of what it would be were all the oxygen
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Now, suppose a furnace measuring 4 X 2/6=10 square
feet of surface, and with moderate draught, this will be,
adequate to the combustion of 2 cwt. of coal per hour ;—the
gas from which will require 10,000 cubic feet of air. To
supply that quantity, within the hour, will require the
followmg relative areas of admission, and velocity of cur-
rent, viz. :

Velocity of current per Area of Aperture, in
second of air entering the ﬁum inches, per foot
furnace.

If at 6°66 feet per second, will require 6 square inches.
" 10 ” ”» 4 ”
” 20 ”» ” 2 ”
” 40 ” ” 1 ”

From this we see the absolute necessity of ascertaining
the practical rate of current of the air when entering, before
we can decide on the necessary area for its admission.
Hitherto no estimate has been made respecting these pro-
portions on which reliance can be placed.

‘With reference to the mode of introducing the air, it is
not a little remarkable (so slow is scientific progress when
opposed to established custom) that many, to the present,
overlook, or even dispute the difference in effect, when it is
introduced through ome, or numerous orifices. In illus-

combined. The increase of weight in such burned air of the temperature
of 212° being taken into account will give 19 yards or 57 feet per second
for the velocity in a chimney 100 yards high incased in steam.

¢‘Such are the deductions of theory; but they differ considerably from
practical results.” Describing the many sources by which the theoretical
velocity was diminished, he gives the result of a series of experiments in
which the velocity per second was as follows :—

¢¢ The chimney being 45 feet in length, the temperature of the thermo-
meter being 68° Fahr. the velocity per second was—

Trisls.  ByTheory. By Experiment. ”“3,%3}‘,",,;’;‘;‘;““
1 . 264feet . . 5 feet . . . 190 Fahr,
2 .. 204, .. 657, ...23,

S .. 345, .. 63, ...20,
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tration, then, of the effect of introducing the air in a divided

Jorm, let us take the case of a boiler furnace of modern and

approved form, where the air enters by a single orifice, and

ugh 100 or

compare it with that shown where it enters thro

more orifices.
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In the first example (if the body of air be not too great),
the effect may be favourable, to some extent, in preventing
the generation of dense smoke. Inasmuch, however, as the
quantity of air thus intro-
duced, is chemically inade- T 3
quate to the combustion of the
gas, much of the latter must
escape unconsumed, though not
in the form of smoke, but as a
light coloured vapour. Insuch
case, however, the inference -
usually drawn would be, that .
the area of admission was.
sufficient, and the combustion
perfect. -

This, however, would be -
erroneous; ‘besides; that it
would constitute the meranon- _
appearance -of smoke as the 3
test of perfect: combustion of &
the gas.-

In the first case, Fig. 28,
the body of air, by .passing
through & single aperture, pre- -
duces- the action of a:strong -
current,and obtains a direction
and velocity - antagonistic to
that lateral. motion of its par-
ticles which is thevery element.
of diffusion. - In thiscase; pass- . :
ing aleng the flue, :the stream -
of air pursues its own course
at the lower level; A, while the -
heated products. fill. the: epper
one at- B. It is here evident,
according to the laws of motion, that the bwo forces, acting

=
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in the same direction, prevent the two bodies impelled by
them (the air and the gas) from amalgamating. In fact,
they do not come into contact, except in the strata, or
planes, of their respective proximate surfaces. The cooling
influence of the air, however, goes on in the flue, and
produces a result the reverse of what was then most desired.
In this case, the velocity of the current is opposed to the
desired diffusion ; and as, by the laws of motion, matter
cannot change its direction unless by the introduction of
some other force;—that other force is just what is here
required. Thus, in the present instance, we must either
change the direction of the current of the air, or give it the
right direction from the beginning.

Now, instead of a single aperture, let the air enter
through a hundred or more apertures, as in Fig. 29. Here
the force and direction of ke current will be avoided,
and the required diffusive action produced on passing the
bridge. Instead of the refrigeratory influence of the air, as
in the first case, there will be a succession of igniting atoms,
or groups, which Sir H. Davy calls “explosive mixtures,”
each producing combustion with its high temperature.
These are distinctly perceptible from the sight holes at H.

The same results will follow, whether the single or nume-
rous orifices are placed at the door, or at the bridge end of a
furnace, as in Fig. 80. In this case, the diffusion will be
more immediate and effective.

On this point it may be well to notice the oft-repeated
fact, that the avoiding dense smoke may be obtained by
leaving the fire-door ajar., Now, so far from this being a
discouragement, or argument against the use of numerous
small orifices, it absolutely confirms both the principle and
practice ; for, if allowing a given guantity of air to enter in
a thin film at the edge of the door have a good effect, we are
thereby encouraged to allow the entire complement to enter
by other and more numerous films or apertures. If, indeed,
allowing the door to be gjar, with an opening of one inch,
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were sufficient for the admission of the entire volume re-
quired, nothing further will be desired. The moment, how-
ever, the aperture is enlarged by opening the door wider, to
allow that required volume to enter, the injurious and
cooling influence of the body and current of air becomes
self-evident, and the result confirmed by the reduced tempe-
rature in the flue, as indicated by the pyrometer.

Of the advantageous effect produced by meckanical ageney,
in promoting immediate diffusion between the air and the
gas, the following experiments are quite conclusive.

Let Figures 31, 82, and 33 (see Plate 2), represent each a
tin apparatus, with its glass chimney, similar to the ordinary
Argand burner,—the gas is admitted the same way in all
three—the difference to be noted is, in the manner in which
the air is admitted. 1In all these cases, the quantity of both
gas and air was the same.

In Fig. 31, no air is admitted from below; and the gas,
consequently, does not meet with any until it reaches the
top of the glass, where it is ignited, producing a dark smoky
flame. *

In Fig. 82, air is admitted from below, and rises through
the orifice at A, concurrently with the gas at the orifice B.
On being ignited, one long flame is produced, of a dark
colour, and ending in a smoky top.

In Fig. 33, the air is introduced from below, and into the
chaniber ¢ c., from which it issues through a perforated
plate, like the rose of a watering pot; thus producing
immediate mixture with the gas. On being ignited, a short,
clear, and brilliant flame was produced, as in the ordinary
Argand gas burner.

The keating powers of the flames were then tested, by
placing a vessel of cold water over each. When over
Fig. 82, it required 14 minutes to raise the water to 200°,
whereas, over Fig. 83, it reached 200° in 9 minutes.

Now, the difference of effect produced in those three ex-
periments corresponds with what takes place in furnaces and
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their flues, when the air is excluded, and when it is admitted
through a single or through numerous orifices.

Of the importance of mechanical agency, in promoting the
rapid diffusion or mixture of the air and the gas, the modes
adopted on the continent for rendering the coke gas, or car-
bonic oxide, available, are conclusive and instructive.

M. Peclet has given ample details of the mdde of effecting
the combustion of this gas (the existence of which has, for a
long time, been practically ignored in this country), in the
manufacture of iron, and even in the puddling furnaces,
where the most intense heat is required.

M. Peclet states that the process at Treveray, in France
(see Figs. 34 and 35, Plate 8), is preferable to that adopted
in Germany, and for the following reasons, which are quite
to the point of our present inquiry.,

1st. The air and the gas are better incorporated.

2nd. The relative quantities of the gas brought into
contact with the air are mrore easily regulated.

3rd. Combustion is effected by the introduction of the
smallest excess of air.

In the apparatus, as shown in the section, Fig. 84, 50 jets
of air issue, each in the centre of 50 jets of the gas (carbonic
oxide), led from the cupolas of the melting furnaces. On
examination of the process here exhibited, the mixing and
combustion, it will be seen, takeés place on the instant, and
before the flame and heat enter the chamber of the furnace
at F. By this arrangement, M. Peclet observes, “ that the
highest temperature that the arts can require is here
obtained.” It is strange that the practical and commercial
value of this gas, which is so wastefully expended at our
manufactories, at the summit of the cupolas, but so well

, understood and économised in France and Gtermany, is only
just now being recognised in this country.
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CHAPTER V.

OF REGULATING THE SUPPLY OF AIR TO THE GAS BY
SELF-ACTING OR OTHER MECHANICAL APPARATUS.

Mucx has been urged on the necessity for regilating the
supply of air entering the furnace, as a means of preventing
an excess at one time, or insufficient quantity at another.
The theory is plausible. Practice, however, when tested by
the aid of a pyrometer, and on the large scale of the furnace,
has invariably proved its unsoundness and futility.

If the generation of the gas in a furnace wers a constant
quantity ; or uniformly increasing and decteasing ; and ab-
solutely ceasing at some one stage of the charge of coal;
such regulating apparatus would have its merit. : The eye
and the pyrometer, however, at once warn us of the wide
difference between theory and practice; exhibiting the
irregularities in the generation of the gas, and the error of
applying an inflexible scale to aseries of ever varying
quantities.

The possibility of regulating the admission of air by
mechanical means, was the object of numerous efforts. The
aid of the first mechanical and chemical authorities was
directed to ascertain whether any, and what degree of ad-
justment was practicable or advisable. After much inves-
tigation it was found, that under the varying circumstances
of land and marine boilers—of quick and slow combustion
—of large and small furnaces—of the irregularities of the
draught, which often varied, even in the several furnaces of
the same boiler : looking also to the various modes-of firing,
and the uncertain qualities of the fuel employed; all these
render the theory of regulating the admission of the air,
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a8 each charge proceeded, not only impracticable, but even
injurious.

In the report made to the Dublin Steam Company, in
1842, by Mr. Josiah Parkes (the Patentee of the Split-
bridge), an engineer well qualified for such an inquiry, he
observes: “Duyring the above-named experiments, I made
numerous, essays of the effect produced by shutting off the
admission of air to the gases, after the visible inflammable
gases had ceased to come over, and when the fuel on the
grate was clear and incandescent. In such cases I always
Jound the entire stoppage of air to be followed by diminished
heat in the flues and by diminished evaporation ; for at these
times, carbonic oxide continued to be formed; a gas which,
though colourless, was converted, by a due mixture of the
atmospheric air, into flame, possessing, evidently, a high
intensity of heat, and producing much useful effect. The
*calorific value of this gas is lost wken the air iz excluded,
although its non-combustion is not attended with the pro-
duction of visible smoke.”

During these investigations it was ascertained, that tke
appearance or non-appearance of visible smoke was no test,
either for or against the admission of air—as to guantity.
Mr. Parkes on this head observes: “ The consequences of
regulating and varying the quantity of air admitted so as to
suit the varying state of the furnace, as regards the quantity
of gas given off, also occupied my close attention. It is
quite certain that, to effect the perfect combustion of all
‘the combustible gases produced in a furnace, a large demand
for air (distinct from the air entering the grate) always
exists: also, that by entirely excluding air, smoke is pro-
duced, and the heat diminished in all states of the fire.
Thus, with correctly assigned proportions once ascertained,
no attention is required on the part of the fireman in regu-
lating the admission of air. On looking through the sight
holes, it was manifest, that, as a stream of either carburetted
hydrogen, or carbonic oxide gas, was at all times generated
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and passing over; so there was necessarily a corresponding
demand for air; and when supplied, a continuous stream of
visible flame.”

This is conclusive on the point of regulating the supply
of air, or shutting it off at any period of a change. -

In addition to this inquiry, Sir Robert Kane (one of the -
highest chemical authorities of the day), was also engaged,
and made an elaborate investigation and report on the
subject.

ReporT 10 THE DIREcToRS OF THE CIrY OF DUBLIN STEAM-PACEERT
CoMPARY,

Gentlemen,—In accordance with your request, that we should proceed to
examine into the construction and performance of the Marine Boiler
Furnaces erected at your works in Liverpool, upon the principle of the
patent of Mr. Williams, we have to report, that we have carefully in-
spected the operation of these furnaces in their several parts, and also
some others constructed in a similar manner, upon a large working scale,
which are now in actual use in various parts of the town ; and that we
have instituted several series of experiments and observations upon the
temperature produced by those furnaces, and the manner in which the fuel
is consumed in them.

In deducing from those experiments and observations the conclusions
which will be found embodied in this report, we have taken into careful
consideration the general chemical principles upon which combustion must
be carried on, 8o a8 to effect the greatest economy of heat and fuel ; and we
have examined how far those principles are attended to in the construc-
tion of the various kinds of furnaces that have been proposed for prac-
tical use.

The conclusion to which we have arrived, and which we believe to be
established by very decisive evidence, as well of a practical as of a theore-
tical kind, may be briefly expressed as foliows :

1st. That, in the combustion of coals, a large quantity of gaseous and
inflammable material is given out, which, in furnaces of the ordinary con-
struction, is, in great measure, lost for heating purposes, and gives rise to
the great body of smoke which, in manufacturing towns, produces much
inconvenience. .

2nd. That the proportion which the gaseous and volatile portion of the
fuel bears to that which is fized, and capable of complete combustion on a
common furnace grate, may be considered as ome-fourth, in the case of
ordinary coal.



72 THE COMBUBTION OF COAL

8rd. Thatthe air for the combustion of this gaseous combustible material
cannot, with advantage, be introduced either through the interstices of the
fire bars, or the door by opening it. In the former case, the air is
deprived of its oxygen by passing through the solid fuel, and then only
helpe to carry off the combustible gases before they can be burned ; and, in
the latter case, the air which would enter, by reason of its proportionate
mass, would produce a cooling influence, and cannot conveniently be mixed
80 ag properly to support the combustion of the gases.

4th. That the combustion of the gaseous materials of the fuel is best
accomplished by introducing, through a number of thin or small orifices,
the necessary supply of air, so that it may enter in a divided form and
rapidly mix with the heated gases in such proportions as to effect their com-
plete combustion.

Gth. That, in burning coke, or when coal has been burned down to a
clear red fire, although the combustion on the grate mayappear to be per-
fect, and little or no flame may be produced, and no smoke whatever made,
there may be a great amount of useful heat lost, owing to the formation of
carbonic oxide, which, not finding a fresh supply of air at a proper place,
necessarily passes off unburned.

6th. That under the common arrangements of boiler furnaces, where
there is intense combustion on the fire-grate, and but little in the flues, the
differences of temperature in and around the various parts of the boiler are
greater ; and, consequently, the boiler is most subject to the results of
unequal temperatures. On the other hand, when the process of combustion
is spread through the flues, as well as over the fire-grate, the temperature
remains most uniform throughout, and the boiler and its settings must be
least liable to injury.

7th. That the heat produced by the combustion of the inflammable
gases and vapours from the fuel, in flues or chambers behind the
bridge, must be considerable, and can be advantageously applied to
boilers, the length of which may be commensurate with that of the
heated flues.

In further substantiation of these conclusions, we will describe the
results of our experiments made with the marine boilers fitted up with
air-apertures on Mr. Williams’s plan, in order to determine how far, in
practice, the scientific principles of combustion may be economically carried
out.

EXPERIMENTS WITH COAL.

Experiugsr 1. -
When the fire was charged with cogl, and air admitted only in the
ordinary way, (the pasaage to the air-distributors being closed,) the entire
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interior of the flues was filled with a dense blaclc'mokc, which poured out
from the orifice of the chimney in great quantity, and as observed through
the sight-holes. The mean temperature of the flues in this experiment being
found to be 650°.

ExpPERIMERT 2.

The furnace being charged in the same manner with coal, and the supply
of air by the dividing apparatus fully let on, the smoke instantly dis-
appeared. Nothing visible passed from the chimney. The flues became
filled with a clear yellow flame, which wound round at a maximum
distance of thirty feet, and the mean temperature at the turn of the flue

was found to be 1211°,

Hence, the quantity of heat conveyed to the water through the flues, was
nearly doubled by introducing the air in this divided manner ; and, whilst
the fuel remained the same, the combustion was rendered perfect, and no
smoke produced. .

ExpERIMENT 3.

The farnace being charged with coal exactly as before, the passage to
the air-apertures was one-half closed. A grey smoke issued from the
chimney. The flues were occupied by a lurid flame, occasionally, of
nearly forty feet in length; the mean temperature of the flues being found
to be 985°,

Thus, with half the supply of air, a mean condition was obtained
between the dense black smoke and imperfect combustion of the first
experiment, and the vivid combustion and perfect absence of smoke of the
second.

ERXPERIMENTS WITH COKE.

Having thus tested the circumstances of the combustion of coal, under
different conditions of the furnace, we next proceeded to ascertain the exact
circumstances of the combustion of coke.

ExPERIMENT 4.

The furnace being fully charged with coke, (from the Gas Works,) and
the air-aperture closed, so that it burned as in an ordinary furnace, the
flues were dark, but a bluish-yellow flame extended under the boiler to the
back, & space of ten feet. The mean temperature of the flue was then
found to be 702°,

The coal, under the same circumstances, having given a mean tempera-
ture of 650°, a difference of 52° heating power was thus shown in favour of
coke, and which agrees with results obtained by others with furnaces of the
ordinary oonstruction.

3
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ExpERIMENT 5.

The furnace being again charged with coke, the air-aperture was opened
one-kalf. The flues then became occupied with & flame of various tints,—
blue, yellow, and rose-coloured, —produced by the combustion of carbonic-
oxide and various other gaseous products. This flame extended through
twenty-five feet. The mean temperature of the flué was then found to be
1010°.

Thus, even with coke, the increase of available heating power, produced
by the admission of air on Mr. Williams’s plan, was found to be 300°, or
thme-?enths of the entire.

ExpERIMENT 6.

The furnace being again charged with coke, and the air-aperture fully
opened, the flame in the flus shortened to about fifteen feet, and the mean
temperature of the flue became 852°.

Hence it appeared, that there had been a larger quantity of air admitted
in this last case than was necessary for the combustion of the gases from
the coke; and hence a cooling effect had been produced, such as to nentralise
one half of the advantage which would have otherwise been gained.

It results from these experiments,—

1st. That the air-aperture of the furnace was sufficient for the proper
combustion of coals, but was one-half too large for coke.

2nd. That by the use of the air-apertures, in the case of coals, all smoke
ia prevented, and the useful effect of the fuel much increased.

3rd. That, even when coke is used, the heating effect is also much
increased by the admission of air by apertures behind or at the bridge ;
but it required only one-kalf of the air which is necessary for coal.
If, however, it be supplied with the quantity best adapted for coal,
one-half of the advantage is again lost by the cooling power of this
excess of air,

4th. Since, in all ordinary cases of practice, fresh fuel is added in
moderate quantities, at short intervals of time, it was not found necessary
to alter the rate of admission of the air by valves or other mechanism,
A uniform current, admitting & quantity of air intermediate ta that neces-
sary for coal alone, will abundantly suffice for the perfect combustion of
the fuel, and need not require any extra attention on the part of the
werkmen, .

- In conclusion, we have to state as our opinion, that the arrangement of
furnace and admission of distributed air-on Mr. Williams’s plam, fulfils the
conditions of complete combustion in the highest degree; as far as is com-
patible with the varieties which exist in the construction .of boilers, the
peculiar character of the coal employed, and the nature of the draught ; the
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formation of smoke is prevented ; and the ecomomy of fuel we cannot
congider as being less than an average of one-fifth of the entire in the
«case of coke, and of one-third of the entire when coal is used.
We are, Gentlemen,
Your obedient Servants,
ROBERT KANE, M.D,, ‘M.R.LA,,

Professor of Namral Philosophy to the Rovan Duprin Soorery, and
Professor of Chemistry to the Apothecaries Hall of Ireland.

k. H. BRETT, Ph.D,, F.LS,
Professor of Chemistry to the Liverpool Collegiate Institution,

The inference from these chemical investigations is, that
there is mo interval from the beginning to the end of a charge,
when there is not a large body of combustible gas generated
in the furnace, and & large supply of atmospheric air
required.

The advocates of self-acting valves have overlooked the
chemical fact, that as soon as the coal gas (carburetted
hydrogen) ceases to be evolved, the fuel on the bars would
then be in an incandescent state, and precisely in the con-
dition to furnish a copious generation of the other gas—the
coke-gas, or carbonic oxide; but which had not hitherto been
noticed by any writer #n connection with boiler furnaces*®
Now, as this latter gas requires (for equal volumes) one-half
the quantity of air of the former, it is equally necessary that
such be supplied, or the heating power of carbon would be
lost.t The characteristics of this gas have already been
given. Its practical application requires here to be noticed.

*# ¢ Carbonic oxide,” observes Professor Graham, ‘‘ may be obtained by
transmitting carbonic acid aver red hot charcoal. The combustion is often
witnessed in a coke or charcoal fire. The carbonic acid produced in the
lower part of the fire is converted into carbonic oxide as it passes mp
through the red hot embers.”

+ Mr. Dewrance, Engineer of the Lwerpool and Manchester Railway, when
that fact was pointed out, felt the importance of allowing a large quantity
of air to enter through the doot, by numerous orifices, and experienced the
increased heating powers arisibg fréth the combustion of the doke gas in the
farnaces of kis locomotives, )

B 2
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For obtaining the supposed advantages of regulating the
admission of the air by mechanical agency, many ingenious
contrivances have been suggested. Among these the fol-
lowing was tested many years back by the Dublin Steam
Company : In the diagram, Fig. 36, a is the orifice for the

Pig. 86.

Y

inules

admission of the air; & the valve; ¢ the cistern with ball to
regulate the fall of the valve; e the supply cistern ; f the
tap for letting off the water; g the tap for regulating the
rate at which the valve descends. During the first half of
a twenty minutes’ charge, the valve has no operation, tke
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aperture remaining open, the full supply of air being then
required. During the next five minutes it gradually closes,
and during the last five minutes remains closed, to counteract
the neglect of firemen in allowing too much air to enter
through the uncovered bars at the end of each charge.
Simple as this plan was, it became unnecessary, and was
 finally discarded.

- As some notoriety has lately been given to the plan
patented by Mr. Prideaux, it may here be expected that it
should receive examination. Mr. Prideaux very justly ob-
serves : * “ Only two methods present themselves by which
the supply of air and the wants of the fiirnace can be made
to correspond—either both must be made constant and
regular, or the fluctuations of one must be made to coincide
with those of the other.” Again, “If a continuous and
equable supply is to be furnished to a furnace, then the
supply of fuel must be made continuous also. * This appears
to be the most perfect method of working a furnace, and it
is to accomplish this object that most of the attempts to
prevent smoke, and obtain perfect combustion, have been
directed. Brunton’s revolving grate, Jukes’ endless chain
of fire-bars, and more than one kind of rotary feeder, all
fulfil, with to]era.ble efficiency, the purposes for which they
were designed.

‘With these just and appropriate remarks Mr. Prideaux
introduces his own plan of “ A self-closing valve for prevent-
ing smoke and economising the fuel,” and by which to cause
“ the fluctuations between supply and demand to coincide.”
He then describes the action of his valve as follows : “ The
stoker when he closes the furnace door after firing, will raise
the arm of a lever appended to it: this movement throws
wide open a sliding valve in the face of the door, which
immediately commences closing, slowly and automatically, by
the gravity of the lever, and affords during the progress of

* ¢ Rudimentary Treatise on Fuel, particularly with reference to
Reverberatory Furnaces, by T. Symes Prideaux, Esq. John Weale.”
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its descent, a gradually diminishing supply of asr to the fire,
in harmony with the gradually diminishing requirements of
the fuel.”

By what means this hitherto undiscovered phenomenon
of the gradually diminishing requirements of the fuel during
the first half of each charge was ascertained, is not stated.
Now, however plausible this theory may be, it is at once
disproved by experiment—zhs « wants of the furnace® being
in direct contradiction to the alleged “ gradually diminishing
requirements of the fuel.” In.truth, experiment proves,
that “to cause the fluctuations between the supply and
demand to coincide,” the arrangements of the valve should
have been just the reverse of what is here described as
taking place, and should rather require a gradusally éncreasing
(instead of diminishing) supply of air to the fire, in harmony
with the gradually increasing (instead of diminishing) re-
quirements of the fuel.

By the operation of closmg the valves, the act of dmu
nishing the supply of air begins on a fresh charge of coal
being made, and it is entirely closed when one-half the time
required for the charge has expired; thus necessarily re-
maining shut dwring the second half—on the supposition that
there was mo gas then gemerated, and no further supply of
air necessary.*

. * Ag this operation of the valve is so directly oppased to the true
requirements of .the fuel, the, pafentee’s own description of it is here
given;— .

¢“To give an illustration of its mode of action : Supposing a fresh
supply of coal to be put on a furnace every 16 minutes—the smoke (mean-
ing gas) consequent mpon coaling, to come gradually to an end at the ex-
piration of eight minutes—and that immediately after coaling, the furnace
requires a4 the rate of 100 measures of air per minute. (admitted above. the
fuel), to furnish the requisite amount of oxygen to prevent smoke.

¢¢ For such a furnace as the above, this valve is adjusted so as to furnish
at the rate of 100 measures of air per: minute when wide open, and to
gradually close at the end of eight minutes. Now, as the operation of
closing occupies eight, minutes, at four mintes after coaling the valve is
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It is here manifest that the error into which Mr. Prideaux
has fallen, has arisen from assuming, theoretically, that the
generation of gas (which he inadvertantly calls smoke) would
“come gradually to an end at the expiration of eight minutes,”
from a charge which would take sixteen minutes for its
eompletion. If, indeed, that really were the case, then this
action of his valve “gradually closing at the end of eight
minutes,” would produce perfect harmony between the
supply of air and the requirements of the fuel.”

The Reports already given by Sir Robert Kane and Dr.
Brett, Mr. Parkes, Mr. Houldsworth, and Mr. Fairbairn,
being all in direct disproof of the above, render any further
remark here unnecessary, except to motice the important
difference thus -established between theory and practice;
and the absolute necessity of proof—not by the fallacious
test of the appearance or non-appearance of smoke, but by
ascertaining the temperature in the flue, by the pyrometer,
from the beginning to the end of a charge—and the length,
character, and colour of the flame, by actual observation.

Mr. Prideaux proceeds : “ The door of the furnace should
be double, and the air shonld pass into the furnace through
8 sories of perforations.”” By this arrangement, he observes,
“three important points are secured: 1st, the heating the
air; 2ndly, the keeping the outer door of the furnace com-
paratively cool; 8rdly, ite subdivision into minute jets.”

A few words on each of these three points will here
suffice. 1st, Of “heating the air.”” As Mr. Prideaux takes
in the air, as all others do, at mere atmospheric temperature,
his claim for “heating the air” goes for nothing. 'Whatever
heat it acquires (and which has been ascertained to be wholly

half shut, consequently admitting at the rate of only fifty measures of air
per minute, and the whole amount of air admitted in the eight minutes
during which the valve is open, will be 400 measures ; and this quantity,
supplied in & gradually diminishing manner, #n karmony with the gradu-
ally diminashing requirements of the fuel, is found sufficient to prevent all
smoke.”
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insignificant) can alone be obtained by passing through the
perforations in the door plate, as it does in the numerous
plans hereafter described. [Mr. Prideaux’s own authority
will hereafter be quoted in proof of the fallacy of the hot-air
theory. ] .

2ndly, As to “ keeping the outer door of the furnace com-
paratively cool.”” This is too unimportant a circumstance
to require further notice.

3rdly, As to passing the air “ through a series of perfora-
tions, and its subdivision into minute jete;” it is only
necessary to add, that it is a satisfactory illustration of the
principle of the Argand furnace, and of the correct practice
enforced in every page of this treatise. Mr. Prideaux has,
however, omitted to state that fact, or to disclaim any merit
or originality in this, ke only useful part of his patent for
“the preventing of smoke and economising the fuel.”

Impressed with the importance of the small-jet system,
Mr. Prideaux further adds: “ An attempt is often made to
mitigate the smoke and imperfect combustion, by leaving
the furnace door ajar for a certain period after the addition
of fresh fuel.” To this he correctly objects, on the ground
that the air then ¢ enters en masse,”” instead of “in emall
jete.” Numerous other illustrations might here be given as
to the efficiency of the “ subdivision into minute jets.” Mr.
Prideaux’s evidence in corroboration is, however, important,
although it lays him open to the charge of assuming to be
the inventor, or original patentee, of what had long been so
well established.*

* It is here scarcely necessary to say, that had this plan, with this
description by the patentee himself, been brought out twelve months
earlier, that is, before the expiration of the patent for the Argand farnace,
it could not have stood the test of a jury, so identical is the application and
description : ‘‘The series of perforations, and the subdivision of the asr
into minute jets,” being equally applicable to both patents, and conveying,
in the most appropriate terms, the very principle and mode of applying the
Argand furnace. In fact, the accurate description given by Dr. Ure, (who
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‘With reference to the progressive rate of generation of
the gas in a furnace, and the consequent demand for atmo-
spheric air, the length of the flame (when the air is properly
supplied) furnishes the best evidence. The following tabular
view of the result of numerous accurate experiments, made
many years back, and expressly to ascertain the rate of
evolution of the gases, throughout a charge of 40 minutes’
duration, is conclusive :—

’ Thermometric Le of
Time. Temperature in Flues, Flamei Feet.

Charge made . . . 466 . . 10
2 minates . . . 462 . . 14
4, . . . 40 . . 18
6 . . . . b8 . . 22
8 . . . 518 . . 26
0 , . . . & . . 2
12, . . . 528 . . 28
14 . . . . 5% . . a8
6 ,, . . . 540 . . 28
18 ,, . . . bo . 28
20 , . . . 540 . 2
2 , . . . b3 .2t
24 .. . . . 524 24
26 , . . . 508 22
28 . . . 494 22

30 . . . . 486
2 , . ... 418

® e e e s s e e 4 4 @

* * & 4+ e o o
»N
[

84 ., . . . 468 14
36 , . . . 464 14
38 , . . . 460 12
40 ,, . . . 460 10+

himeelf settled the terms of the specification,) furnishes conclusive evidence
of the identity of the two plans. Dr. Ure (Dictionary of Arts) observes:
‘¢ The patent of 1839 consists in the introduction of the air through a
numder of small orifices, the operation of the air entering in small jets
into the half-burned hydro-carburetted gases over the fires, is their perfect
oxygenation.” ¢¢Again, one of the many methods in which Mr. Williams
has carried out the principles of what he justly calls his Argand furnace,
is represented in the figure” (which he gives). ¢‘ The box is perforated
either with round or oblong orifices,” &c. “‘In some cases the fire-door
projects, with an intermediate space, into which the air may be admitted,
in regulated quantity, through a moveable valve in the door.”

* The thermometer bulbwas here inserted iu the flue, 80 far as to prevent

B3
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‘We here see, that so far from the quantity of gas generated
being greatest at first, and ceasing when the charge was one-
half exhausted, it is just the reverse. . In fact, any one who

‘hag observed the indications .of the pyrometer in the flue,

and has looked into a furnace in action, must have observed,
that, there being. much moisture in the coal to be evaporated,
it required a considerable time before the full supply of gas
was being generated, and the temperature in the flue had
risen to the maximum. Further, that when the first half of
the charge was exhausted, the greatest quantity of gas was
then momentarily evolved—the longest flame existing in the
flue—and the highest temperature indicated by the pyro-
meter; consequently, the fullest supply of air was then
required.

The following experiment is also in point here : This was
made with a larger charge of coal, and during 60 minutes
(the bars being kept well covered), the object being to
ascertain the relative quantity of each kind of gas evolved;
and thus form a guide to the quantity of air required, at the
several intervals, from the beginning to the end of a charge.
[The observations were taken from two sight-apertures : one
at the back end of the boiler, and the other at the front,
looking into the flue.] 'When the supply of carburetted
hydrogen gas was nearly exhausted, the distinet flames, and
their two distinet colours and characteristics, might clearly
be distinguished. The following Table will present a view
of the relative quantities of the two gases (carbonic acid
and carbonic. oxide, or coke gas) produced during the
progress :—

the mercury rising above 600°—the highest range we see being 540°—when
the charge was half expended. The absolute heat in the flue was, however,
oconsiderably higher, as ascertained by the melting points of a series of
metallio alloys, prepared by Sir Robert Kane, expressly for the purpose.
By these, inserted in the flue, it was found that the absolute heat eseaping
at the foot of the funmel, was st least 750° '
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Time in minutes. Coal Gas. Coke Gas,  Total length of

Flame in feet. *
Chargeof coal . . mome . . . 10 . . ..10
Sminutess . . . 10 . . ., mome . . . 10

0 , ... 14 ., . nomme . . . 14
5 , ... 18 . . . nome . . . 18

20 " . . . 22 . . ., mome . ., . 22
25 . . .« 22, ., . mone . . . 22
30 ’ . « . 18 . . . mome . . ., 18
85 ’ .« <« 14 . . . nme . . . 14
40 ’ B £ D ¥
45 ' e 5. .. 8 .. ., 138
50 ” . . ., mone , . , 12 , , . 12

55 9 + « . mome . . . 10 . . . 10
60 9 « + omome. ., 10 . . . 10

Here column 4 may be taken as indicating the gross
quantities of combustible gases evolved, and requiring a
supply of air. In numerous other furnaces, in which the
air was properly introduced, and the fuel properly covering
the bars, the flame was seen during a large portion of an
hour’s charge, extending along the side flues from twenty to
thirty feet. The quantity of the coke gas will be in propor-
tion to the thickness or body of the fuel, and its state of
incandescence.

‘With the view of accommodating the supply of fuel to
the demand for air, the best practical mode is the equalising
of the quantity of gas requiring such supply. This was done
effectually thirty years back, by arranging the furnaces so
that each pair shall be connected with one common flue.
This arrangement, for alternate firing, adopted among
others in the steamer “ Royal William> (as hereafter
shown), is every way satisfactory. A similar arrangement
has been introduced in Her Majesty’s Steamers “ Hermes,”
“ Spitfire,” and “ Firefly,”’ as described in Tredgold’s work ;
nothing, however, is there shown as to the means for intro-
ducing the air, and, consequently, the value of this flue
arrangement is lost. ‘

Fig. 87, taken from Peclet’s work, shows a similar mode
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adopted in France, for equalising the supply and demand of
gas and air, It will be manifest that, assuming the fur-
naces to be charged alternately, the quantity of gas behind
the bridge will be #he mean of that generated in both
furnaces. -

Fig. 37.

==

B I\ S

Another and a very effectual mode of equalising the
supply of gas, and thus practically equalising the supply of
air, is by charging the furnace-grate alternately, first on the
one side, and then on the other. "Where the furnace is wide
enough, this is very effective.

The result of this inquiry into the policy of attempting,
by mechanical means, to regulate the rate of supply of air to
the gas during the continuance of each charge is, that it can
be productive of no practical value; and the more so, since,
as observed by Mr. Parkes, that “ as a stream of either car-
buretted hydrogen, or carbonic oxide gas will, at times, be
generated, and passing over, there must necessarily be a
corresponding demand for air.”

In the report to the British Association, on this very
point, Mr. Houldsworth observes: “It has been generally
supposed, that when there was a perfectly red fire in the
furnace, and when no smoke was generated, the admission
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of cold air at the bridge would do harm instead of good, by
reducing the temperature in the flues. He had, however,
tried the experiment that morning. After having the air-
passages closed for some time, he had opened them when
the coals in the fire were perfectly charred, and found an
immediate and decided increase of temperature in the flue.
The increasing temperature was certainly the most striking,
if the air-passages were opened shortly after a large quantity
of fresh fuel had been put on; but, at all times he found
there was an increase when the air wae admitted, and a
decrease when it was excluded.”

Practical proof of this kind at once puts an end to the
theory of self-regulating valves.

CHAPTER VI.

OF- THE PLACE MOST SUITABLE FOR INTRODUCING THE
AIR TO THE GAS IN A FURNACE.

Havine spoken of the necessity of mechanical aid in pro-
ducing a sufficiently rapid admixture of the air and the gas,
we have now to consider of ke place best adapted for
applying this aid.

As regards the carbon on the bars, it is manifest that no
other place could be selected than directly from the ash-pit.
That this is not available for introducing the air to the
gaseous product of the coal, has now to be considered.

Tredgold contemplated introducing the entire supply of
air through the ash-pit and bars, observing that, the gas
which distils from the fresh fuel having to pass over the red-
hot embers, through which the air in the ash-pit ascends,
will be inflamed.” Here we have the old error, viz., sup-
posing that passing the gas over red-hot fuel would effect its
combustion.

The plan adopted by Mr. Parkes of introducing the air
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through what is called the spliz bridge, as hereafter shown,
appears to have been among the first which recognised the
providing a separate supply of air to the furnace gases,
independently of that which passed through the fuel on the
bars.

This plan was sufficiently effective, when combined with
the system of small furnaces, with small charges of coal; or
large furnaces when charged heavily, with sufficient fuel for
many hours’ consumption, producing a uniform generation
of gas during & long interval, and by the means of slow
combustion. The issue of the air through the narrow
orifice in the top of the bridge, was, however, found to be
unsuited to the large furnaces, with quick combustion and
heavy charges incidental to the boilers used in steam-
vessels. It was also liable to be occasionally obstructed by
the stronger current of heated products crossing the aper-
. ture, in the same way as the ascent of smoke from a house-
chimney is obstructed by a strong wind sweeping across it.
Numerous modifications of this plan were adopted in steam-
vessels, the most important of which will hereafter be given,
with the view of explaining the several causes of their
failure, and which it is often as important to know as those
of success.

