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INTRODUCTION.

1. It would be diffigult to exaggerate the importance of the part
played by Zeaf, both on a grand scale in the laboratory of
nature, and on a minor scale, in the domain of human art and
science. In the former respect it is not only an essential con-
dition to the existence of life on this planet, but also the prime
agent in putling in motion most of the physical changes which
take place ate the carth’s surface. In the latter, it must be re-
garded not only as furnishing man with the chief means he
possesses of imitating in miniature the processes of nature, and
moulding and modifying natural productions to his wants ; but
also as bestowing on him the ability to generate and apply at
plensure, a force equally stupendous and easy of control.

2. Yes, it is to Aeaf we are indebted for the aliment which
nourishes the sinews of that all powcrful giant, yet obedient
slave, which the genius of a Watt subdued, and left as a legacy
to all succeeding generations. That unwearied drudge of all
work, which grinds our corn, weaves our clothing, forges our
tools, drives our printing presses, twists a massive cable of irom,
or spins B gossamer thread of cotton down, impels our steam
ships on their ocean routes, defying wind and wave, or whirls
us through space® when we jouryey on land, with thrice the
speed of the race horse. A slave more patient than Caliban,
fleeter than Ariel, such au one as it never entered into the imagi-
nations of our forefathers in their most sanguine dreams, to hope
for the possession of.

3. Nothing furnishes man with greater causc for congratu-
lution and even an excusable pride, than the feats of that mighty
impersonation of brute force and human intellect, the steam
engine, the llercules of the nimeteenth century, which once
launched into the worlds arena, has gone forth ** conquering and
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to conquer,” fulfilling his high desliny as a great civilizing agent,
with an energy which no human arm can arrest, and a rapidity
which fills us with astonishment, admiration, and hope.

4. For all these aclievements man is indebted to the laws
which govern the combination of certain clertro-positive bodies,
such as carbon and hydrogen, with oxysen. 1t is by carefully
studying the laws of the universe, and employing them for his
benefit, that he raises himself from the lowest pitch of barbarism,
to the height of civilization—from the state of a naked defence-
less savage, shivering with cold and hunger, to the well clad,
well housed, well fed product of modern rivilization, master of
an ample supply of the nceessaries and comforts of life, with
leisure to spare for moral and intellectual ealtivation. The same
forces of nature, so astonishing and often so destructive to the
savage, become, when a knowledge is atluined of the circum-
stances under which they act, the docile assistanis,-—instead of
the rude enemies of man—the allics by whose aid he obtains the
mastery over brule matter, croploys the clements as couriers,
and yokes them to his triumplal rar.

6. What is the lesson such a carcer of progress ought
to teach ns? at least this,—a wise humility as to the perfec-
tion of our present knowledge, and our manufacturing pro-
cresses founded upon it, diametrically opposed to that narrow-
minded conceit of infalhibility, and ineredulity as to further
improvement, which exist in their greatest vigour, just in those
narrow arched cranin, where ignorance of general principles is
the most profound, and ineapacity for lifting the mind to
imagine a state of things widely differing from the present,
the most complete.  Just in short, in that class of persons,
where this sell satisfied state of mind is most misplaced, the
most injurions {o the interests of the individual, and the most
ridiculous in the eyes of others,

6. There are few manuftcluring processes that have not been
greatly revolutionized, simplified, and ex(ended within these fifty
years, and had none but this narrow arched crania race been en-
gaged in them, these improvements would never have been made;
for if no one can be found with suflicient knowledge, enterprise,
and love of perfection, to e the first to try a new thing, progress
becomes impossible.  Just the state of things in fact, which
exists amongst many nations, whose civilization is stationary or
retrograde, and whom we justly look upon as our inferiors—
laggards in the race of improvement, whose rank in the scale of
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manhood cven when industrious, is only that of plodding
labourers—the hodwen of humanity—who can no morg origi-
nate a structure that is new and beautiful, without the inspira-
tion of a superior race, than a bricklayer’s labourer ran erect,
without an architect, the splendid building on which he toils
from morn till eve, most praiseworthily employed according to
the tulent committed to his care, but nevertheless n mere beast
of burden, whose task, gewius can at pleasure, arrange a few
cogs and wheelwork more efficiently to perform.

7. Nations ure not generally aware of the exteut of their
obligation to their leaders, the men who lead the career of pro-
gress and improvemend, fulfilling the part of gencrals to an army;
nor how small a numlfer of such men suftice, where the people
are honest and industrious, to redcem the whole body from stay-
nation, to leaven the inert mass with the inspiration of their own
genius, and to imparl character, tone, and an object to the
national mind, by bestowing ils leading ideas.