‘When the chemistry of combustion in furnaces was ex- .
amined in 1841, it was shown that the required quantity of

* air was much greater than had been contemplated by prac-
tical men, or stated by any writer on the subject; and that
no single orifice could be sufficient for the admission of that
quantity, unless by introducing it in such volume as would
produce a chilling effect on the flame, and a diminished:
amount of evaporative duty—a fact strangely overlooked in
all previous practice.

The arrangement subsequently adopted in several vessels.
of the Dublin Steam Company admitted the air through
numerous apertures, and in a divided state. - This mode,.
which has been clearly described by Dr. Ure in-his Dic-

.
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tionary of Arts under the head of “ Smoke Nuisance,”* was
always effective when the draught was sufficient for the
double supply of air, to the fuel in the bars, and the gas in

* ¢ Smoke Nuisance. Among the fifty several inventions which have
been patented for effecting this purpose, with regard to steam-boiler and
other large furnaces, very few are sufficiently economical or effective. The
first person who investigated this subject in a truly philosophical manner
was Mr. Charles Wye Williams, managing director of the Dublin and
Liverpool Steam Navigation Company, and he has also had the merit of
constructing many furnaces, both for marine and land steam-engines, which
thoroughly prevent the production of smoke, with increased energy of com-
bustion, and a more or less considerable saving of fuel, according to the
care of the stoker. The specific invention, for which he obtained a patent
in 1839, conmsists in the introduction of a proper quantity of atmospheric
air to the bridges and flame-beds of the furnaces through a great number of

small orifices, connected with a common pipe or canal, whoso arca can be
inoreased or diminished, aceording as the circumstances of complete com-
bustion may require, by means of an external valve. The operation of air
thus entering in small jets into the half-burned hydro-carburetted gases



88 THE OOMBUSTION OF COAL

the furnace chamber. The difference which attends its ap-
plication was often considerable, and arose from the want of

over the fires, and in the first flue, is their perfect oxygenation—the develop-
ment of all the heat which that can produce, and the enmtire prevention of
smoke. One of the many ingenious methods in which Mr. Williams has
carried out the principles of what he justly calls his Argand furnace, is
represented at fig. 38, where a is the ash-pit of a steam-boiler furnace ;
b is the mouth of & tube which admits the external air into the chamber,
or iron box of distribution ¢, placing immediately beyond the fire-bridge
g, and before the diffusion, or mixing chamber f.  The front box is perfo-
rated either with round or oblong orifices, as shown in the two small
figures ¢ ¢ beneath ; d is the fire-door, which may have its fire-brick lining
also perforated. In some cases the fire-door projects in front, and it, as
well as the sides and arched top of the fire-place, are constructed of perfo-
rated fire-tiles, enclosed in common brickwork, with an intermediate space,
into which the air may be admitted in regulated quantity through a move.
able valve in the door. I have seen a fire-place of this latter construction
performing admirably, without smoke, with an economy of one-seventh of
the coals formerly consumed in producing a like amount of steam from an
ordinary furnace. Very ample evidence was presented, in a late session, to
the Smoke Prevention Committee of the House of Commons (July 1848) of
the successful application of Mr. Williams's patent invention to many
furnaces of the largest dimensions, more especially by Mr. Henry Houlds-
worth, of Manchester, who, mounting in the first flue a pyrometrical rod,
which acted on an external dial-index, succeeded in observing every varia-
tion of temperature produced by varying the introduction of the air-jets
into the mass of ignited gases passing out of the furnace.  He thereby de-
monstrated that 20 per cent. more heat could be easily obtained from the
fuel when Mr. Williams’s plan was in operation, than when the fire was
left to burn in the usual way, and with the production of the usual
volumes of smoke. It 8 to be hoped that a law will be enacted in the pre-
sent session of Parliament, for the suppression, or at least abatement,
of this nuisance, which so greatly disfigures and pollutes many parts of
London, as well as all our manufacturing towns, while it acts injuriously
on animal and vegetable life. Much praise is due to Mr. Williams for his
indefatigable and disinterested labours in this difficult enterprise, and for
his forbearance under much unmerited obloquy from narrow-minded preju-
dice and indocile ignorance.”

It is here worthy of notice, that although the above was written and
published by Dr. Ure so many years back, it is now only in 1854 that Par-
Jiament have interposed in the manner there suggested.
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draught, or from the perverse adherence to the old and lazy
method of charging the front half of the furnaces heavily,
even to the doors, while leaving much of the bridge end but
thinly covered, as hereafter will be shown. Such a mode of
charging the furnaces necessarily caused an irregular com-
bustion of the fuel, and a consequent excessive admission of
air, counteracting all effects at appropriating separate sup-
plies to the coke and the gas.

The introducing of the air to land boilers, in numerous
films, or divided portions, was first practically adopted in
1841, at numerous furnaces in Manchester, and at the
water-works in Liverpool, and at the stationary engine
of the Liverpool and Manchester Railway, under the
direction of the engineer, Mr. John Dewrance. That at the
water-works, with a shaft of 150 feet high, had previously
caused an intolerable nuisance; both, however, have since
remained unnoticed and forgotten, even by the authorities
in Liverpool, apparently from the mere circumstance of the
nuisance having been effectually abated, and attention being
no longer drawn to if.

‘With reference to the place for the admission of the air,
it is here stated, advisedly and after much experience, that
it is a matter of perfect indifference as to effect, in what part
of the furnace or flue it s introduced, provided this all-
important condition be attended to, namely, that the mecha-
nical mizture of the air and gas be continuously effected,
before the temperature of the carbon of the gas (then in the
state of flame) be reduced below that of ignition. This tem-
perature, according to Sir Humphry Davy, should not be
under 800° Fahr., since, below that, flame cannot be pro-
duced or sustained. This, in fact, is the basis of protection
in the Miner’s Safety-Lamp. In practice, the air has been
introduced at all parts of the furnace, and with equally good
effect. Its admission through a plate distributor, at the
back of the bridge and at the door end, effected all that
could be desired.
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The adoption during the last few years of the fubular
system in marine boilers, is now to be noticed, inasmuch as
it rendered a different arrangement absolutely necessary.

The chief characteristic of the tubular boiler is the short-
nese of the distance, or run, between the furnace and the
tubes. The result is, the impossibility of effecting the
triple duty of generating the gas, mixing it with the air,
and completing the combustion within ke few feet, and the
Jraction of a second of time, which are there available. To
obtain the desired effect the air was then introduced at the
door end of the furnace; thus, as it were, adding the length
of the furnace to the length of the run.

The main object being the introducing of the air ina
divided state to the gaseous atmosphere of the furmace
chamber, the following experiment was made: The centre
bar of a boiler, four feet long, was taken out, and over the
vacant space an iron plate was introduced, bent in the form
as shown in Fig. 89.

Here, the upper portion of the bent plate, projecting

three inches above the fuel, was punched with five rows of
half-inch holes, through which the air issued in 56 streams.
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Adequate mixture was thus instantly obtained, as in the
Argand gas-burner ; the appearance as viewed through the
sight-holes at the end of the boilers, being even bril-
liant, and as if streams of flame, instead of streams of air,had
issued from the numerous orifices. It is needless to add,
that nowhere could a cooling effect be produced, notwith-
standing the great volume of air so introduced.

The sectional view of the furnace, looked at from behind,
as in Fig. 40, represents the character and diffusive action
of the flame.

This led to the enlarging of Fig. 40.
the door-end of the furnaces
sufficiently to admit the re-
quired number of apertures
and full supply of air; an
arrangement which has been
for years in successful opera-
tion, both in marine and land
boilers. :

In practice, the great diffi-
culty lay in adapting the plan
to marine boilers, the door-
ways of which are made so
contracted as to render it ¥ /
impossible to introduce the
required number of half-inch orifices, as hereafter will be
shown.

Before examining the respective merits of the plans here
referred to, it will be advisable to notice one of the causes
of derangement, and from which many, though sound in
principle, were rendered inefficient in practice.

On looking into the flues of land boilers, through suit-
ably placed sight-holes, when the furnace is in full action,
numerous brilliant sparks may be seen, carried through the
flues with great.rapidity, to the distance of ten to twenty
feet before their luminous character is lost, and they.become
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deposited in the tubes, or flues, or wherever eddies are
formed. These sparks consist, chiefly, of particles of sand
in a state of fusion. When these do not thus separate from
the coal, they fall on the bars, and, combining with the
ashes, form clinkers. These particles of sand, flying off at
a high temperature, adhere to whatever they touch; and,
with the dust, and small particles of cinders or coke, carried
onward by the current, fill up the orifices in the air-distri-
butor boxes, and, if not removed, prevent the passage of the
required quantity of air.

It is now proposed to give instances of such of the modes
of constructing furnaces as have been hitherto adopted, and
which illustrate any principle, or peculiar mode of action,
worthy of notice.

CHAPTER VII.

OF VARIOUS FURNACE ARRANGEMENTS, WITH
OBSERVATIONS THEREON.

TaE following remarks on the peculiarities of the several
plans of furnaces here shown, are the results of practical
observations extended over a series of years, and may here
be useful, as indicating what should be avoided, as well as
provided, respecting the admission of air :—

Fig. 41 represents one of the modes first adopted, under
the patent for the Argand furnace of 1839 ; introducing the
air in numerous jets. This was applicable to land boilers,
where ample space was afforded for the perforated tubes,
made of ﬁre-clay, or cast-iron ; and was first' adopted at the
water-works in Liverpool. In this application the incon-
venience arising from the sand and other matters in an
incandescent state, adhering to, and closing the orifices, was
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considerable. The pldn, as already noticed (from Dr. Ure’s
Dictionary), was then substituted, and has continued ever
since in active operation at those works.

Fig, 41.

The following are principally connected with marine
boilers :—
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Fig. 42 represents the ordinary marine furnace. No pro-
vision whatever is here made for the admission of air,
except from the ash-pit, and through the bars, and fuel on
them. It is needless to add, that, from the absence of air
to the gas, a large volume of smoke must here necessarily
be produced.

Fig. 42.

N
.

Fig. 48. Parkes’ Split Bridge. This plan, patented in
1820, was effective when the consumption of coal and the
generation of gas were small and uniform; or when the
furnace was large, and heavily charged, to last for six or

Fig. 43.

NN

NI\

eight hours, with slow combustion. The generation of the
gas being uniform, and- the demand for air moderate, the
supply through the narrow orifice in the bridge was suffi-
cient. This plan has formed the basis of several re-snven-
tions ; the Patentees either not being aware of it, or not
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acknowledging the source of the effect for which they took
credit. ,
Fig. 44.

Fig. 44. This adaptation of the split bridge in marine
boilers was early made, by the then Engineer of the Dublin
Steam Company, to avoid the collection of ashes in the
lower shelf of the air-orifice, by which the passage of
the air was obstructed. The furnaces being charged at
short intervals, and the combustion rapid, the supply of air
was insufficient. The aperture at the top of the bridge was
liable to be choked with ashes and small coals, occasionally
thrown over.

Fig. 45.

Fig. 45. This change was not found effective. The
second opening for the admission of air, at the end of the
bars, was quite irregular in its action. '} It was also found to
interfere with the action in the split bridge; the air pre-
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ferring, at certain states of the fuel, to enter by the open
space at the end of the bars, as the nearest and hottest
course, whenever that place was uncovered.

Pig. 46.

N
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Fig. 46. This was adopted in a steamer of large power,
and was intended to remedy the evil as stated in the last
figure. The aperture being made larger, the air entered
too much in a mass, and produced a cooling effect; and
much fuel was also wasted by falling through into the
ash-pit. This was subsequently altered to the plan here-
after shown in Fig. 51; the bars being reduced from 7 feet
6 inches, to 6 feet, and with good effect.

Fig. 47.

| PR

Fig. 47. This arrangement remedied that of the pre-
ceding, by saving the fuel thrown to the end; and which,
falling on the small supplemental grate, was there con-
sumed. In practice, however, it was less effective as to

\J
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generating steam, and irregular in its action, and was very
destructive of the bars.

Fig. 48.
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Fig. 48. This plan, adopted in 1840, was one of the first
applied to marine boilers, on the principle of the Argand
furnace, by which the air was made to enter in divided
streams, through the apertures in an eight-inch tube, from
behind the boiler. This plan was fully effective so long as
the perforations in the tube remained open. The small
orifices, each but a quarter of an inch, however, becoming
covered, and closed by the sand and ashes, the supply of air
was consequently diminished, and the tube became heated
and destroyed.

Pig. 49.

Fig. 49. This plan, adopted in the steamer, the  Leeds,”
was very effective so long as the inclined plate and its
numerous orifices remained perfect. As, however, it also

v
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became clogged, or covered with coal, thrown over during
charging, it warped, and became injured.

Fig. 50.

/

Fig. 50. This alteration was made in the same boiler, to
counteract the evil above-mentioned. The bars were
shortened from 6 feet to 4 feet 6 inches. The air was
here introduced through a plate pierced with half-inch
holes. This was quite successful : ignition and combus-
tion were complete; no smoke formed, and the diminished
combustion of fuel was considerable. The box, however,
set in the bridge, was too small, and therefore liable to -
become filled ,by the ashes carried in by the current from
the ash-pit; and the stokers neglecting to keep the air-
apertures free, there was no dependence on its action.

~
A

Fig. 51. This arrangement, which remedied the above

Fig. 51.
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. defects, was adopted in- the steamer, the  Princess,” and

also in the “ Oriental ” and “ Hindosten,” employed in the-
Mail service in the. Mediterranean.  Perfect combustion of
the gas was. effected,” and, consequently, no formation of
smoke. 'The numerous orifices are here removed from the
direet action of the heat, or the liability to be choked.
The regulating valve, originally placed on the apertures,
to regulate the supply, was, after a little experience,
found .to be unneeessary, and was removed. This plan
has become, praetically, the most effective, and, during the
last ten years, has been adopted in mumerous marine and
land. boilers. The cost of the air-box was under forty
shillings.

Fig. 52.

Fig. 52. In this plan, the air was introduced through a
¥2
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tube laid on the bottom of the ash-pit, to avoid the current
of dust, and to enable the air to enter in a cooler state.
This was found effective as regarded combustion, but, being
still exposed to the sand, dust, and heat, as already men-
tioned, was subsequently altered to that of Fig. 51.

Fig. 53. This was a tubular boiler, and is here shown as
it came from the maker in 1846. It was quite ineffective,
giving much smoke, the tubes also being liable to injury by
the shortness of the run. The air-box in the bridge was
soon filled with dust and ashes, as here shown. The grate-
bar being 6 feet 10 inches long, the flame necessarily
reached the tubes, doing much injury to the lower tiers.
This was altered, as shown in Fig. 54.

Fig. 54.
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Fig. 54. This is the same boiler, the furnace alteration
being attended with considerable advantage. The bars were
shortened from 6 feet 10 inches, to 5 feet 8 inches. The
defect of the short run, and the limited time for combustion,
incident to tubular boilers, was, however, irremediable. The
change in the length of the bars alluded to, reduced the
consumption of coal considerably ; smoke was, to a certain
extent, avoided, and the amount of steam increased. In this
boiler there were 205 tubes of 24-inch area. Engines 190
horse-power.
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Fig. 55.

Fig. 55. This was a large steamer of 850 horse-power,
with tubular boilers. The plan of furnace here shown
represents it as it came from the maker. Three lengths of
bars, 2 feet 8 inches each, filled the entire space, leaving no
room for the admission of air to the gas. The consequence
was, & great consumption of fuel; a great generation of
smoke; and much inconvenience and. expense, from the
destruction of the tubes and face-plate.

Fig. 56.
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Fig. 56. This is the same boiler. The bars having
been shortened, the air-box was introduced into the bridge.
Notwithstanding the evils of the short run, the change here
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made was satisfactory. The importance of keeping the
air-passage free from obstruction was exemplified in this
case. The air-box was introduced in the after-boiler, leaving
the fore-boiler as shown in Fig. 565. During the voyage, in
which 90 tons 18 ewt. of coal were used in the latter, but
81 tons 15 cwt. were used in the former. The engineer
reported, that “ when the gases are properly consumed, the
best effect is produced ; good steam is obtained and less coal
used.”

Fig. 57.
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Fig. 57. This boiler also was tubular, 17 feet 2 inches
long. - Engines 870 horse-power. It is here shown as it
came from the maker. The grate-bars 9 feet ; dead plate 9
inches. The area for the admission of the air was quite in-
adequate to the introduction of the necessary quantity.
This boiler was then altered as in Fig. 58.

=

Fig. 88.

Fig. 58, This is the same large steamer as in last
number: the air-box being introduced into the bridge;
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the result was a considerable diminution in the fuel used ;

a better command of steam, and freedom from the nuisance
of smoke.
Fig. 59.

-

Fig. 59. This tubular boiler is here shown as it came from
the maker ; grate-bars 9 feet 3 inches long, with dead-plate
12 inches. No means for admission of the air to the gas.
In this boiler the run to the end of the tubes being so short,
the generation of steam depended, almost exclusively, on the
large grate-surface from ten furnaces. The consumption
of coal was very great, and the smoke very dense. From the
shortness of the boiler there was necessarily but little room
for improvement. It was altered as shown in next plan.

Fig. 60.
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Fig. 60. The same boiler, altered as here described, allow-
ing the air to enter by a perforated plate. The inherent
defects of the short boiler, and short runm, prevented the
realising much advantage in this case.

l

— /
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Fig.61. This plan is here introduced as showing the prac-
tical error of supposing that the gases could be consumed
by causing them to pass through incandescent fuel. The
effect of this plan is to convert the gas into carbonic oxide ;
and which, from being invisible, created the impression, that

rs
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the “ smoke was burned.” It is needless here to dwell on the
chemical error of such an assertion. The fallacy of imagin-
ing that either gas or smoke, from a furnace, can be con-
sumed by passing “¢hrough, over, or among” a body of
incandescent fuel, as already shown, prevailed from the
days of Watt to the present. Numerous patented plans to
the same effect, might here be given, all havmg the same
defect, and equally ineffective.

Fig. 62.

Fig. 62. This was one of the numerous hot-air expedients
pressed upon public notice, under the illusion, that by heat-
ing the air, ¢ the smoke would be burned.” A large hollow
fire-bar, A, was placed in the centre, or sides of the furnace,
with a regulating door for the admission of the air. The
Admiralty having been induced to allow this plan to be
adopted in the Steam Packet, the “ Urgent,”’ at Woolwich,
the result was a total failure, and its consequent removal.*
The supposed heating of the air being a mere assertion,
made for the purpose of giving an appearance of novelty,
having been wholly without effect, the result was, that it
reduced the so-called patent invention to that of Parkes’

* The ‘‘ Urgent,” Captain Emerson, being then engaged in the Mail Service
at Liverpool, this steamer came under my notice. For the purpose of testing
the effects of this hollow-bar, I had an experiment made to ascertain the
extent to which the air might be heated, and found no perceptible increase
of heat could be obtained by it.
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Split Bridge, with all its disadvantages when applied to
marine-boilers and large furnaces.

Fig. 63.

Fig. 63. This was another modification of the Split Bridge .
plan. Mr. West, in his published Report, on the methods
submitted to the Public Meeting at Leeds, in 1842, described
this in the following terms: “ It consists of a regulating
valve, by which air is admitted into a passage through the
bridge (the split bridge of Parkes’ expired patent,) for four
hours after first firing. By this time the coal is coked, and
the valve shut the remainder of the day.” It is manifest
there is nothing in this plan beyond the split bridge, accom-
panied with the mode of firing and slow continuous combus-
tion applicable to it. '

Fig. 64. - -
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Fig. 64. This is but another modification of the eplit
bridge, though announced as a plan for Zeating the air, by its
passage through a body of hot brick-work. This plan, M.
Peclet observes, was adopted in France, but abandoned.
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Fig. 65. M. Peclet gives this’ as one of Chanter’s
patents, which was also tried and abandoned in France.
It will be seen that this is but a modification of the former

lans.

k Fig. 66. This is another of the so-called hot-air plans,
although it is nothing but the split bridge with a supple-
mental grate, as adopted by Chanter and others. The
Patentee professes to have the air “intensely heated,” by the
handful of scoria, or cinders, which fall on the supplemental
grate. This plan being much pressed on public attention,
the Patentee’s own inflated description is here given, than
which nothing can be more erroneous in a chemical point
of view, or more unwarranted in practical effect.*

Fig. 67, page 110. This is another of the hot-air plans,
as given in Mr. West's Summary. The air is here supposed
to be heated by passing through the vertical tubes a, placed
in the flue, and thence through the passage b, entering the
furnace by a single orifice, ¢. It is only necessary to observe,
that it would be impossible that one-fourth part of the
required quantity of air could there obtain access, unless by

* ¢ Tt will be seen that the invention consists in the combination of two
sets of fixed firc-bars, the first of which is chiefly fed by the scoria and
cinders voided from the second or upper set of fire-bars, with a calorific
plate, the face of which may be protected by a few fire-bricks ; by which
arrangement, the current of air entering at the lower part of the furnace,
passes through two strata of fire, and thence between the calorific plate and
the bridge, and is thus so intensely heated as continuously to produce the
entire combustion of the g products of the fuel, and to prevent the
ordinary formation of smoke. It is, in effect, & double furnace, confined to
the limits of, and economically applicable to any common description of
furnace ; has all the advantages of a kot blast without the cost of any pneu-
matic apparatus ; is so contrived as uniformly to distribute and keep up.
the requisite heat in boilers of whatever form ; and, whilst most effectu-
ally preventing the annoyance of smoke, and the usual deposit of soot in the
flues, it causes an average saving of at least 20 per cent. in the quantity of
fuel consumed, and also admits the substitution of the cheapest for that of
a dearer quality, and of small instead of large coals, as further means of
reducing the expense of consumption.”
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so enlarging the orifice as to produce a cooling effect, by its
then entering en masse. Mr. West states, that the Patentee

,,’
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Fig. 67.
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“claims the right of using hot air for the purpose of con-
suming smoke, in whatever manner the air may be heated.”
This claim, it may safely be stated, none will be disposed to
dispute.
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It seems strange that these numerous advocates for the
use of hot air, in ordinary boiler-furnaces, have given no
information as to the degree of heat which they would give
to the air, nor the means by which this heat would be
imparted to it. They have made no experiment to test
either: neither have they given any grounds for supposing
that the air, when heated, would be more effective.

‘89 S1g
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Fig. 69.!

Figs. 68 & 69, pp. 111, 112. This plan, as in Fig. 68, with
the sectional view, 69, is also taken from Mr. West’s Sum-
mary, and is here introduced with the view of further
pointing to the hot air, and “ smoke-burning”’ fallacy. The
following is the description given by Mr. West: “ The
smoke, after having passed along the flues marked F, is
intended to be caught by the fan H, before reaching the
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damper G, and, along with a sufficient quantity of atmos-
pheric air, is propelled along thé return flue I, into the
enclosed ash-pit K, where it is again forced through the
fire-grate C.” It is not necessary to add any comment on
what is so wholly opposed to chemistry and nature.

The plans of Brunton’s revolving grate, Jukes's moving
bars, or Stanley’s self-feeding apparatus, need not here be
described.* There is in these no pretension beyond what
they can perform; each acts the part intended, and,
wherever there is room for their introduction, and that
the uniform amount of heat produced by these means, falls
in with the requirements of the steam engine, and the
manufacturer, these will answer the desired purpose.

‘We must here observe that these plans are inapplicable
to marine furraces, or where large quantities of steam, and
active and irregular firing are required.

The simple operation in these is, the keeping continuously
a thin strdtum of fuel on the bars, and, consequently, an
abundant supply, and even an excess of air, through it, to
the gases generated in small quantities over every part of
the fuel. Neither must we be led to suppose, that they
effect & more economical use of the fuel.

In an inquiry on the subject at the Society of Arts, much
stress was laid on the annual saving by the use of the
moving bars, at a large establishment in London. It
appeared, however, that the saving arose, not from any
more economic use of the fuel, or the generation of more
heat, or by a more perfect combustion, but merely from the
circumstance, that the mode of feeding the furnace, and
keeping continuously a thin stratum of fuel on the grate,
enabled the proprietor to use an inferior description of coal.

* Stanley’s apparatus was early applied on board the Dublin Steam
Company's vessel, the ¢‘ Liverpool.” Independent of its inconvenient bulk,
it was wholly defecti've, when applied to large furnaces, requiring the most
active firing, and the irregular demand for steam incidental to marine
boilers,
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In the case of boilers already constructed, it may be
asked how they should be altered so as to admit the
required supply of air. In land boilers, where the furnace
doors are set in brick, they may easily be enlarged, and at a
small cost, to allow space for the requisite number of
orifices, the aggregate area of which should average five to
six square inches for each square foot of grate-bar furnace,
according to the description of fuel.

In marine boilers, however, the enlargement of the door
end is troublesome. - 'Where sufficient space cannot be
obtained, it will be advisable, in addition to as many half-
inch orifices as can be inserted in the back plate of the
close door box, or in the neighbourhood of the door, to intro-
duce the ordinary perforated air-plate, as already shown
in Fig. 51. This was the mode successfully adopted, in the
present year, in the mail steam-packet, the © Llewellyn.”
The boilers being new, and the maker not having allowed
space sufficient for door-frame plates of the required size,
the deficiency was supplied through the ordinary perforated
box in the bridge. '

The boilers previously in this vessel were remarkable for
the continuous volume of dense smoke: the new boiler,
independently of the absence of smoke, supplies more steam
with a less consumption of coal. The contrast between the
two modes of constructing furnaces, is well exemplified in
the following extract from the report of Mr. Joseph Clarke,
the Engineer of the Dublin Company, to whom this vessel
belongs.*

* ¢The Holyhead mail steam packet, ¢ Llewellyn,” having now been at
work three months with new boilers, I have to transmit you the result of
their performances. This vessel hastwo boilers ; one before, and the other
abaft the engines. Their construction are precisely the same; each having
six furnaces. Both have all their furnace fittings exactly the same. In
order to put the smoke-prevention principle in contrast with the ordinary
mode, the fore boiler was allowed to remain as it came from the maker,
while the after one had the door frames of each of the furnaces (which are
made with box mouth pieces) perforated with 149 holes, each  inch
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Fig. 70.
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Fig. 71.
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In illustration of the alteration which should be made in
marine boilers, Fig. 70 represents the usual mode of con-

diameter, to admit the air. These not being sufficient, the perforated
plate behind the bridge was added, in which there were 321 holes—in all,
470 holes ; the gross area of which is equal to about 5 square inches for
each square foot of fire grate. The result is, that the fore boiler gives out
a continuous volume of dense smoke, and the after one none whatever. It
is quite remarkable to see the steam blowing off from both boilers, and
smoke only from one. I know nothing that could be more demonstrative
of & principle than the contrast between the two boilers in this vessel, It
attracted the attention of the passengers, and I resolved, therefore, on
leaving the two sets of furnaces as they are for some time longer, to afford
the public the opportunity of seeing that smoke prevention is practicable.
When the vessel can be spared, it is my intention to make the farnaces of
both boilers alike.”
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tracting the door end to the mere size of the door frame, as
at a. Fig. 71 represents the mode of enlarging the opening,
both at the sides and above the doorway at &, to allow
of the introduction of a sufficient number of half-inch
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apertures, as shown in Fig. 72. It is here worthy of
note, that as the ordinary mode of constructing the door
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end of marine boilers is difficult and expensive, as shown in
Fig. 70, the mode shown in Fig. 71 is so much more simple
a8 to cover all the outlay for the air boxes shown in the
next figures.

Fig. 72 represents one of the modes adopted where the
boiler had been originally constructed to admit the required
number of orifices. This has been in successful operation
for some years, and without requiring any repairs. In this
plan it will be seen that air boxes are introduced at the
sides and above the doors. The air entering to the upper
box at 4, and to the side boxes at & 5. (The left represent-
ing an outside, and the right an inside view of the orifices.)
In the centre is a sliding plate P, by which, alternately, the
right or left hand upper orifices may be closed, when either
furnaces are about to be charged.

As much stress has been laid on the value of having
skilful firemen, it is important to show in what their real
duties consist. The annexed figures will explain the differ-
ence in effect between the right and the wrong mode of
charging a furnace. -

Fig. 78.
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Fig. 78 represents the proper mode of keeping a uniform
depth of coal on the grate-bars;—the result of which will
be, a uniform generation of gas throughout the charge, and
a uniform temperature in the flues.
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Fig. 73a.

Fig. 73a represents the ordinary mode of feeding marine
farnaces: charging the front kalf as high, and as near the
door, as possible, leaving the bridge end comparatively bare.
The result necessarily is, that more air obtains access
through the uncovered bars than could be reguired ; thus
defeating all efforts at introducing the proper quantity in
the proper manner.

One important advantage arising from the control of the
quantity of air is, that it enables the engineer to shorten
the length of the grate by bricking over the after end of the
bars, seeing that an unnecessary length merely gives the
means of letting an improper supply of air pass in through
the uncovered bars.

The facility with which the stoker is enabled to counteract
the best arrangements, naturally suggests the advantage of
mechanical feeders. Here is a direction in which mechanical
skill may usefully be employed :—the basis of success, how-
ever, should be the sustaining at all times the uniform and
sufficient depth of fuel on the bars.

Although the combustion of the gases in locomotive
boilers does not come within the scope of these remarks,
the peculiarities of the boiler, as shown in Fig. 74, are so
illustrative of the principle of admitting the air through-
numerous orifices, that it here merits attention.
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Fig. 74. This plan of boiler is the invention of Mr.
Dewrance, when Engineer to the Liverpool and Manchester

-
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Railway Company, and was adopted in their locomotive, the
“ Condor.” By this arrangement he was enabled to use coal
instead of coke, and with entire success. It will here be
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seen that the air enters from a separate passage to a number
of vertical perforated tubes, from which it pasaes to the gas,
in a large mixing or combustion chamber, through numerous
small orifices. The result is, immediate diffusion and com-
bustion. The deflecting plate, to a certain extent, counter-
acts the short run, or distance to the tubes.*

In concluding these observations on the various modes of
introducing air to the furnaces, it is only necessary to add,
that by attention to what is here stated, manufacturers
may become independent of “smoke-burning” patents.
All they have to do is, to imitate, as near as possible, the
principle of the common Argand gas burner. Let them
introduce the air by numerous small orifices to the gas, in
the furnace, as the gas is introduced by small orifices to the
air in the burner. They want no aid from any patentee.
Let them begin by having as many half, or even three-
quarter, inch orifices, with inch spaces, drilled in the door
and door frame, as possible. If the furnace be large, and
the door-plate frame is not sufficient for the introduction of
the required number of holes, let them introduce the per-
forated plate in the bridge, as shown in Fig. 51, and as
described by Dr. Ure in his Dictionary of Arts, last Edition
title, “ Smoke Nuisance.”

* A, deflecting plate ; B, combustion chamber; C, common coal fire ;
D, cold air passage.
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CHAPTER VIII

ON THE PROVIDING ADEQUATE INTERNAL SURFACE FOR

TRANSMITTING THE HEAT TO THE WATER FOR EVAPO-
RATION.

Ox this head, marine boiler-makers content themselves
with calculating the gross internal superficies; and having
provided a given number of square yards, of so called keating
surface, they consider they have done all that is necessary
for providing an adequate supply of steam.

This might be sufficient, were there any ground for
assuming that a square yard of surface possessed a given
evaporative power. Nothing, however, can be more vague,
and, practically, more deceptive, than the supposed heat-
producing value of a square foot of grate-bar, or the heat-
transmitling power of a square yard of internal surface,
both being, momentarily, subject to numerous influences
connected with time, temperature, current, and position ;
and the ever-varying admission and action of the air.

At present, practice and theory are utterly at variance on
this matter. Take, for instance, the separate surfaces of the
fire-box and tubes of a locomotive boiler, a square yard of
the latter having but one-third the evaporative effect of one
in the former. Indeed, many instances might be given of
the evaporative effect being:increased by the removal of
many entire tiers of tubes, and even by a large diminution
of the gross area of surface.

As to general efficiency, the flue system is capable of
supplying all that can be required, while it is free from the
anomalies incidental to the multi-tubular plan. When
larger quantities of steam are required for larger engines,
this can be best obtained, not by additional tiers of tubes,

[+
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but by extending the areas and length of run; thus
increasing the number of units of time, distance, and surface,
along which the heat-transmitting influence may be exerted.
It is a mistake, then, to suppose that the mere providing a
large aggregate of surface can compensate for deficiency in
the run, or the want of sufficient time. The heated products,
will not, and cannot be forced instantaneously to spread
themselves over the aggregate of surface that may have
been provided.

Among the influences which affect the transmitting
power of any given surface, none are greater than the
velocity of the current through the flues. The products of
combustion being at a high temperature, are found to take
the nearest, hottest, or shortest course to the funnel,—entering
the lowest tier of tubes first,—regardless of whatever surface
may have been elsewhere provided; in fact, passing through
but a limited number of their ranges.

It is an error then to suppose, that by presenting addi-
tional series of tubes, we can compel the gaseous products,
hurrying to the funnel, to occupy them, or go out of their
way, to take the course we may please to dictate. With
equal consistency might we expect that the rapid course of
ariver stream would be eased by providing additional surface
in some adjoining district; but through which the direction
of the current would not lead it. Zineal distance, or length
of run, along which the heated products pass, is the most
important, though the most neglected, element in the calcu-
lation of surface.

Among the modes of providing adequate internal surface,
none have led to greater errors than the endeavour to make
smaller and shorter boilers do the duty of larger omes, and
supply steam for larger engines, by the adoption of the
multi-tubular system. The result has been, a less perfect
combustion; a larger development of opaque smoke; a
greater waste of fuel and heat; and a more dangerous
application of it. Where increased power was employed,

e
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and a larger supply of steam was required, instead of pro-
viding a corresponding enlargement of the boilers, engineers
have incousiderately adopted the locomotive tubular principle,
apparently for no other reason than that it was smaller, but
without considering the irreconcileable differences in the
two services, and the peculiarities incident to each. Not
finding that the enlarged aggregate internal tubular surface
produced the expected increased quantity of steam, they
had recourse to the other alternative — the enlarging the
areas of the furnaces, and increasing their number—the
generation of the steam almost exclusively depending on
the plate surface in connection with them.

The adoption of the tubular system in marine boilers
was also accompanied by this anomalous proceeding; that
while the areas of the furnaces and grate-bars were enlarged,
more fuel necessarily consumed, and more gas generated,
nevertheless, the Zime and distance allowed for the trans-
mission and absorption of the increased quantity of heat
generated, were botk actually diminished.

It is clear, therefore, that in these arrangements all the
requirements of nature were disregarded. All merged in
the one consideration,—the diminishing the size of the
boiler, increasing the area of the furnaces, and providing a
larger aggregate internal surface by the tubular system.
The question, indeed, seems never to have been raised,
whether that additional surface was ever, or to what extent,
brought into action.*

* Under the head of ‘‘ Want of general principles in the construction of
marine boilers,” Dr. Lardner justly observes, ‘‘there cannot be a more
striking proof of the ignorance of general principles which prevails respect-
ing this branch of steam engineering, than the endless variety of forms and
proportions which are adopted in the boilers and furnaces which are con-
structed, not only by different engineers, but by the same engineers, for
steamers of like power and capacity, and even for the same steamer at
different times.” He then adds, ‘‘The original boilers of the Great
Western built for the New York and Bristol voyage, was of the flue sort ;

e 2
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As to the importance of time and distance, in connection
with surface, it is only necessary to point to the length
of the flame, in ordinary boilers, that being an unmistakeable
evidence of the duration of the process of the combustion of
tke carbon ; and which process cannot be interfered with,
unless by the loss of that heat which would have attended its
completion.

The following experiment will give a sufficiently correct
view of the duration of this process, and what ought to be
the distance and surface allowed to take up the heat. In
this case, the boiler was 15 feet long; the furnace 4 feet
8 inches, with a returning upper flue. The air was properly
supplied, the combustion perfect, and no smoke generated.

Time. Length of flame after
a fresh charge.
After 5 minutes, 10 feet from the bridge.
ki 10 ” 12 ” i1}
o 15, 15, "
” 20 ? 18 ” 11}
” 25 t2) 22 ” ”
” 30 ” 22 ” ”
» 385 »’ 18 ” ”»
» 40 » 14 EE I ”»

During the last ten minutes, the flame ceased to be that
of coal-gas (carburetted hydrogen), and had become that of

these were subsequently taken out and replaced by tubular boilers ; the
dimensions and relative proportions of these two sets of boilers were as
follows,” —He then gives in detail all the particulars, the leading points of
which are as follows :—observing that ‘¢ this vessel was less efficient with
the second set of boilers.”

Original Boiler. Becond Boiler.
Nominal horse power . . 400 400
Total heating surface . . 3840 square feet. 7150 square feet.

This is sufficient to prove the fallacy of a large aggregate of heating
surface. The first boiler, which was a good steam producer, had 9
square feet per horse power; the second, the tubular one, about 17
feet — nearly double — yet the generation of steam was inferior in the
latter.
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coke-gas (carbonic oxide). There could be no mistake in
this, the colour and character of the two gases being so
different and well defined, as may be clearly observed
through the sight holes, placed opposite the furnace.

Had this been a tubular boiler, the run from the furnace
to the funnel, instead of being 86 feet, would not have been
one-tenth of that distance. The flame, which at one time
we see extended to 22 feet, must necessarily have been
violently cut short and extinguished; or its heat expended
in the chimney. The atoms of carbon would have been
converted from the incandescent state of flame into the
black element of smoke; heat would have been lost to the
boiler, and the tubes would have become lined with the
non-conductor soot.

If the flame passing from a furnace be clear, the combus-
tion may be considered as complete, and the full measure
of heat obtained from the fuel—the pyrometer indicating
the available amount of that heat. Mr. Dewrance states,
respecting a land-boiler, properly fitted with the perforated
air distributor :—“ We have a clear flame along the flues to
the distance of 30 feet from the fire, and the flues at that
distance are quite hot ; previously to the admission of air in
the proper manner, this part was quite cold.” Now, had
this been one of the usual short marine tubular boilers, what
would have been done with this flame, or the heated pro-
ducts passing from it? and of what avail would have been
the surface of the series of small tubes ? It is manifest,
then, that this question, as to the length of the flame, and

" the demand for time and distance, was not sufficiently con-
gidered, when the tubular system was introduced into
marine boilers, using coal, in imitation of the locomotive
using coke.

Again, in addition to the heat obtained by direct radiation
from the flame, we have to consider that large quantity
which would have been given out by the gases, ¢f their
combustion had been completed. It may here be observed
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that it is the obtaining the service of the heated products
by an adequate run of flue, with sufficient time and surface,

that characterises the Cornish boilers. In these, the main
feature consists in generating, by slow combustion, no more
heat than can be taken up, and transmitted to the water.

In this respect, then, it is the direct reverse of the tubular
system. In the former, there is slow combustion,—a conti-

nuous small development of combustible gas,—a long run,—

abundant absorbing surface,—a moderate rate of current,—

free access of the water to the flues,—and sufficient time to

enable the surface plate to do its duty;—added to the

adoption of every possible means of preventing the loss of
heat, externally, by clothing the outside of the boiler.

In the marine zubular boiler, on the other hand, everything
is the reverse. There is the most rapid combustion,—the
largest and most irregular development of gas,—a rapid
current,—a short run,—a restricted and imperféct circu-
lation of the water,—and a total inadequacy of time for the
transmitting and absorbing processes, with a great waste of
heat by radiation from the boiler.

Another serious evil of this tubular system, and its short
run, which carries the heat away so rapidly, is, tke over-keated
state of the funnel and steam-chest; and the consequent
danger to the part of the vessel in their immediate con-
tiguity.

The cause of such heat in a situation where it can be of
no avail for the purposes of evaporation, has not been suffi-
ciently inquired into. To this circumstance, without doubt;
was attributable the destruction by fire of the .Amazon
steam-ship. The excessive heat of the lower part of the
funnel, the take-up and steam-chest,—both of whick were in
that vessel under deck,—created a source of danger which
does not exist in vessels where both are above the main
deck.

‘With reference to the availability of the tubular surface,
even the horizontal position of the tubes, and their being
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ranged in tiers above each other, is peculiarly unfavorable.
The lower tiers presenting the nearest opening for the
escape of the heated gaseous products, are first occupied,
and at an accelerated rate of progress.

Mr. Atherton has given the most convincing proof of the
waste and danger of the tubular system. Speaking of the
combustible gases evolved from coal, he observes that * after
having passed through the tubes, the proceeds from all the
different furnaces become collected in the up-take and
funnel ; and being there combined and mixed together, zhey
burst into useless combustion, frequently making the funnel
red hot.’ This is unquestionably true, but it only shews
that the combustible gases must have passed through the tubes
unconsumed; and having, in the smoke box, encountered the
air (which should have been supplied earlier),“tken burst
into useless combustion.”

But there is a more important reason for the large
¢ gectional area” in the flues which has not been referred
to by writers on the subject, viz., that it is absolutely
essential, chemically, to the completion of the process of
combustion and zke disposing of the products, of which water
18 80 large a one, as will be shewn hereafter.

In calculating the effective surface, then, it should be
taken with reference to the length of the road, so to speak,
along which the heated products have to travel in their
hurried course, rather than to the breadth, or enlarged
areas, which may be laterally or accidentally provided, but
which are practically not used or available.
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CHAPTER IX.

OF FLAME, AND THE TEMPERATURE REQUIRED FOR ITS
PRODUCTION AND CONTINUANCE, AND ITS MANAGE-
MENT IN THE FURNACES AND FLUES.

TrEeATING Of the temperature required for the combustion
of carburetted hydrogen gas, is virtually treating of flame,
which is the first product of that combustion. On this
subject we may take Sir Humphrey Davy as our guide, as
he made it an object of such special inquiry. In his
“Researches on Flame,” he observes, “I shall proceed to
describe the origin and progress of those investigations
which led me to the discovery of the principles by which
flame may be arrested and regulated. I first began with a
minute chemical examination of the substances with which I
had to deal.”” So far from adopting the same rational course,
though dealing with the same subject, writers of the present
day begin with calculations respecting the proportions of the
vessels into which the several substances are to be intro-
duced, while they omit the “chemical examination of the
substances” themselves.

Having, after numerous trials, ascertained the volume of
air required for the combustion of the gas, he next treats of
the temperature required for the production of flame; that
is, for igniting the given mixture of gas and air, which he
calls an “ explosive mizture.” * This mixture,” he observes,
“ was not exploded, or fired, by red hot charcoal, or red hot
iron; it required the iron to be white kot for its inflam-
mation.”

That this heat is required for the ignition of the first
mized group of gas and air to which it is applied, we have
daily proof, when, to light the gas in our apartments, we
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apply the heat of a separate flame before ignition takes place.
This is confirmatory of the high temperature described by Sir
H. Davy, since, as he observes, “ the temperature of white
kot metal is far below that of flame.”” Now, in lighting the
gas from our burners, we are apt to overlook the all import-
ant fact, that it is not tke gas which we ignite, but the
mizture of gas and air. On the taper being applied, explosion,
or sudden ignition, then takes place of just so much, or so
many groups, of the gas and air, as have obtained the necessary
atomic contact, and no more.

That a high temperature must, unintermittingly, be main-
tained in the chamber part of the furnace, will at once be
understood, when we consider, that flame, continuous though
it appears to be, is but a rapid succession of electric explo-
sions of atoms, or groups of atoms, of one of the constituents
of the gas— the hydrogen with oxygen; and as rapidly as
their respective atoms obtain access and contact with each
other ; the second constituent—the carbon—taking no part
in such explosions. Whatever, therefore, interrupts this
succession ; (that is, allows the explosion of one group to be
terminated before another is ready, and within the range of
its required temperature), virtually causes the flame to
cease; in ordinary language, puts it out.

Again, if by any cooling agency we reduce the tempe-
rature below that of accension, or kindling, the effect is the
same : the succession 18 broken,and the continuousness of the
flame ceases; as when we blow strongly on the flame of a
candle, by  which we so cool down the atoms of gas that
they become too cold for ignition, and pass away in a
grey-coloured vapour; but which, by contact with a
lighted taper, may again be ignited, and the succession
restored.

Thus we see there are two modes by which flame may be
interrupted, that is extinguished ; both of which are momen-
tarily in operation in our furnaces. 1st. By the want of
successive mixture or groupings of air and gas. 2nd. When

a3
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the gas is reduced in temperature by cooling agencies, as
will hereafter be shown.

Luminosity is not an element in the generation of flame.
It is merely the result of the presence of some other and
solid matter — the degree of luminosity being in propor-
tion to the quantity and temperature of such solid matter.
In the combustion of coal gas, flame is caused by the union
of the Aydrogen with atmospheric oxygen, the heat produced
being intense, raising the carbon, if present, to the state of
ineandescence, and producing the effect of luminosity. Here
we may admire the wonderful adaptation of nature to haman
wants. Without the bydrogen there would be no heat, and
without the carbon there would be no light. The luminosity
of the incandescent carbon, then, is the mere result of that
high temperature which is essential to its own subsequent
combustion, or chemical union, with oxygen.

Let this fact, then, be borne in mind, as it indicates the
cardinal point of the whole process in our furnaces, namely,
that it is not the gas, but the mizture, the compound of gas
and air, that is ignited, and which produces the flame, with
its heat and luminosity.

" This necessary condition of mizture clearly exposes the
error of supposing that the gas may be ignited or consumed
by being made to pass over, or in connection with the red kot
JSuel. Sir H. Davy has show that no degree of heat will
consume gas—combustion being, not the heat in the gas, but
the chemical union of its constituents with the oxygen—miz-
ing being but the preliminary operation of bringing those
constituents and the supporter of combustion into atomic
contact, or within the sphere of chemical or electric action.

The two essentials of combustion being laid down by Sir
H. Davy, viz.—temperature and contact, he then considers
the management or treatment of the flame, and the means
by which it may be effected or extinguished. He states, that
on mixing one part of carbonic acid with seven parts of ke
mixture of gas and air ; or one part of nitrogen with six
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parts of the mixture, their powers of explosion were de-
stroyed,—that is, ignition was prevented. Here is a fact
never to be lost sight of, inasmuch as its application is
called for in every stage of the process in our furnaces and
flues.

Again he observes : “ If combustible matter requires a high
temperature for its combustion, it will be easily extinguished
by rarefaction or by cooling agencies, whether of solid sub-
stances, or of incombustible gases.”” This is highly instruc-
tive; yet, the supplying these very means for extinguishing
the flame are the characteristics of the tubular system,
namely,— destroying the high temperature by rarefaction,
cooling agencies, and. mizing with incombustible gases.”

On examination of what passes in furnaces using coal,
we see the direct connection between its effect, and what Sir
H. Davy so clearly points out as the means of extinguishing
the flame. On looking into & flue boiler from the back end,
a body of flame will be seen flashing along from the bridge,
and if air be properly introduced, extending a distance of
20 to 30 feet. This is the appearance which has to be
sustained wntil the process of combustion be completed, if we
would have the full measure of heat developed.

On the other hand, looking into a fubular boiler, across
the smoke-box, the light of the flame may be seen through
the tubes; but, on entering their orifices, or at a short
distance within them, it will appear to be suddenly cut short
and extinguished, and converted into smoke, as shown in
Fig. 75, Plate 4.

The distance, then, to which flame will penetrate tubes,
before being extinguished, will depend on the rapidity of the

current,—the size of the orifices,—and the quantity and
character of the gaseous products, entering in company and
in contact with it. These products are—
From the coke . . oarbonic acid and nitrogen.
From thegas . . carbonic acid, nitrogen, and steam.

Here we have the very incombustible gases referred to
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by Sir H. Davy,—not even in small, but in very large
quantities, — forced into the most intimate possible mixture
with the flame. The result necessarily must be, the
reduction of its temperature, and consequent extinguish-
ment.

Impressed with the importance of the connexion between
temperature and ignition, Sir H. Davy dwells on the fact,
and repeats, that “flame, whether produced from the com-
bustion of large or small quantities of explosive mixture
(gas and air), may always be extinguished or destroyed by
cooling agencies ; and, in proportion to the heat required to
carry on combustion, so it is the more easily destroyed.”

Again, he observes :—* In reasoning on these phenomena,
it occurred to me that the effect of carbonic acid and
nitrogen, and of the surfaces of small tubes, depended on
their cooling powers ; upon their lowering the temperature of
the exploding mizture so much, that it was no longer
sufficient for its continuous inflammation.”” It is impossible
that words can be more explicit, or more applicable, and
cautionary, as to the consequences of bringing these incom-
bustible gases into contact with flame. Yet this mixture, and
these cooling agencies, are promoted in the most palpable
manner and to the greatest extent, by forcing the flame,
together with these gases, to enter the hundreds of long
narrow metallic tubes, with their small orifices ; — thus
dividing into numerous films, and destroying the body and
intensity of the heat, which should have been preserved ;
since, as he observes,—* the heat communicated by flame must
depend on its mass.”

Under the circumstances of an ordinary flue boiler, if the
flue be of sufficient area, the products of combustion separate
themselves,as seen in the flame of a candle, and as will hereafter
be shown. So in the flue, the hottest portion, and the flame
itself, will take the upper part, thus avoiding that unnatural
mixture with its own incombustible products—carbonic acid,
nitrogen, and steam ; but which in the tubular system are
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again forced into contact with the flame from which they
had separated themselves.

That the temperature within the tubes will be reduced
below that required for continuous ignition, may be tested
by looking into them through apertures across the smoke-
box end, or by introducing shavings or paper fixed to the
end of an iron rod. In most cases (unless when the fuel on
the bars is clear) the paper may be passed in and with-
drawn, blackened with soot, or unscorched, according to
the state of the furnace, indicating the low temperature
within the tubes, and their utter uselessness as sfeam
generators.

In speaking of the evils of the tubular system, these
remarks have no reference to its application in locomotive
boilers, where coke alone is used, and for this self-evident
reason, that no hydro-carbon gas or fuliginous flame has
there to be encountered. In the tubes of the locomotive
there is, in fact, no chemical or practical reason why the
heat may not be abstracted from the products with the
greatest rapidity.

Looking, then, at the practical effect of these numerous
narrow orifices, and the diminution of the temperature,
consequent on its division, it would be impossible for
ingenuity to have devised a more perfect mechanical mode of
effecting that rapid and intimate contact between the flame
and the incombustible gases, described by Sir H. Davy
as being so injurious to the continuing high temperature
of that flame, and, in a word, so effective in its extinguish-
ment.

The inference which this inquiry leads to as regards the
high temperature required,—1st, for the ignition, and 2ndly,
for the sustained existence of flame is, that the tubular
system is chemically, mechanically, and practically a destroyer
of both.
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CHAPTER X.

OF THE CIRCULATION OF WATER IN THE BOILER.

TH18 important branch of the subject—promoting circula-
tion in the water in evaporative vessels—appears to have

Fig. 77.
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hitherto received but little attention; yet
promoting eirculation is virtually promoting
evaporation. Mr. Perkins proved by numerous
experiments how much evaporation was in-
creased by an unembarrassed action of the
ascending and descending currents of the
water: since then, no further effort has been
made in that direction. If sufficient space
be allowed for the action, the ascending
and descending currents will of themselves
take such directions as are most favourable
for their respective function, as in Fig. 77,
where an ascending current is seen in the
centre, and a descending one on the sides.
Dr. Ure observes, “when the bottom of a
vessel containing water is exposed to heat,
the lowest stratum becomes specificallylighter,
and is forced upwards by the superior gravity
of the superincumbent colder and heavier par-
ticles.”” Here we have the correct theory
of circulation: no particle, or stratum of
water or steam (whatever may be its tem-
perature), being able to ascend, or change its

position, until some colder or heavier particle is present, to
take its place and “ force it upwards.” This is the rationale
of all motion in gaseous, or fluid bodies, arising from the mere
difference of specific gravities. Thus, when we speak of atoms
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ascending, we must be considered as meaning their being
¢ forced wpwards,’—ascending being a compulsory, and nota
voluntary, act.  This elementary view of the motion should
be kept in view, as it is the basis of all that follows; and as
we are too often led astray when considering the ascending
body of steam or water, but neglecting that descending body
by which it is to be “ forced upwards.”

In the case of solids, heat passes from atom to atom by con-
duction,—no perceptible change taking place in their relative
bulk, weight, or position. In the case of a jfluid, the entire
mass being put into motion by its intestinal currents, circu-
lation is continued, and ultimately the temperature of 212°
is obtained, which has been termed the boiling point.

‘We have now to examine the class of motions and currents
which are the result of this boiling operation. If we could
suppose that there was no motion among the particles of
water during the act of boiling, and that the atoms of steam
alone rose to the surface on being produced,—in such case,
circulation would be unnecessary, and the contraction of the
water spaces in boilers would be a matter of no importance,
as water would then be always present on one side of
the plate to receive -the heat transmitted through it
from the other : such a state of things, however, is contrary
to the laws which influence the change of temperature in
fluids.

So far as regards the motion in water, previous fo ebullition,
it has been commented on by all writers on the subject.
The act of boiling, however, creates a species of currents of
an entirely different and important character. These have
not received due attention, yet they are the most import-
ant, inasmuch as they influence not only the amount of
evaporation, but, as will be shown, the durability of the
boiler itself.

‘With reference to the movements among the particles in
water, it is a mistake to suppose they will descend in the
same vertioal lines in which they had ascended, as a shower
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of rain would through the opposing atmosphere.
direction would be impracticable on account of the resistance
of the ascending currents of both steam and water, caused
by ebullition. This may be illustrated by the annexed draw-
ings. Fig. 78 represents a supposititious case of the particles
of water on reaching the surface, turning and descending in
the same vertical lines in which they had ascended. Fig. 79
represents the ascending particles of water flowing along the
surface to the coolest and least obstructed part for their
descending course. This is what takes place in all boilers.

Fig. 78.
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‘When heat is first applied to water, the uniformity of the
motion is the mere result of diminished specific gravity, that
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being then the sols motive power. After ebullition, how-
ever, a new state of things is created. The columns of rising
steam obtain great physical power, violently and mechani-
cally forcing upwards the water which comes in their way.
Vertical streams are thus induced, putting n motion a body
of water far greater than would be required for merely taking
the place of that which had been converted into steam. Now,
_ a8 bodies or streams of water, commensurate with these
continuously forced upwards, must necessarily return to
prevent there being a vacant space, it is for these returning
or downward currents, of what may be called surplus water,
that we are called on to provide both space and facility.

Fig. 80.
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The difference in the character of the currents before and
after ebullition are shown in the annexed figures. These
may be well observed in a glass vessel, of the shape here in-
dicated, and about 4 or 5 inches wide, suspended over the
flame of an Argand burner. Fig. 80 represents the uniform

Fig. 81.

motion which takes place defore ebullition. Fig. 81 re-
presents the water after ebullition in its descending and
revolving currents, forcing the rising columns of steam aside
Jrom their vertical course, as marked by the arrows. These
motions, which are not perceptible if the water be free from
foreign matter, will be seen on throwing in a great number of
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small bits of paper, so as to occupy all parts of the water.
The entire mass will then be exhibited in violent and revolving
currents—the ascending steam occupying one side, and the
descending body of water rapidly descending in some other
part, but manifestly occupying a much larger area of the vessel
than the ascending portion.

Fig. 82.

So great is the ascensional energy and velocity of the
rising steam, and the extra water forced before it, that

-
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numerous globules are borne along by the current, and
carried even downwards. These may be observed at A, Fig.

Fig. 83.

81, in their slow oscillating motion, struggling
to return upwards through and against the
force of the descending water. These move-
ments are highly instructive, and should be
well examined, since, without an accurate
knowledge of them, we cannot have a right
conception of what is required for giving a due
circulation to the water, and arranging the
flues and water spaces in boilers to enable
those motions to be completed.

The influence exercised by the descending
body of water was strikingly illustrated in
an experimental tin boiler, 12 inches long,
with a single flue running horizontally through
it, the water being heated by the flame of a
large laboratory gas lamp. The boiler being
open at the top, the movements of the steam
and water were thus ascertained, as shown
in Fig. 82. So soon as the ebullition became
strong, the water spaces round the flue ap-
peared insufficient to allow the steam to
ascend, and the water to descend, equally on
both sides. The consequence was, that much
of the water forced up by the steam on the
one side, was carried over by its violence,
and descended on the other, thus making a
circular course round the flue, and forcibly
carrying along with it much of the steam
that came in its way. This circular motion
is shown by the dotted arrows representing
the steam, and the plain arrows, the water.

‘With the view of observing the injurious
consequences of restricted water-ways, a very

useful class of observations may be made by using a tall
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narrow glass as in Fig. 88, attached to a tin or iron vessel,
with a flat bottom, to receive the heat from an Argand
burner, or spirit lamp.

Here the descending water is so obstructed by the joint
columns of ascending steam and water, that both are thrown
into great confusion :—their respeetive currents continually
changing sides, and the progress of evaporation considerably
delayed. We here obtain a clear practical view of what
must take place between the flues or tubes of boilers, with
their usually restricted water-ways.

The violence and intermittent action which ensues where
separate channels or sufficient space are not available, will
be well illustrated in the following experiment: Fig. 84
represents two long glasses, each 2 inches wide by 18
inches long, A and B connected by means of a tin apparatus
c and », at top and bottom, leaving the communication
open above and below ; the whole being suspended over a
fire, or circular series of gas jets producing a strong heat.
On the heat being applied, a current of mixed steam and
water will be seen ascending in one glass, and descending
in the other, as indicated by the arrows. There being
here no confusion or collision, a state of things will be pro-
duced highly favourable to the gemeration of steam; the
colder water finding easy and continued access to the heated
bottom of the vessel at .

If, however, the communication between the two glasses
be cut off by inserting a cork or plug in one of the glasses,
as seen at P, Fig. 85, the circulation in glass B will be
suspended, and the glass A will then have the double duty
to perform of allowing the rising steam to reach the surface,
and the descending water to reach the bottom at E. The
previous uniform generation of steam will then be succeeded
by an intermittent action, explosive violence alternating
with comparative calm and inaction, clearly indicating that
the latter is only the interval of accumulating force to be
discharged by the former. The rationale of this inter-
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mittent action is, that the water being obstructed in its
descent, the steam is necessarily delayed or accumulated in
the lower chamber, and only discharged at intervals. The
motions exhibited in these intermittent changes are little
understood, and have not been examined either scientifically
or practically ; yet this branch of hydrostatics merits the
most serious investigation in connexion with the construc-
tion of large boilers.

Again, this accumulated steam getting sudden vent is
discharged with great violence, literally emptying both the
glasses and lower chamber. An equally violent, but more
sudden, reaction of course follows, and a large body of
colder water as suddenly rushes down to fill the space
vacated. An interval will then necessarily be required to
raise the temperature of this large supply of colder water,
and restore the previous state of ebullition.

Here, then, we have a natural and physical cause: for the
intermittent action on the small scale which takes place in
boilers on the large scale, where free circulation is impeded
by the want of adequate space. Here also may be seen the
true source of priming in boilers where the act of ebullition
is violent.

In this experiment, although there was nothing to inter-
cept the steam and water in their ascent, the intermittent
action continued at intervals of one or two minutes. At
each irruption, the steam and water were forced to a con-
siderable height, and on its return, striking downwards into
the vessel, shaking the apparatus with such violence as
apparently to threaten its destruction, the blow received
internally being accompanied with a noise as if a heavy
body had fallen on the floor. From the great violence and
explosive character of the ascent, when the intermittent
action occurred, it was manifest that had the vessel been a
close one, no safety-valve would have been sufficient to
relfeve the outburst of these irruptions.

The wholesome action of a safety-valve depends on a
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supposed uniform and progressive increase of volume and
pressure of the steam ; yet, practically, nothing of the kind
takes place: all is intermittent, indicating a succession of
eruptive efforts in discharge of the accumulated steam. In
truth, after ebullition has begun, the whole process 1s
intermittent,—ebullition itself is an intermittent, but
hitherto unexplained, action. Here, then, we have a prac-
tical exemplification of at least one of the causes of these
explosions which have latterly become so frequent. These
experiments were repeated with numerous alterations in
the relative length and diameters of the glasses, each pre-
senting some new phase of the process of vaporization,
indicating that a highly important field still remained for
investigation, and bearing practically ou the subject of the
areas required for the efficient circulation of the water and
generation of steam. The subject, however, is too extensive
and too important to be here entered on, and must be
examined more at length than would here be practicable.

CHAPTER XI.

ON THE CIRCULATION OF THE WATER IN RELATION TO
EVAPORATION, AND ITS INFLUENCE ON THE TRANS-
MISSION OF HEAT.

‘Wire reference to the currents in water caused by the
application of heat, the first point for consideration prac-
tically is, the direction in which the atoms of water approach
the plates where they are respectively to receive heat.

Remembering that before any particle of water can
leave the heated plate, and rise to the surface, as steam, it
must be  forced upwards by some colder and heavier
particles.”” TUnless, therefore, a due succession of sich
particles be enabled to take their places as rapidly as others
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- have received the heat due to their vaporization, the plate
itself cannot be relieved of its heat, and consequently,
evaporation must be retarded.

Fig. $6. Fig. 87.
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To illustrate the direction in which the particles suc-
cessively approach the heated plate, Fig. 86 represents a
vessel of water—the heat being applied from beneath. The
question here is, whether the colder atoms which are to take
the places of the atoms of vapour, generated at the point
A, will approach that point in the direction of the arrows
B, C, or D. From what has been just shown, it is manifest
they cannot arrive in the downward direction of B, and
must necessarily come in that of either ¢ or ».

Again, suppose the heat be applied laterally, as to the
side plates of a furnace. The question then will " be,
whether the colder atoms will approach the point 4, as
in Fig. 87, in the direction of the arrows B, ¢, or 0. For the
same reasons it will be seen that it must be in that of either
c or ». This is manifestly in favour of vertical, rather than
horizontal surfaces, as practically has been proved in the

"
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case of vertical tubes. . This advantage may be accounted
for by the fact, that the currents of the atoms of vapour,
and that of the water about to be converted into vapour,
will then be running in one and the same direction, and
consequently, without obstruction or collision.

Now as vaporization does not depend on the quantity of
heat applied to the plate, but on the quantity Zaken from it,
the amount of evaporation will be determined by the
rapidity with which the colder atoms of water obtain access
to the heated plate. Hence we see how more important it
is to study the means of giving that access of the water Zo
the one side of the plate, than of keat to the other.

The annexed figures will illustrate, practically, the direc-
tion in which the colder water obtains access to the sides
and crown plates of a furnace:—the arrows representing
the atoms of water, and the dotted lines those of the rising
steam. ' :

An important question is here raised,—do the atoms of
water approach the plate in the direction of the arrows as
in Fig. 88 or Fig. 89?7 Everything goes to show that it
must be as in the latter. 'We here then find that the erown
or horizontal plates can be supplied from the vertical water
spaces alone; and hence the importance of making those
channels so large, and conveniently arranged, that the
water may reach them in full current and quantity. This
also accounts for the fact that the crown plates are the
most liable to injury from being over-heated. The side
plates next the fuel on the bars, becoming over-heated and
burnt, we shall see, is referable to a different cause.

- The crown plates of a furnace are then the most liable
to injury from the double cause of being exposed to the
greatest heat, by direct impact of the flame, and from the
water having greater difficulty of access to them, as shown
in Fig. 88.*% This causes them frequently to bulge under

* This has been well illustrated by Mr. Fairburn in a paper read to the
British Association at Hull, detailing some very interesting results of

"2
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the pressure of steam, as in Fig. 90. This bulging on one
occasion oceurred in the first voyage the vessel had made ;
nevertheless, no inconvenience resulted from it ;—the irom
having been of good quality, the boiler remained in a state
of perfect efficiency for many years ; and when ultimately
broken up, the bulged part was as sound and thick as it
ever had been.

Fig. 91.
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researches made for the purposes of determining the strength of locomotive
boilers. In the boiler which exploded at Long-side, ‘¢ Considerable stress,”
he observes, ‘‘had been laid upon the weakness of the stay which united
the flat surface of the boiler to the sides of the fire box. The experiments
made, however, clearly indicated that the fire box stays werenot the weakest
parts, and that there was more to fear from the top of the furnace, which,
under severe pressure, was almost invariably the first to give way.” This
is the first time any doubt has been thrown on the comparative strength of
this part of the furnace. )
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On this it may be observed, that if there be any obstruc-
tion or sluggishness in the water reaching the crown plates
(on its rising from the vertical water-ways), the violence of

the upward current of steam will earry it- in the direction
of the arrows in Fig. 91 ;—thus leaving the centre of the
crown plate in contaot with steam vather than water, and by

which it necessarily becomes over-heated.
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Looking to the direction of the water on passing from
the vertical side spaces to the crown plates, the shape, as in

Fig. 92, would appear most favourable for aiding the access
of the water—(the arrows show the direction of the water,



150 THE COMBUSTION OF COAL

and the dotted lines that of the steam). The cylindrical
shape, perhaps, offers the most advantages as regards direc-
tion of the water, and the resisting power of the plate.

The inferences to be drawn from these facts are,—Firsz,
that every possible facility should be provided for enabling
the steam to reach the surface of the water without loss of
time or temperature. Secondly, that ample space should
be given, at the ends or sides, or both, for the large return-
ing body of water, which had been forced upwards by the
violence of the ascending columns of steam. ZThirdly, that
similar and adequate means should be provided to enable
the water fo spread along the bottom, in its course to supply
the numerous vertical spaces between the furnaces.

‘We will now consider the internal arrangements of
marine boilers, with reference to the circulation of the
water. Previously to the introduction of steam power into
sea-going vessels, boilers were simple in their construc-
tion,—the water forming one undivided mass within which
its intestinal currents had free scope to act, taking whatever
course was most favourable and in accordance with their
temperatures. The waggon boiler of Watt, and the dome-
shaped colliery boiler, may be considered as types of this
class. In such, the question of circulation had no practical
application. The employment of the steam engine for
marine purposes, first rendered it necessary to make a
change in the internal arrangements of the boiler, as well
for economising space, as for providing adequate heating
surface. This produced the system of internal flues, of
considerable length, or lineal rum, corresponding with the
great length of brick flues, under and round land boilers.
Instead of one undivided mass, the water was necessarily
thrown into numerous deep narrow avenues, and thin
films, with conflicting internal courses, and multiplied
obstructions.

Here, then, was a new system, involving great practical
changes, not only in the direction of the heated products
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from the furnace, but of the currents of both steam and
water. These changes, however, appear to have excited no
attention. It was said (and in the same loose manner)
that the water would find its way to the heated flue plates,
just as it was said that the air would find its way to the
fuel, and the steam to the surface, without considering what
those ways were, or ought to be, and whether they were
provided. .

The extent to which the heat will be taken from the
plate is next to be considered. Mr. Sewell,* among many
useful remarks, has some which suggest important points of
inquiry in connection with marine boilers. ¢ No matter,”
he observes, “ how ably the furnace performs its duty, if
the heat given off from the fuel cannot e taken up as rapidly
as it is produced, then of course economy ceases.”” This,
no doubt, is true; but he has left unnoticed the more im-
portant point, namely,— by wkat is the keat to be taken up ?

Again,—* Where the power of convection is much greater
than the power of absorption, then the heat evolved during
combustion, is carried off without effect.”” This is also
true; but we are still left in doubt,—by what is the heat to
be absorbed ?

Now, this absorption cannot be in ke plate. In a well-
constructed boiler, where adequate means of circulation of
the water are provided, tkere can be mo absorption in the
plate, which is, or ought to be, the mere conveyer or Zrans-
mitter. The very term absorption implies, not merely
receiving, but retaining the heat, and which certainly is not
the function of the plate.

This distinction involves considerations of the last
importance. By confounding the heat tramsmitter—the
plate—with the keat absorber—the water,—we fall practically
into innumerable errors; not the least important of which
are ‘the overlooking the question of the currents and circu-

* Elementary Treatise on Steam and Locomotives, by John Sewell, L.E.
Vol. I.  John Weale,
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lation of the water; and the being satisfied with merely
providing a large aggregate of swrface; henee concluding,
that we had also provided a commensurate absorbing and
eveporative power. EBrrors of this kind' lead to a neglect of
the express funetion of the plate itself, which is merely Zo
#ramemit what is given.to it .on the one side, to that which
will receive it on the other.

In addition to the power of convection, or carrying the
heat through the flues,—~which belongs to the gaseous
products of combustion,—and the power of #ransmitting the
heat,—which belongs to the plate,—there is tke Zhsrd power,
namely, that of absorbing and retaining the heat, and whick
belongs exclusively to the recipient, whick should be water.
Now a right understanding of these separate functions and
duties is. absolutely necessary before we can determine the
relation which the size or surface area of -any one part of a
boiler-should bear to the rest. It is from neglect of these
distinet functions, and the confounding the one with the
other, that we so often err in giving an unwise rapidity to
the convecting character of the gaseous products, and an
injurious curtailment of the convecting range or run.

On this absorbing faculty, and still without defining to
what it belongs, Mr. Sewell observes—“ Much of the com-
parstive economy of boilers: depends on their absorbing
power.”” Here we are left under the impression that this
absorbing faculty is a function of some part of the boiler,
which certainly is not the fact.

Now, it is more important that we investigate Zhe
absorbent power of the recipient, than that of the plate. All
that the plate requires is, that its Zransmitiing power—its
proper function, be brought into action. On this head,
M. Peclet correctly observes, that, “under ordinary ciroum-
stances, the quantity of heat which a metal plate has the
power of transmitting, is far greater than what it is really
called on to transmit ! ”’*

* ¢¢ Nous avons vu que dans les circonstances ordinaires, la quantité de

————— ——y
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To expect, then, that the plate will exercise a greater
power of ¢ramsmitting heat to some other body, than that
body possesses for receiving and absorbing it, would be a
physieal absurdity. As well might we expect that a larger
quantity of water would pass through a porous body than
could be contained in the space in, which it would be
received ; or that the steam from the engine cylinder could
be discharged in%o.the.condenser, in the absence of a
sufficiency of water, or space, there to absorb or receive it.

Mr. Craddock, in the course of his published Lectures,
has introduced a new- feature in the question of the trans-
mission of heat, by drawing a distinetion, as to temperature,
between the two surfaces of the plate. “It must be borne in
mind,” he observes, “ that it is the exterior surface, along or
over which the gases pass, and on the difference of tompera-
ture between such surface and the heated gases paseing over
#¢, will depend the rapidity with which the latter will impart
their heat to the former.” This assuredly is not the case.

It may be asked, Why draw a distinction between the
temperature of the extersor and snterior surfaces of the plate
(as if there could be any' important difference), while no
notice is taken of that on which the temperature of both its
surfaces really depends—namely, the character of the re-
cipients of the heat ?

In this dictum we have proof of the prevailing error of
assuming that the recipient of the heat will always be water,
—that it will slways be present,—and always in contact with
the plate. 'This, however, is pre-supposing the very thing at
issue—the very fact which experience denies. If indeed
such were really the case, it would be a matter of perfect
indifference what might be the degree of heat to which the
plate, or its external surface, might be exposed ; inasmuch
as all the heat that possibly could be presented to it, would

chaleur que peut transmettre le métal, est beaucoup plus grande que celle
qu'il a réellement & transmettre.” —Traité de la Chaleur.
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pass to the water as rapidly as it could be received, and no
possible injury could take place. The temperature of the
plate, in truth, only becomes an object of attention when
there i8 a want of adequate circulation of the water, and
consequently, a deficiency or delay in its obtaining contact
with the heated plate surface. In such case, steam must
necessarily be compelled to act the part of the recipient, by
occupying the place where ¢he water should have been, but
whose function it is so ill qualified to discharge.

It is here manifest that as the heat absorbing power of
steam is so inferior to that of water, a much less quantity
will be taken up, in given times, by the former than by the
latter.  Again, since no more heat ‘can be transmitted
through the plate, from the one side than can be taken from
it by the recipient on the other—the ¢ransmitting power of
any given surface must be absolutely dependent on the
absorbing power of that recipient, whether it be oil, water,
steam, or air.

‘Water, we have seen, will absorb more heat than steam.
The quantity taken up, therefore, will be regulated, not by
the “ difference of temperature between the plate surface
and the heated gases passing over it or along it,”—but by
the capacity of the receiving body, whatever it may be, for
absorbing it. If, however, from any circumstance, the water
be prevented or delayed in gaining access to the plate, the
steam will in a like degree be obstructed ¢n leaving 4t ; the
presence of the former being the very means by which the
latter will be effected.* : : :

Thus the heat which, in such case, cannot be taken from
the plate, must remain ¢n the plate—its function being then
changed from that of a ¢ransmitter, to that of an absorber ;
the whole process of evaporation being then deranged, as

* The celerity with which heat is communicated from hotter bodies to
colder ones, when all other things are equal, is proportional to the extent of
contact and closeness of communication between the bodies.—Thompson
on Heat and Electricity.

.
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will be seen when we come to the consideration of the
eauses which affect its durability.

Again, the mechanical structure of the two bodies (water
and steam) has much to do with the quantity of heat
absorbed. Water is composed of an infinity of atoms so
minute as to be utterly inappreciable. Now, this very cir-
cumstance multiplies to an extraordinary extent, its points
of contact with the heat transmitting surface. Steam, on
the other hand, is a series of inflated globules, each of which
is 1800 times larger than the atom of water from which it
proceeded ; necessarily producing greater difficulty of access
to the plate, and fewer points of contact with its surface.

This very fact, then, supplies a scale by which we are
enabled to appreciate the superior facilities of contact which
water possesses over steam—if due circulation be obtained ;
and the greater rapidity with which the former is enabled
to take up heat, and its enlarged capacity for retaining it.

‘We have next to consider the relation which circulation
has to the durability of the plate itself.

CHAPTER XII.

OF THE CIRCULATION OF THE WATER IN RELATION TO
THE DURABILITY OF THE PLATES.

Havine considered the circulation of the water as regards
evaporation ; distinguishing the separate functions of the
heat ¢ransmitter, and the heat recipient, we have now to
examine its bearing on the durability of the plates.