B. lle must be blind indeed, who docs nol see that ideas
rule the world,®ns absolutely and ns necessarily, s the mind the
muscles of the body. The whole course of sublunary affairs is
in fact but a commentary on the text that * knowledye is power,”
and teaches the entire subjugation of physical, to intellectual
force. The former is in reabily but the manifesiation of the
latter, the weapon it employs to execute its volitions, with no
independent vitality of its own, but necessarily ceasing to exist
with the idens which called it into life. A fact from which
we at least derive the consolation of knowing, that all material
interesis and brute forces which represent ideas not having truth
for their basis, are necessarily doomed 1o decay, whilst such as
are salutary, beneficial, and conscquently founded in truth, must
eventually prevail and overcome all opposition. The product of
the former class of idens, inherits the seeds of decay; those of
the second, of vifality. How insignifcant become in a few years
the results of the deeds of a prent conqueror. Time would
appear to take a pleasure in obliterating with the furrows of his
ploughshare every trace of his career ; whilst on the other hand,
the result of a luminous idea like that of Watt’s on the steam
engine, essentially prolific in its nature, for ever cxpands itself
as it stretches into the future, giving birth to a numerous progeny
of ideas, each in its turn destined to be prolific like its parent,
till the imagination loses itself at the vastness of the field of
view which opens before it.
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9. So low however nt present, is the scale of humanity
amonggt us, that for one individual who could be found with
open purse and liberal heart, animated with the glorious ambition
of miding in the development of ideas so fraught with great and
beneficial results to mankind, as those of Watt ; it is to be feared
that one kundred would be met with, who, deaf to all such con-
siderations, or perhaps even holding them in derision, would re-
ject the opportunity open to them of furthering so good a work,
to achieve in preference the grauder result !!! of leaving a some-
what heavier money bag to an impatient heir.

10. Let it never be forgotten, that clear, simple, and ob-
viously indubitable, as wns the improvement of Watt on the
steam engine, requiring, it would be supposed by all (except
those who have had practical cxperience of the vis inertia of
ignorance,) only to be seen, to be adopted with acclamation, yet
it was eight ycars before hie succeeded in getting any one to try
it, and had not a fortunate chance at that period introduced him
to aliberal, enlightened, and enterprising man in Boulton, another
eight years of fruitless eflorts wight have had to have been
undergone, or even the full appreciation of the invention indefi-
nitely delayed. In which case, the whole of that vast career of
progress on which the human race entered ns a consequence of
the steam engine, would have been postponed ; the issue of the
grent European war might have been different ; colonies rapidly
increasing in wealth and importance, would have remained desert
wastes; large cities now flourishing, would have been unbuilt,
and millions now living, unborn. How little and pitiful beside
a Boulton, appear the wen who devoid of all love of perfection,
hug themselves with secrel self-complacency on their superior
wisdom, in leaving to others the risk of making a first experi-
ment, reserving to themselves the more gainful part of appro-
priating the discoveries revenled and established by the researches
and experiments of their wontemporaries. ' Glorying in what
constitutes their disgrace, they form the drones of the hive, who
contribute nothing to the common fund, but exist by the labours
of others.  Strangers to the honcst pride of being the creditors,
rather than the debtors of society, and receiving nothing from it
for which they do not return an ample equivalent.

11. Numerous as are the inventions for which society
stands indebted to the fertile genius of Watt, his first, that of
the condensation of steam in a vessel separate from the cylinder,
transcends all others in importance. For lulf a century after
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the introduction of the steam engine, the mode of forming the
vacuum beneath the piston, was by conducting the.congdensing
process in the cylinder itself, and the cooling down of this vessel
necessarily resulting from this operation, was productive of an
enormous waste of fuel, entailing as it did, the necessity of re-
heating it to its previous temperature upon the readmission of
steam, a process performed by the first portion of the entering
steam at the expense of its own condensation. Such was the
loss of time and heat consequent upon this bungling arrange-
ment, that when Watt solved the problem of condensing the
steam without cooling the cylinder, by having recourse to what
now appears to us the obvious expedient of employing a separate
condensing vVessel, he increased at one bound the efficacy of
the steam engine 75 per cent. Now if I am not greatly mis-
taken, at the preseni day, with regard to the management of
some kinds of furnaces, practices prevail, scarcely less productive
of waste, than the old plan of cooling down and re-heating
the cylinder at every stroke, was, with reference to the stcam
engine. .

12. Considering the importance of the question of furnace
management, and the amount of capital involved in it, I am
struck with surprise at the little aid it has hitherto derived
from science. There is scarcely a process in manufacture in
which heat is not one of the prime agents employed, so that
it may without exaggeration be stated, that the question of
consumption of firing, lies at the root of the cost of production.
Has then anything like the nmount of intellect been devoted
to the examination of this subject of economy of fuel, which
the magnitude of the interests involved in it, and its importance
in a national point of view, render it deserving of? Are the
processes and appliances we have recourse to, the result of
careful deductions, made from a searching and scientific con-
sideration of the Juestion from nm elevated point of view,
untrammelled by those narrow mnotions which daily routine
too frequently engenders—or rather, have not methods and
systems, which originated at a period of comparntive darkness
in physical science, been continued from habit down to the
present day, without ndequate reflection aud research? Methods
in foct, which gradually developed thewselves as nccessity
dictated, to the untutored intellect of uncultivated men; and
which, however creditable to our forefathers who devised them,
inasmuch as they availed themselves of all the sources of infor-
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mation within their reach, are nevertheless a reproach to the
more advanced knowledge of physieal, chemical, and mechanical
science, enjoyed by the present generation.