In the first marine boilers, the flues were made desp with
narrow water spaces, usually about four inches wide. The
object, then, was to combine the two essentials—adequate
length of run in the flue, with sufficient heating surface.
Among the disadvantages of this arrangement of the flues

-
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was, the recurrence of injury to the plates in the region of
the furnaces by becoming sver-heated. Although this evil
of over-heating contirues to be experienced, tho direct cause
of it has romained without due inquiry. Its recurrence was
usually attributed to neglect on the part of the fireman, or
the want of sufficient. water in the boiler ; hence more im-
portance was attributed to the necessity of having * careful
and experienced stokers,” than to the remedying the de-
fective construction of the boiler itself.

If the water indicafed a level above the flues, all was
considered right, and no thought was given to the possibility
of its being deficient delow or around them. Yet experience
has shown, that although everythingsindicated a proper
height of water in the boiler, the. plates, particularly those
connected with the furnaces, were, nevertheless, subject to
be over-heated and injured. In such cases, -if the iron was
laminated, or otherwise of inferior quality, it became cracked,
or burned into holes. This state of things was strikingly
illustrated in the boilers of the * G'reat Liverpool’ steam-
ship, on her first voyage to New York, in 1842. The en-
gineer, observing the side plates of the furnaces constantly
giving way—some bulging and others cracked and leaking,
and even burnt into holes, although there was always a
sufficient height of water in the boiler, suspected something
had interfered to keep the water from the plates, and with
the view of testing it, introduced an inch iron pipe from the
front into the water space between two of the furnaces.
This at once brought the source of the evil to notice;
for although the glass water-gauge always indicated a
sufficient keight of water within, yet nothing issued through
the pipe but steam, so long as the boiler was in full
action.

This fact unmistakably showed that the over-heating of
the plates was unconnected with the duties of the fireman,
and was the result of insufficient eirculation, depriving the
deep narrow flue-spaces of an adequate supply of water.
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There was then, manifestly, no remedy for this continually
recurring evil, and a new boiler became necessary. °

Here then was the exaet case suggested by Mr. Murray,*
when he says, “It is a point of the utmost importance that
no part of the heating surface of .a boiler should be so
situated that the steam may not readily rise from it and
escape to the surface ; since the plate, if' left in contact with
steam instead of water, becomes unduly heated and destroyed.”

Now, we overlook the fact, that the only remedy against
this source of injury is, providing adequate circulation of
the water, since the steam cannot “7rise from the plate
surface,” and must remain in contact with it, until water or
other globules of steam take its place and force it upwards;
consequently, if the approach of the water be slow, so must
be the rise of the steam. There can be no vacuum; no
interval between the approach of the.one and the escape of
the other. [Either water or steam must be at all times in
contact with-the plate : the relative time, occupied by either
in obtaining this contact, will therefore decide the question

-of the amount of evaporation, and the temperature of the
plate.

‘The important point then for inquiry is, Why was the
plate thas left in contact with steam instead of water ?
There was here no apparent impediment to the steam rising
to the surface. - There was, however, as we shall see, extra-
ordinary difficulty of access to the water to dislodge the
steam; and, as Dr. Ure observes, it must remain, until
“ forced upwards by colder and heavier atoms of water.”

As the details of this boiler of the “ Liverpool” will afford
opportunities for comment, on what is practically necessary
for promoting circulation, they are here annexed.

Fig. 93, Plate 5, is' a plan of the boiler, showing the
ten furnaces, and the narrow water-ways separating the
series of narrow flues.

* Treatise on the Marine Engine, by Robert Murray, CE. London,
John Weale.
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Fig. 94, Plate 6,is a section from A to B, showing the water
spaces of 5 feet deep by 4 inches wide, and the direction in
which the water approached the side and crown plates of the
furnaces. The dottom horizontal water-space is here seen,
of but 5 inches deep, and from which all the vertical spaces
were to be supplied. This bottom space was also found to
be much obstructed by sediment and other deposit. Here
we see the direction the water had to take in its downward
course was through one narrow four-inch space; and then
to be distributed over the bottom area of above 500 square
feet in its way to the vertical spaces between the furnaces
and flues.

Fig. 95, Plate 6, is a section across the furnace end of the
boiler, from C to D, showing the eleven narrow water
spaces, and into one of which the trial-pipe was introduced,
as already mentioned.

Fig. 96, Plate 6, is a cross section of the after-part of the
boiler, from E to F, showing the sixteen water spaces
between the flues.

It may here be observed, that the side plates of the ten
furnaces, which, as being the hottest, required the largest
supply of water, were, necessarily, the worst supplied, being
the farthest from the narrow downward current at the back
end. It is here manifest that the furnace side-plates could
not have been adequately supplied with water, to take the
place of the great volume.of steam generated from their
surfaces, and, consequently, that the steam must have been
retained in contact with them. It can no longer, then, be a
matter of surprise that the sides of the furnaces became
over-heated and injured.

In this boiler, the ten furnaces being all at one end, the
water taking the coolest place for its descent, would natu-
rally flow along the surface from front to rear, as shown by
the arrows, Fig. 94, Plate 6. (The construction of this
boiler, as regards what takes place within the flues, will
be further noticed in the Chapter on “ Draught.”)
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The first boilers of the “ Great Britain’ Steamer give
another illustration of the difficulty the water had to en-
counter in obtaining access to the vertical spaces, and the
thirty-six crown surfaces of that number of flues as shown
in Fig. 97. The lower or furnace range of the triple tiers
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of flues was 5 feet deep, the second 4 feet, and the third 3
feet ; the numerous vertical water-ways, though but 4 inckes
wide, had an aggregate of no less than 12 feet degp. No
adequate or separate space, however, was provided for the
downward current of the great quantity of water that must
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momentarily, have been required to supply 8o many ascending
ourrents; the consequence was, that the. ascending steam
had to struggle against the descending current of the water,
while the latter, in its way, was' obstructed in reaching the
plate-surface. Thus, the rapid generation of steam, and
free access of the water to the plates, were both impeded
in their respective functions.

Another source of injury supposed to arise from the
thickness of the plates, here merits attention. On this head
Mr. Craddock, advocating the use of #hin plates, but over-
looking the question of circulation, and the character of the
recipient of the heat, falls into the common error. “We
know,” he observes, “that boiler-plates of § or % inch thick,
are often heated very considerably, on their exterior, above
the temperature of the water in the boiler.” This is known
to take place to such an extent, practically, as rapidly to
deteriorate such parts of the boiler.”

How this extraordinary alleged fact has been aseerl;amed
does not appear. Yet, a dictum, so opposed to all expe-
rience, should have been supported by experiments or proof.

Now, this supposed heating and deterioration of the
plates, must either be a comstant or an occasional effect.
The former, we know it is not. The latter, therefore, must
have been the result of some unusual and disturbing cause,
but which he has not explained. It is this cause which has
been overlooked, and which here demands special inquiry.

No doubt, plates are often over-heated and deteriorated ;
assuredly, however, it has not been owing to their thickness.
Indeed, when over-heating does occur, thickness is a positive
protection. It may then be taken for granted, that, as to
the plate being injuriously heated, such is absolutely im-
possible, if the water be in contact with it. This, then, is
the practical point involved in the question of circulation.

Further, he observes: “ We have not good dafs from
which to draw unexceptionable conclusions as to the abso-
lute difference of temperature between the external surface
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of the boiler-plates, or tubes of different thicknesses, with
an intense fire acting on them and the water they contain.”
Certainly we have no such data, since no appreciable differ-
ence can possibly exist between the temperatnre of the
plates, and the water in contact with them.

The true question here is, whether the water was or was
not in contact with the plates? It is manifestly the over-
looking this all-important point, or the assuming that the
water had such contact, in fact, begging the whole question,
that has led to the error of drawing a distinction between
the temperature of the two surfaces of the plate. Such a
distinction, however, would be directly at variance with the
laws of conduction, as it assumes a degree of congestion of
the heat on the one side, and of exhaustion on the other,
although the distance the heat would have to travel would
be but half an inch. This possible injury to iron plates,
continuing to be thus asserted, demands a further inquiry.

Numerous authorities might here be quoted; it will,
however, be sufficient to say that had any such fact been
proved, it could not have escaped the attention of Dr.
Lardner* On this head, he only confirms what the highest
authorities have stated, when he asserts that a vessel cannot
be injured by heat, so long as it contains any liquid; that
i8, 80 long as the liquid is ¥n contact with it.

That the transmitting plate cannot be “unduly heated

* ¢ The absorption of heat,” the Dr. observes, ¢‘in the process by which
liquids are converted into steam, will explain why a vessel containing a
liquid, though constantly exposed to the action of the fire, can never, while
it contains any liquid, receive such a degree of heat as might destroy it. A
tin kettle containing water may be exposed to the action of the most fierce
JSurnace, and yet the tin, which is a very fusible metal, will remain un-
injured. The heat which the fire imparts to the kettle is immediately
absorbed by the bubbles (atoms) of water which are convertéd into
steam, at the bottom, and rendered latent in them. So long as the
water is contained in the kettle, this absorption continues; and it is im-
possible that the temperature of the kettle can exceed the temperature
of boiling water.
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or destroyed,” where the recipient of the heat is water, may
be tested in many ways. Water may be boiled in an egg
shell, or in a vessel, the bottom of which, though made of
card paper, will not be injured. That the temperature of
an iron vessel of even half an inch in thickness, containing
boiling water, cannot be much, if any, above that of the
water, may be tested by applying the fingers to it, immedi-
ately on being removed from even an “intense fire.”” In
fact, the temperature will rather appear to increase after its
removal from the fire. The reason is obvious :—the heat
being so rapidly taken up and absorbed by the water, ize
current through the plate must necessarily be equally rapid.
_On removal from the flame, however, the exterior surface,
then receiving no further supply or increment of heat, is
instantly reduced in temperature; the current through the
plate then becomes reversed, and passes from the inside to the
outside. The water side being absolutely the hottest, a new
equilibrium is established, equal to that of the water at
212°.% .
Fig. 98.
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* Por the purpose of putting this to the severest test, an iron vessel with
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The figures 98 and 99 represent vessels of half-inch iron,
both filled with water, in the act of boiling over a powerful
flame. In fig. 98, the course of the heat is shown by the
arrows passing from the flame through the half-inch of iron
to the water inside, for the formation of steam. In Fig.99,
the vessel is supposed to have been suddenly removed from
the flame; the arrows show the then reversed direction of
the current of heat from the water side, where it continues
at 212° to the outside, where it would soon, otherwise,
have been cooled by the lower temperature of the air.

[

As to the plate remaiming at a safe and comparatively
low temperature, there can be no doubt, seeing that oxida-
tion or injury does not take place in iron, until it has
reached that of redness, and which never can occur so long
as waler i8 in contact with it. 'When, therefore, the asser-
tion is made, that plates have been heated so considerably

a flat bottom and half-inch thick plate was placed over a furnace, expressly
constructed, so that it might be exposed to a very great heat from a coke
fire, urged by a strong blast : the rapidity of the ebullition was extreme. It
was so arranged, that it could be suddenly removed from the furnace, and
the temperature of the bottom instantly ascertained by the touch of the
fingers. This was done repeatedly, yet, on all occasions, it scarcely ap-
peared to have the temperature of boiling water.
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above the temperature of the water as to be rapidly deterio-
rated, this could only be made on the assumption that water
was in contact with the plate, but which was not the cage, as
in the boilers of the “Great Liverpool,”’ already mentioned.*

A conclusive illustration of the fact, that the plates are
in no way affected by thickness or temperature, is afforded
by finding that, in breaking up old boilers, those parts which
were exposed to the most intense heat and direct impact
with the flame, have continued sound, and wholly undete-
riorated, when the water had free access to them.

‘With the view of testing the superior heat-absorbing
faculty of water, numerous experiments were made: the
result is the following tabular view, which sufficiently
approximates the relative effect of the several classes of
recipients to which the plates of a boiler may be exposed.
Supposing, then, that the heat-transmitting power be taken
at 1000°, the portion that will be absorbed, in given times,
by the following recipients, may be estimated as follows :—

Heatreceived by Portion of tae heat Portion of the

Nature of the recipient. the plate transmitted heat remaining
in given times. by the plate. in the plate.

Water . . 1,000° 1,000° none.

‘Water and Steam 1,000° 800° 200°

Steam . 1,000° 600° 400°

Air . . 1,000° 400° 600°

Thus, a given area of plate surface, after it has received
its own sfatus of temperature, will transmit the entire 1000°
it had received, if the recipient be water. 1If, however, it be
gteam, 600° only will be taken from it, the remainder, 400°,
necessarily remaining in the plate, there fo accumulate and
increase in temperature, in proportion to the intensity of
the flame.

" So, if the recipient be air, 400° only will be taken from

* Dr. Ure gives a remarkable illustration of the little effect caused by
the thickness of the plate, if the water be in contact with it ; stating that
he had experimented with plates of twelve times the thickness of others
without producing any injurious effect.
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the plate, leaving 800° to accumulate. From this we learn
how the absorbing faculty of the recipient regulates and
controls the transmitting action and temperature of the
plate, and the extent to which it will be exposed of being
unduly heated. The want, then, of free and adequate
means of circulation of the water, and an unobstructed aceess
to the plate, so that it may, at all times, be the recipient,
may be taken as the chief, if not the only cause of their
deterioration #krough over-heating ; and wholly irrespective
of thickness, or the degree of heat to which it may be
exposed. The temperature and durability of the plate will
therefore be in the inverse ratio of the rapidity of the current
of heat passing through it, while such transmitting current
will be in the direct ratio of the absorbing power of the
recipient, whether it be water, steam, or air, or a mixture
of either.

CHAPTER XIII.
OF THE DRAUGHT.

THE draught, or current of air passing through a furnace,
is occasioned by the difference in weight between the
column of air within the chimney, and that of an external
column of the same proportions,—the ¢ ascent of the
internal heated air,” as Dr. Ure observes, “ depending on
the diminution of its specific gravity,—the amount of
unbalanced weight being the effective cause of the draught.”
Since, then, this levity of the inside air is the result of
increased temperature, the question here for consideration
is, how that temperature may be obtained with the least
expenditure of fuel ?

In marine boilers, numerous cases of deficiency of draught
will be found to arise from an injudicious arrangement of
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the flues, and the conflicting currents of the heated products
within them.

Notwithstanding the importance of the subject, still but
little attention has been given to the causes of these
currents and deficient draught. M. Peclet having examined
the subject with great care and practical research, his
details are so copious, and his remarks so much to the
point, that it will be well to give them due attention, and
the more 8o as the subject has not hitherto been examined
by any writer in England.

Among the inconveniences experienced, a prominent one
may here be mentioned, as being of frequent occurrence,
namely, a deficient draught in the side or wing furnaces of
boilers. :

M. Peclet observes, “ Where several tubes or flues open
into one common flue, the currents are continued beyond
their orifices, and by their mutual action affect or modify
their respective forces. If, for example, two flues, A and
and B (see Fig. 100) enter the common flue C, by orifices

Fig. 100. Fig. 101.

S

opposite each other, the influence of their currents on each
other will be nil, if they have equal rapidity; because
the whole will pass as if they had struck against a plane
fixed between them. If, however, the currents be unequal,
that which has the greatest rapidity will reduce the speed of
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the other, and more or less have the effect of closing the
orifice through which the latter flowed.” “So many proofs
of this,” he adds, “may be adduced, as to put the fact
beyond doubt.” ¢ These streams of air,”” he continues, “in
this respect, act on each other as streams of water. It is
already known by the experiments of Savars, that where
two streams of water, of the same sectional area, act in
opposite directions, and that one of them has even but a
little more speed than the other, the latter is pushed back,
and the influence felt up to its source. The result of this
collision in the flue may be avoided by the Diaphragm D
(Fig. 101).” Such conflicting currents may be found in
almost all marine boilers, yet pass unnoticed, even where
the draught is manifestly deficient in consequence.

Fig. 102. Fig. 103.

=

Again, “ Phenomena of the same kind will be produced
where the courses of two flues are at right angles to each
other, as in Fig. 102. These effects may also be avoided by
the Diaphragm D (Fig. 108).” This also is of frequent
occurrence, and seriously affects the general draught, as will
hereafter be shown. '
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Again, “Where the chimney or flue is common to several
furnaces, the arrangement. should be such that the streams,
or currents, of heated gas, should not interfere with each
other. Fig. 104 represents the arrangement that’should
be adopted in such cases.” It is needless to observe how
frequent this state of things occurs, and how little attention
is given to it.

L

Fig. 104,

— = )
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“ 8o, where a current of hot products issues horizontally

into a chimney, it may happen that its draught would be

Fig. 105.

entirely destroyed, if the rapidity of such current was con-
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siderable, as it would then have the effect of shutting the
chimney like a damper.”” He then describes what occurred
at a soda manufactory, with a chimney for general draught,
- which he had to construet, and which was also connected
with a flue from another apparatus, as shown in Fig. 105.
In this case, “the current from the one flue completely
neutralised that of the other.”” This he remedied by the
partition P.

Again, where three flues enter a funnel from tkree dif-
Jerent points, it is evident, he observes, that “the diaphragms
should be so placed as to leave each current an adequate
section of the chimney,”” as in Fig. 106. The circumstance
here referred to may be found to exist in almost all marine
boilers. Rarely, however, is the interposition of these
diaphragms thought of, yet numerous instances of the
derangement of the draught, particularly of the wing
boilers, must be within the knowledge of all engineers.

Fig. 106.

Let us now apply these judicious practical observations.
The first boilers of the “ Great Britain,” screw steamer, are

in point. The arrangements of these boilers have already
I
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been. noticed with reference to their. impeding the -due
oiroulation:of $he weter.. We: have row 4o consider them in
respect-to their influence on the draught.

Fig. 107.
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In these boilers, attention was given, almost exclusively,
to two objects :—providing the largest possible amount of
JSire-grate areas, and the largest aggregate of internal heating
surfave. . As to the former, almost the entire area of these
large .boilers may be compared: to-an aggregate of. furnaces.
Nevertheloss, thare was - no.command of steam, and the




AR}

AR MY

N\

\\

AL AN






AND ‘THE PREVENTION.OF SMOKE. 171

engineer: stated, that the-.wing. boilers were unequal in
draught to-the. centre. cnes. The deficiency of draught in
the furnaces of she side boiers .will :easily.be accounted for
on:examining the .plan . of the upper tier of flues, and the
numerows ¢ollisions-where the heated-products from twenty-
fourlange. furnaces :entered the funnels, as shown in Fig.
107.
. ‘Dhe-flues from the four: fumaces of each wing boiler, are
here made $o enter one commen cross flue—each thwarting
the current of the preceding ane.” No. 1 being checked by
No. 2—which crosses it at right angles—whieh, in its turn,
was checked by No. 3, and so on—the same mal-arrange-
-ment taking place in each of the sixteen flues of the four
wing boilers. These, it will be seen, are the direct cases
adduced by M. Peclet, where the products and current
‘from one flue act as a damper on the draught of its preceding
- one.
Again, the joint products of the four flues of each wing
1boiler are made to enter the funnel. by a single opening,
which is not only at right angles with the flues from the
“four centre boilers, but directly opposite to those of the wing
. boilers on the other side. Thus the flues of no less than
eight furnaces, all entering by a-single opening, are brought
- into direet collision with those of the other four, and in the
most certain way to affect the draught of all. Here we
have a combination of the evils referred to by M. Peclet.

The ease of the boilers of the “ Great Liverpool,” is a
still greater violation of the rules'which should regulate the
draught. - Here, there being but a single tier of: flues, the
required aggregate of heating internal susface was obtained
by the labyrinth of windings shown in Fig. 108, Plate 7.

In the first place, theflames from the three centre fur-
naces of -each half of -the boiler-are forced into-a single flue
of but 18% inches wide, as-shown by the arrows. Again,
the gaseous producte of -each set of three: centre furnaces,

and which are necessarily the more powerful, -are made to
12
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enter the single back flue at right angles, and across the
current of products from the two wing furnaces, as shown
by the enlarged view in Fig. 109. It is scarcely possible to
conceive a more direct case of collision, or a more effectual
damper by the hotter and larger current from three fur-
naces, on the smaller current from the two wing furnaces.
In these boilers, it is manifest that nine-tenths of the steam
was produced by the plates in conmection with tke furnaces
alone, and by a system of continued forcing ; the long run
of flues being filled with dense black smoke.

Fig. 109.
1
From 8 furnaces. 20—
|
From 2 wing fornaces,  S———>

A considerable improvement was effected by constructing
furnaces in pairs, as in Fig. 110. This had the important
advantage of rendering any interference with the supply
of air unnecessary, by giving uniformity to the quan-
tity of gas passing from the bridge to the flue; since, by
firing the two furnaces alfernately, the supply of gas is
equalised on entering the flue from the bridges.

This plan, it will be seen, had the disadvantage of tke split
JSlue at the back end, where, as M. Peclet observes, the kotter
or stronger current will always neutralise the other. In
practice, a strong or hot current of gaseous products will
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not, voluntarily, divide itself, to meet the arrangements of
the flues: the whole, or nearly so, will pass either to the
one or the other, in proportion to the temperature then in
the flue, or to the length of the course each has to run to
the funnel.

Fig. 110,
7
Fig. 111.

The plan shown at Fig. 111 exhibited a great improve-
ment in the former, and has for many years been found
the most efficient in practice.
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The plan, as in Fig. 112, was adopted with:the  view
of :dividing the. gaseou: products, and thus spreading the
heat along- a double. surface. This, however, ‘was -quite
defective, in as much as a:gaseous stream cannot -be.induced

Fig. 112

to divide itself contrary to the laws governing the currents
of fluids; the hottest and shortest course bemg always
taken by the gaseous products.

The plan of a land boiler, as in Fig. 113, is that of a
still more objectionable effort to divide the current into
two smaller flues, with the view of increasing the internal




AND THE PREVENTION OF SMOKE. 175

surface. .Here, theflue; afer passing under the.cylindrical
boilery and .returming: through :a. contral fiue, is expocted -to
divide iteelf imto two. streams; one. t0. pass ow .each side.of
the boiler, on their way to .the..chimmey. This is the case
referred to by M, Peclot.: A commission, he observes, from
the. Société Industrielle of the Grand Duchy. of Hesse, made
a.series of . experiments- to determine - the. influence of . the
circulation of the. products of combustion .reund beilers.
By these it wase: proved, that the. flue passing. round the
boiler had - a considerables effect:-on the amount of evapo-
ration. It was also established, that: if the products- pass
simultaneously- by the two side flues, they. will net distribute
themselves equally; and will only.pass by that which.presents
the least. resistance.”

On the external circumstances that influence the draught,
M. Peclet adduces many. proofs of the importanoe of aveiding
any interference -with the introduction of.the air, by reason
of the direction of the wind .outside-the buslding. This is s
circumstanee which . has: excited . no. attention from our
engineers. In marine boilers, placed low down in-the
vessel, the direction .of the wind, with.reference to -that-ef
the current entering.the furnaoce, has. often.a - considerable
effect on the efficiency of .the combastion. 8o, if the wind
is apposed to the motion of ‘the vessel or the reverse. The
importance.of this.consideration. is..exemplified .where the
vessel contains two. boilers, having their. furnaces facing
different ways. In such case, according to the.direction of
the wind, or the motion of the -vessel, ome boiler will have a
better draught than the other.. . .

* ¢The hot air, after having passed through she lower part-of the
boiler, returns to the front by a centre flue, and passes to the chimney
simultaneously by two side flues. By this arrangement, the heating
surfaces are more available, but it is difficult to divide equally the hot
air into the two side flues. A always the current is greater in
one than in the ether, and the h will pass but through one of them.
In that. cage it ‘will be necessary to have registers at.the end of each,”
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That the relative direction of the wind, and the vessel,
exercises a considerable influence, is proved by the fact,
that the furnaces in some vessels will have a sufficient
draught, and generate a sufficiency of steam, when going
head to wind, but be deficient in draught when going before
the wind. These circumstances merit more attention than
is given to them. We hear of the relative merits of two
steamers, on a trial of speed, being determined by a slight
advance of the one compared with the other ;—the supe-
riority of the former being perhsps attributed to the form
of the vessel ; the true cause, however, often depending on
the detter command of draught, and, necessarily, a better
command of steam, by which the one was enabled to make a
revolution of the wheels, or screw, more than its rival. In
a late discussion at the Society of Arts, on. the subject of
the prevention of smoke, Mr. D. K. Clark ¢ testified to the
advantage. of a rapid, or rather, intense draught, in per-
fecting combustion and extinguishing smoke.” ¢ This,” he
observed, ¢ was the panacea he constantly held forth for the
universal prevention of smoke in large furnaces.” Mr.
Clark’s views are, unquestionably, well founded; but the
practical difficulty lies in the obtaining this ‘“intense
draught,” or an adequacy of draught for even imperfect
combustion, in many marine boilers.

The absolute command of draught for the generation of
the required quantity of steam, to enable the engines to
work to their full power being then so essential, it becomes
a question whether other means than the natural draught
should not be resorted to; since, independently of the uncer-
tainty in the amount of draught, and the consequent irre-
gularity in the working effect of the engines, the cost of
sustaining that draught may be so much in excess of what
an artificial draught would be.

This branch of the subject has excited little attention in
this country. M. Peclet has #avestigated it with his usual
care, and his results are worthy of record. “ Where the
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draught,” he observes, “is created by the expenditure of
fuel and heat, the expense exceeds one-fourth of the com-
bustible used. If we have not the means of otherwise
employing that heat, the natural draught, by the chimney,
is then admissible. If, however, that heat may be made
available for the purposes of evaporation, and if a draught,
mechanically obtained, would cost less, it would then be
more advantageous to use it."”

Among other proofs, he gives two instances which
establish the fact. One, the hot baths on the Seine at Paris,
the result of which was, that what was effected by the
labour of one man alone, when the draught was meckanically
produced, cost the value of seventeen men’s labour when pro-
duced by the natural draught from the heat of the furnace.

The second case was that of a large brewery, where the
power employed was that of 200 horses. In this instance,
a ventilator which employed the power of but sixz horses,
was syfficient to produce a draught equal to that of 50
horses, obtained by means of the natural draught of the
chimney . *

He then proceeds to consider the relative merits of the
several descriptions of ventilators; and comes to the con-
clusion, that the rotary fan with plain wings, but with the
eccentric motion is to be preferred. The mode recommended

* Mr. Prideaux, in his rudimentary treatise, observes, ‘¢ However com-
patible with the objects sought to be attained may be the plan of keeping
up the draught through a fire, by the instrumentality of a chimney, where
slow combustion only is required, as in the case of a domestic grate, or the
Cornish boiler : whenever, on the contrary, rapid combustion and intense
heat are a desideratum, such a system can only be carried out by an
enormous waste of fuel. I shall, no doubt, excite general surprise, and
perhaps some incredulity, when I state that, from a calculation I enteged
_ into on the subject, I find that 11b. of coal, expended through the mecha-

nical agency of a steam engine, will generate more force, and, conse-

quently, is capable of producing a stronger current of air, than 500 lbs. of
coal expended in heating a colamn of air, to act by its diminished specific

" gravity through a chimney 85 feet high.”
. 13
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for its application is given in Fig. 114, where, by means of
an exhausting fan, the heated products were diracted into. .
the ordinary chimney shaft.

Fig. 114.
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This opens a new field of inquiry, and which is far more
important than any question arising from the mere relative
cost of the matwral or mechanical draught, the best con-
structed boilers not unfrequently being insufficient, from
the mere circumstance of a deficient draught.

Impressed with the importance of the subject, several
experiments by means of a fan apparatus, worked by a small

steam engine, were then made. The arrangement, as
described in Fig. 115, Plate 8, also afforded the .means
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of deciding. many imporianti: peints . connected. with, the
length of run,—the working temperature in the flue, and
that of the-espaping products at the chimney. In this Fig.
A represents the boiler, 15 feet long, with an upper re-
turning. flue, haying its .own chimney A’ furnished with a
thermometer C, and a damper D, Houldsworth’s pyremeter
P, being connected with the refurn flue farthest .from, the
furnace, Two sight apertures were -introduced,—the one
at 8, .opposite the furnaeq, to observe the action:of the air,
introduced through the door and aimbox above it, as alzeady
described ; the other 8’ looking intoe the upper flue. . .

To test the practicability of converting: the great heat
which escaped -by. the chimney, an.sauxiliary -boiler B was
attached, by means of a continustion flue E, and fuxnished
with a separate chimney B, with an exhausting. fan F, to
produce an increased draught. This auxiliary. boiler had
two thermometers, to ascertain the temperature.of  the
escaping products, C' and. C, and a damper D', so that the
two boilers might be used separately or conjointly.

Experiments with the auxiliany, boilen and exhausting fan
draught :—

Water Tempera-

] Water ted| Eyrome-
Experiments. | gg:lhourd evaporated B]::Hll;aof ter heat mgs{
I * | per hour. | Coal in flue. caping.

1 With fan draught. | 265 lbs, (2454 1bs.| 926 1bs. | 1025° 650°

2 With ordinary ) . .
e o nm}‘g;s Tbs. [1652 bs. 7-2110s. | 726° | 410

The effect produced by the fan draught was thus not only
to increase the evaporative power of the boiler, witkin the
hour, from 1552 to 2454 1bs. of water, but to increase the
evaporative effect from eack pound of cval used, from 7-21
to 9-26 1bs. within the hour.

Numerous other experiments were made with and with-
out the fan, and with and without the auxiliary boiler: all
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confirmatory of the value of the artificial draught, and of the
increased lineal run of flue.

It may here be observed, that experiments on heating and
evaporating must be utterly useless, unless due attention be
given by the experimenter to what has hitherto been so
neglected, namely, the gquantity of heat escaping by the
chimney ; the extent of the transmitting power of the
boiler ; and the ascertaining whether the process of com-
bustion had been complete. The above described apparatus
supplies the means of ascertaining, and with great accuracy,—
1st, the evaporative value of different descriptions of coal or
coke ; 2nd, the effect of greater or less lineal run; 8rd, the
temperature in the working flue, indicative of the amount of
heat produced throughout each charge of fuel; 4th, the
length, character, and colour of the flame ; 5th, the quantity
of air required by each kind of coal or coke, and the most
effective way of introducing it; 6th, the weight of water
evaporated in any given time, and by each pound weight of
fuel.*

In proof of the utter uselessness of experiments, unless
accompanied by such data, may be mentioned the elaborate
paper presented to the Society of Arts for Scotland. In the
details of the several experiments, the distinctions here
drawn were wholly overlooked. The result was, the learned
experimenter was led to results and inferences altogether
erroneous.

His paper was “ On the evaporative powers of different
kinds of Coal;” but, neglecting to take account of the
quantities of heat or -heating matter carried away or lost,

"and the quantity of gas escaping unconsumed, or converted

* 1 have given the above details, as they indicate what are the essentials
in all boilers constructed for experimental purposes. So accurate were the
results when tested by the eye, the pyrometer, and the thermometer, that
it has for many years been the custom of coal owners to ascertain by this
boiler the effective value of each description of coal ; themsclves, or their
agents, superintending the operation.
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into smoke, he came to the conclusion that, “ the evaporative
power of each kind of fuel is in the exact ratio of the fized
carbon contained in each.” It is needless to say, that such
an inference is entirely disproved by modern practice.

A few words here may be said on the subject of quick
and slow combustion, as being connected with that of draught.
The impression that a process of slow combustion is more
economic than a quick process, has arisen from the fact, that
a given weight of coal will convert a greater weight of water
into steam under the former than the latter. Were the
sole object the obtaining the largest measure of heat from a
given weight of fuel, as, for instance, in heating an apart-
ment by means of Dr. Arnott’s stove—in such case slow
combustion would be attended with the greatest economy.
In the use of coal, however, for the supply of steam to an
engine, the question is of an essentially different character.
It would thus be, not how many pounds weight of water
may be evaporated by each pound of fuel, but how many
pounds of water can be converted into steam by the smallest
quantity of fuel within an hour, or any given time. Time is,
in fact, the test of efficiency. The following experiments
will illustrate the merits of the two systems.

Coals burnt Water evaporated ~ Water evaporated

per hour. per hour. per 1b. of coal.
1bs. 1bs. . 1bs.
Slow Combustion 84 787 9°37
Quick Combustion 224 1362 608

Now, if no more steam was required for the engine than
would be produced from 787 Ibs. of water within the hour,
#low combustion would be the most ‘economic. If, however,
the engine required the steam of 13621bs. of water per
hour to work to its full and required power, then quick
combustion would be the most desirable, as being the most
efficient.

Suppose, for instance, a steam ship required that the
wheels should make 20 revolutions per minute, and that, to
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produce such, the engines reguired the steam of 1362 1bs. of
water per hour, what eompensation for the consequent loss
of speed would it be, that although the wheel made but 12
revolutions per minute, yet economy of fuel was -secured, in
as much as each pound of eoal did more-dudyy, in. the ratio of
937 to 6°08.

Thus, it is evident, .that economy and efficienoy anay .be
antagonistio,—economy of fuel being -waste -of time, and
waste of time being waste of power, In practice, then, and
with marine. or locomotive. boilers, it .may .be taken.ag
established, that rapid combustion is more economic of fime,
and slow-combustion of fuel,

CHAPTER XIV,

OF THE TUBULAR- SYSTEM-AS8 APPLIBED TO MARINE, LAND,
AND LOCOMOTIVE BOILERS, IN- REEEBENCE TO.THE
CIRCULATION OF THE WATER AND THE PROCESS.OR
COMBUSTION,

Havixne considered these. subjects in reference to jflue
boilers, we have now to examine them in connection with
the fubular system. The annexedviews of a locomotive
and a tubular boiler will enable us to appreciate their
respective peculiarities.

In the locomotive, Fig. 116, the furnace compartment
(called the fire-box) is placed at one end of a long boiler,
and so apart from the tubular compartment, that, as
regards the objects of circulation and evaporation, they may
be considered in the light of separate boilers. .

In the marine boilers, as in Fig. 117, on the con-
trary, the tubes, placed directly over the furnaces, become
enveloped in the atmosphere of steam generated, and
rising from the latter. Thisis virtually the placing one boiler
over another:—a tubular over a flue boiler, and within the




AND THE PREVENTION OF SMOKE. 183

same:shel. By this arrangement, the steam generated from
the furnace depavtment (and which is necessarily the Jargash

in quantity) cannot reach the surface without passing through
the numerous close sets of tubes, and the steam and water
which surround them.



Fig. 117.
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So also of the water; it can neither ascend or descend
without first working its way through the intricate mazes
presented by the tubes:—no more certain method, therefore,
could have been devised for producing a mischievous inter-
ference with the respective functions, both of the water and
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the steam. Here, then, is another violation of the principle,
that “no part of the heating surface should be so situated
that the steam may not readily rise from it, and escape t0
the surface of the water.”
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Duly to appreciate these obstructions, let the inquirer
only ask, what direction it was intended the steam should
take on rising from the sides and crown plate of the furnace;
or the water in its ascending and descending currents? On
such an inquiry, it will probably be found that the projector
had never considered the circulation or currents of either
steam or water, or even thought such an inquiry necessary.

So little, indeed, has the * free escape of the steam to the
surface,” or the currents in the water, been thought of, that
we not unfrequently find the congeries of tubes arranged,
not in vertical lines; but so alternated that each directly
intercepts the currents both of the steam and water rising

from that below it, as shown in Fig. 118; as if it had been
expressly infended to obstruct circulation rather than promote
it, and keep the tubes continually enveloped in steam rather
than twater;—both having to run the gauntlet through a
zig-zag course of narrow and intricate passages.

Dr. Ure observes, that “as the diffusion of heat through a
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fluid mhss is aeomplished by-the sudestine coeronteswhatever
obstructs: these' currents: must ;obstmet the- changes: of
temperatmre.” - Yet ith-would be-diffienlt to contrive & more
effectual mode of obstructing: the. intestine currents.of both
steam and water.

In proceeding to consider the marine tubular boiler, it
will be well to take one of modern: construction, and-examine
how far its arrangements: are in -accordanee with the opera-
tions of nature, and partienlarly as-to the: following points,
Viz, :— ’

1st. The proportions of the furnace.

2nd. The distance the flame and heat have to travel.
8rd. The time available for giving out heat.

4th, The admission of the air.

5th. The circulation of the steam and water.

6th. The effects of the tubes, as heating surfaces.
7th. The economy. .

First.— Of the proportions of the furnaces. A remarkable
feature of this boiler is, that its entire area may be con-
sidered as one large furnace, indicating the dependence on
this department for the supply of steam. As to its several
parts, there is disproportion everywhere. The chamber
above the fuel is mnot one-balf the size it should be in
proportion to its length. Allowing a proper body of fuel
on the bars, there will not be 12 inches space between it
and the crown plates; yet in this shallow chamber, and
under the influence of a rapid current through it, all the
operations of gas making, gas heating, mixing with the air,
and combustion, are to be carried on. On this head Mr.
Murray justly observes,* “As a large furnace is found by
experience greatly to facilitate the admixture of the gases,
and to ensure their more perfect combustion, as well as to
afford the most effective kind of heating surface, it is of

* Rudimentary Treatise en the Marine Bagine: by Robert Murray,
C.E. Weale.
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great imporbance that there should he plendy of room ever: the
fires’ It meed-only be observed;.that in this boiler we
have the very opposite of this recommendation ; there being,
in- fact, the: least passible “raom over.the fires.”".