13. 8o paralizing with most persons scems to be the effect
of habit and routine upou the intellect, in checking all original
idens with regard to operations it has from childhood been
daily accustomed to see performed in a certnin manner—so
entirely in such cases does the mode, become identified with the
result, that the power of independent reasoning on the subject
sppears to be lost. 1t is = notorious fact, that most of the
greatest improvements in arts and manufaptures, have been
achieved by individuals not educated to the calling ; the illus-
trious Watt, for example, wos bred n mdthematical instrument
maker, Arkwright a barber, and Stevenson with his iron steed,
cmerged from the depths of a coul mine. Conversing on this
topic lately with an enginecr of celebrity, he related in corrobo-
ration of the sentiments I expressed, that a Lighly intelligent
friend of his, who had been very succcssful in business as
a manufacturer, declared that when practicrbie, lie always
made it o rule in his establishwent {o seleet for the super-
intendants of the different processes, individuals of intelligence
who had not been brought up in that department, giving as a
reason, that if there was any improvement lo be made, they
were ten times more likely to discover it, than a man who had
become a mere wireasoning crenture of habit.

14. To produce rapid combustion and intense heat in a
furnuce, it is necessary for the fucl to be rapidly supplied with
wir. A current of air must in fact, be kept coustantly rushing
through it, a desiderafuin which may be cffected in two ways,
cither by allowing the produets of combuslion to pass into the
chimney, at a sufficiently high temperature to produce by their
rarefaction a partial vaenum adequate to, cause the requisite
current of air through th® fuel by atmospheric pressure, or by
compressing the air by some mechanical appliance, and forcing
it through. Thus sucking the air through the fucl in the first
instance, and Alowing it through in the latter; producing the
current in one cnse by a partial vacuwm behind, in the other
by a compression before, the fuel.

15. Now however compatible with the objects sought to
be attained, and allowable as a question of economy, may be the
plan of keeping up the draft through a fire, solely by the instru-
mentality of a chimney, where slo combustion only is required,
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asin the case of the domestic grate, or the Cornish steam boiler ;
whenever on the contrary, rapid combustion and intense heat
are a desiderntum, such a system can only be carried out, and
the air discharged by the chimney at a temperature sufficiently
high to produce the powerful draught required, by an enormous
sacrifice of fuel. It is true that an inordinately high chimney,
by lowering the tempcrature ot which it is necessary to keep the
ascending column of air, may palliate the evil, but ns a question
of economy the remedy is almost as bad as the disease, besides
being in very mauy cases, as in marine engines, and locomotives
for example, inadmissible from other causes.

16. I shall no doubt excite general surprise, and perhaps
some incredulity, when 1 state that from a caleulation I entered
into on the subject (the result of which certainly surprised
myself), 1 find that 11b. of coal expended through the mechanical
ageney of a steam cngive, will generatc more force, and con-
sequently is capable of produciug a stronger current of air, than
5001bs. of coal expended in heating a column of air to act by
its, diminished specific gravity, through a chimney 85 feet high;
and {hat conseyuently, all the products of combustion which
are allowed to escape out of {he furnace into the chimney,
before they have fallen below the temperature at which they
can be usefully employed,—fvr the sake of producing draught,
—arc most prodigally misapplied.

17. Strange to sny however, this is the system at pre-
sent almost universally employed, apparently in utter uncon-
sciousness of its wastefulness, and notwithstanding the fact, that
numerous collateral advantages ure attendant on the employment
of compressed air, not the least of which are the perfect control
it gives over the action of the furnare, and the extent to which it
cnables us to utilise the escaping heat. All that can be said in
behalf of the present system, is, that it possesses a certain rude
simplicity and easiness of applicatiod, qualitics which might
be equally urged in favour of a puir of bellows compared with
a blast cylinder, or of panniers and pack-saddles compared with
wheel carriages.

18. The result of the employment of this wasteful and
unscientific system, is seen in the fact, that in steam engines
where an intense draught is employed, the consumption of fuel is
25 per cent. more than that of those where the products of com-
bustion are reduced to a comparatively low temperature before
they enter the stack. In fact, unless working with compressed air
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be resorted to, we cannot have mnlfum iz porvo in a steam engine
—great power in litlle space, without great waste of heat. To burn
n large quantity of fuel in a small arca, we must have & rapid rush
of air through the furnace,—to produce a rapid rush of air through
the furnace, we must bave a powerful draught in the stack,—to
attain a powerful draught in the stack, we must discharge the
products of combustion into the stack at a high temperature,—
and to discharge the products of combustion into the stack at
a high temperature, necessarily entails un enormous waste of
fuel—the actual, though very unsatisfactory result at present.
Enclosed in a vicious circle, each step in the process is necessary
and inevitable, as long as so erroneous a pith is pursued, and
there is no avenue of escape, but by havimg recourse to a blowing
machine, and producing the required current of air, with 53
part the fuel at present wasted in the chimney, in effecting less
cfliciently the same object.