PFig. 119. :
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So of the ash-pit; although above 9 feet long; it has but
an average depth of 18 inches. Thus the spaces, both above:
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and below the fuel, have the character of long narrow pas-
sages, causing injudicious longitudinal currents, and coun-
teracting all the processes of nature.

Second.—Of ¢ke distance which the flame and heat have
to travel. The deficiency is here remarkable, there being,
in fact, but a few inches of /ineal run between the fuel and
the first range of the tubes; say from A to B. It may then
be asked, what is to become of the great body of flame and
half-burned gases rising from the coal on an area of 20
square feet, the bars of each furnace being 2 feet 6 inches
wide, by 8 feet in length ; the six furnaces of each boiler
thus presenting an aggregate bar surface of 120 square feet.

Now the disposing profitably of this mass of flame is the
really important question. If left to itself, and duly sup-
plied with air, it would have extended to a distance of 15 to
20 feet from the bridge, along which course it would
continue profitably giving out heat, and producing evapora-
tion. All this capability is, however, here sacrificed, since,
as already shown, flame cannot pass unimpaired, or unextin-
guished, through a series of metallic tubes, and without
being so affected by that subdivision which weakens and
destroys intensity.

The management of flame is, we have seen, at all times
an extremely delicate and difficult operation ; here, however,
all the processes of nature are deranged. Here is the largest
volume of gas and flame, concurrently with the smallest pro-
vision for the admission of air for its combustion ;—the
greatest quantity and intensity of heat in the furnaces, with
the shortest run, and the least fraction of time for imparting
that heat to the plate surface. Instead of being allowed to
pursue its course, and have due time for the combustion of
its carbon, the flame is here suddenly and mechanically

divided into three hundred and sixty small portions, by
being forced into that number of tubes.

It has already been shown that it is essential to the
existence of flame that its high femperature be sustained,
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until the process of combustion be completed; yet the most
effectual means of reducing its temperature, as shown by
Sir H. Davy, is to break ¢ up (as is here dome) into
numerous feeble portions. The result is, that the carbon of
the gas (then in the state of flame), instead of being con-
verted into carbonic acid, and producing a very high tem-
perature, is, by these cooling influences, reduced below that
of ignition, and then consequently deposited in the form of
dense smoke and soot. The boiler now before us produces
unvarying columns of smoke of the blackest character. So
great, indeed, is the quantity of deposited carbon, that the
tubes are not unfrequently entirely filled, and would remain
"permanently choked, were it not that the fuel, becoming
alternately incandescent, and the bars irregularly covered,
much air then passes, and relieves the tubes of the deposited
carbon; filling the atmosphere and covering the decks with
masses of “blacks.” .

Next to the admission of the air, the length of the run is
the most important element of efficiency in the working of a
furnace. 'Where short tubular boilers are employed in
steam vessels, the only alternative for avoiding the waste by
smoke is the use of anthracite coal; and which, as it contains
but little of the hydro-carbon gases, comes nearest to the
use of coke in the locomotive.*

‘With reference to the shortness, or rather absence, of run
in this boiler, and looking to the great body of flame pro-
duced, it may be regarded as rather a fortunate circumstance,
that these masses of tubes are thus interposed, as they
become the direct means of cutting short the flame and
intense heat, and thus preventing it from passing to the
take-up and funnel, and keeping them at the dangerous
temperature of redness.

* The owners of the Great Britain, with tubular boilers, have been com-
pelled to adopt this description of coal ; 1000 tons of it being put on board
for each voyage. The boilers in this vessel are on the close tubulap
principle,
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- The infererce. is; thut thotubulne -boiler (accompanied by-
a short run, with:aiarge-ares: of-fise-grate, and using:bita-
minous: coal)- is: wholly incompatible, not only with perfect
combuastion; and obtaining the due measure of heat from the
fuel and flame,!'but . everr' with -safety, unless under the
influence' of: some “such.-protection, or preventive, as these
tubes .supply;-and which as effectually extinguish the flame
as the patent: fire .anmililator. does, at the moment its con-
tinuance would be productive' of danger.. This is indeed
a' costly and oomplicated mode: of protecting the funnel and
up-take.  INevertheless,: it:. has thut: effeet, though a very
different one from that which had been comtemplated.

As illustrative of the want of ‘system. in- this. matter, it
may be mentioned that:a:land-engine boiler was made at the
same “time, :on the ordinary :flae ‘principle, but in direct
opposition to that of this tubular;—the. land-boiler having a
very long run — the marine-boiler having seavcely any. In
the former, the flue, after passing: under the boiler the
entire length of 30 feet, was led round it to the ' chimney,
$hus'giving a run of 100 feet lineal. By this means not only
surface, but :distance" and time were secured for obtaining
heat from:the gaseous produets, and : transmitting it to the
water. In this-marine-boiler, ox the contrary, by means of
the short run, both distance and #ime are.sacrificed, and con-
seqtiently heating power lost. It would be:difficult, therefore,
o reconcile the principles- on which these two boilers were
constructed, seeing. that: their arrangements:.were in such
direct opposition to each-other. Bithertheone or»the other
must hava been altogether erroneous.

- Thirdi—Of the time allowed for giving out heat. Zke
gquestion: of time.and. distance being so. directly conneeted,
whatever influences the one must.have a corresponding
effect on the other. "When, however, we consider that the
time or interval that can elapse between the passing the flame
from the furnace, and its reaching the tubes, can be .but a
small fraction of a second, such must be wholly insufficient
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for:giving.out the heat from so:enormens a body of flame.
In : $his. respeet, -then,  the mavine. tubular.boiler is pre.
eminemtly. defeetive. -The: consequence is, that:the gene-
ration of :steam is almost  exclusively oonfined: to the segion.
of the fisrnace, and the. divect: radiated heat from the flame
in. them.

- Fourthi«sOf the admissiom of wir. - No provision whatever
is hére-mado epart from that by the ash-pit. The manifest
ervonof ssuth an-arranigsment: will: be best mnderstood by
pdinting do:she tbter impossibility of the 800,000.cubic feet
of -air required for the. gas; together with the 600,000 cubie
feet for the coke from the Zkree toms of .coal hourly consumed
on the bars, $o find access through the body of - coal resting
on them.

Fifth.—~—Of the circulation of.the water. In this boiler
nothing hasbeen:.done in aid of . the circulation; but much,
on' $he -eontrary, -bo-embarrass both its ..ascending and
descending :cnrrents. This is even aggravated by the
circumstance of the water space, at the back end, which in
fiue boilers, as being the coldest, and farthest from the
fornaces, -and most- favourable for- the descending water, iz
here the hottest ;' the great body of flame being projected
directly. against it ab C, . and therefore most unfavourable for-
that descending current.

- Sixth.—Of the tubes,:as:heating surfuce. The value of the
tubes, inw locomotive;-arises from their presenting a larger
aggregate. of internal heating surface for contact with the
heated .gaseous. products—shese being chiefly transparent.
carbonic acid.and oxide, and in all instances free from smoke
ar:verbonaceous. depogit. In the marine tubular, however,.
where coal:ismsed, and no such transparent gaseous produets.
exist, but: on. the' contrary, where there must .be always a

large volume of fuliginous gas and flame, the tube system is--

whelly inapplieable.

' Imadopting the tubalar principle in marine doilers, it was -

nodoubt-snpposed .that the .increased surface- would have
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been -equally effective and unobjectionable as in the locomo-
tive. This inference was drawn, however, without taking
into account the chemical difference between the use of
bituminous coal, in the one case, with its accompaniments of
ges, flame, and smoke, and of coke alone, in the other, but
in which none of thése exist. Neither was it taken into
account, that in the locomotive, the draught, and the all-
essential volume of air introduced, was obtained by artificial
means, and was therefore always sufficient and under control ;
whereas, in the marine-boiler, the required draught could
only be obtained by a great expenditure of fuel and heat—
in fact, by heating the funnel.

Seventh.—Of economy. In the use of fuel in this boiler,
economy 18 out of the question. The great supply of steam
bring generated from the radiated heat and impact of the
‘flame in the furnaces, the system of forcing the fires becomes
an absolute essential ; the greater the weight of coal consumed
in given times, the greater being the amount of available
flame produced.

As to economy of space in llmltmg the length of the boiler,
we often deceive ourselves, since what is apparently saved is
not all gained. Flue-boilers are comparatively low, admit-
ting much of the coal supply to be placed over them. This
may be done without inconvenience or risk; often, indeed,
with comparative advantage, the coals so placed thus avoid-
ing the accumulated deposit of the fine-powdered part, which
takes place at the bottom of large bunkers when undis-
turbed, and from which that gas is generated which is so
often found to ignite in spontaneous combustion. Tubular
hoilers, on the other hand, are necessarily high, extending
above the deck. The consequence is that stowage for the
coal must be provided elsewhere, by appropriating a portion
of the hold to that purpose. .

In the boiler now under consideration, the 860 tubes are
placed in vertical ranges, 15 in each range. It is needless
to repeat that the tubes, in ranges 6 feet.in height, could not
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\ be available; since the lower ranges are the first occupied
;a8 being the hottest, with an accelerated current in propor.
; tion as their ares is diminished,
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other matter which accompanies the use of coal ; or the scale
or sediment which is found both inside the tubes as well as
outside of them, in the narrow water-spaces. The result
is, that all this matter accumulates in the tubes and bottom
of the smoke-box, requiring constant attention for its removal.

Again, to facilitate the removal and the clearing the tubes,
the entire front of the boiler at D, instead of being water-
space, a8 in flue-boilers, is occupied by a series of doors, 6
feet high, and which, as they are so liable to be over-heated

-and warped, admit much air, often igniting the unconsumed
gas which has passed from the furnaces, and sending the
flame to the up-take and funnel, keeping them at a danger-
ous temperature, as was the case in the steamer “ Amazon,”
over-heating these parts which were under-deck, and where

‘no means of extinguishment was available.

A practical illustration of the disadvantages of small tubes,
was afforded in the boiler of the steam-vessel, the ¢ Leeds,”
in which, for the express purpose of deciding the question,
one-half the boiler was constructed with tubes of 3 inches
diameter; the other having enlarged tubes of 7 by 5 inches,
as shown in Fig. 120.

The result was, that for years no repairs whatever were
required in the latter, while the former was a continued
source of annoyance and expense; besides that, it was less
effective as ‘a steam generator. Many of the small tubes
had to be renewed ; the water spaces were liable to be filled
with incrustation; and the face-plate, in which the tubes
were inserted, required to be drawn in, and the tubes again
rivetted ; innumerable patches and additional bolts were from
time to time introduced to secure the back face-plate, and
preserve it in its place.
~ Here also was a practical confirmation of the fact, that the
mere circumstance of having a larger aggregate surface had
no effect in producing increased evaporation, the aggregate
surface of the small tubes, in the one-half of the boiler, bemg
double that of the larger ones in the other half.
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An instance of the desire to obtain a large - aggregate of
internal surface, but without due consideration as to its
being available or brought into operation, was shown, in the
late substitution, in a vessel of great magnitude, of a tubular
for a flue boiler; a change, however, which was the reverse

Fig. 121,
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of being beneficial. This boiler, as represented in the
snnexed figures, was not less than 18 feet 6 inches high.

Fig. 122.
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This may be called a zriple boiler—one flue, and two tubulars.
Looking to the courses which the steam and water had to
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take in this boiler, it would be difficult to estimate the
amount of obstructions which each would have to en-
counter, or the impediments mterposed to their respective
functions.

As to the general characteristics of marine tubular boilers,
Mr. Murray, in his recapitulation, places them in strong
contrast with what he considers the most important re-
quisites, and which he enumerates as follows :

“1st. The boiler should be designed with a sufficient
amount of heating surface, so contrived, that as little of it as
possible may be rendered ineffective, either from the reten-
sion of steam in contact with it—from the formation of scales
within—or from the deposition of ashes and soot in the
bottoms of the flues and tubes.” Now, the tubular system,
where coal is used, is in direct opposition to all these condi-
tions,

“2nd. The fire-bar surface should be sufficiently large to
admit of the necessary quantity of coal being consumed with
thin open fires.” The policy of this condition, of thin open
fires, may be correct, where the boilers are sufficiently large,
and the consumption of fuel slow, as in the Cornisk boiler ;
but is inapplicable in the marine tubular, which, by reason
of the short run, and the necessity of throwing so much
duty on the furnaces, involves the necessity of kard firing
and the forcing system.

“38rd. That the proper area be maintained through the
flues and tubes, and that the passage to the chimmney be
such that the draught be not interrupted.” In the
tubular boiler, the interposition of the mass of tubes is
peculiarly instrumental in checking and interrupting the
draught by their cooling and other influences, but without
which, as already shown, the funnel would be kept at a
red . heat.

“4th. That the furnaces should be roomy, and that the
fires should not be larger than can be conveniently stoked.”
These conditions as just shown, are the very reverse of what
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exists in the marine tubular, more especially the first,
enjoining a.roomy furnace. The last head of this recapitu-
lation is, howerver, as follows :

“5th. 'Which is, perhaps, the most important of all, and
the one most neglected, that experienced and careful fire-
men.be provided.” Now, what the duties can be which
demand such care and experience as to make this condition
“the most important of all,” is however, not intimated, and
never has been explained by any writer. Itis, indeed, much to
be feared, that the general insufficiency of boilers, caused by
the absence of many of the truly important requisites, are
too often laid to the account of careless or inexperienced
firemen ; yet, it may be taken for granted, that if any duties
are required, beyond those of the very simplest character,
and which can be taught any able and willing man in an
hour, there must be some more serious mal-arrangement
than can be remedied by any amount of care, skill, or expe-
rience on the part of the fireman.”

This is the more entitled to conslderatlon, seemg, that in
the above recapitulation, nothing is said of that which is
really the most important requisite, namely, the provision
for the admission of the air o the gas generated in the

* Where the air is properly introduced, the duties of firemen are all con-
tained in the following instructions’:—

1st. Begin to charge the furnace at the bridge end, and keep firing to
within a few inches of the dead plate.

2nd. Never allow the fire to be so low, before a fresh charge is thrown
in that there shall not be at least four to five inches deep of clear, incan-
descent fuel on the bars, and equally spread over the whole.

8rd. Keep the bars constantly and equally covered, particularly at the
sides and bridge end, where the fuel burns away most rapidly.

4th. If the fuel burns unequally, or into holes, it must be levelled, and
the vacant spaces filled.

5th. The large coalu must be broken into pieces not bigger than a man’s
fist.

6thly. Where the ssh-pit is shallow, it must be more frequently cleared
out: A body of hot cinders-overheat and burn the bars. .
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furnace chamber. Yet the great question of perfect or
imperfeet. combustion involves the providing the relative
volumes of air and gas. How strange, that with our present
knowledge of the chemistry of combustion, so much stress
should be laid on mere questions of proportions, while the
main point, the primum mobile, is neglected.

On the inadequaey of the short boiler, short run, and
short time for the performance of its several functions, Mr.
Murray judiciously observes as follows: — “ Superior
economy of large boilers. Here arises a principle of
economy, from the use of boilers of ample capacity to gene-
rate steam without the fires being unduly disturbed ; and
it is believed, that on.this ground alone, can the alleged
superiority of slow over rapid combustion, be maintained.”
There can be no doubt on the subject. The true corrective
then of these. inconveniences consist in letting the size of
the boiler and its parts be commensurate with the demand
for steam. '

In illustration of the want.of any fixed principle for the
internal arrangements of the several parts of a boiler, it
may be mentioned, that during the Parliamentary inquiry
on the smoke nuisance, engineers insisted on what was con-
sidered the main essential, and which is the reverse of the
present practice, namely, that boilers should be Jarge enough ;
and that waste, injury, and the smoke nuisance, were the
necessary results of making small boilers do the work of
larger ones.

Pressed by the value of space in marine vessels, engineers
have; however, no alternative. In the arrangement of the
vessels sufficient space is not allowed ; all considerations are
made to yield to large holds, or large passenger accommoda-
tion, while the boiler, the very source of its power, is shorn
of its necessary proportion. Into the short space of ten
feet three inches, the marine boiler we have just been con-
sidering (of above 800 horse power) had literally to be
stowed, and not one inch to spare. To this shortness, there-
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fore, in the boiler, is attributable the violation of all the
laws of nature in working out the processes of combustion,
circulation, and evaporation. Engineers are required to
construct small boilers to do the work of large engines, the
evil of which has been so well illustrated by Mr. Fairbairn
in his late publication. Under these imperative instruc-
tions, they inconsiderately turned to the plan of the locomo-
tive. The owners of steam vessels will in time find out
their error. It is, however, unreasonable that limits should
first be imposed on the engineer which are incompatible
with efficiency and economy, and that he should then be
condemned for not providing the due quantity of steam,
and the required amount of pressure; for causing too
heavy a consumption of coal; the frequency of injury to
the furnace-plates; the waste of fire-bars; the great
nuisance of smoke; and the rapid deterioration of the
boilers themselves.

The consideration of these results lead to the conclusion,
1st. That the system of numerous small tubes is radically
erroneous, both with reference to the carrying and transmit-
ting the heated products within them, and to the currents of
steam and water oufside them. 2ndly. That the placing
the mass of tubes above the furnaces and flues, renders
the application of the tubular system doubly vicious, by its
interference with the functions of the steam and water ;
thus directly intercepting and obstructing their rising and
descending currents. 8rdly. That the short boiler, with its
short run system, is directly opposed to the operations
of nature, as regards the mixture, heating and combus-
tion of the gaseous portion of the fuel, with the very
large quantity of atmospheric air which is absolutely re-
quired.*

* Mr. Craddock observes, ‘I am bound to say, that Mr. Williams's
plan meets the conditions which chemistry requires for perfect combustion,

better than any other with which I am acquainted. Mr. Williams proceeds
upon the principle of mixing the gas in the furnace with numerous small -
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CHAPTER XYV.

ON THE USE OF HEATED AIR AND ITS SUPPOSED VALUE
IN THE FURNACES OF BOILERS.

SiNoE the appearance of the first part of this treatise,
showing the necessity for admitting air to the gases gene-
rated in the furnace, apart from that admitted by the ash-
pit, numerous patents have been taken out for effecting that
purpose.
© With the view of obtaining credit for originality, none
have attracted more attention than those which assumed
that the air introduced was to be keated, and that it would
thereby become more effective. . These plans, however, do
not merit notice, either on the ground of theory or practice.
It is right, nevertheless, that the public be put an their
guard against being misled by the many plausible theonea
connected with this %ot air system.

Among the devices by which the public haye been led
astray, may be mentioned, the use of hollow bars, supple-
mental flues, calorific plates, self-acting valves, double grates,
heated tubes, and such like contrivances,—some of which
bave already been noticed,—overlooking the fact, that the
whole question, as regards furnaces, and the best use of
fuel, depends on the bringing the solid and gaseous consti-
tuents of the coal and the atmospheric air together, in the
proper way.

‘When these so-called inventions came to be examined, it
was found that they were incapable of imparting any sensi-

jets of air. These innumerable small jets, by reason of their more readily and
completely mixing with the atoms of the combining gases, must be admitted
. to be well calculated to produce that intimate mingling which chemistry
showa to be absolutely necessary.”

K3



202 THE COMBUSTION OF COAL

ble degree of heat to the great volume of air required. That
they were, in fact, but so many proofs of the ingenuity of
their respective advocates, and of the ease with which the
public may be imposed on ; and that the announcement of a
scheme for consuming, or preventing smoke, by the use of
hot-air was a mere professional and ad captandum averment,
based on no principle, justified by no proofs, and supported
by no chemical or practical authority.

The idea that there was some undefined value in the use
of hot-air, originated in the hot-blast system in the manu-
facture of iron. The principle or process by which iron may
be melted has, however, so little relation to that by which
the combustion of the coal gas in furnaces is effected, that
no analogy whatever exists between them.

To show in a still stronger point of view the deception
practised, either on themselves or on others, it may be
observed that it is not to the coke,or incandescent part of
the fuel on the bars that these patentees would apply the
hot air, (as is done in the iron furnaces,) but to tke gases in
the furnace chamber, where the great disproportion between
the relative bulk of the air required, and the gas, is already so
obstructiver of rapid union and combustion, and one of the
great difficulties to be encountered.

‘With reference to the use of hot-air in boiler furnaces, no
inquiry appears to have been made, either as to the tempe-
rature to which its advocates would raise it; or even
whether, by any of their plans, it would be heated at all.
Still there was something so plausible in the enunciation of
a plan *for consuming smoke by means of hot air,” that it
was listened to by many who had no means of investigating
its supposed merits, or detecting its fallacy.

The first question for inquiry here is, what would be the
effect of heating the air before it would be introduced into
the furnace? Ohemically, no change whatever is effected.
Mechanically, however, an important change takes place,
namely, that its already unwieldy volume is still further
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increased. Thus, if a cubic foot of air be heated one addi-
tional degree, its bulk will be increased 4.5 part; conse-
quently, if heated by an addition of 480 degrees, its bulk will
be doubled.

Let us then see if any effect be produced on its conststu-
ents by this enlargement of its volume. Let Fig. 128 re-
present a body of .air at the temperature of 82°, and weigh-
ing 86 grains, viz., 28 grains of nitrogen, and 8 grains of
oxygen ; these being the proportions as they exist in the
atmosphere,

Fig. 128.

¥ D

Air at 82° = 86 grains = 28 nitrogen, 8 oxygen.

Again, let Fig. 124 represent the same weight of air,
heated to the temperature of 82 4 480 = 512°; its bulk
being then doubled. Nevertheless, there are still but the
same relative weights, viz., 28 grains of nitrogen and
8 grains of oxygen, and no more.

Fig. 124,

Air at 82° = 86 grains = 28 nitrogen, 8 oxygen.

Now, as the efficiency of the air in producing combustion
and generating heat is not in the proportion of the dulk,
but of the weight of oxygen it contains, nothing has been
gained by such increased temperature; while this great
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practical disadvantage has been incurred—that double zke
volume of air must be introduced into the furnace; and, of
course, double the draught must be obtained before the
same quantity of gas can be consumed. :

The practical inconvenience of enlarging the volume of
the air by heating it is easily illustrated ; for if the oxygen
of 800,000 cubic feet of air, at atmospheric temperature, be
required for combustion of one ton of coal, it would require
that of 600,000 cubic feet if raised to 512°—a volume which
no natural draught would be equal to. .

Sir H. Davy says: “ By heating strongly gases that burn
with difficulty, the continued inflammation becomes easy.’’
Thus, as they are more easily inflamed when hot than cold,-
we have this testimony in favour of heating zke gas rather
than the air. With reference to heating the air, and
thus expanding it, Sir H. Davy does not appear to have
attempted it; but he has done what was more to the point
—he tried the effect of condensing it. Professor Brande
says: “Sir H. Davy found considerable difficulty in making
the experiments with precision; but he ascertained that
both the light and heat of the flames of sulphur and
hydrogen were increased in air condensed four times.”” This
is decisive against keating the air, and in favour rather of
condensing it.* .

If, as already shown, by heating the air we necessarily
enlarge its bulk, and reduce the weight of oxygen in each
cubic foot, we as necessarily diminish .its efficacy in the
furnace. Under such circumstances, the only alternative
would be the increasing the draught, to compensate by

* Mr, David Mushet, in & letter on the hot air fallacy, well describes
people flying to produce ‘‘a great revolution in steam engine furnaces,
by applying hot air to the mere combustion of coal;” and settles the
question at once when he says, “ The value of dense air in promoting
combustion is so undeniably established, that we should do better to attempt
to solidify f, in contact with combustible matter, rather than to
volatilise it,”
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increased quantity for diminished weight. Were it possible
to heat the air without causing any enlargement of its bulk,
we should then be in a position to decide on the relative
merits of air at any given temperature. As, however, that
is impossible, it is indisputable that we gain nothing by
heating the air, more especially when we do so by the
suicidal means of taking heat from the very furnace in
which it was to be used, while we should seriously em-
barrass ourselves by having to increase the draught, and
which could only be done by some mechanical blowing
apparatus.

Again, see the physical difficulty which heating the air
would create in the preliminary operation of mixing: the
atoms of gas being thrown at a greater distance from each
other, by the enlargement of the bulk of the intervening air,

as shown in the annexed figures.
Fig. 125.

The large circles represent
atoms of air, and the small black
circles those of the gas; each of |
the latter being in contact with
four of the former, equal to ten
times its volume.

Fig. 126 represents the same weight of gas and air;
the only difference being, that the air is shown with its
enlarged volume consequent on its increased temperature.

Here is truly represented what would occur by heating
the air, the atoms of gas being thrown so much further
apart, and consequently producing a corresponding difficulty
in effecting that atomic mixture which is the main requisite
of combustion. Thus, in whatever point of view the subject
is considered, it is manifest no chemical or practxcal good
can be effected by heating the air.
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Fig. 126.

The use of hot air having engaged the attention of
Mr. Prideaux, in connection with some departments of the
manufacture of iron, he endeavoured to reduce his theory
to practice; but candidly admits that “Ais anticipations
were not realised’’ His observations, however, as given in
his treatise already referred to, are so conclusive against
the use of hot air, and so confirmatory of what is said
above, that it can only be a matter of surprise he should
have lent himself to the hot air fallacy.

He correctly observes: ¢ There is, no doubt, more heat
contained in the products of combustion from & given
weight of coal and air heated before ignition to 720°, than
would be contained in the products of the same quantities
by weight of gases ignited at the temperature of 60°. 'When
we take given measures, however, instead of given weights,
the case 18 reversed.”

This is the whole case of the furnace: it is mot the
:measure of the air introduced, but the weight of oxygen in
each cubic foot that will influence the amount of heat
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generated. His reasoning throughout is “in explanation
of the effect of hot air in diminishing the heat of the
working chamber of reverberatory furnaces,” and he might
add, & fortiori in the furnaces of boilers, where no aid could
be had from mechanical draught or pressure, to counteract
the effect of that increased volume which heating the air
would produce.

Again, he observes: “ Whenever I took any steps to
effect this object in the puddling furnace, I encountered
the fact, that precisely as my arrangements for keating the
air became more perfect, did I destroy the draught through
the fuel, deaden the fire, and lessen the yield of iron. This
unexpected result I attributed to the rarification of the air
in the ash-pit. When the atmosphere is 60°, air is doudle
in volume at 568°, When thus rarified a much emaller
quantity will pass in a given time, under the ordinary
pressure of the atmosphere, than would pass were the air at
60°, and, consequently, of double the density. The result
is, a greatly diminished draught, and less intense com-
bustion ; and it is to not Raving rightly appreciated these
conditions that the numerous failures which have been
incurred in attempting to apply heated air to furnaces, must,
in part, be attributed.”

Reasoning cannot be more correct, and at the same time
more conclusive, against the error of attempting to increase
the efficacy of the air, in the combustion of coal gas, by

heating it.
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CHAPTER XVI.

ON THE INFLUENCE OF THE WATER GENERATED IN FUR-
NACES FROM THE COMBUSTION OF THE HYDROGEN OF
THE GAS.

A1READY many proofs have been given of the injurious
results of the tubular system, where gas and flame have to
be dealt with. .There is one other circumstance still to be
mentioned, and which demands particular attention, namely,
—the generation of a large quantity of water in furnaces in
which coal gas is produced and consumed, and which, being
in the form of steam, becomes the largest product of that
combustion. '

In the ordinary use of coal gas, the presence of this
water of combustion attracts no attention,—generated as it
is in small quantities from the flame of each separate
burner. From the enormous quantity of gas, however,
which is hourly generated and consumed in large furnaces,
the great quantity of water formed.will be found accom-
panied with evils of a serious magnitude, unless due pro-
vision be made for its disposition. It seems strange that

‘the numerous writers on the comstruction of boilers, and

the combustion carried on in their furnaces and flues, should
have omitted all reference to this great quantity of water,
and the important difference in the mode in which it is
disposed of, in flue and tubular boilers.*

* It appears, by a paper read at the Institution of Civil Engineers,
June 13, 1843, that in consequence of the serious injury sustained by the
books in the Library of the Athenzum, London, the attention of Mr.
Professor Faraday, as well as of other scientific members, was drawn to
the subject of ventilating the lamp burners.  The result was the adoption
of a system, by which the water, and other products of the combustion of
the gas, are effectually carried away, The plan consists of placing a
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The fact of this great quantity of water being produced
admits of no doubt. Bituminous coal, we have seen, con-
tains from 5 to 6 per cent. of hydrogen, and as each pound
of hydrogen, in combustion, combines with 8 pounds of
atmospheric oxygen, the product is 9 pounds of water.
Each hundred weight of coal, then, containing on an average
53 pounds of hydrogen, the product will be nearly 50 pounds
of water. Thus the gas from each ton weight of coal will
produce about half a.ton weight of water, in the form of
steam. ) .

When the coal gas is generated in the furnace, the first
operation towards its combustion is the union of its
bydrogen with the oxygen from the air, forming water.
This chemical union, as already shown, produces that
intense heat which raises the other constituent—the
carbon, to the temperature of incandescence in the form of
bright visible flame. It is this heat which, on being
applied to some solid body, as charcoal, or lime, produces
the extraordinary luminosity exhibited in the oxy-hydrogen
microscope.

The water thus formed, flies off in invisible radii, from
the surface of the flame, and with the explosive force due to
its high temperature. The presence of this water may be
made visible by approaching any cold polished metallic body
(as the blade of a table knife), near to, but not touching,
the flame of a candle. The previously invisible radii of
steam will then be seen condensed, like moisture, on the
polished surface.

This may be exhibited on a larger scale by holding a new
tin kettle of cold water, with a bright bottom surface, one
or two inches above the glass chimney of an Argand gas
burner. The water of combustion will soon appear con-

second glass cylinder, larger and taller than the ordinary ome, over it.
This outer glass is closed at the top, and the products, passing downwards
between the two glasses, are carried away by a metal tube to the chimney
stack.
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densed on the bottom, in presence of, and as it were in
defiance of, the great heat to which it is exposed. This will
continue until the water in the vessel reaches a tempera-
ture of 80°.

Pig 127.

S—
()- ‘(ﬂn\‘: ]
By the apparatus shown in the annexed Figure 127, this
water may not only be condensed, but collected. It consists
of a tin vessel, A, about four feet long, filled with cold

water:—the flame of a large gas burner B, and the heated
products passing through the flue o, slightly inclined from
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¢ to », to favour the escape of the condensed water of
combustion.

The flame and other products of the gas being directed
through the flue, the steam will be condensed within it, and
the water will continue dropping from the lower end into
the vessel E, as long as the flue remains sufficiently cold :—
the other products passing off by the funnel, and at a very
low temperature.

This process may be continued for any length of time by
having some ice in the water to keep the temperature of the
flue sufficiently low to promote immediate condensation of
the steam. Here the flame appears literally converted into
water, these being the only two of its products that are
visible.

It is now to be considered, how is this great volume of
steam to be disposed of. .

" In boilers on the flue system where there is sufficient
room, this steam produces no injurious effect, by reason of
its having space to separate itself from the flame, as rapidly
as it is generated.

In the tubular system, however, the injurious influence of
this mass of steam is serious and palpable. Instead of
passing away in a flue, with a sectional area of 8 or 10
square feet, it is forced by the draught into the hundreds of
small metallic tubes of but two or three inches in area, and
thus brought into immediate and even atomic contact with
the flame, from whick it had just been separated,—both
struggling to enter their narrow orifices at the same
moment. The immediate and inevitable result of this com-
‘pulsory mixture is, the cooling the atoms of the carbon,
which gave luminosity to the flame, and its consequent
extinguishment, precisely as the steam formed by the com-
bustion in Phillips’ fire annihilator acts on flame, when
brought into contact with it. By the tubular system, the
great body of steam being thus mechanically compressed
into the closest possible contact with the flame on entering



212 THE COMBUSTION OF COAL

the mouths of the tubes, is compelled to act the part of the
annihilator.

It is this artificial mixture of the dry carbom with the
steam that forms the sooty incrustation in the interior of
the tubes, flues, and chimney. Were it not for the presence
of this steam, the dry pulverulent carbon, such as we see
collected on the wick of a tallow candle (where the new-

Fig. 128.

formed water has no access to it) would, from its levity and



AND THE PREVENTION OF SMOKE. 213

dryness, pass off rapidly by the chimney; forced, however,
into contact with the steam, a black, pasty, non-conducting
mass is forined, adhering to whatever it touches, and soon,
from the heat, becoming hard and solid.

It need scarcely be observed, that nothing of this kind
occurs in the tubes of the locomotive; no hydrogenous gas
being generated—no steam of combustion formed, and,
oonsequently, no carbon or soot deposited.

The provision which nature has made for the immediate
separation of the water from the heated flame may be
noticed in what takes place in the flame of a candle. When
left to themselves, the several products of the combustion
of the gas, rapidly and effectually separate, so as not to
interfere with each other, or reduce the high temperature
on which perfect combustion and luminosity depend.

Fig. 129.

In the flame of a candle, the undecomposed and uncon-
sumed gas appears surrounding the wick, and in the centre
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of the brilliant incandescent carbon. Outside this white
exterior, and forming a semi-transparent film of one-tenth of
an inch in diameter, may be observed the vertical stream of
carbonic acid gas, the .product of zhe carbon ; while that of
the other constituent, the hydrogen, were it visible, would
be seen flying off in radii, until absorbed into the sur-
rounding atmosphere.

The annexed Fig. 128 will represent a vertical, -and
Fig. 129 a cross section of the flame; a representing the
carbonic acid, and b the radiating steam. Instead ' of
imitating this process of nature, in keeping asunder those
geveral products (carbonic acid, nitrogen, and steam), which
would neutralise each other, we force them into the most
unnatural mixture and union, regardless of their chemical
action when brought into contact. 'We here see how
absolutely necessary it is that in every stage and process of
combustion we keep in view those truths of nature which
chemistry has so clearly indicated.

CHAPTER XVIL

ON INOREASING THR HEAT-TRBANSMITTING POWER OF THE
INTERIOR PLATE SURFACR OF BOILERS.

Tars branch of the subject has hitherto been entirely
overlooked. Inquiry has shown that the mere providing a
large internal surface will not suffice for taking up the heat
generated in large furnaces; and that, to turn to account
any portion of that which, under the best arrangement, is
now absolutely lost, we must look to other means than the
tubular system.

The question for consideration is, whether an iron plate
cannot be made to transmit more heat to the water than is
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due to its mere superficial area. From what has been
shown of the slow rate at which the air enters the furnaee,
when mechanically divided into jets or films, we are not to
infer that the gaseous products, when raised to a high
temperature, within the furnace, would pass through the
flues at the same slow rate. On the contrary, we find those
products aré hurried along the face of the plates at a
considerably increased velocity.” This it is which calls for
increased means of transmission from the heat to the water,
when larger enginé powers are employed and more fuel is
consamed.

Under the most favourable circumstances of boilers, a
larger ‘portion of hieat will be lost than would be required
for merely produeing the -necessary draught. Experiments
were, therefore, made with the view of counteracting this
great waste of heat, and which established the fact that it
was possible, to a certain extent, to increase the quantity of
heat transmitted by any given surface of plate, It is
true a plate, 10 feet by 10, equal to 100 square feet,
presents the same amount of surface area as one of 100
feet long by one foot wide. As a steam generator,
however, the effect would be very different :—the lineal run
or distance travelled over being as 10 to 1, and occupying
ten seoonds of time in the first, and but ome second in the
other.

‘When the gaseous products of combustion are carried
through flues or tubes, this lineal current passes a¢ right
angles to the line of transmission of heat through the plate,
If, however, we heat one end of a rod of irom, a large
conducting power is brought into action, the heat passing
longitudinally along its fibres. Now this is the power that
has been here rendered available.

Independently of the conduoting power which a metallic
pin or rod may have, it possesses then a remvmy power,
greater than is due to its mere diameter.

Suppose an iron or copper pin of half an inch diameter,
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inserted in a plate, and projecting into the flue three inches
beyond its surface, and across the current of the heated products.
In such case, the portion of such plate occupied by it will
be equal to a disk of but half an inch in diameter, while the
pin itself will present a heat-receiving surface of 4} inches,
By this means we obtain an effective heat-receiving surface,
nine times greater than the area of the plate which the pin
occupied. If, then, a series of these conductors be inserted
in the flue and furnace plates, there will be an increased
effect from the circumstance of the current of the heated
products being directed against them, instead of passing along
the susrface of the plate.

The popular impression that the three-legged pot boiled
sooner than the one without legs, though it passed as a
fable, was, nevertheless, a true one,—the legs acting the

- part of heat-conductors. This was tested by baving a large

A

pitch-pot constructed with twenty legs instead of three—
the bottom being thus furnished with so many projecting
conductors, each six inches long. The result was, that pitch
or water was more rapidly boiled in this than in one of
the ordinary kind. The principle of projecting heat con-
ductors thus was shown to be entitled to attention, and
practically available.

The following experiment is illustrative of the increased
evaporative effect produced by the conductor pins. In Tig.
130, Plate 9, 1 and 2 are tin vessels containing the same
quantity of cold water, 1 being furnished with the con-
ductors made of } copper wire, and two left plain; a
thermometer, 4, being suspended in each: 5 is a vertical
flue, through which the products from the flame of a

* large gas-burner passed. Fig. 131, Plate 9, is a sectional

view of the same. The temperature in both vessels was
taken in two minutes’ time. The following are the
progressive rates at which the water was raised to the
boiling point.
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Pan with Conductors. Pan without Conductors.
Initial Temperature, 61° Initial Temperature, 61° 16 .163°
After 2 minutes, 75°  After 2 minutes, 70° 18.171°

w 4 5 . 95° w &, . 82° 20,181°
w 6, . l24° » 6, . 101° 22.188°
w 8 5 . 151° w 8, . 118° 24,196°
s 10, .17 , 10, . 130° 26, 208°
s 12 ,, . 201° , 12, . 146° 28.210°
13, . 212° , 14, . 156° 29, 212°

Thus it appears that the water in the pan with the heat-
conductors, was raised to the temperature of 212° in 18
minutes, while that in the plain pan required 29 minutes.

The following experiment shows still further the value of
assisting ‘the evaporative power by the aid of these con-
ductors.

Three tin boilers, as in the annexed Plate 10, were placed
in connection with a large laboratory gas burner. In each
was put 221bs. of water; 30 cubic feet of gas were consumed
in each experiment, in two hours and forty minutes, The
result was as follows :—

1bs. oz.

No. 132, without conductors, evaporated 4 14 of water.

133, with conductorson onesideonly 7 14
134, with conductors prOJechng on

both sides . . 8 &

The quantity of gas consumed was the same in both
cases,—the heat generated was the same,—the area of flue
plate was the same,—the difference in effect was therefore .
alone produced by the greater quantity of keat transmitted
to the water, longitudinally, through the conductors.

In this case, the heat conveyed to the water, and that
escaping by the funnel, showed that where the waste heat

was greatest, the evaporative power was necessarily the
least.
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5 feet.

10
15
20
25
30

THE COMBUSTION OF COAL

Fig. 182.

Gas consumed.

See Plate 10,
Pax wrrHOUT COXDUOTORS.
Heat of Water.

Evaporated 4 1bs. 14 ounces.

58
120
152
162
164
166
166

988

Heat escaping.
. 62

390
895
396
. 402
. 406

2432

 Fig. 133. Pax wite CONDUOTORS PROJECTING ON ONE SIDE.

Gas consumed.

5 feet.

10
15
20
25
30

Heat of Water.

Evaporated 7 1bs. 13 ounces.

58
143
160
172
178
186
188

1085

Heat oicaping.
. 62
. 257
, 280
. 3885
. 392
. 300
. 820
1996

Fig. 184, Pax witE CONDUOTORS PROJEOTING ON BOTH SIDES.

Gas consumed.

5 feet.

10
15
20
26
30

Heat of Water.

Evaporated 8 Ibs, § ounces.

58
152
174
178
182
186
188

—

1110

Heat escaping.
. 62

248

278
. 276
. 2718
. 282
. 284

1708

The comparison of the three pans then stands thus:—
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Heat retained,  Heat lost.

1 Pans without conductors 988 2432
2 ,, singleconductor . 1085 1996
8 ,, double conductor. 1110 1708*

Numerous instances might here be given of the successful
application of these heat-conductors both in land and marine
boilers, in which several thousands of 3-inch pins have been
inserted, and where they have been for years doing constant
duty without & single failure or leakage.

It is here worthy of remark that M. Peclet, in his Zraité
de la Ohaleur, has suggested a similar mode of increasing the
transmitting power of a given area of a plate. He begins
by distinguishing the three characteristics of a plate.
First,—the reception of heat by one side. Second,—its
emission from the other side. And Third, the power of
conduction through the body or thickness of the plate.
He then observes that a plate of metal has the power of
transmitting far more heat than it is really and practically
called on to transmit, on account of the current by which
the heat is kurried along the face of it.

Among the modes of counteracting this rapid current, he
observes :—“ If the plates were crossed by metallic bars,
which should project to a certain extent into both fluids
(gaseous or liquid), one of which was to heat the other, the
extent of surface contact being increased (by the bars), zke
quantity of heat transmitted would be increased, and the more
80, as the stratum or film of the fluid in contact with the
bars would be continually changing.”” He then supposes a
case of hot air (as the products of combustion in a flue)
passing through a tube surrounded by water, to which the
heat was to be conveyed, and being #raversed by metallic
bars projecting both inwards and outwards. In such case
the ¢nterior projections will become heated, and this heat,

These, and other experiments in illustration of the same results, were
published in thewMechanics’ Magazine, in 1842,
L2
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passing along the bars, will be given out from their surfaces.
It will here be seen, that this is identical with the illustra-
tions here given.

M. Peclet observes that this arrangement %as not hitkerto
been put in practice. He was not aware, however, it may be
assumed, that it had been previously, and many years, in
practice both in land and marine boilers.

Conductor pins were applied to the boilers of a six-horse
engine. The result was, that each inch deep of water,
which previously required twenty-eight minutes to eva-
porate, was, by means of the conductors, done in twenty-
one minutes.*

Encouraged by these results, conductor pins have been,
during the last twelve years, introduced into many marine
and land boilers with unquestionable success. After many
years of obsetvation as to their durability, the conclusion is,
that a projection into the flues of three inches is the most
advisable. If longer, they will burn away to about that
length.

Supposing the conductor to be made of half-inch rods,
and inserted at intervals of three inches, the strength of the
plate has been tested, and found to be rather improved, the
conductor pins apparently acting the part of floor bridging,
and giving increased stiffness.

Supposing the area of the flue to be two feet square, then
the introduction of the pin conductors may be as shown in
the annexed Fig. 185.1

# Dr, Ure, impressed with the same view, made some experiments with
corrugated plates. The effect, he observes (see his Dictionary of Arts),
was remarkable: the water evaporated when the current of heated
products passed across the corrugations, and, as it were, striking against
them ; being so much greater than when it ran in the same direction. On
the same principle, the heat transmitted was increased when the current of
the products was intercepted by the conductors.

+ The principle of these conductor pins has been adopted in sugar boiler
pans, and other descriptions of evaporative vessels ; and would no doubt be
applicable to the operations of brewing and distilling. e
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Fig. 136.

NATTTTTA
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Asg illustrative of the mode and extent to which the
system has been practically applied, Fig. 136, Plate 11,
and Fig. 187, Plate 11, represents a plan and section of
the boilers of “The Royal William.” These boilers have
been in constant use for the last nine years, and with the
most perfect success as regards economy of fuel,—freedom
from the smoke nuisance,—evaporative power, and dura-
bility ; the number of conductor pins are 4359.

The plan of the boiler described as Lamb and Summers’
patent, may here be given, inasmuch as one of its peculia-
rities is connected with the use of the heat conductors, and
precisely corresponding with the description given by
M. Peclet,—the flue being *¢raversed by metallic bars,”’
and which here act the double purpose of sfays (as in
locomotive boilers) and keat conductors.

In the boilers of the Peninsular and Oriental Steam
Company’s Ship “Pacha,” as in Figures 138, Plate 12, and
139, page 222, the stays which act the important part of
double heat conductors are of §th-inch iron: of these there
are 1920, and as they act effectually on the water spaces
on each side, do the duty of 3840 most effective heat
conductors.
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Fig. 139.

Bl

| — 1

*10jnpuo)) 180  pue ‘A8 -~ AT 1T

4\
1 11 1 g1 1§ e |
{ Qo { Aoy 2 S ¥ — — -
_.- [ .
.H - 1X 11§ 11 11 N1 J
.Oﬁﬂg . ﬂv."llv_-v il ._-. 11 Jr )
1L

.ghsdg - 1T L

" X 11 11
-~

.X,Jp
15 YA

- _

v

O)

<6

L o 1L 11 1L 1T N AY]
vz
| GRS 5 SN | | )
C | S | RN AR I WO | D)
LY 3 1L N | 11 11 J
I
| G § ) 1I 11 [N ) II J
—C I I
el LN |} 11 1 11 ﬂ-‘J\
LS RN I N ¥ ¢ S AN
..... (i | 1 (8] )
T C T 11 11 11l il -.
11 ] Y I N |
3 o——in 3
11 11 I} 18] o
— 1 It 11 il >
11 j1 I | 1 D )
c - —

' S ¥




AND THE PEEVENTION OF SMOKE. 223

The Patentees state that the superiority of this plan over
the common tubular “consists in the facility for cleaning;
that is, for the removal of the scale or deposit which takes
place so largely in the boilers of sea-going vessels. The
vertical water spaces of these boilers afford an easy means
of cleaning the sides of the flues, and so enable the water to
come in contact with the iron flue. That in tubular boilers
the horizontal position of the water spaces between the
tubes renders it an impossibility to clean them; the conse-
quence of which is, that a constant succession of deposit
takes place. The flues of boilers which have been constantly
at work since 1850 present no appearance of deterioration.”

The principle of these heat conductors is too self-evident
to avoid adoption hereafter in all descriptions of vessels
where heat has to be communicated, or abstracted. '

CHAPTER XVIIIL

ON THE GENERATION AND CHARACTERISTICN OF SMOKE.

So much has been said and credited on the subject of the
burning and combustion and even conswmption, of smoke ;
and it has been so often asked, What is smoke ? that the
subject cannot here be dismissed without comment.

. Dr. Lardner has observed, that on coal being thrown on
a furnace, “ a smoke will arise, which, passing into the flue
over the burning coal, will be ignited.” With equal cor-
rectness might he have said, that on coal being thrown into
s heated retort, s smoke will arise, which passing into
tubes, is conveyed to our apartments, and there ignited,
giving out both light and heat. 'When palpable errors in
description are committed by scientific men, it can be no
matter of surprise that an unobservant public should become
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familiarised with such absurdities as “smoke burning,” and
“ smoke-consuming furnaces.”

Before the characteristics of combustible gases were
known, it was natural that all coloured vapours, rising from
heated bodies, should be called smoke. So soon, however,
as the properties of the several gases were correctly ascer-
tained, through the researches of Davy and Dalton, the mis-
application of the term became unpardonable on the part of
those who profess to be public instructors on the subject.

The gas from which smoke proceeds, in a furnace or
retort, is carburetted hydrogen. The constituents of this.
gas have been already described ; each atom consisting of
two atoms of hydrogen and one of carbon. This latter we
are warranted in assuming-to be & solid, contained, and
concealed from view, by, or within the gaseous volume of
the hydrogen, since carbon has never yet been produced in
the form of a gas, nor hydrogen in that of a solid. It is only
when their chemical union, in the form of the coal gas, is
broken up, that the carbon becomes visible and tangible.
Now this circumstance alone furnishes an unerring test of
the difference between gas and smoke ; a distinction which,
we shall see, is capable of physical proof.

‘When we see a dark yellow vapour rising from heated
coal, as at the mouth of a retort, or from a furnace, or
domestic fire, after fresh coal has been thrown on, this
colour is not occasioned by the presence of carbon, but is
caused by the sulphur, tar, or earthy impurities which
might happen to be in the coal. All these are subsequently
separated from the carburetted hydrogen in the purifying
process—the gas remaining transparent—so minufe are the
several atoms of the carbon, and so diffused are they when
in connection with the hydrogen. That the solid carbon s
there, notwithstanding this transparency, is proved by its
subsequent liberation; as when a polished body is thrust
into the flame of a candle or gas jet, and brought out with a
deposit of the carbon on it. Carbon, in fact, when in
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chemical union with gaseous matter, is always invisible and
intangible. The following experiment will sufficiently illus-
trate these facts, exhibiting both the gas and the smoke in
their separate states of existence, and with their separate
characteristics.

~

Fig. 140,
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Fig. 140, page 225, represents a tin vessel @, capable of
holding a quart measure; in it was placed some small coal,
resin, and tar, to produce a quick and large development of
gas. The lid being removed, an iron, 4, made red-hot, was
introduced, and the vessel again close covered. A small
tube is then inserted at ¢, to be blown into, as into a blow-
pipe, to expel the gas in a stream.

By blowing through this tube, a copious volume of the
gas will issue from the nozzle d. That the carbon in this
gas is inaccessible, is proved by presenting a sheet of paper
to the stream, and, although it may be slightly stained, if
there be much tar present, no carbon, however, will be
deposited.

On this stream of gas (many inches long) being lighted,
a lurid flame will be produced, but which, becoming cooled
down before it can be sufficiently mixed with the air, pro-
duces a large volume of true smoke. Here, then, is exhi-
bited the gas, the flame, and the smoke, at the same
moment, and in succession, just as they are produced in the
furnace,—the gas being converted into flame, and the flame
into smoke,

Now let us examine the characteristics of each. The
carbon in the gas, as already mentioned, is inaccessible,
being concealed by or within the atoms of hydrogen respec-
tively, and cannot be separated, or deposited on the paper.
On being lighted, the hydrogen combines with the oxygen
of the air forming steam, which flies off, as already described.
The result is, the liberation of the atoms of carbon, either to
be converted into carbonic acid (if the heat can be con-
tinued), or deposited in the form of the fine lamp-black
powder, as we see it collected on the wick of the tallow
candle. This may be tested by presenting the white paper
to it, when a large quantity of this black carbon will be
deposited on it. 'We here see the double error of mis-
taking emoke for gas, and then assuming that the former
can be burned.
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- It may be well here to notice an error with which we are
generally impressed, namely, that the cloudy volume of
smoke, as we see it issuing from a chimney, and filling
a large spacein the atmosphere, is formed of carbonaceous
matter.

‘With equal propriety might we say, if we put a few
drops of ink into a glass of clear water, and thus give it
a blackened colour, that the whole would become a mass of .
ink. This black cloud is merely the great mass of steam, or
watery vapour, formed in the furnace, as already described,
but colotired by the carbon; and when we consider, that o
less than half a ton weight of water (in the expanded form
of steam) is produced from every ton weight of bituminous
coal consumed, we can easily account for the enormous
volume and mass of this dlackened vapowr called smoke, as
it appears to our vision, and the palpable error of supposing
that this cloud of incombustible matter was capable of being
consumed, or converted to the purposes of heat.

‘Were it not for this mass of steam the carbon would soon
fall, as a cloud of black dust; but, being intimately and
atomically mixed with the large volume of steam from the
furmace, it is carried alohg by the mnosphere, 'only differing
in colour, like the cloud: of steam we see issuing from the
chmmey of a locomotlve when i in actwn

ON THE COMBUSTION OFf COAL AND THE PREVENTION
OF SMOKE.

A oonsiDERATION of the nature of the products into
which the combustible constituents of coal are converted in
passing through the furnace and flues of a boiler, will
enable us to correct many of ‘the practical errors of the day,
and ascertain the amount of useful effect produced, and
waste incurred. These products are:
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1st. Steam—highly rarified, invisible, and incombustible.

2nd. Carbonic acid—invisible and incombustible.

8rd. Carbonic oxide—invisible, but combustible.

4th. Smoke—visible, partly combustible, and partly in-
combustible.

Of these, the two first are the products of perfect com-
bustion, the latter two of imperfect combustion.

The first—steam—is formed from that portion of the
bydrogen (one of the comstituents of coal gas), which has
combined chemically with its equivalent of oxygen from the
air—in the proportion of one volume of hydrogen to half a
volume of oxygen; or, in weight, as 1 is to 8.

The second—carbonic acid—is formed from that portion
of the constituent, carbon, which has chemically combined
with its equivalent of oxygen, in the proportion of 16 of
oxygen to 6 of carbon, in weight ; or, in bulk, of one volume
of the latter to two of the former.

The third—carbonic oxide—is formed from that portion
of the carbonic acid which, being first formed in the furnace,
takes up an additional portion of carbon in its passage
through the ignited fuel on the bars, and is then converted
from the acid into the oxide of carbon; thus changing its
nature from an incombustible to a combustible. This addi-
tional weight of carbon so taken up, being exactly equal to
the carbon forming the carbonic acid, necessarily requires
for its combustion the same quantity of oxygen as went to
the formation of the acid.

The fourth—smoke—is formed from such portions of the
hydrogen and carbon of the coal-gas as have not been
supplied or combined with oxygen, and, consequently,
have not been converted either into steam or carbonic
acid.

The hydrogen so passing away is transparent and invisible ;
not so, however, the carbon, which, on being so separated
from the hydrogen, loses its gaseous character, and returns
to its natural and elementary state of a black, pulverulent,
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and finely-divided body. As such, it becomes visible, and
this it is which gives the dark colour to smoke.

Not sufficiently attending to these details, we are apt to
give too much importance to the_ presence of the carbon,
and have hence fallen into the error of estimating the loss
sustained by the blackness of the colour which the smoke
assumes, without taking any note of the invisible combus-
tibles, hydrogen and carbonic oxide, which accompany it.
The blackest smoke is, therefore, by no means a source of
the greatest loss; indeed, it may be the reverse; the quan-
tity of invisible combustible matter it contains being a more
correct measure of the loss sustained than could be indicated
by mere colour.

This will be still more consistent with truth, should any
of the gas (carburetted hydrogen) escape undecomposed or
unconsumed, as too often is the case.

In the ordinary acceptation of the term ¢ smoke,” we
understand a/? the products, combustible and incombustible,
which pass off by the flue and chimney. ‘When, however,
we are considering the subject scientifically, and with a
view to a practical remedy against the nuisance or waste
it occasions, we must distinguish between the gas as it is
generated, and that which is the result of its imperfect
combustion. In fact, without precise terms and reasoning,
we disqualify ourselves from obtaining correct views either
of the evil or the remedy.

Now, let us look at this gas, which we are desirous of
converting to the purposes of heat, under the several aspects
in which it may be presented under the varying degrees of
temperature, or supplies of air.

In the first instance, suppose the equivalent of air to be
supplied in the proper manner to the gas, namely, by jets,
for in this respect the operation is the same as if we were
supplying gas to the air, as in the Argand gas-lamp. In
such case one half of the oxygen absorbed goes to form
steam, by its union with the hydrogen; while the other

L3
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half forms carbonic acid, by its union with the carbon.
Both constituents being thus sapplied with their equivalent

Fig; 141,

Carbonic
Acid Gas

Nitrogen

Nitrogen

Nitrogen

Nitrogen

Nitrogcn
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volumes of the supporter, the process would here be com«
plete—perfect combustion would ensue, and no smoke be
formed; the quantity of air employed being fen' times the
volume of the gas consumed. See Fig. 141, page 230.

Again, suppose that but one half, or any other quantity,
less than the saturating equivalent of air were supplied.
In such case, the hydrogen, whose affinity for oxygen is so
superior to that of carbon, would'seize on the greater part
of this' limited supply: while'the carbom, losing its con.
nection with the hydrogen, and not being supplied with
oxygen, would assume its original black, solid, pulverulent
state, and become ?#rue smoke. The quantity of smoke
then would be in proportmn to the deﬁclemcy of air
supplied.

But smoke may be caused by an excéss as well as a defi-
ciency in the supply of air. This'will be understood when
we consider that there are two conditions requisite to effect
this chemical union with oxygen, namely, a' certain degree
of temperature in the gas, as well 88 a certain quantiby of
nir; for, unless the due temperature be maintained, the
combustible will not be in a-state for chemical action. -

Now, let us see how the condition, as to Zemperature,
may be affected by the quantity of air being in ezcess.
If the gas be injudiciously supplied with air,. that is, by
larger quantities or larger jets than-their respective equi-
valent number of atoms can smmediately combine:with, as
they come into contact, a cooling effect is mecessarily pro-
duced instead of a gemeration of heat. The result of this
would be, that, although the quantity of air might be
correct, the second condition, the required temperature,
would be saerificed or impaired, the union with thé oxygen
of the air would not take plaoe and smoke would be
formed,

- Thus we perceive that the mode in whxch the air is mtro-
duced exerciges an important influenes on the amounmt of
union and combustion efféetéd, the guantity of -heat deve-



282 THE COMBUSTION OF COAL

loped, or of smoke produced ; and, in examining the mode
of administering the air, we shall discover the true cause of
perfect or imperfect combustion, in the furnace, as we see
in the lamp. This circumstance, then, as regards the
manner in which air is introduced to the gas (like the in-
troduction of gas to the air), demands especial notice, as
the most important, although the most neglected, feature
in the furnace, and in which practical engineers are least
instructed by those who have undertaken the task of
teaching them.

‘We see, then, how palpably erroneous is the idea, that
smoke, once formed, can be consumed in the furnace in
which it is generated, and how irreeoncileable is such a result
with the operations of nature. The formation of smoke, in
fact, arises out of the failure of some of the processes pre-
poratory to combustion, or the absence of some one of the
conditions which are essential to that' consummation from
which light and heat are obtained. To expect, then, that
smoke, which is the very result of a deficient supply of heat,
or air, or both, can be consumed in the furnace in which
such deficient supply has occurred, is a manifest absurdity,
seeing that, if such heat and air had been supplied, this
smoke would not have existed.

‘Whence, then, it may be asked, does the visible black of
the cloud proceed? Solely from the unconsumed portion
of black carbon, insignificant though it may be in weight or
volume.

This carbon of the gas, being the sole black-colouring
element of smoke, it is here necessary to examine the
several phases and conditions of its existence and progress,
before, during, and after, it has been in the state of flame.
Flame is not the combustion of the gas. Flame itself has
to undergo a further process of combustion, being but a
mass of carbon atoms, still unconsumed, though at the tem-
perature of incandescence and high luminosity. Flame is
then but one of the stages of the process of combustion.
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Its existence marks the moment, as regards each atom, of
its separation from, and the combustion of its accompanying
hydrogen, by which so intense a heat is produced as, in-
stantaneously, to raise the solid carbon afom, then in
contact, to that high temperature: thus preparing it the
more rapidly to combine with oxygen so soon as it shall
kave obtained contact with the air, but not a moment
sooner.

Instead, however, of administering the air while the
carbon is at this high temperature of 8,000° (as we see in
our gas-burners), our custom is first to allow if, or even
Jorce it to cool down, by its contact with metallic tubes, to
the state of soot; and then to expect, by some mechanical
apparatus, to restore it to the necessary temperature from
which it had been so gratuitously reduced.

But, it may be asked, why allow it to lose its already
acquired high temperature? Why create a necessity for
the sake of overcoming it? It seems an act of mere
stupidity to waste the high temperature the carbon had
thus naturally acquired, by allowing the opportunity to
pass before we administer the only thing needful-—namely,
the air.

‘We have seen how the carbon of the gas, in the absence
of air and its oxygen, returns to its normal state of black
solid atoms in the form of soot. It will here, then, be
useful to illustrate the well-defined stages through which
this carbon passes from its invisible state, as a constituent
of the gas, to its visible state in smoke. In the following
diagrams, representing its four stages, the carbon is placed
in the centre of each figure.

chemical union, and surrounded by the two atoms of hydrogen,
forming carburetted hydrogen

Second Stage— Visible, tangible, and raised by the heat produced |
on the combustion of its accompanying hydrogen to the temperature
of incandescence, which, by their number, give the white luminous
character to flame.

First Stage—Invisible and infangible, the carbon being then in @
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Third Stage—Invisible and indangible, after its combustion—
® having then entered into union with two atoms of oxygen, and form-
/ ing invisible carbonic acid (the oxygen being here represented as
-~ surrounding it).
Fourth Stage— Visible and tangible, in the state of lamp-black,
.‘ or soot, having escaped combustion by not having had access to the
air, before it was cooled below the temperature required for
chemical action.

Of the comparatively insignificant value of this carbon as
one of the elements of the cloud of smoke, the annexed
diagram will convey a sufficiently correct ides as to the
relative number, weight, and bulk of each.

ik

Number of
Atoms.

‘Weight of
Weight

8 atoms of invisible nitro-
gen from the 4 of air
that supplied the oxygen
both to the hydrogen
and carbon of the gas.

2] 9118 2 atoms of invisible steam
from the combustion of
the hydrogen of the gas.

1} 6| 6 1 atom of visible carbon

. unconsumed, and be-
coming the colouring
matter of smoke.

2122 44 2 atoms of invisible car-
@ bonic acid from the car-
‘. bon of solid coke on the

bars of a furnace.

(-]
-
S
[
—
[N

8|14 {112 8 atoms of invisible nitro-
gen from the 4 of air
that supplied the oxygen
for the combustion of
the coke of the coal.

21 202 21 atoms.
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Thus we see that out of the 21 atoms which are the con-
stituents of any given weight of smoke, the only combustible
one,—the carbon, weighs but 6,—the incombustible and
invisible portion weighing 286. As to volume, we-see, as
above, the comparatively insignificant space it dccupies,
although it possesses the power of giving the black tint to
the cloudy mass. These volumes are here supposed to be
at atmospheric temperature. 'When, however, we consider
that, with the exception of the carbos, which alone (being a
solid) retains its original dimindtive bulk, while all the
others, being gaseous, will be enlarged to double, possibly to
treble their previous bulk, in proportion to- their increased
temperature,—we are amazed, not only at the comparative
insignificance of the carbon, but at our' own credulity in
believing that this merely blackened cloud could be made
available as ¢ fiel, and a source of heat.

Generally speaking, this black cloud is supposed to bean
aggregate or mase of carbon, in the form of a sooty powder. .
This is, manifestly, an error, since that would assume that
the three other products—nitrogen, carbonic acid, and
steam—in their great volumes, had been neutralised, or
otherwise disposed of. As, however, that is impossible,
smoke must be taken as it is,—namely, a compound cloud of
all these three gaseous bodies, together with the portion,
more or less, of the solid, uncombined, visible free carbon,
then in the fourth stage. Here, then, is a definition of
smoke, which is susceptible of the most rigorous proof.

We see the black cloud from a chimney extending for
miles along the horizon, and hence conclude that the quan-
tity of carbon must be considerable to produce such an
effect. Nothing but strict chemical inquiry could have
enabled us to correct this efror. By it we ascertain that
this black cloud is ¢inted, literally but tinted, by the atoms
of carbon, and, which, though i msumg in countless mymds
are comparatively insignificant in weight or volume, or in
commercial value as a combustible. In truth, the -eye is
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deceived a8 to the mass by the extraordinary colouring
effect produced by the minuteness, but great number, of its
atoms of carbon.

And now as to the relative gquantities of the sezeral con-
stituents of smoke: 1st, of the -invisible nitrogen. As
atmospheric air contains but 20 per cent. of oxygen, the
remaining 80 per cent. being the nifrogen, passes away,
invisible and uncombined. If, then, a ton of coal requires,
absolutely, for its combustion the oxygen of 800,000 cubic
feet of air, the 80 per cent., or 240,000 cubic feet of invisible
and incombustible nitrogen, forms the first ingredient of
this black cloud. 2nd, of the snvisible carbonic acid. This
portion of the cloud may be estimated as equal in volume to
the 20 per cent. of oxygen which had effected the combus-
tion of the carbon bozk of the gas and the coke of the coal.
8rd, of the invisible steam formed by the combustion of the
hydrogen of the gas. In this will be found the great source
of the prevailing misapprehension ; yet no facts in chemistry
are more accurately defined than those which belong to the
formation, weight, and volume of the constituents of steam.

The following extract from a paper read before the Insti-
tution of Civil Engineers, being from the report, already
mentioned, by Professor Faraday to the Athensum Club, is
much to the point of this inquiry—particularly as regards
the great volume of water resulting from the combustion of
the coal gas:—

¢¢ All substances used for the purposes of illumination may be repre-
sented by oil and coal gas. Both contain carbon and hydrogen, and it is
by the combustion of these elements with the oxygen of the air that light
is evolved. The carbon produces carbonic acid, which is deleterious in its
nature and oppressive in its action in closed apartments, The Aydrogen
produces water. A pound of oil contains about 0-12 of a pound of
hydrogen, 0°78 of carbon, and 0°1 of oxygen. When burnt, it produces 1:06
of water, and 2-86 of carbonic acid; and the oxygen it takes from the
atmosphere is equal to that contained in 18°27 cubic feet of air. A pound
of London gas containe on an average 0°3 of hydrogen, and 07 of carbon_
It produces, when burnt, 207 of water, 256 of carbonic acid gas, con-
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sumes 4'26 cubic feet of oxygen equal to the quantity contained in 19-8
cubical feet of air, A pint of oil, when burnt, produces a pint and a
quarter of water; and a pound of gas, more than two and a half pounds
of water—the increase of weight being due to the absorption of oxygen from
the atmosphere—one part of hydrogen taking eight parts, by weight, of
oxygen to form water. A London Argand gas lamp in a closed shop
window will produce, in four hours, two pints and a half of water, to
condense, or not, upon the glass or the goods, according $o circumstances.”

To say, then, that above 900 lbs. weight of water (nearly
half the weight of the ton of coal consumed) passes from
the furnace, and by the chimney, in the form of steam,
though produced by the 5% per cent. of hydrogen alome,
which the coal contained, may appear exaggeration : never-
theless, the fact is unquestionable, the details of which it is
here unnecessary to repeat. Now, when we consider the
enormous, mass of steam that would be produced by the
vapour of this nearly half a ton weight of water (indepen-
dently of the nitrogen and carbonic acid), we can readily
account for the magnitude of the cloudy vaporous column of
the smoke,

The next consideration is, as to the valus of the oarbon
which produces the darkened colour of the smoke cloud.
Now, the weight of this carbon, in a cubic foot of black
smoke, is not equal to that of a single grain. Of the extra-
ordinary light-absorbing property and colouring effect pro-
duced by the inappreciable myriads of atoms of this finely-
divided carbon, forming part of the cloud of the steam
alone, some idea may be formed by artificially mixing some
of it when in the deposited state of soot with water. For
this purpose, collect it on a metallic plate held over a candle
or gas-jet, and touching the flame. Let a single grain weight
of this soot be gradually and intimately mixed on a pallet,
as a painter would, with a pallet-knife : first, with a few drops
of gum-water, enlarging the quantity until it amounts to a
spoonful.  On this mixture being poured into a glass globe
containing a gallon of water, the whole mass, on being
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stirred, will become opaque, and of the colour of ink. Here
we have physioal demonstration of the extraordinary
colouring effect of the minutely divided carbon—a single
grain weight being sufficient to give the dark colour to a
gallon of water. Whatever then may be the quantity or
number of ity atoms, we see from the cloud of incombustible
matter with which this carbon is so intimately associated,
as smoke, that even attempting its separation and collection,
independently of its combustion, borders on absuardity.

It has already been mentioned that carbonaceous smoke
may always be distinguished from gas by the test of
applying to it a sheet of paper. Whatever may be the
colour of the vapour as it rises from the coal in the retort
or on an open fire, while there is still no flame, the. paper
will not be soiled by carbon, simply because it is snaccessible
being then in the first stage, as above shown, and in.com-
bination with the gaseous hydrogen. Whereas, in smoke,
and after flame has been produced, the carbon, being then
separated and cooled down from its state of flame, is
encountered (as in the fourth stage) in the form of black
atoms, and will be deposited on the paper.

It may here be noted that the mere motion of the smoky
cloud as it ascends in the air, has all the peculiarities of
a body of discharged steam with its rolling, ascending, and
diffusive character. Its long continuance in the suspended
state in the atmosphere, is the reverse of what would be the
case were it a mere mass of solid atoms of carbon. In calm
weather we even see this black cloud ascending vertically,
and to a great height—a circumstance that is wholly incom-
patible with its greater specific gravity, were its atoms
unattached to some vaporous or more buoyant body.

In truth, we cannot dissociate the ideas of the formation
of the two atoms of steam (with their inferior specific
gravity), from the simultaneous separation of the carbon
with its comparatively high specific gravity,—this carbon
being, in volume, as disproportionate to that of the steam,
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a8 the car is to a balloon to which it is attached. As
regards this disproportion é» bulk, we know that the
volume of each atom of steam is 1,800 times greater than
that of the atom of water from which it was formed. Here,
alone, then, would be a ratio of 8,600 to one. When, also,
we consider the temperature, and high pressure, and conse-
quent enormous expansion of this steam, at the moment of
its formation; and passing from the chimney (the atom of
carbon, or solid, alone retaining its original diminutive
bulk), we are enabled correctly to appreciate the relative
* volumes of the minute combdustible carbon, and the incom-
bustible steam. "Were it possible to examine microscopically
this smoke, it would be seen that each atom of the carbon
was mechanically attracted by, and adhering to, two or more
spherical atoms of steam, possibly multiplying by reflection
its appearance and effect as from so many mirrors. We see
that by virtue of this adhesion to the atoms of steam, it
obtains its ascending power and buoyancy, as ¢ke car does
Jrom the balloon.

Nevertheless, in contempt of chemical truth, and even
common observation, we persevere in speaking of the com-
bustion of the cloud of smoke. It surely would be as easy
more rational, and more correct, to speak of its prevention.
Had even these terms been properly understood, the
absurdity of the late Metropolitan Act, for the “com-
bustion of the smoke of furnaces,” would have been too
obvious to have had the sanction of Parliament.

In looking at the result of imperfect combustion of the
carbon of the gas, and its conversion into the black element
of soot, it may here be oberved that the mere waste of so
much fuel is insignificant in mischievous agency in com-
parison to the effect of its deposit in the form of the most
powerful non-conductor of heat in the tubes and flues of
the boiler,—thus effectively neutralising their value as
heating surfaces. Those, therefore, who insist on asserting
that smoke is a combustible, and may be burned, should be
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prepared to show how this cloud of watery vapour and
gaseous matter can be separated from its minute comple-
ment of carbon :—for, until that separation is effected, it is
as absurd to speak of the combustion of the oloud of smoke,
a8 it would be of converting the air in the cloud of dust,
which blows along our streets, to a profitable manure, for
the mere sake of the particles of solid matter which it holds
in suspension.

Looking, then, at this cloudy mass with reference to
combustibility, we see that since the separation of the
carbon from its accompanying cloud is practically im-
possible, its combustion is equally so.

Finally, we see that the cause of the formation of smoke
is, the absence of the proper supply of air to the combustion
of the gas (the only combustible that it contains), at the time
when from its high temperature of incandescence it was best
fitted to receive it. So long, then, as due consideration to
the providing for the admission of this supply of air to the
furnace at the proper time and in the proper quantity, be
but little attended to; and that our practical engineers
regard the question as of secondary importance, or almost
with neglect, we cannot expect any reformation of the
system of furnace details,
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EXTRACTS FROM THE SECOND REPORT TO THE STEAM COAL
COLLIERIES’ ASSOCIATION, NEWCASTLE-UPON-TYNE.

GENTLEMEN,—

In submitting to you our further Report upon the question
which you have referred to our decision, we have to observe, that it
would have been easy for us to have selected and submitted to trial
certain of the competitors’ plans, and to have reported to you on their
comparative merits at a much earlier period. But such a course
would neither have done justice to you nor to the important question
which we had to decide, inasmuch as one of the principal conditions
established for the competition was, that the plans submitted should
not diminish the evaporative power of the boiler.

It was, therefore, our first object to ascertain this evaporative power
as a standard of reference.

The boiler built for these experiments presented no peculiar features.
The annexed drawing will show that it was the ordinary type of a
marine multitubular boiler, such as is generally considered to present
the greatest difficulty as regards the prevention of smoke.

It contained two furnaces, each three feet wide, and 185 tubes 5§
feet long and three inches internal diameter, and had an aggregate
heating surface of 749 square feet.

The heater, which was subsequently added, as mentioned in the
ninth paragraph of our former Report, was used for the purpose of
heating the feed water. It in no way altered the condition of the
boiler, except by reducing the temperature of the escaping gases, and
thereby, to some extent, diminishing the draught and rendering the
prevention of smoke somewhat more difficult, whilst, at the same time,
it slightly increased the evaporative effect by its additional absorbing
surface.

This increase was, however, much less than might have been
expected from the large absorbing surface of the heater, which con-
tained 320 square feet ; yet it was found that, when the products of

x
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combustion before entering the heater were at 600°, the passage
through it did not reduce the temperature more than about 40° to 50°.

The whole of the experiments with the competitors’ plans were
made with the boiler after the heater was added, as also were those
made previously for establishing the standard of reference.

We have established as the standard the means of a series of experi-
ments during which the firing was conducted according to the ordinary
system, every care, however, being taken to get the maximum of work
out of the boiler by keeping the fire-grates clean and by frequent
stoking. No air was admitted except through the fire-grates, and as a
consequence much, and often a very dense smoke was evolved.

As the economic effect of the fuel increases when the ratio of the
firograte surface to the absorbing surface is diminished, we have
adopted two sires of fire-grates, and consequently two standards of
reference. With the larger fire-grate the amount of work done by the
boiler per hour is greatest, but this is done at a relative loss of
economic value of the fuel as compared with the smaller grate.

The one gives us the standard of maximum evaporative power of
boiler,—the other the standard of maximum economic effect of the
fuel.

The fire surfaces used for fixing those standards were 28} and 19}
square feet respectively.