19. In no case is the wasteful result of trusting solely to
draught in the sfack, to create draught through the fuel, more
striking, than in furnaces for the manufacturer of iron. Herc,
from the iron lying at the bottom of the furnace out of the axis
of the line of draught, and the impossibility of causing the heat
to circulute round it as in a steum boiler, only a small fractional
part of the heat generated, enters the iron. In fact it is im-
possible 10 be otherwise, as the stack, acting the part of a suetion
pump through an orifice 14 foot in area, cmpties the furnace of
its pascous contents fwice i a second, keeping up at the snme
time a state of exhaustion, which draws in cold atmospheric air
at every crack and cranny, and parlicularly in puddling furnaces
at the working hole; oxydising und wasting, or, as the workmen
say, cutting the iron. 1n the principal axis of the draught, the
products of combustion dart in a straight course from fire bridge
to flue bridge, at the rate of 30 feet per sccond, and can, as a
matter of course, leave Wat a small portion of their hent behind
them. 1f we contrast with such a stalc of things, that of a
furnace distended with heat impelled by pressure irom Lehind,
and struggling to escape in ull directions faster than a compara-
tively contracted neck will allow of, and suffering moreover no
cold nir to cuter, it will be cnsily seen with which system the
superiority lies,

20. Injudicious ns the method of working furnnces on
which I have animadverted must appear to my readers, yet
they are I suspect, scarcely prepared to lenrn the actual resulis:
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viz:, that in 8 melting furnace, the amount of fuel consumed, is
adequate to produce twelve times as much heat, as would if all
absorbed by the metal, raise its temperaturc from 60° to the
melting point; whilst in puddling furnaces the disproportion is
still greater, the heat generated being, if the fuel employed be
taken as an index, 16 fold more, than con be contained in the
metal during any period of the operation.

21. Now I am not so visionary as to suppose that a furnace
can be constructed so as to make all the heat generated enter
the iron. It is impossible to isolute the body of hLeat contained
in a furnace and prevent its loss by radiation, and where
Processes requiring intemse heat are carried on, from the neces-
sity that exists for keeping up & rapid supply of fresh heat to
replenish this loss, and enable the requisite temperature to be
maintained, discharging also at the same time from the other
end of the furnace, the slightly cooled, though still intensely hot
gaseous products—the consumption of fuel must ever be very
great, in proportion to the actual amount of heat tuken up. In
short, we must never lose sight of the fact, that the quantity of
available heat generated for any process, has no relation to the
whole quantity generated, but 18 merely the amount of the excess
of the temperature produced, above the temperature required.
Fully weighing these considerations however, I am nevertheless
still sanguine enough to believe, thut the results obtained in the
puddling, and heating furnaces, may be effected with a great
diminution in the quautity of fuel now consumed ; and notwith-
standing it ever must be necessary in order to keep up the
requisitc heat in the body of iron furnaces, to discharge the
products of combustion whilst still at a very high temperature,
yet at the same time, there is nothing to prevent our cconomising
this heat, by applying it to various purposes for which its
temperature, though nb longer equel to ¢he manufacture of iron,
1s amply sufficient.

22. This introduces us to the subject of the difference
between guantity and gualify or infensity of heat, througlh
losing sight of which, many errors Lave been committed, and
various chimerical attempts made to economize this agent.
For since we possess no means of condensing it, an unlimited
quantity becomes valueless for any purpose requiring a higher
temperature than it is capable of furnishing. Were not this the
case, our steal engines when onee set in action, might be kept
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at work for cver, without any further cxpenditure of fuel than
would suffice 1o replace the trifling smount of heat lost b{
radiation from the surface of the machinery, since we get bac

in the condenser, the heat we bestow in the boiler. The heat we
impart to n cubic inch of water, to raise it into a cubic foot of
sleam, being returned to us when the atmospheric temperature
is 50°, in the shape of 24 cubic inches of water at 100°, virtually
representing a power capable of raising 1 ton weight a foot high,
though practically we can make no use of it, unless we can
discover some employment for it, for which a temperature of
100° suffices. .

23. The preceding observations must have made il apparent,
that processes of munufacture requiring intense heat, and where,
as a necessary corollary, the products of combustion must be
discharged at a high temperature, can never be economieally con-
ducted, unless some employment be found for thc waste heat so
discharged. In an iron work, none ran cxist more advantageous
and convenient than the generation of steum for the machinery em-
ployed,—for which object, strange to say, at the present moment,
separate furnaces and fires are cxtensively employed, in the midst
of dozens of puddling und heating furnaces, each briskly engaged
in dissipating into the atmosphere, heat sufficient to generate
steam for an engine of 20-horse power.

24. A vast field for econowy is here open, by the intro-
duction of the system of working with compressed air ; for
without this invaluable assistant, nur power to employ the waste
heat is limited to a comparatively narrow compuss, inasmuch as
Erccise]y in the ratio that our arrangements for this purpose

ecome more perfeet, do we destroy the draught of the furnace.
By the employment of compressed air however to furnish a
current for the supply of our fires—and by this meuns only—
do we possess the power of using the waste heat at pleasure,
however high may be the temperature demanded, and, as a con-
sequence, keen the draught through the fuel required.

25. An opinion that much unnecessary waste of heat takes
place at present, and that there is scope for great saving, seems
to cxist almost unmiversally as a sort of obscure impression,
Loithout sufficient knowledge of the subject being possessed, to
'know where, and how, the saving is to be effected; and in groping
in the dark to achieve this object, great errors are often com-
mitted, of which we have recently had a notnble example, in the
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yarious attempts that have been made to }:udd.le iron with the
gases that escape from the top of the blast furnace.