Each competitor was allowed to vary his firegrate to meet these
two standards, and in the tabulated forms hereinafter given, the
results obtained are eompared with the standards as well as with the -
maximum results which we have arrived at in our own experiments.

With these prefatory remarks we now proceed with our Report.

The total number of plans submitted to us was 108, which, upon
examination, we found might be arranged in the following classes :—

1st Class.—Requiring no special apparatus, and depending upon
the admission of cold air into the furnace or at the bridge.

2nd Class.—Requiring no special apparatus, and depending upon
admission of %ot air into the furnace or at the bridge.

8rd Class.—Requiring special adaptations of the furnace of more
or less complexity, but yet applicable to the ordinary type of
marine boiler. The most of this class admitting air above the

. fire-grate surface.

4th Class—Requiring self-acting or mechanical apparatus for
supplying the fuel.

5th Class.—The smoke burning systems, the principle of which is
to pass the products of combustion through or over a mass of
incandescent fuel. This class might be subdivided into two, in
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one of which the gases pass downward through a part of the
fire-grate into a close ash-pit, and thence to the flame chamber
or tubes, and in the other the gases, &c., from one furnace are
passed into the ash-pit and upwards through the fire-gate of
another furnace, and in which arrangement the process is alter-
nated by a system of doors or dampers.

6th Class.—Proposing the admission of steam mixed with the air
into the furnace as a means both of preventing smoke and in-
creasing the evaporative effect of the fuel.

7th Class.—Such projects as are either impracticable or not appli-
cable to the ordinary type of marine boilers, and consequently
not in accordance with the established conditions,

The following table shows the number of plans sent in, arranged in
the above classes :—

Class 1 . . . . . . 9
w2 e o« . . .. 16
w8 o« . . . . .15
» 4 .. . . . . . 6
» B S
» 6 . |
w T P ¥ !

103

After full consideration we selected the following plans for trial at
your expense :—

From Class 1.—Messrs, Hobson and Hopkinson, Huddersfield.
Mr. C. W. Williams, Liverpool.
Mr. B. Stoney, Dublin.

From Class 3,—Mr. Robson, of South Shields.

‘We did not feel ourselves justified in trying any of the other plans
at your expense, but in acquainting the remaining competitors with
our decision, we stated that we were ready to submit their plans also
for trial if they desired it, in conformity with the fifth paragraph of the
original advertisement. None of these parties, however, availed them-
selves of the opportunity thus given of testing their plans at their own
expense.

The standard of reference alluded to in the 14th and 15th paragraphs
of the present Report are as follows: —
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Fire Grate 284 | Fire Grate 194
8quare Feet. 8quare Feet.

A, B. A, B.

Economic value, or 1bs. of water evapo-
rated from 212° by 1 b, of coal ...... 9+41 (1115 | 10°06 | 12-58

Rate of combastion, or lbs. of coal
burned per hour per square foot of )
fire grate ......coecoceieiiiiiiiniinnnenns 21°15 | 1900 | 21-00 | 17-25

Rate of evaporation per square foot of
firegrate per hour in cubic feet of
water from 60° .......coeeiruniiiiinnnnnne 2°62 | 2932909 | 2995

Total evaporation per hour in cubic feet
of water from 60° .......cccceerranennnen 74-80 | 79-12 | 56°01 | 5778

The columns A contain the standards of reference alluded to,
as above, whilst the columns B give the mean of the best results
obtained by our own experiments wken making no smoke.

The first plan submitted for trial was that of Mr. Robson, of
Shields, which we selected as a type of several of the plans comprised
in Class 3, and as in our opinion the most likely of its kind to prove
successful. The principle of this plan is to divide the furnace into
two fire-grates, the one at the back being shorter than the other, and
placed at a lower level. This back grate is furnished with a regular
door-frame and door, for the purpose of enabling the stoker to clean
the bars and remove the clinker when required. This door is also
provided with an aperture fitted with a throttle valve, and in the
inside a distributing box perforated with half-inch holes, after the
manner practised by Mr. Wye Williams. The front grate is like the
ordinary fire-grate, but without any bridge, The mode of proceeding
is to throw all the fresh coal upon the front grate, and to keep the
back or lower grate supplied with cinders, or partially coked coal,
which is pushed on to it from time to time from the upper or front
grate. No air is admitted at the door of the upper grate, but the
gases arising from it meet with the current of fresh air admitted
through the door of the lower grate, and in passing over the bright
fire upon it are to a greater or less degree consumed.

With respect to absence of smoke, we have to report that thxq plan
is only partially successful. It diminishes the amount of smoke con-
siderably, but it requires careful and minute attention from the
stoker, otherwise a good deal of smoke at times appears, and par-
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ticularly when fresh fuel is pushed forward from the upper to the
lower grate.

Mr. Robson’s fire-grate surface was 32} square foet.

As regards economic value of fuel and work done, the following was
the result :—

Economie valueof fuel . . . . 1070 1ba

Rate of combustion . . . . . 1550 ,,

Rate of evaporation persquare foot perhour 214 cubio feet.
Total evaporation from 60° ditto . . 7050 ”»

Comparing these results with the standard, we get

Robson., |Standard.| More. Less.

Per Cent. | Per Cent.

Area of fire grate ....... veennens 3250 28-50 14:03

Roonomic value of fuel ......... 10°70 9-41 | 137
Rate of combustion ............ 1552 | 21'15 267
Rate of evaporation ............ 2-14 262 184
Total eVAPOration «......ceeveres | 7050 | 7480 | ... 58

From this it appears that though there was an increase of economic
value of fuel to the extent of 187 per cent., there was a loss of work
done by the boiler to the extent of 58 per cent., and this, although
the fire-grate was greater by four square feet, or 14 per cent.

This result may be traced to the nature of the apparatus, Owing to
the large admission of air at the fire-door of the lower or back grate
requisite to prevent smoke, the fuel on the front grate burns sluggishly,
and hence the falling off in the rate of c@mbustion and the work done.

The heat in the back grate was very intense, but the generation of
heat being thus thrown nearer to the tubes, the effect of the absorbing
surface above the front grate was greatly impaired.

We think also that the very intense heat in the back grate would be
more injurious to the boiler and the tubes than the more equally dis-
tributed temperature which results from the ordinary description of
fire-grate.

Another objection to this system is the constant attention required
from the stoker, to keep the fires in order, and the difficulty in

x2



246 APPENDIX.

removing the clinker from the back grate, where it tends to form in
oonsiderable quantity.

The next plan submitted to trial was that of Messrs. Hobson and
Hopkinson, of Huddersfield. In this system air is admitted both at
the doors and at the bridge. At the doors by means of vertical slits,
which may be opened or shut at will by a sliding shutter, and at the
bridge through apertures in hollow brick pillars placed immediately
behind it. The entrance of the air to these pillars is regulated by
throttle valves, worked by a lever in the ash-pit. There are also
masses of brick-work placed in the flame-chamber, with the intention
partly of deflecting the currents of gases, so as to ensure their mixture
with the air, and partly to equalise the temperature.

As regards prevention of smoke, we have to report that this plm was
very efficient, though in hard firing it required considerable attention
from the stoker. Whilst burning about 15 lba. of coal per square foot
of grate per hour, no smoke was visible, even with ordinary firing, but
when the quantity was increased to 214 lbs. per square foot per hour,
the fire required to be very carefully attended to, or smoke, though in
mo great quantity, began to appear.

Messrs. Hobson and Hopkinson's fire-grate surface was originally 27}
square feet, but this was subsequently reduced to 18} square feet.

As regards economic effect and work done, the following were the
results :—

Fire G Fire G
274 Sq.!;':,t. 184 Sq. ?:'t.
1bs. 1bs.
Economic value of fuel ........c.cccevneennenan 11-08 .11°70
Rate of combustion cee...euienrenieciniiiaennes 1425 21°50

Rate of evaporatlon per square foot per hour | Cubic Peet. | Cubic Feet.
from 60° ......ceceierennenfninniicciiinnens 2°18 3-49

Total evaporation from 60°..................... 6003 6362

Comparing these results with the standards, we get—

.
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LARGE FIRE GRATES.

%%gmf Standard. More. Less.
Foot, Feoot. Per Cent. Per Cent.
Area of fire-grate ... 275 285 87
1bs. - 1bs.
Economio value....... 11-08 945 1741
Rate of combustion.. 1425 2115 327
. Cubic Feet. | Cubic Feet.
Rate of evaporation, 2:18 262 16-8
Total evaporation ... 6003 7480 198

SMALL FIRE GRATES.

Hobso d
Hopkinson, | Standsrd. |  More. Less.
Feet. Feet. Per Cent. Per Cen!
Area of fire-grate ... 18-26 19-26 52
1bs. Ibs,
Economie value ...... 11-70 1006 16'3
Rate of combustion.. 21-50 21-00 28
Cubic Feet. |Cubic Feet.
Rate of evaporation . 3-49 2-909 199
Total evap. from 60°| 63°62 56-01 135 e

From these tables it appears that with the large fire-grate there was
an increase of economic value of fuel, although less work was done;
whilst with the small grates there was a decided increase both of
economic value and of work. Had the fires been harder pushed with
the large grate, we have no reason to doubt that, although the economic
value would have been somewhat less, the work done would have been
up to the standard.

The only objection to this system is thas the brickwork is liable to
crack and get out of repair ; but we do not attach much importance to
this, as we believe that the existence of this brickwork is of no con-
sequence, and that the results obtained are due simply to the admission
of air to the gases.

The system is applicable to all the usual forms of boilers, the com-
bustion is very good, and, with moderate firing, it does not much
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depend upon the stoker, and we are therefore of opinion that 1t com-
plies with all the prescribed conditions.

The next plan tried was that of Mr. C. Wye Williams, of Liverpool.

Mr. Williams’ system, as is well known, consists in the admission of
air at the furnace door, or at the bridge, or at both, by numerons small
apertures, with the intention of Qiffusing it in streams and jets amongst
the gases. In the plan adopted in the present instance, Mr. Williams
introduces the air only at the front of the furnace, by means of cast
jron casings, furnished on the outside with apertures provided with
shutters, so as to vary the area at will, and perforated in the inside
with a great number of half-inch holes. The mode of firing which Mr.
Williams adopts merely consists in applying the fresh fuel alternately
at opposite sides of the furnace, 80 as to leave one side bright whilst the
other is black.

The original fire-grate proposed by Mr. Williams was 22 square
feet, which was subsequently reduced to 18 square feet.

As regards economy of fuel and work done, the following were the
results :—

Fire Grate, | Fire Grate,
22 8q. Feet. | 18 8q. Feet.

1ba. 1bs.
Economie value of fuel .. 10-84 11-30

Rate of combustion ...... 26-98 27-86
Cubic Feet. | Cubic Peet.
Rate of evaporation......... cesnnsesracsessesnee 404 431
Total evaporation ....... ceeenemniiiiuecinaranis 88-96 76-92
Comparing these results with the standards, we get—
LARGE FIRE GRATE.
Williams, Standard. More. Less.
FPeot. Foet. Per Cent. Per Cent.
Area of fire grate ... 220 285 24
1bs, 1ba.
Eoonomicvalueoffuel | 10-84 945 115
Rate of combustion.. 26°08 21-16 274
- Cubic Feet. | Cubic Feet.
Rate of evaporation. 404 2:62 542
Total evaporation ... | 8896 7480 19
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SMALL FIRE GRATE.
Williams, | Standard. More. Less.
Feet. Feet. Per Cent. Per Cent.
Ares, of fire grate ... 1800 1925 65
Ibs, Ibs. :
Rconomio value ...... 11-30 1006 12-3 ..
Rate of combustion . 27-36 21-00 303
Cubic Feet. {Cubic Feet.
Rate of evaporation. 431 2909 480
Total evaporation ... 76-92 56-01 878

These results showa large increase above the standard in everyrespect.

The prevention of smoke was, we may say, practically perfect,
whether the fuel burned was 15 lbs. or 27 1bs. per square foot per hour.
Indeed, in one experiment, we burned the extraordinary quantity of
87} 1bs. of coal per square foot per hour upon a grate of 154 square feet,
giving a rate of evaporation of 5} cubic feet of water per hour per
square foot of fire grate, without producing smoke.

No particular attention was required from the stoker, in fact, in this
respect ; the system leaves nothing to desire, and the actual labour is
even less than that of the ordinary mode of firing.

Mr. Williams' system is applicable to all descriptions of marine
boilers, and its extreme simplicity is a great point in its favour.

It fully complies with all the prescribed conditions.

The next and last plan submitted to trial was that of Mr. B. Stoney,
of Dublin.

In principle, 8o far as regards the prevention of smoke by the

+ admission of air through the doors, and at the front of the furnace, this
plan is identical with that of Mr. Williams’. Its peculiarity consists in-
the adoption of a shelf outside the boiler, forming, in fact, a continnation
of the dead plate outwards. Upon this shelf the fresh charge of coals
is laid in a large heap, about half of the heap being within the furnace,
and the rest outside. The door is a sliding frame, which shuts down
upon the top of this heap of coals, so that air is admitted through the
body of the coals as well as through perforations in the front plate of
the furnace. When the furnace requires fresh fuel, a portion of that

» forming the heap, and which, to some extent, has parted with its gases,
is pushed forward and its place made up by fresh fuel laid on in front.

This plan did not succeed in preventing smoke, for whenever the
coal was pushed forward upon the fire, dense smoke was evolved.

We regret that Mr. Stoney was not personally present to see the
result, which we think would have entirely satisfied him that the

R—



250 APPENDIX.

method he proposed did not comply with this important condition.
Under these circumstances, we did not proceed to determine the
economic value of the fuel or work done by this system.

In the following tables the results in each case are compared with the
standards, and also with those of our own experiments when making
no smoke. The former marked A and the latter B,

LARGE FIRE GRATES.

A, | Ourox. | Bobson. |snd Bop-Williams.
3 ur ex- n. [and Hop-
Standard periment kinsonx.)

sq. feet.|sq. feet.|sq. feet.|sq. feet.|sq. feet.
Area of grate, square feet.| 284 284 323 273 22
Economic value of fuel or
water evaporated Trom | Ibs. lbs. 1bs. 1bs. 1bs.
212° by 11b. ............ 941 | 1115 | 10-27 | 11-08 | 10-84
Rate of combustion per
square foot of grate per
hour....ccevueerunnennecnns 21-15 | 19+00 | 15-52 | 14'25 | 26°98
Rate of evaporation per
square foot of grate per | c. feet. | c. feet. | c. feet. | c. feet. | c. feet.
hour from 60°... ........ 262 | 293 | 214 | 218 | 404
Total evaporation in cubic
feet per hour from 60°... | 74°80 | 79-12 | 69°52 | 60'03 | 88-96

SMALL FIRE GRATE.

A | Ourex- | Robson. [snd Hop|Williams.
ur ex- an 0]
Standard periment kiusou?-
sq. feet.|sq. feet. sq. ft. | sq. ft.
Area of Grate ............... 19} 19} d 18} 18
Eoonomic value of fuel or ‘B
water evaporated from | lbs. 1bs. - Tbs. Ibs.
212° by 1 1b. of coal ...| 10-06 | 1258 g |11-70 | 11-30
Rate of combustion per * .
square foot of grate per E,
hour' .ceeveeins ceenennnnnns 21+00 | 17-25 21'50 | 27-36
Rate of evaporation per E
square foot of grate per | o. feet. | c. feet. @ | o feet. | c. feet.
hour ..... erereeeninanen 2909 | 2995 849 | 4°31
Total evaporation per hour | 56-01 | 5778 63-62 | 76-92

With the above results before us, we are unanimously of opinion
that Mr. Williams must be declared the successful competitor, and we
therefore award to him the premium of £500 which you offered by
your advertisement of 10th May, 1855.

- It is true that in economic value of fuel the tabulated results of Mr,
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Williame’ trial are about 2 per cent. inferior to those of Messrs. Hobson
and Hopkineon, but on the other hand the amount of work done is
much greater.

By Mr. Williams® plan the quantity of water evaporated with a 22
fest grate, was 48 per cent. greater than with the 27 feet grate used in
Messrs. Hobson and Hopkinson's case, and 20 per cent. more with an
18 feet grate.

‘We should also mention that, in an experiment not tabulated, Mr.
Williams obtained an economic value of 11-70, and a total evaporation
of 61°59 cubic feet, with a 22 feet fire-grate, results which exceed those
of Messrs. Hobson and Hopkinson’s experiments, with 27} feet fire-grate,
and equal in economic value of fuel their results with 18 feet fire-grate.

An important feature in’Mr. Williams’ system is that it may be suc-
cessfully applied under very varied circumstances. We have above
given results obtained with fire-grates of 22 square feet and 18 square
foot; but in order to test the matter still further, we reduced the fire-
grate to 15} square feet, with the following result :—

Area of fire-grate . . . « « « 15} 8q. feet.
Economic valueof fuel . . . . . 1066 lbs.
Rate of combustion per square foot of grate

per hour . e e+« 2874 lbs
Rate of evaporation per square foot of grate

perhour . . e« « o bblo feet.
Total evaporation per hour . . . . 8580 ,

The results which we ourselves attained exceed, in economic value
of fuel, all the results of the experiments made with the competitors’
plans. This was chiefly the case with the small fire-grates, and was
due in a great degree, if not altogether, to the smaller amount of fuel
burned per square foot of grate per hour.

The consequence of this was a more complete absorption of the heat
generated, so that the products of combustion escaped from the
chimney at a temperature lower by about 200° when we obtained our
best economic results, than they did during the trials of the com-
petitors’ plans, It must be remembered that this increase in the
economic value of the fuel is obtained at the expense of the work done,
but it is highly satisfactory to find that (as is shown in colnmns A and
B of the last tables), the great increase in the economic value s also
accompanied with a decided increase in work done when perfect combustion
18 attained and smoke prevented.

Before concluding we might offer some further observations upon the
results we have obtained, and on various interesting and important
questions which have presented themselves during the course of our
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inquiries, but to do 80 in a manner at all satisfactory would be im-
poasible within the limits of a Report like the present.

‘We must, therefore, content ourselves with pointing out three chief
conclusions at which we have arrived, and which, we believe, will prove
of great advantage as well to your interests as to those of all connected
with steam navigation.

1st.—That by an easy method of firing, combined with a due admission
of air in front of the furnace, and a proper arrangement of firegrate, the
emission of smoke may be effectually prevented in ordinary marine multi-
tubular boilers whilst using the steam coals of the * Hartley District” of
Northumberland.

2nd.—That the prevention of smoke increases the ecoonomic value of the
Juel and the evaporative power of the boiler.

8rd.—That the coals from the Hartley District have an evaporative
power fully equal to the best Welsh steam coals, and that practically, as
regards steam navigation, they are decidedly superior.

This last conclusion is contrary to the general opinion, which, based
upon the Reports presented to Government by Sir H. de 1a Beche and
Dr. Lyon Playfair, is strongly in favour of Welsh coal.

The effect of those Reports has been to do the Northumberland
coal-field an immense injury, and we feel this so strongly that we beg
to lay before you a few observations on the subject in & short supple-
mentary Report accompanying-this.-

‘We cannot conclude this Report without bringing to your notice the
services of Mr. William Reed, to whom we entrusted the practical
management of the long series of experiments which we deemed it
right to make.

To his intelligence and unwearied attention we are much indebted,
and we can only add that we have every reason to congratulate our-
selves and you upon having had the benefit of his valuable assistance
throughout the whole of this long and important inquiry.

‘We have the honour to be, Gentlemen,
Your obedient Servants,
JAS. A. LONGRIDGE,
18, Abingdon Street, Westminster.
W. G. ARMSTRONG,
Newcastle-on-Tyne.
THOMAS RICHARDSON,

Newcastle-on-Tyne.
NxwCASTLE-ON-TYNE, 16th January, 1858.
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noble and worthy objects of study. Theseries, also, is extended to the Elemental
and Practical Science of Mathematics, for those who desire to advance and
perfect their studies. Together with an Educational Series. The whole in
demy 12mo., as follows :

1. CHEMISTRY, by Prof. Fownes, F.R.8. moiudin cultural Che-
mistry, for t.'he{ue of Farmers. 4th edi 8 A.gri

2. NATURAL PHILOSOPHY, by Charles Tomlinson 3rd edxtlon .. h

3. GEOLOGY, by Col. Portlock, F.R.B,, &c. 3rdedition . . 1s6d.

4, 5. MINERALOGY, with Mr. Dana’s additions, 2 vols. in 1, 2nd edition 2s.
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6. MECHANICS, by Charles Tomlinson. 4th edition R F X
7. ELECTRICITY, by Sir William Snow Harris, F.R.8. 3rd edition 1s. 64.
7*. GALVANISM : ANIMAL AND VOLTAIC ELECTRICITY : Trea-

tise on the General Principles of Galvanic Science, by the same 1s. 62.
8, 9, 10. MAGNETISM, Concise Exposition of, by the same, 3 vols. . 3s. 64.

11 ll' ELECTRIC TELEGBAPH Hutory of the, byE H!ghton, C E.,
double Part . . . 28

12. PNEUMATICS, by Charles Tomlxnson an edmon e T X
13, 14, 15. CIVIL ENGINEEB.ING by Henry hw, C.E., 3 vols.; and

16¢ Supplement . . 4s.6d.
16. ARCHITECTURE (Orders of), by W. H Leeds 2nd edxtlon . ¥

17. ARCHITECTURE (Styles of), by T. Bury, Architect, 2nd edltlon,
with additional cuts . 1s. 6d.
18, 19. ARCB'IT];CTIE’RE (Pnnclples of Demgn m), by E. L Gu'bett, 2
tect, 2 vo) . . .
20, 21. PERSPECTIVE, by G. Pyne, Arhst, 2vols 3rd edmon . e 2s.
22. BUILDING, Art of, by E. Dobson, C.E. 2nd edition . . . la,
23, 24. BI;R:ICK-MAKING, TILE-MAKING, &c., Art of, by the ume, 2 2
vo .

25, 26. MASONRY AND STONE CUTTING Art of by the aame, thh
illustrations . 2s.

27, 28. PAINTING, Art of, or a GRAMMAR OF COLOURI'NG by George
Field, 2 vols.” 2nd edition . 2s.

29. DRAINING DISTRICTS AND LANDS A:t of by G D. Dempuy,
C. E. 2nd edition . 1s.

30. DRAINING AND SEWAGE OF TOWNS AND BUILDINGS Art
of, by the same. 2nd edition . . 8. 6d.

31, WELL-SINKING AND BORING, Art of, by G. B. Bumell C E
edition . 1s.

32. USE OF INSTRUMENTS Art of the, by J. F Heather, M A. 8rd
edition . 1s.

33, COelg;STRUCTING CRANES Art of, byJ' Glynn, F. B. s., C E 2nd 1
N X
34. STEAM ENGINE, Treatue on the, by Dr Lardner 6th edxtlou . ls.
35. BLASTING ROCKS AND QUARRYING, AND ON STONE, Art of,
by Lieut.-Gen. Sir J. Burgoyne, G.C.B., R.E. 2nd edition . . la
36, 37, 38, 39. DICTIONARY OF TERMS used by Architects, Builders,
Engmeers, Surveyors, Artists, Ship-builders, &o., 4 vols. 4nd edition 4s.

40. GLASS-STAINING, Art of, by Dr. M. A. Gesurt . e IR T3
41. PAINTING ON GLASS Essay on, by E. O. Fromberg . . . ls.
42, COTTAGE BUILDING, Treatise on. 2nd edition . PR T3
43. TUBULAR AND GIRDER BRIDGES, and others, Trea.tue on, more
particularly describing the Britannia and Conway Bridges . 1s.
44. FOUNDATIONS, &c., Treatise on, by E. Dobson, C.E. . .. ls
45. LIMES, CEMENTS, MORTARS, CONCRETE, MA.STICB, &e.,
Treatise on, by G. R. Burnell, C.E. 2nd edition . . 1s.
46. CONSTRUCTING AND REPAIRING COMMON ROADS, 'I‘rutue
on the Art of, by H. Law, C.E. 2nd edition . 1s.
47,48,49. CONSTRUCTION AND ILLUMINATION OF LIGHTHOUSES
Treatise on the, by Alan Stevenson, C.E., 3 vols. . . 8s.

50. LAW OF CONTRACTS FOR WORKS AI\D SERVICES Treo,tme
on the, by David Gibbons. 2nd edition . . . e e 1s.
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51, 52, 63, NAVAL ARCHITECTURE, Pnnclples of the Soxence, Treatise

on,byJ Peake, N.A., 3vols. . . e e e S

53¢, LAYING OFF BHIPS bemg tm Introduohon to the Mould Loft of

- Buil, b; James . ls.6d.
53s, Tﬂi RGE oF ..

OUTLINE ILLUSTBATIONS OF DITTO
54. HASTING MAST-MAKING AND RIGGING OF SHIPS, '.l‘reatue

1s.

onb . . 1s. 64,
54, IR0 Pﬁmﬂnmebﬂemmmcn. .. e

56, 56, NAVIGATION Treatise on: THE SAILOR'S SEA-BOOK.—
"How to keep the Log and work it off—Latitude and Longitude—
Great Circle Sailing—Law of Storms and Variable Winds; and an
explanation of ‘I'erms used, with coloured illustrations of thl,
2 vols. 2nd edition .

57, 58. WARMING AND VENTEAHON Treamo on the Pnnmplel of

the Art of, by Charles Tomlinson, 2 vols. . . . 28

59. STEAM BOILERS, Treatise on, by R. Armstrong, C E. e e .

60, 61. LAND AND ENGINEEB.ING BURVEYING Treatise on, by T.
Baker, C.E., 2 vols. .

62. RA‘J’[LWAY DETAILS IntroductorySketches of, by Su-M Stephemon,

ol . .
62¢. RAILWAY WORH'N G N GREAT BRITAIN Rud.imentujy
Treatise on ; numerous Statistical Details, Table of bapltal and Divi-
dends, form’ of Revenue Account, B-tulway lemng-home, &e., &e.;

by E. D. Chattaway, Vol. II.

63, 64, 66. AGRICULTURAL BUILDIN GS Trea.tue on f.he Comtructlon
of, on Motive Power, and the Machmery of the Steading; and on
Agncultural Machinery; by G. H. Andrews, 3 vols. .

66. CLAY LANDS & LOAMY SOILS, Treatise on, byProf.Donnldson,A E

67, 68. CLOCK AND WATCH-MAKING AND ON CHURCH CLOCKS,
Treatise on, by E. B. Denison, M. A 2vols. . . .

69, 70. - MUBIC, Practical Treatise on, by C C. Spencer, 2 vols 2nd edit.

71. PIANO-FORTE, Instruction for Playing the, by the same. .« e

72, 73, 74, 76. RECENT FOSSIL SHELLS, Treatise (A Manual of the

. Mollusca) on, by S8amuel P. Woodward, and illustrations, 4 vols.

75%. RECENT AND FOSSIL SHELLS, Trea.tue on, by 8. P. Woodward

Supplementary Volume, with Plates

1s.

8.

1s.

3s.
ls,

2:
ls.

4s.

76, 77. DiSCRIPTIVE GEOM.ETRY Treatise on, by J F Hea.ther, 2

77¢. ECON! OMY OoF FUEL Treatlse on, and on Reverberato Furmwes for
the Manufacture of Iron and Steam Boilers, by T. 8. Prideaux, Esq.

78, 79. STEAM AS APPLIED TO GENERAL PURPOSES AND LOCO-

MOTIVE ENGINES, Treatise on, by J. Sewell, C. E., 2 vols.
78%. LOCOMOTIVE ENGINE Treatise on, by G. D. Dempsey, C.E. 1ls.
79%. ATLAS OF PLATES to the above, consisting of existing Examples of

1s.

. 2s

6d.

Enginesfor the Broadand Narrow Gauge, theLink Motion, &c., in 4to. 4s. 6d.

79%+, RUDIMENTARY WORK ON PHOTOGRAPHY, the Art of Pro-
ducing Photographic Pictures on any material and in any colour ;
and also Tables of the Composition and Properties of the Chemie
Subetances ; by Dr. H. Halleur, of Berlin

80, 81. MARINE ENGINES, AND ON THE SCREW, &c Treaule o:;,‘

by R. Murray, C. E., 2 vols. 3rd edition .
80*, 81*. EMBANKING LANDS FROM THE SEA, The Pmt.we of,
by John Wiggins, F.G.8., 2 vols. .
82, 82' POWER OF WATER, A8 APPLIED TO FLOUR MILLS,
., Treatise on the, by Joseph Glynn, F.R.8., C.E. .

1s.
'’
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83. BOOK-KEEPING, Treatise on, by James Haddon, M.A., 2nd edition. 1s.
82¢#, 83%, 83 (bis). COAL GAS, Practical Treatise on the Msnuﬁwture
and Distribution of, by Samuel Hughes, C.E.,3vols. . . .
82¢#+¢, WATER WORKS FOR THE SUPPLY OF CITIES AND
TOWNS, Treatise on, with Description of Works which have been
Fxecuted, and on Pumping from N)ells, by Samuel Hughes, F.G.8,,
C.E,, treble volume . . B SRS 3s.
83¢e, CONSTRUCTION OF LOCKS, Treatlse on the, w1th illustrations h.
83 (bu{ PRINCIPLES OF THE FORMS OF SHIPS AND BOATB‘,

y W. Bland, 2nd edition . PN . ls.
84. ARITHMETIC Elementary Treatue on the Theory, and numerous
Examples for Practice, and for Self-]ixam Prof. J. B.
Young . . . « e e . 6d.
84*. KEY to the above, by the same . . . ls6d.
85. UATIONAL ARITHMETIC : Queshonn of Interect, Annuitml,
Et&nd General Commerce, by W. Hipsley, 2nd edition « o la

85¢. Bupplementary Vol. to the above, containing Tables for the Caloula-
tion of Simple Interest, together with Iogmthnu for Ccmpound

Interest and Annuities, &c., &c., by W. Hipsley . 1s.
86, 87. ALGEBRA, Elements of for the use of Schooln lnd Self-
Instruction, by James Haddon, M.A., 2vols. . . . 2
86*, 87*. ELEMENTS OF ALGEBRA, Key to the, by Prof, You.ng 1s. 64.
88, 89. GEOMETRY, Principles of, by Henry Law, CE,2vols. . . 2s
9. GEOMETRY, ANALYTICAL by James Hanm . . 1s.
91, 92. PLAIN AND SPHERICAL TRIGONOMETRY, '.l‘reahses on, by
the same, 2 vols. . . 2s.
93. MENSURATION, Ele'ments and Praotwe of by T Ba.ker, C E.. . Ils

94, 95. LOGARITHMS, Treatise on, and Tables for facilitating Nautical,
Tngf.nometmal, ‘and Loganthmm Cs.lculatmns, by H. Ls.w, C.E., 2
2 vols.. .
96. POPULAR ASTRONOM.Y Elementary Treatue on, by the Rev =
Robert Main, M.R.A.S. 1s.
9. STéa'l‘kICScAND DYNAMICS Pnnmples a.nd thoe of by T

98, 98¢*. MECHANISM AND PB.ACTICAL CONSTRUCTION OF l[A-
CHINES, Elements of, by the same, 2 vols.in1 . . . . 2s
99, 100. NAUTICAL ASTRONOMY AND NAVIGATION, Theory and
Practice of, by Prof.Young. 2 vols.in 1. (TABLES add.monal 15.6d.) 2s.
101, DIFFERENTIAL CALCULUS, by W. 8. B. Woolhouse, FR AS. la
101*, WEIGHTS AND MEASURES OF ALL NATIONS comprising
full information of Distances, We 'hts, Coins, and  the va.noui
Divisions of Time, on Rates of cimnge, &c., by W. 8. B.
Woolhouse, F.R.A.8. . . la. 6d.
102. INTEGRAL CALCULUS, by Homernham Cox, M A. e« o o la
103. D]Ti'l'EGRAL CALCULUS, Collection of Exs.mplel of the, by James
.« e s.
104. DIFFERENTIAL OALCULUS Collectlon of Enmples of the, by
J. Haddon, M.A
105. ALGEBRA, GEOMETB.Y AND TRIGONOMETRY Fmtl[nemom-
cal Lessons i in, by the Rev. Thomas Penyngton K:rl:man, M.A. ls. 6d.
106. SHIPS’ ANCHORS FOR ALL SERVICES Budunentary and Com-
prehensive, by George Cotsell, upwards of 100 illustrations . ls. 6d.
107. HI%TROPOLITAN BUILDINGS ACT paned Augmt, 1865 with D e

. .
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108. METROPOLITAN LOCAL MANAGEMENT ACT, passed August,
1855, with Notes, and with the Amended Aot of 19'& 20 Vict. 1s. 64.

109. mumm LIABILITY AND PARTNERSHIP ACT, passed A
855, togather with the required reforences to the Avh of Victhoss . 1s.

110. FIVE RECENT LEGISLATIVE ENACTMEN
l[e o T8, for Contractors, e,

111. TIIE NU'ISANGES REMOVAL AND DISEASES PREVENTION
. . . . . . la

112. DOMESTIC ll.'EDI(!IN'Ei complete and eo hensive Instrue-

tions for Belf Axd, by use of the British
public e+« .« ls.6d.
113. USE OF FIELD ARTILLERY ON SEBVICE, by C&pt Tau
translated by Captn. H. H. Maxwell . . 1a6d

SUPPLEMENTARY VOLUMES of the .Rudmmtary Series, Published
and Preparing for Publication, for the years 1858 and 1859 :—

114. RUDIMENTARY TREATISE OF MACHINERY : The Machine in
m Elemenh, Prlchoe, andPurpole, by Chas. D. Abel, C.E., wood-
115. BUDIMENTABY TREATISE OF MACHINERY Atlas of Plates
to ditto, ofmeralhndlotumhmu,dmwntonale forpractacal
applwatlon, 14 plates large 4to . 4. 6d.
116. RUDIMENTARY TREATISE ON AOOUSTICS The E]emenu,
Practice, and Distribution of Sound in Public and Private Bmldmgs,
by G. R. Burnell, Archt. and C.E. . . 1s.
117. BUDIMENTARY TREATISE ON THE PRAOTICE IN CANAL
AND RIVER NAVIGATION, by G. R. Bumell, C.E,, mth
numerous wood-cuts . . s. 64,
118. RUDIMENTARY SKETCH 0]!' TEE GIVIL ENGIN’EEBING OF
NORTH AM.ERICA, “{ David Smemon, of Edinburgh, C.E., thh

Plates, Vol. L . e eV 1a6d,
119. Ditto, ditto, Vol II. . . . « o ls.6d.
120. BUDIMENTARY TREATISE ON HYDRAULICS by G. R.
Burnell, C.E. . 1s. 6d.
121, BUDIMENTABY TREATIBE ON RIVER ENGIN'EEB.ING, b
G. R. Burnell, C.E. .. 8.

122. RUDIMENTARY TBEATISE ON FLUIDS by Q. B. Burnell, C.E. 1:
123. RUDIMENTARY TREATISE ON OABPENTRY AND JOINERY
edited by E. L. Garbett, Archt., with wood-outs . 1. 64.
124, BUDIMENTABY TREATISE ON ROOFS FOR PUBLIG AND
PRIVATE BUILDINGS, by E. L. Garbett, Archt., with plates . 1s. 6d.
125. RUDIMENTARY TREATISE ON THE COMBUSTION OF COAL
¢A§D THE P#E&NTI%N Og"rSL{OKE ﬁhflaxﬁlly a.nt<ll1 Practically
me& (:] lll.lml, Wi numerous
wood-cuts, &y'd edition .y . . « e« .+ ls6d,
125*. Illustrations to ditto e e 4+ v e s . lséd

*,* The above Supplemen Volnmel areof an mportnnt character, and add

considerably to the usefulness o already admitted and most valuable series

of techmoa.{ works : the ecttblnhed reputation of which, and the extensive sale

in all parts of the world, has given a cheering result of a long and laborious
task, and on which a very large capital has been expended.



MR. WEALE’S
NEW SERIES OF EDUCATIONAL WORKS.

CONSTITUTIONAL HISTORY OF ENGLAND. 2Vols. By
W. D, HaMiLTON. 22,

CONSTITUTIONAL HISTORY OF ENGLAND DOWN TO
. VICTORIA. By W. D. Haxmrox.

OUTLINES OF THE HISTORY OF GREECE. By E. Leviex,
MA. Vol 1la

OUTLINES OF THE HISTORY OF GREECE, VOL. II,
TO IT8 BECOMING A ROMAN PROVINCE. By E.Lzvizs, M.A. 1ls 6d

OUT{.".INE HISTORY OF BOME. By E. Levien, M.A. Vol L

VIIL

OUTLINE HISTORY OF ROME, VOL. II, TO THE
DECLINE. By E. Lzviex. la. 6d.

A CHRONOLOGY OF CIVIL AND ECCLESIASTICAL
HISTORY, LITERATURE, ART, AND CIVILISATION, FROM THE
BARLIEST PERIOD TO 1855, 2 Vols. 2. 6d.

XL

GRAMMAR OF THE ENGLISH LANGUAGE, FOR USE
IN SCHOOLS AND FOR PRIVATE INSTRUCTION. By HYDE CLARKE,

D.C.L. 1s
XII., XIIL

DICTIONARY OF THE ENGLISH LANGUAGE. A New
and Com) Dicti of the English Tongue, as 8poken and Written, in-
cluding above 100,000 W. or 60,000 more t in any Existing Work, and
inel 10,000 Additional lleminga of Old Words. By Hype Crarkg, D.C.L.
8Vols. in 1.  8s. 6d.

GRAMMAR OF THE GREEK LANGUAGE. By H.C.
HaMmiuToN. 1s.

XV., XVI

DICTIONARY OF THE GREEK AND ENGLISH LAN-
QUAGE. By H. R. Hamiuron. 2Vols. inl. 2s

XVIL, XVIL
DICTIONARY OF THE ENGLISH AND GREEK LAN-
GUAGES. By H. R. HaMnirox. 2 Vols.in L 2.
XIX,

GRAMMAR OF THE LATIN LANGUAGE. By T. GooDWiN,
of Greenwich, 1s. S

DICTIONARY OF THE LATIN AND ENGLISH LAN-
GUAGES, by T. Goopwix of Greenwich, Vol L. 2s.
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XXII., XXTII.

DICTIONARY OF THE ENGLISH AND LATIN LAN-
GUAGES. By T. Goopwix of Greenwich, Vol IL 1z, 6d.

GRAMMAR OF THE FRENCH LANGUAGE. By Dr. STrAUSS,
late Lecturer at Besangon. 1s.
XXV,

DICTIONARY OF THE FRENCH AND ENGLISH LAN-
GUAGES. By A, Euwes. VoL L 1l

XXVL

DICTIONARY OF THE ENGLISH AND FRENCH LAN-
GUAGES. By A. Erwes. Vol IL 1ls 6d.

XXVIL

GRAMMAR OF THE ITALIAN LANGUAGE. By A. ELwes. 1.

XXVIIL., XXIX,

DI(?I'IONARY OF THE ITALIAN, ENGLISB.’, AND FRENCH
LANGUAGES. By A. Erwes. Vol L

XXX., XXXI.

DICTIONARY OF THE ENGLISH, ITALIAN,AND FRENCH
LANGUAGES. By A. Enwes. Vol IL. 2.

XXXIL, XXXTIT.

DICTIONARY OF THE FRENCH, ITALIAN, AND ENGLISH
LANGUAGES. By A. ELwes., Vol III. 2s.

XXXIV,
GRAMMAR OF THE SPANISH LANGUAGE. By A.
EI.WI‘.B. ls.
XXXV., XXXVL

DICTIONARY OF THE SPANISH AND ENGLISH LAN-
GUAGES., By A, ErLwes. Vol I. 2s

XXXVIT.,, XXXVIII.

DICTIONARY OF THE ENGLISH AND SPANISH LAN-
GUAGES. . By A. Etwea. Vol IL 2.

. XXXIX.
GRAMMAR OF THE GERMAN LANGUAGE. By D=
STRAUSS. l2

XL,
CLASSICAT, GERMAN READER, FROM - THE BEST
AUTHORS. 1.
XLI., XLII., XLIII,
DICTIONARIES OF THE ENGLISH, GERMAN, AND
FRENCH LANGUAGES. By N. E. HAMILTON, 8Vols. Ss

XLIV., XLV.

DICTIONARY OF THE HEBREW AND ENGLISH, AND
ENGLISH AND HEBREW LANGUAGES, CONTAINING ALL THE Bmuou. AND
RaBBINIOAL WoRDS, 8 Vols. (together with the Grammar, which may be had
separstely for 1s.) By Dr BressLavu, Hebrew Professor, 10s,
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THE
SERIES OF EDUCATIONAL WORKS

ARE ON SALE IN TWO KINDS OF BINDING.

HAMILTONS Outlines of the History of England, 4 vols. in 1, bound in cloth . &s.

Ditto, in half morocco, gilt, marbled edges s e o o oBs6d
LEVIEN'S History of Greece, 2 vols. in 1, bound in cloth o« . e o B8s6d
Ditto, in half morocco, gilt, marbled edges e o e e e o 48
History of Rome, 2 vols. in 1, bound in cloth e+ e o B8s.6d.
Ditto, in half morocco, gilt, marbled edges . PR *

CHRONOLOGY of Civil and Ecclesiastical History nmmm,.m,u 2 vols.

in 1, bound in cloth . e . [8s. 6d.
Ditto, inhﬂfmmeeo,gﬂt,mnrblededges. . e e e . 4
GLARKE’SDMwnAryofchaEnglthnngmge,boundmcloth e« « o 4s.6d
in balf , gilt, marbled edges . e o o o be

bound with Dr. Oln.rkelEnglisthmmr,lncloth e « . Ba6d

Ditto, in half morocco, gilt, marbled edges . . . .6

HAMILTON’S Gmk and English and Englhh and Greek Dichona.ry 4 vola in 1,
bound in cloth .

Ditto, in ha.lrmomoeo, gllt, marbled edges e e e . Bc. 6d.
Ditto, with the Greek Grammar, boundincloth . . . . . 6s&
Ditﬁo with Ditto, in half moroceo, gilt, marbled edges . . . 6s. 6d.
DWIN’'S Latin E and D 3 inl
GOONmnd ;2 Latin a.mi nghdx Englhh and Iaun ioﬁomry .le- -
Ditto, in hnlt’morocco, gllt. ma.rblod edges e« « o o o o be
Ditto, with the Latin Grammar, bound in cloth . . . . b 6d.
Ditto, with Ditto, in half morocoo, gilt, marblededges . . . . 6

ELWES'S Erench and Engli.sh and Englhh and French Dictionary, 2 vols. in l,

Ditto, in hal.fmorooco, g'llt. ma.rbled edges e e s s . . 4
Ditto, with the French Grammar, boundincloth . . . . é&s6d
Ditto, with ditto, in half morocco, gilt, marblededges . . . . be

FRENCH and English Phrase Bogk, or Vocabulsr{fof all Conversational Words,
elaborately set forth for Travelling Use, as a Self-Interpreter, bound , . ls. 6d.
ELWES'S Italian, English, and French,—English, Italian, and chh,—rmnoh.

Italian, and English Dictionary, 8 vols. in 1, bound in Gloth e o Ts6d
Ditto, in half morocco, gilt, marbled edges . . « .8.6d.
Ditto, with the Gmmmn, bound in emb d cloth, bled edges 8s. 6d.
Ditto, with Ditto, in half morocoo, gilt, marblededges . . . . 9
ELWES'S ?npamshand Englishand Englhhmd Spmthwtmmry, 4 vols. lnl
Ditto, inhnlrmoroeeo, gllt. mtrblededgel s s s+ e e &Gd.
Ditto, with the Grammar, boundincloth . . e« o o Ga
Ditto, with Ditto, in half morocco, gilt, marbled edges . Gs. 6d.
HAMILTON'S E and Frenc and —
French, e.mn‘h'l:ngm English mcuonmy':'m, Fey iy clnthmu‘h' . 4
Ditto, in lulfmomoeo, gilt, marbled edges . 4s. 6d.
Ditto, with the Grammar, bound in embossed cloth. mnrbled odgu . Bs
Ditto, with Ditto, in half morocco, gilt, marbled edges . . . Bs 6d.

bound in cloth
Ditto, 2 in -
vl to, vob. 1 lnhnlf momco, 90. Od. Wich vol. 8, llngll;h ltll’d'.

BBESLAU'B Hebrew and lnglhh Dioﬁomry with the Gn.mnnr, 2 vols. in sl‘,.




Now n the course of Publication,

GREEK AND LATIN CLASSICS.

————e

PRICE ONE SHILLING PER VOLUME,
Except in Some Instances, and those are at ls. 6d. or 2s. each

VERY NRATLY FRINTED ON GOOD PAPER,

A SERIES OF VOLUMES

CONTAINING THE

PRH\CIPAL GREEK AND LATIN AUTHORS

ACCOMPANIED BY

EXPLANATORY NOTES IN ENGLISH, PRINCIPALLY SELECTED FROM
THE BEST AND MOST RECENT GERMAN COMMENTATORS,

AND OOMPRISING

All those Works that are essential for the Scholar and the Pupil, and
applicable for use at the Universities of Oxford, Cambridge, Edinburgh,
Glasgow, Aberdeen, and Dublin,—the Colleges at Belfast, Cork, Ga.lway,
‘Winchester, and Eton, and the great Schoo%s at Hm'row, Rugby,
also for Private Tuition and Instruction, and for the Library.

Vols. 1,2, 8,4, 5,6, 7,8,9 16, 17 of the Latin Series hav e appeared.
Of the Gneek Senes, voIa. ;2 8,4,5 6,9, 18 41 also have been
published, and will be regularly continued.

LATIN SERIES. .

1. A New LATIN n%s A(m INTRODUCTORY g!ﬁmmcn Rmm, consisting g
ﬁ'om uthorl stemati accompanied
o ) and Exy otos and Copigus Voo blﬁﬂiw
CXESAR’S COMMENTARIES ON THE GALLIC WAR: with Grammatiocal
and Explanatory Notes in English, and a complete Geographical Index.
CORNELIUS NEPOS ; with English Notes, &c.

VIRGIL. Tae Georalcs, BuooLios, AND poUBTFUL WORKS; with English Notes,
chiefly from the German.

VIRGIL’S Z£NEID (on the same plan as the

HORACE. Opzs anp Eropes; with lish Notes, an Anal of each
and a full tion of the - e s 0l

HORACE. Su'mu a¥p ErsTLEs, with English Notes, &ec.
BALLUST. CoNsPIRACY OF CATILINE, AND JUGURTHINE WAR.
TERENCE. ANDRIA AND HEAUTONTIMORUMENOS.

TERENCE. Prorum10, ADELPHI, AND HECYRA, ~

CICERO. OraTioNs: AGAINST CATILINE, FOR SULLA, YOR ARCHIAS, AND FOR
THE MANILIAN Law,

8.0 » e »

EPemun
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12 CICERO. FiRsT AND SECOND PHILIPPICS ; ORATIONS FOR Mlm, FOR MARCELLUS,
AND FOR L1cARrivs,

18, CICERO. D= Orricis:
14 CICERO. D AmiciTii, DE SEXECTUTE, AND BrUTUS.
15, JUVENAL AND PERSIUS.
16. LIVY. Booksl to V., in 2 parts.
17. LIVY. DBooks XXI. and XXII.
18. TACITUS. A%GRICOLA ; GERMANIA ; and ANNALS, Book I.
19. SELECTIONS FROM TIBULLUS, OVID, PROPERTIUS, AND LUCRETIUS.
20. SBELECTIONS FROM SUETONIUS, AND THE LATER LATIN WRITERS.
* \

QREEK SERIES.

1 INTRODUCTORY GREEK | 28. EURIPIDES. HECUBA.
READER. On the same plan a8 | 9¢ EURIPIDES. Mzpea.
tho Latin Readr: 25. EURIPIDES. HirroLvTus,
2. XENOPHON. Axasass, L, IL, IIL 26. EURIPIDES. ALCESTIS,
s x%xiom.on. Awamasis, IV., Vs, | o poornirre Onesoes.
. o FROM
o Bl el ey
6. HOMER Irup, VIL toXIL B B O S (LXTRAOTS FROM TuE
7. HOMER. Iuwp, XIIL to XVIIL | g9, ASCHYLUS. PROMETHEUSVINCTUS.
8 HOMER. Ium,!lx.wxnv. 31, XESCHYLUS. Prrs=.
9. HOMER. Opyssxy, L to VL 82. ESCHYLUS. SEPTEM CONTRA Tur-
10. HOMER. OpvyssEy, VIL to XIL BAS.
11. HOMER. Opyssey, XIIL toXVIIL | 33, ESCHYLUS. CHOEPHORZE.
13. HOMER Opyssy,XIX.toXXIV.; | 33, ESCHYLUS, EuMzNIpEs.
Axp Hyua, 85, ZESCHYLUS. AGAMEMNON.
18. PLATO. Aroroay, ORWO, AND | g4 ESCHYLUS. Suppuicss.
14. HERODOTUS, L, IL 87. PLUTARCH. SEerecr Lives.
15. HERODOTUS, IIL, IV. ' 88. ARISTOPHANES., CLoups.
16. -HERODOTUS, V., VL, and part of | 89 ARISTOPHANES. Froas.
VIL 40. ARISTOPHANES. SELECTIONSFROM
1. HERODOTUS. Remainder of VII., THE REMAINING COMEDIKS,
VIIL, and IX. 41. THUCYDIDES, I.
18. BOPHOCLES, (Epirus Rxx. 42, THUCYDIDES, IL
19. SOPHOCLES. Epirus COLONEUS. 43. THEOCRITUS. Szuzcr Ipvia
20. SOPHOCLES. ANTIGONE. 44. PINDAR.
21, BOPHOCLES, AJax, 45. ISOCRATES.
22, SOPHOCLES. PRILOCTETES. 46. HESIOD.
Preparing for Publication,

ORATORY AND PUBLIC SPEAKING.

A FIRST BOOK for Youths of Ten Years of of well seleeted ‘Readingl, and for
Practice in Oratory and of r Reci and
Gesture, and the improvomone of Volce and Pronnnc!atxon. To be used in Schools
and for Home Instruction.

BECOND BOOK for Youth of Fifteen Years of Age a
ng, Pron , and El n, for Public and Prlvata Schools, andng"
ome Practice.

THIRD BOOK for Young Men, for Public Speaking, Legislative, Legal, &o., Redi
Hnna in Schools andgcollegu, selected é’::; th%' bug;.heml:,' Latin, and Engli.h
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CONTENTS.

PART 1—PURE MATHEMATICS.

CHAPTER I.—Arrraxwrio.

SsoT.
1. Definitions and Notation,
2. Addition of Whole Numbers.
8. Bubtraction of Whole Numbers.
4. Multiplication of Whole Numbers.
5. Division of Whole Numbers.—Proof of
. the first Four Rules of Arithmetic.
6 Tulgar PFractions.—Reduction of Vul-
qar Practions.—Addition and Sub-
traction of Vulgar Fractions.—Mul-

tiplication and Divigion of Vulgar:

Practions.

7. Decimal Practions. — Reduction - of
Decimals.— Addition and Subtrac-
tion of Decimals. — Multiplication
and Division of Decimals. :

8. Complex Fractions used in the Arts
and Commerce.—Reduction.—Addi-
tion.— Subtraction and Moultiplica-
tion.—Division.—Duodecimals,

9. Powers and Roots.—Evolution.

10, Proportion.—Rule of Three.—Deter-
mination of Ratios.

11. Logarithmic Arithmetic.—Use of the
!l‘ublu.-—-lhultiplic;tion and Division
by Logarithms.—Proportion, or the
Rule of Three, by Logarithms.—
Evolution and Involution by Log-
arithms,

12, Properties of Numbers.

CHAPTER IL—A1LGEBRA.
1. Definitions and Notati
2. Addition and Subtraction.
8. Multiplication.
4. Division,
5. Involution, <
6. Rvolution,

7. Burds.— Reduction,— Addition, Sub-
. traction, and Multiplication. — Di-
ion, Involution, and Evoluti
8 Bimple Pquations.—Extermination.—
Boluton ~f General Problems.

Secr.
9. Quadratic Equations,
10. ml in Genemlll.w
1. ion. — Arithmeti
sion.—Geometrical o

112. Practional and Negative ents.

18. Logarithms.
14. Computation of Formuls.

CHAPTER III.—GzoxETRY.

1. Definitions.
2. Of Angles, and Right Lines, and their
Rectangles.

4, Of Quadrilaterals and Polygons. i

5. Of the Circle, and Inscribed and Cir-
cumscribed Figures.

6. Of Planes and Solids.

7. Practical Geometry.

CHAPTER IV.—MENSURATION.

. Weights and Measures.—1. Measures
of Length.—2. Measures of Surface.
—3. Measures of Solidity and Ca-
pacity.—4. Measures of Weight. —
5. Angular Measure.—6. Measure of
Time.—Comparison of English and
French Weigi.:snd Measures.

Mensuration of Superficies. -

Mensuration of Solids.

-

e

CHAPTER V.—TRIGONOMETRY.
Definitions and Trigonometrical For-

mule,
Trigonometrical Tables.
General Propositions.
Solution of the Cases of Plane Trian-
gles.—Right-angled Plane Triangles.
. On the application of Trigonometry
to Measuring Heights and Distances.
~— Determination of Heights and
Distances by Approximate Mechani
cal Methods.

[
¢
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CHAPTER VI.—Coxic Sgorioxs.

Sxzcr.

1. Definitions.

2. Properties of the Ellipse.—Problems
relating to the Elligu.

8. Properties of the Hyperbola, — Pro-
blems relating to the Hyperbola.

4. Ptoxrﬁu of the Parabola.—Problems
xelating to the Parabola.

CHAPTER VIL —Prorxarims oF
Cunves,

Szcr,
1. Definitions.
2. The Conchoid.
. The oid an i id.
5. The Quadratrix. P N
6. The Catenary.—Tahles of Relation

of Catenarian Curves.

PART II.-MIXED
OHAPTER I.—MECHANICS IN GENERAL.

. CHAPTER IL—BzaTIOR.

1. Statical Equilibrium.

2. Center of Gravity.

3. General application of the Principles
of Statics to the Equilibrium of
Structures. — Equilibrium of Piers
or Abutments.—Pressure of
against Walls,—Thickness of Walls.
—Equilibrium of Polygons. — Sta-

bility of Arches.— Equilibrium of

Suspension Bridges.

CHAPTER IIL—Druauios.

1. General Definitions. .

9. On the General Laws of Uniform and
Variable Motion.—Motion uniformly
Accelerated.—Motion of Bodies un-
der the Action of Gravity.—Motion
over a fixed Pulley. — Motion on
Inclined Planes.

8. Motions about a fized Oenter, or Axis.
—QCenters of Oscillation and Per-
cussion, — Bimple and Compound
Pendulums. — Center of Gyration,
and the Principles of Rotation.—
Central Forces.—Inquiries connected
with Rotation and Central Forces.

4. Percussion or Collision of Bodies in
Motion.

5. On the Mechanieal Powers.—Levers.

_ —Wheel and Axle.—Pulley.—In-
eliped Plane.—Wedge and Screw.

MATHEMATICS.

CHAPTER IV.—HyprosraTIOS.

1. General Definitions.

2. Pressure and Equilibrium of Non-
elastic Fluids.

8. Ploating Bodies.

4. Specific Gravities,

5. On Capillary Attraction.

CHAPTER V.—HYDRODYNAMIOS

1. Motion and Effluence of Liquids.

2. Motion of Water in Conduit Pipes
and Open Canals, over Weirs, &c.—
Velocities of Rivers.

8. Contrivances to Measure the Velocity
of Running Waters.

CHAPTER VI.—PxBuMATICS.
1. Weight and Equilibrium of Air and
Elastic Fluids.
9, Machines for Raising Water by the
Pressure of the Atmosphere.
8. Force of the Wind.

CHAPTER VIL—MeoHANIOAL AGERTS.

1. Water as a Mechanical Agent.

2. Air as a Mechanical Agent. — Cou-
lomb's Experiments,

8. Mechanical Agents depending vpon
Heat. The Steam Engine.—Table
of Pressure and Temperature of
Steam.— General Description of the
Mode of Action of the Steam Buogine.
—Theory of the Steam Engine.—
Description of the varions kinds of
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e Engines, and the Formule for calen-
lating their Power.—Practical appli-
cation of the foregoing Formule,

4. Animal Strength as a Mechanical Agent.

CHAPTER VIII.— SrrEnatE OF
MATERIALS.

1. Results of Experiments, and Principles
upon which they should be practically

applied.

3. Strength of Materials to Resist Tensile
and Crushing Strains,.—Strength of
Columns,

Sxor., .
;?' Elasticity gnd Elongation of Bodies
subjected to a Crushing or Tensile

Strain.

4. On the Strength of Materials subjects
to a Transverse Strain. — Longi
tudinal form of Beam of uniform
Strength.—Transverse Strength of
other Materials than Cast Iron.—
The Strength of Beams according to
the manner in which the Load is

5. Eldim’ib‘mdf Bodi jected

. Elasticity of ies sub; to i
Transverse Strain,

6. Strength of Materials to resist Torsice.

APPENDIX

I. Table of Logarithmic Differences.

IL
111
1v.

V.

VL

' VIL

VIIL
IX.
X. Table of Specific
XI.
XIIL

XIIL.
XI1V.

Table of

sides of Equal Squares.
Catenary.
vities.

Principles of Chronometers,
Select Mechanical

Table of Logarithms of Numbers, from 1 to 100,

Logarithms of Numbers, from. 100 to 10,000,

Table of Logarithmic Sines, Tangents, Secants, &c.

Table of Useful Factors, extending to several places of Decimals.

Table of various Useful Numbers, with their ithms,

A Table of the Diameters, Areas, and Circumferences of Circles and also the

Table of the Relations of the Arc, Abscissa, Ordinate and Sobnormal, in the
Tables of the Lengths and Vibrations of Mendulums.

Table of Weight of Materials frequently employed in Construction.

Rxl{edientl. .
Observations on the Effect of Old London Bridge on the Tides, &c.

XV. Professor Parish on Isometrical Perspective,

In 18mo., in boards, comprising 390 pages, price 5s.
A SYNOPSIS OF PRACTICAL PHILOSOPHY,

alphabetically arranged, containing a great variety of Theorems, Formulm,
and Tables, from the most accurate and recent authorities in various branches
of Mathematics and Natural Philosophy: with Tables of Logarithms.

By the Rev. JOHN CARR, M.A., late Fellow of Trinity College, Cambridge.

John Weale’s Catalogue

of his_Publications of Works on Architecture,
Civil) Mechanical, Military,

and Naval Engineering, gratis ; if by post, 1d.



HINTS

YOUNG ARCHITECTS:

COMPRISING

ADVICE TO THOSE WHO, WHILE YET AT SCHOOL ARE DESTINED
TO THE PROFESSION;

SUCH AS, HAVING PASSED THEIR PUPILAGE, ARE ABOUT TO TRAVEL

AND TO THOSE WHO, HAVING COMPLETED THEIR EDUCATION,
ARE ABOUT TO PRACTISE:

TOGETHER WITH

A MODEL SPECIFICATION:

INVOLVING A GREAT VARIETY OF INSTRUCTIVE AND BUGGESTIVE MATTER
CALCULATED TO FACILITATE THEIR PRACTICAL OPERATIONS;

AND TO DIRECT THEM IN THEIR CONDUCT, AS THE RESPONSIBLE
AGENTS OF THEIR EMPLOYERS,

AND AS THE RIGHTFUL JUDGES OF A CONTRACTOR'S DUTY.

By GEORGE WIGHTWICK, AxcHITECT.

CONTENTS i—

Preliminary Hints to Young Archi-
tects om the Knowledge of
Drawing.

On Serving his Time.

On Travelling.

His Plate on the Door.

Orders, Plan-drawing,

On his Taste, Study of Interiors,

Interior Arrangements,

Warming and Ventilating.

House Building, Stabling,

Cottages and Villas,

Model Specification :—

General Clauses,

Foundations,

Well.

Artificial Foundations,

Brickwork.

Rubble Masonry with Brick
Mingled.

Model Specification :
Stone-cutting,
——, Grecian or Italian only,
—, Gothic only.
Miscellaneous,
Slating.
Tiling.
Plaster and Cement-work.
Carpenters’ Work.
Joiners® Work.
Iron and Metal-work.
Plumbers’ Work.

Draina ze.

Well-digging.

Artificial Levels, Concrete,
Foundations, Piling and

Planking, Paving, Vaulting,
Bell-hanging, Plumbing, acd
Building generally.



In One Large Volume Octavo, Eleven Hundred Pages, with numerous
Engravings, price 1l. 8s.,

A GENERAL TEXT BOOK,

FOR THE

CONSTANT USE AND REFERENCE OF

ARCHITECTS, ENGINEERS, SURVEYORS, SOLICITORS,
AUCTIONEERS, LAND AGENTS, AND STEWARDS,

IN ALL THEIR BEVERAL AND VARIED PROFESSIONAL OOOUPATIONS ;
AND FOR THE

ASSISTANCE AND GUIDANCE OF
COUNTRY GENTLEMEN AND OTHERS

ENGAGED IN THE

TRANSFER, MANAGEMENT, OR IMPROVEMENT OF
LANDED PROPERTY:

CONTAINING
THEOREMS, FORMULAE, RULES, AND TABLES

% GROMETRY, MENSURATION, AND TRIGONOMETRY ; LAND MEASURING, SURVEYING,
AND LEVELLING; RAILWAY AND HYDRAULIC ENGINEERING; TIMBER MEASUR-
ING; THE VALUATION OF ARTIFICERS' WORK, ESTATES, LEASEHOLDS, LIFEHOLDS,
ANNUITIES, TILLAGES, FARMING STOCE, AND TENANT RIGHT ; THE ASSESSMENT
OF PARISHES, RAILWAYS, GA8 AND WATER WORKS; THE LAW OF DILAPIDA-
TIONS AND NUISANCES, APPRAISEMENTS AND AUOCTIONS, LANDLORD AND
TENANT, AGREEMENTS AND LEASES.

TOGETHER WITH EXAMPLES OF VIIJE.AB AND COUNTRY HOUSES.

BY EDWARD RYDE,
Civil lngineer and Land Surveyor, Author of several Professional Works.

TO WHICH ARE ADDED SEVERAL CHAPTERS ON

AGRICULTURE AND LANDED PROPERTY,

BY PROFESSOR DONALDSON,
Author of several Works on Agriculture.
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CONTENTS.

—_——

CrsprEe L—ArmrEMETIC. 1. Notation—2. Proof of the First Four
Rules—38. Vulgar Fractions—4. Decimals—5. Duodecimals—6. Powers
and Roots—7. Properties of Numbers—8. Logarithms and Mathe-
matical Tables.

IL—PLANE AND Sormd GEoMETRY. 1. Definitions—2. Of Angles
and Right Lines, and their Rectangles—8. Of Triangles—4. Of Quad-
rﬂatarﬁa and Polygons—b5. Of the Circle, and Inscribed and Circum-
scribing Figures—6. Of Planes and Solids—7. Practical Geometry.

ITIL—MRNsURATION. 1. Comparison of English and French Weights
and Measures—2. Mensuration of Superficies—3. Mensuration of Seéfidl.

IV.—TRrIGONOMETRY. 1, Definitions and Trigonometrical Formulg—
2. General Propositions—3. Solution of the Cases of Plane Triangles.

V.—Coxio Seorions . :

VI—LAND MEasuRING. Including Table of Decimals of an Acre—
Table of Land Measure, by dimensions taken in yards.

VIL—Laxp SurvEYING. 1. Parish and Estate Surveying—32. Trigo--

nometrical Surveying—3. Traverse Surveying—4. Field Instruments,
the Prismatic Con):rpaga ; the Box Sextant ; the Theodolite.

VIIL—LeveLLnG. Levelling Instruments, the ngt Level ; the Y
Level; Troughton’s Level; Mr, Gravatt's Level; elling Staves—
Examples in Levelling.

IX.—ProrriNG. Embracing the Circular Protractor—The T Square
and Semicircular Protractor—Plotting Sections.

X.—CompuratioN OF AREAS. The Pediometer—The Computing
Scale—Computing Tables.

XI.—Corvine Mars. Including a description of the Pentagraph.

XIIL.—RALWAY SURVEYING. 1. Exploration and Trial Levels;
Standing Orders.—2. Proceedings subsequent to the Passing of the Act;
Tables for Setting out Curves; Tables for Setting out Slopes; Tables of
Relative Gradients; Specification of Works to be executed in the con-
struction of a Railway; Form of Tender.

XIIL—COLONIAL SURVEYING.

XIV.—HYDRAULICS IN CONNECTION WITH DRAINAGE, SEWERAGE,
AND WaATER SurPLY.—With Synopsis of Ryde’s Hydraulic Tables—
Specifications, Iron Pipes and Castings; Stone-Ware Drain Pipes ; Pipe
Laying; Reservoir.

XV.—TmBER MEASURING. Including Timber Tables, Solid Measure,
Unequal Sided Timber; Superficial Measure.

XVIL—ARrTIFICERS WORK. 1. Bricklayers’ and Excavators'—2.
Slaters’—38. Carpenters’ and Joiners'—4. Sawyers'—5. Stonemasons’—
6. Plasterers’—7. Ironmongers’—8. Painters'—9. Glaziers’—10. Paper
Hangers',

XVIL—VarvarioN or EsraTes. With Tables for the Purchasing of
Freehold, Copyhold, or Leasehold Estates, Annuities, and Advowsons,
and for Renewing Leases for Terms of Years certain and for Lives,

XVIIL—VaiLvaTION OF Tiuraces AND Tenant Riear. With
Tables for Measuring and Valuing Hay Ricks.
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UONTENTS (continued) :—

XIX.—VALUATION OF PARISEES.

XX.—BourLpers’ Prices. 1. Carpenters’ and Joiners'—2. Masons'—
8. Bricklayers'—4. Plasterers’—5. Ironmongers’—6. Drainers'—7.
Plumbers'—8. Painters'—9. Paper Hangers’ and Decorators’—10.
Glasiers'—11. Zinc Workers'—12. Coppersmiths'—18. Wireworkers'.

XXI.—DIuAPIDATIONS AND NUISANOES. 1. General Definitions—2.
Dilapidations by Tenants for Life and Years—S3. Ditto by Mortgagee or
Mortgagor—4. Ditto of Party Walls and Fences—b. Ditto of Highways
and Bridges—6. Nuisances. ,

XXII.—THE LAW RELATING TO APPRAISERS AND AUCTIONEERS. 1
The Law relating to Appraisements—2. The Law of Auction.

XXIIL—LANDLORD AND TENANT. 1. Agreements and Leasose—2
Notice to Quit—3. Distress—4. Recovery of Possession.

XXIV.—TaBrLes. Of Natural Sines and Cosines—For Reducing
Links into Feet—Decimals of a Pound Sterling.

XXV.—Sramp Laws.—Stamp Duties—Customs’ Duties.

EXAMPLES OF VILLAS AND COUNTRY HOUSES.

ON LANDED PROPERTY, By Proressor DONALDSON.

—_——

L—Landlord and Tenant—their Position and Connections.

II.—Lease of Land, Conditions, and Restrictions; Choice of Tenant
and Assignation of the Deed.

IIL—Cultivation of Land, and Rotation of Crops.

IV.—Buildi n on Cultivated Lands—Dwelling Houses,
Farmerios, and Gottages for Labourers 1o

V.—Laying-out Farms, Roads, Fences, and Gates.

VL—Plantations—Young and old Timber.

VIL—Meadows and Embankments, Beds of Rivers, Water Courses,
and Flooded Grounds,

VIIL—Land Draining, Open and Covered,—Plan, Execution, and
Arrangement between Landlord and Tenant.

IX.—Minerals—Working and Value.

X! of an Estate—Regulations of Disbursements—and
Relation of the appropriate Expenditures.

XI—Valuation of Landed Property ; of the Soil, of Houses, of Woods,
of Minerals, of Manorial Rights, of Royalties, and of Fee Farm Rents.

XIL—Land Steward and Farm Bailiff : Qualifications and Duties.

XIIL—Manor Bailiff, Woodreve, Gardener, and Gamekeeper—their
Position and Duties.

XIV.—Fixed days of Audit—Half-Yearly Payments of Rents—Form
of Notioces, Receipts, and of Cash Books, General Map of Estates, and of
each separate Farm—Concluding Observations, .
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BRIDGES.
" 45,

In 4 vols. royal 8vo, illustrated by 138 engravings and 92 wood-cuts, bound

in 3 vols. half-morocco, price £ 4. 10s.

THE THEORY, PRACTICE, AND ARCHITECTURE

or

BRIDGES OF STONE, IRON,

TIMBER, AND WIRE;

WITH EXAMPLES ON THE PRINCIPLE OF SUSPENSION.

. DIVISIONS OF THE WORK.
T'ueory or Bripges. By James Hann, King’s College, London.

GENERAL PRrINCIPLES OF CONSTRUCTION, &c.
By Professor Moseley.

By T. Hughes, C.E.

Account or Hurcuesox Bripee, Graseow, with Specification.

THEORY OF THE ARCH, &c.
Parens oN FounDATIONS.

the late Robert Stevenson, C.E.

Translated from Gauthey.

By

MaTEEMATICAL PRINCIPLES OF DREDGE'S SusreNsioN Briper.

Essay AND TrEATISES ON THE PRACTICE AND ARCHITECTURE OF BRIDGES.
By William Hosking, F.S.A., Archt. and C.E.

SpECIFICATION oF CHESTER DEE BRIDGE.

PracricaL DrscriprioN oF THE TiMBER Bripees, &c., oN THE UTICA AND
Syracuse Ramroap, U.S. By B.F. Isherwood, C. E., New York.

Description of the Plates.—General Index, &c., &c., &c.

LIST OF PLATES.

1. Centering of Ballater bridge across the
river Dee, Al
2. Town’s Amcrwln timber bndge
s. Do.,
. Do,
6 leykirk md Norham timber bridge
over the Tweed, by J. Blackmore.
6. Timber bridge over che Clyde at Glas-
gow, by Robert Stevenson.
7. Elevation of arch of do.
8. Transverse section of do,
9. Section of foot- on do., &ec.
10, Oecn tion bridge over the Calder and
ebble N-mgmon, ie{ W. Bull.
11, Newmtle, North Shi , and
mouth railway viaduct across 11-

g:n Dean, plans and elevations.

12. Do.,

18. Do. sections.

14. Ditto across Ouse Burn Dean, plan and
elevation.

15. Do., do.

16. Isometrical view of the uj wooden
bridge at Elysville over the Patapsco,

on the Baltimore and Ohio Railroad.
17. Elevation and plan of do.

18, Sections of do.

19. Longitudinal section under the central
archway of Old London bridge, show-
ing the sunk weir recommended by
Mr. Smeaton to hold the water up for

the benefit of the water-works, &c., in
1768 ; sections of the same.

20. Plan and elevation of timber brid
W«tmimtcr, as deugned by

Sl. Hl:{ of ditto for W inst
e T e X008 sapted to
23, Westminster tun ridge to
the stone piers, by C. Labelye.
23. One of the river ribs of the centre on
which the middle arch of W
bridge was turned, extendmg 76 feet,
designed and executed 0{ JamesKing.
Long elevation and plan of Westminater -

25. Elevfg:n of the foot bridge over the
Whitadder, at Abbey St. Bathen’s.

26. Weymouth bridge, elevation and plan.

27. Very long elevation of Hutcheson bridge,

- Glasgow, by Robert Stevenson.

28, L of ditto, showing
the progress of the works in 1833,

20. Cross section of do., showing the build-
ing apparatus and centre frames.

380. Croas section of Hutcheson bridge.

31. Plan of southern abutment of do.

32. Section of abutments of do.

33. Toll-houses of do.

84. Bridge of the Schuylkill at Murket
Street, Philadelphia.

35. Details of do.

for
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36. Plan of the wood-work in the starling of
the mnll pxeu of Chep-tow bridge.

87. Longi one of the

38. Detals of Chepstow bridge.

89. Plan, elevation, and sections of the

67a. Do., isometrical projection of truss,
oonnecuon of floor beams, and cross

68. 'l‘cude b Onondago Creek Valley,
span of 29 feet.
69. A great variety of details of joinery.

central arch of London bridge. 69a. Pile-driving machine.
40, London and Croydon rn.lway bndge 70. Iwmetncal Pro]ectlonl.
on road from 0a. I tri

plans, elevations, and seenou.
. London and Croydon railway bri ovn
road from Norwood to Bromley,

43, London and Croydon railway brid, ge lt
Sydenham, do.

43. Elevation of the Victoria bridge over
the valley of the river Wear, on the
Durham junction railway.

44. Elevation of Chepstow bndgc

45, Pu;n .lnd timber t;'m(;‘l::won'bof d;xele
of the large piers of pstow bri

46. Plan of pier, elevation of do.

47. Enlarged section of one of thc-pien.

48. Newcastle and Carlisle railway bri
over the river Tyne at Scot.swood
John Black , plan and el

49, 50. Sections and details of do.

51, Elevation and of bridge over the
Eden at Carlisle, by Sir R. Smirke.

52, Elevation of one of the arches, with a
pier, and the north abutment.

52a. The centering used for the arches of do.

53. Plan and elevation of the bridge erected
over the Thames at Staines.

84. Elevation and plans of the Wellesley
bridge at Limerick,

. Elevation of pier ¢ and half - arch, with
ol s plan and Y

the crown and dril.
56. Bndge of Jena, otP and elevation.
one

57. Do., elevation of the land arches,
with section of towing-path and re-
t wall, tion of the

bridge at the springing of an arch,

gﬂ ol do., transverse section of the

idge through the centre of one of

the land uches,phnofthe abutments,
retaining

88. Elevation of the Devnl'l bridge over

tlm Serclno, near Lnocl, Italy; plan,

59, Bndg across thenm Forth at Stirling,
Stevemon, elevatian.
60. Longlﬂ tudinal section of the same.
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