26. Now, it is not surprising that persons who understand
nothing of the principles of physics and chemistry involved in
the right management of a furnace, should be incapable of
appreciating a system, based on correct datn, when presented
to them. Accordingly, in the few opportunities 1 have enjoyed
of conversing on furnace management with those whose interests
ought to have made them best acquainted with the subject,
1 have met with nothing but o strange confusion of ideas,
and a deplorable ignprance. When for instance, I have attempted
to discuss the question of working with compressed air, with s
view 1o elicit their opinions, I have discovered that the parties 1
addressed, were deficient in that ground-work of knowledgv,
necessary for the appreciation of scientific facts and arguments,
imd without whicl, appeals to the reasoning faculties are fruit-
ESS.

27. T confess, I did at the outset, delude myself so far as to
suppose, that t1% notorious fact—that furnaces work better with
a breeze blowing into the ash-pit, and also when the barometer
is Aigh, than when it is low—would have secured a favorable
opinion on behalf of a proposal for merely further carrying out -
these conditions, and making them ronstant by artjficial means.
Even with those whose knowledge did not enable them to sce
very deeply into the matter, the analogy was, I thought, too
obvious to be overlooked: observation has taught me however,
that where the mind possesses no fixed scientific principles for
its guidance, cvery process is surrounded with mystery, and
every proposal for change invested with doubt. Incapable of
separating the accidentol from the necessary, no & priori con-
victions are possible.

28. Deeply impressed with the belief, that it would be
difficult to over-estimate the beneficial effects which would arise,
from the general diffusion amongst the practical men who carry
on our manufacturing processes, of a knowledge in outline of
the scientific principles involved in the various operations they
conduct, I have determined to contribute my mite towards
realizing such a result. ;

29. In carrying out this intention, it has becn my especial
aim to condense the largest possible amount of information into
the smallest possible compass, and to express what I had to say,
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in the clearest and most familiar language. Such & compendium
would at one period have heen most thankfully welcomed by
myself : in fact, it was experiencing the want of such an one, that
caused me to make for my own satisfaction, those inquiries, the
result of which I here present for the benefit of others. The
absence of a compendium of the kind, has, I have reason to
know, long been felt and regretted in manufacturing districts ;
and I trust and believe, that the present imperfect attempt
partially to remedy the deficiency, will not prove entirely
useless,

EKRATUM,
Page 4.~7h line frow bottdhn, for 967-28 Tbs. 1815, read 967-26 + 1613



ON

ECONOMY OF FUEL.

GENERAL CONSIDERATIONS.

1. Tuk subject of Economy of Fuel appears at first sight to
resolve itself into,—firstly, the attainment of perfect combustion;
and sccondly, the application of the heat thus obtained, so as to
make the largest portion available for the object to which it is
devoted.

2. A closcr scruliny however, shews that practically speaking,
1t comprises two other departments, which by no means yield to
the former in commercinl importance, viz.: contrivances for the
employment of inferior kinds of fuel, and methods for turning
to account the refuse hent, which, having fallen below the tem-
perature required for the particular process carried on, is yet
available for other processes for which a lower heat sulffices.

3. In getting the belter kinds of coal a large quontity of
au iuferior deseription is at the same time obtained (technically
denominated slack), in some cases its ‘inferiority having refercnce
solely to the mechanical attribute of size, in others comprising
also a slight difference in sfructure and chemical composition,
with perhaps the ndmixture of n certain portion of earthy matter.
When it is considered that at present this article has so little
commercinl value, as in the mnjority of cnses, to be totally wasted
and not deemed worth removal, it becomes evident that any
method by which it can be made to do the duty of ordmary coal

]
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is valuable, even should thc quantity consumed be greatly in
excess of that demanded of the latter; and though a method
for cnsuring more perfect combustion, and thus elfecting n saving
of perhaps 20 per cent. in weight of fucl, is of priccless value
where steam navigation is concerned, and the fuel constitules
ez neceasitate a portion of the freight,—and such an achievement
would be doubtless fraught with much greater interest io the
man of science than a scheme for burning slack,—it is nevertheless
unquestionable that a rough and ready m(.ﬂmll of accomplishing
this latter objcct, even with a large expeu(hture of the material,
presents, inmany cases, greater atiractions’in a commercial point
of vicw.

4. To appreciate the value to be capeeted from the usc of
judicious means for applying waste heat, it should be known,
that so high is the temperature required in various stages of the
manufacture of iron, that a stream of ignited ghses is required
to Le kept constantly rushing through the Lody of the furnaces,
the whole atmospheres of which are renew cd in many cases {wice
in a second. The current of heated gascs however issuing from
such furnaces is still of an intensely high temperature, from 2,500°
to 2,800°% and although not sufficient for the manufacture of
iron, which demands a temperature of 3,000° and upwards, is
fully equivalent for working tin, lead, or zine, the melting points
of which are respectively 442°, 612° and 773° whilst that of
cast iron is 2,786° Even after having done serviceable duty in
fusing these metals, it would still retain a temperature adequaic
for raising steam, soap-boiling, and varieus other industriul
operations ; and there really exists no reason whatever why as
much duty as possible should not be extracted from it before
its final dismissal into the atmosphere. In short, this depnrtment
of Economy of Fuel is a very fertile one, though hitherto so all
but entirely neglected, that it might be supposed that fucl, like
air, wos an article inexhaustible in supply, and costing nolhing
to procure, instend of demanding for its attainment the wear
and tear of human sinews, and the risk of human life.
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SECTION I.
ON THE BEST MEANS OF RENDERING COMBUSTION PERPECT.

5. CoMBUSTION is, strictly spenking, the development of
licat by chemical combination, but though this may take place
from the union of a variety of bodies, the omnmipresent ngeut
oxygen plays so vastly more importaut a 7éZe than all others in
the disengagemestt of light and heat, that the act of its com-
bination with other Bodies is preemincutly cutitled combustion,
aud exeept in the mouths of chemists, has quite monopolised the
appellation.  Since combuslion, in the ordinary acceptation of
the word, is the ouly means hiud recourse 1o in the arts for the
devclopment of artilicial heat, perfict combustion may, for our
purpose, be dcefined to be—Lhe combinalion of a combustible
body with the Jargest measure of oaygen with which it is eapable
of uniting. In fact, fur all practical purposes, the fuel or com-
bustible body employed may be regarded as composcd exclusively
of carbon and hydrogen, so that our euguiry becomes narrow ed
o the combinations of oxygen with these two elementary sub-
stances.

6. Most of my readers are doubtless aware that chemical
combinations take placc ouly in certain definite proportions which
are multiples of each other. Onc atom of A, for instance, com-
bines with one, two, three or more atoms of B; or two of A, with
three, five, or moreof B ; from which fact il follows, ns a necessmy
conscquence, that the chemical equiv.nlents (or combining weights)
of all bodies may be cousidered as expressing the 1elutive weight
of their atoms. Bodies may be mingled {ogether in any propor-
tions, but it is ouly in certain definite ones that they unite and
form oune homogeneous whole. Thus six parts (by weight) of
carbon combine with eight (by weight) of oxygen to form eur-
bonic oxide, and with twice this quantity, or sixteen parts, to form
carbonic acid; and there exists no intermediate combination of

B2



4 BCONOMY OF FUEL.

these two bodies in which six of carbon is united with more
than eight, and less than sixteen of oxygen. Carbonic oxide and
carbonic acid gases may, it is true, be mingled in any proportion,
and thus = gas obtained in which six parts of carbon are present
with more than eight, and less than sixteen parts of oxygen, but
this is a mizture and not a chemicul unify, as may be shewn by
the addition of potash, which will separate the carbonic acid and
leave the carbonic oxide behind.

7. Different coals vary much in their component parts, and
in the proportion of thesc to each other; carbon and hydrogen
however, arc the essential ingredients of all, hs far as their heating
capabilities nre concerned, and throughout this essay, I shal]
assume as a convenient standard, that 100 parts of coal consist
«of BO parts of carbon, nnd 5 of hydrogen, lcaving out of view
the other clementary substances which enter into their composi-
tion, (consisting of oxygen, nitrogen, sulphur, and incombustible
nshes in various proportions,) as only likely to complicate the
detnils, without being essential to the argument.

8. Assuming 100lbs. of coal to consist of B0lbs. of carbon
-and 5lbs. of hydrogen, then, since the oxygen is to the earbon, in
carbonic acid, as 16 to 6, to effect perfect combustion, 80lbs. of
carbon will require 313}1bs.=2,627 cubic feet of oxygen, to
furpish which, 967-261bs.=12,635 cubic feet of atmospheric air
will be required, air consisting of 1 volume of oxygen to 4 of
nitrogen, or 8 parts by weight of the former, to 28 parts of the
latter; and since oxygen is to hydrogen, in water, as 8 to 1, 51bs.
of hydrogen will require 4Qlbs. = 473 cubit feet of oxygen, or
181'5lbs = 2,365 cubic feet of atmospheric air.

967-261bs. > 181:6 = 114B-761lbs. = 15,000 cubic feet of
ntmospheric air, required for the perfect combustion of 1001bs,
of coal.

And the product resulting will be: 2,527 cubic feet of
carbonic acid, 946 cubic feet of steam, and 12,000 cubic feet of
uncombined nitrogen.

9. We thus perceive that each 11b. of conl requires 1560 cubic
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feet of air for its perfect combustion, or, in other words, for
the conversion of all its carbon into carbonic acid, and all its
hydrogen into water; and it must be remembered, that just in
proportion as this proper quantity is deficient, is combustion
imperfect and fuel wasted, whilst the supply of a surplus quan-
tity is but a change of evils, and cqually injurious in an economic
point of vicw, since all the air which passes through a furnace
without giving up its oxygen to the fuel, serves only to ebstract
heat, without yiclding any in return. However difficult may be
the regulation of the admission of just the proper quantity of
air to the fuel, it is not the less ccrtain, that exactly in proportion
as we deviate from the correct standard, will be the loss we incur,
for the laws of chemical affinity are unerring and inexorable,

10. It is commonly but erroucously suppesed, that when
no smoke appears at thc chimney top, combustion is perfect.
Smoke, however, may be absent, and yet the carbon may only
have united with 1 atom of oxygen, forming carbonie oxide, (a
colourless gas), instcad of with 2 atoms, forming carbonic acid,
and consequently have only performed half® the duty, as a fucl,

* T have seid /elf from a desire rather to understate theu overstate the
argument, but fiofifths is probably o wesr wpproximation to the truth,
There is no doubt, but that the combination of the secoud atom of oxygen
with carbon, sefs free more caloric than that of th: {rst, since, in the first
combination, & considerable portion of heat must neeessarily be swallowed up
and beeome latend, to produce the gasilication of the carbon, and experiment
confirms what might & préiori have been expected.

The figares in the following columns show how many parts of water are
heated 1° by the comustion of 1 part of carbon, nccording to the three
observers, Dulong, Andrews, and Grassi, ®

D. A, G.

1 part of corbon in becoming CO2%, , . 132678 14220 138852

1 part of earbon as C O in becoming C 0% 105696 102096 77868

1 part of earbon in becoming C O 2098'2 40104 60DS4
1t thus appears that if the whole heal generated by the combination of
1 aiom of carbon with 2 ntoms of oxygen forming C 0%, be regarded as a
unit, the proportional quantity developed by the combinetion of the carbon
with the first atom of oxygen, will be, according to Dulong, only 20 per
cent., nccording to Andrews, 28 per cent., and according to Grassi, 43 per cent.
[Dulong's
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of which it was capable, whilst the loss of duty on the coal taken
as a whole (supposing all its hydrogen to have become oxydised)
will be upwards of 40 per cent.

11. Hydrogen, having a stronger affinity than carbon in the
gnscous state, for oxygen, when the supply is short, still seizcs
on its equivalent, and leaves the carbon minus. Thus, when
coal gns (carburetted hydrogen) is inflamed with an insufficient
supply of air to effect the perfect combustion of both its consti-
tuents, the hydrogen is still converted into water, whilst the
carbon, in different proportions nccording to the oxygen present,
becomes—deposited in the form of soot—cénverted into enrboniv
oxide,—or partly into carbonic oxide and partly into carbonic
acid.

12. This great cardinal point in economy of furnace manage-
ment, viz. the exact apportionment of the supply of air to the
wants of the furl, so as to converl all its carbof into earbonic
acid, and all its hydrogen iuto water, could be achieved with
comparative case were {he same conditions always present in the
interior of the furnace, 5o ns to cause the quantity of air required
by the facl to be wniform. Tn ihis ease, the average rare’action
in the stack being once attained, a steady supply would enter
the furnace according to the aren of the grate bar openings, the
size of which once adjusted, the equable and economie working
of {he furnace would be secured. Unfortunately however the
reverse is the case, and the great practical difficulty to be over-
come in apportioning the supply of air to the demands of the fuel,
arises from the fact, that in furnaces of the orcinary construction,

Dulong’s figures are manifestly erroneous. That four {imes () ns mnch
heat should be developed by the combinatinn of carbon with the serond atom
of oxygen, 18 by its combination with the firsz, is so discordnnt with every -
thing we know of the principles of chemistry, as to be guite ineredible.
Dulong however, has unfortunately been the authority followed by Profes:or
Bunsen and Dr. Tiyon Playfair, in {heir report on Blast Furnaces (secc Reper
of the British Association for 1845), nnd there is no doubt but that greal
deductions require to be made from their statements in consequence.
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this demand is not only varizble, bu! fluctuates within very wide
limits.

13. Where a fresh supply of coal is put on a briskly-burning
fire, the first thing which takes place is, that the coal softens and
swells, attended with the evolution of a large quamtity of
carburetied hydrogen gas, requiring for its combustion a corres-
pondingly large supply * of atmospheric air—the conl undergoing,
in fact, in the first stage of combustion, just the same process as
it does in the retort in the manufacture of gas, but with this
difference in the Arsult : that the gas, which in the latter case is
pieserved and found so valuable a commodlty, here escapes
unconsumed up the chimney, not only furmshmrr no heat itself,
but abstracting from the hcat arising from the combustion of
the carbonaccous portion of the fuel, the heat for its own gasi-
faction,—a circumstance which readily explains the fact, that
morc heat is practically obtained in many kinds of furnaces from
coke (or in other words, coal deprived of } part by weight of
that portion of its combustible matter which is richest in fur-
nishing waterial for heat,) than from coal in its pure state, with
all its hydrogenous portion intact. TFrom the same causc also
(viz. the imperfection of our furnaces), the comuercial value of
coal is often in the inverse ratio to the quantity of its bituminous
constituents and its real heat-giving powers, had we the capacity
to render them practically available. It could not in fact be
otherwise. A furnace immediately after a fresh supply of fuel,
requires more than double the quantity of sir it did the instant
before, whilst we have no contrivance for furnishing such a supply,
although without it, throughout the®space of time during which
rapid gasifaction of the hydrogenous portion is going on, more
than Lalf the fucl consumed is wasted, and passes off unburnt,
becoming thereby mot only totally unproduetive in itself, but
absolutely an agent of evil, by robbing the furnnce of the heat
absorbed in its own volatilization.

* 1 measnre of carburetted hydrozen or coal gas, requires for its perfect
combustion 10 measures of eir.
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14. Whether it be from an inadequate appreciation of the
magnitude of the evil, or from the difficulties attendant upon
overcoming it, I will not determine; but certain it is, that
99 furnaces out of 100, are worked without any sttempt being
made at a remedy. Large quantities of coals are thrown over
brightly-glowing cinders, the heat from which they absorb; n
rapid evolution of gns takes place, which, passing off unburnt
at a comparatively low tempernture, most injuriously cools down
the heat of the furnace and flues, and by lessening tie amount
of rarefaction in the stack, cnfeebles the drmmzht, and thus sull
further diminishes the already insufficient eupply of air, and fe-
produces the original evil in an aggravated form. In furnaces
so managed, for the first two or three minutes after coaling, the
useful effect of the furnace is comparatively paralyzed, and the
process in which it is employed partially suspended ; and it is
only gradually that it regains its full vigour of action.

15. Only two mecthods present themselves by which tle
supply of air and the wants of the furnace can be made to cox-
respond,—either bolk must be made constant and regular, or the
Juctuations of one, must be made to coincide with those of (he
vther.

16. If a continuous nnd equable supply of air is to be fur-
nished to a furnace, then, in order that this supply of air may
exactly correspond with its requirements, the supply of fuel must
be made continnous and equable also; so that at all times (here
shall e just the same quantity of fuel in the snme state, that is
to say, at the same stage of combustion. ,This appears to Le
the most perfect method 8f working o furnace, and the most
obvious mode of overcoming the difficulty, and it is necordingly
to accomplish this object, that most of the attempts to prevent
smoke and attain perfect combustion have been hitherto directed.
Brunton’s revolving grate, Juckes’ endless chain of fire bars,
and more than one kind of rotating feeder, all fulfil with toleral.le
efficiency the purposes for which they were designed; but the
great drawback is, that unfortunately all require machinery and
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motive power constantly at work to keep them in action, whilst
some arc in nddition unhandy, and others expensive, both to
construct and keep in repair.

17. The result of none being free from these objectionable

qualities is, that none have been able to force their way into use
to any extent, 99 furnaces out of every 100 at the present
moment, being fired by the rough and ready method of throwing
the coals on by hand, without any contrivance being resorted to,
to mitigate the evils resulting from the inadequacy of the supply
of nir, to the wapts of the firc at the periods of conling.
- 18. Fully recogpizing the force of those objections to the
present contrivances Wwhich have prevented their coming into use,
and impressed with the belief that no plan of the sort will ever
foree its way, that docs not come recommended by much grenter
simplicity ;—in secking a remedy for exisling evils, it has been
my aim to adapt myself to present usages, and devise some
method by which the supply of air nnd the wants of the fuel
may be mutually adjusted, without either serious innovation on
established wrrangements, demand for motive power, or costly
apparatus.

19. The contrivance by which, without infringing either of
these conditions, I propose to achieve the great desideratum
sought, effects its object by admitting an increased snpply of air
at the periods of coaling, thus acting on the principle of causing
the fluctuations between the supply and demand to coincide, with-
out undertaking the more formidable, and I think supcrfluous
task, of adjusting the one to the other, by making both uniform
and anvarying—& feat hitherto only nccomplished at ihe sacrifice
of simplicity.

20. Whatever opinions may be cntertained as to the general
merits of my contrivance, it is I think impossible to deny that
it has the recommendation of great simplicily, and presents in
this particular a striking coutrast to those at present before the
public. AL the existing arrangements for coaling remain unin-
terfered with, The stoker, when he closes the furnace door afier

B3
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fiving, will raise the avm of a lever appended to it; this move-
ment throws wide open o sliding valve in the fuce of the door,
which iinmediately commences closing slowly and automatically,
by the gravity of the lever, regulated and restrained by the
motion of n balance wheel connected with it by appropriate
gearing, and affords, during the progress of its descent, n gre-
dually diminishing supply of nir to the fire, in harmony with the
gradually diminisking requirements of the fuel. The arca of the
valve, and the period of time throughout which the act of closinz
is to be prolonged, are of conrse questions of detail to be deter-
mined hy circumstances, and should be so adjusted nccording to
the nature of the coal, and the average qun'htity supplicd at one
time, as cntirely to prevend the appearanee of smoke. 'Lhe
door of the furnace should be double, and the air sheculd pass
into the furnaee {hrough a <cries of prrforations in the iuner
plate. Dy this arrangement three important points are serured:
1stly, the heating of the air; Zndly, 1ls subdnisison into minute
jets; and 3rdly, the kecping of the outcr surfuce of the furnace
door comparatively cool, and thereby both cconomising heat,
and preventing its radiation oulwardly to the annoyauce of the
attendants.

21. An atlempt is often made by eareful stokers to mitigate
the smoke and imperfeet combustion, arising [rom the inadequacy
of the supply of air to the wants of the fucl at the periods of
conling, by leaving the furnace door sjar for a certam period
after the addition of fresh fucl. The great superiority of a valie
self closing, and with a gradually diminishing aperture, over such
an imperfect cxpedient, is oo obvious to bk contested. Not
only does the air, in the former plan, enter ez masse and cold,
instead of in small jets and hot, but the means of gradually oud
regulurly lessening ihe supply, according as the gasifaction of
the bituminous portion of the fuel becomes completed, is totally
wanting ; whilst, should the closing of the door be forgotten,
and thus delayed till after the completion of gasifaction, more
barm will probably be done by the air entering during the Iatler
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portion of the time, than the amount of good achieved by the
portion which entered previously. In short, one method requires
superiniendence to effect imperfectly, what the other accom-
plishes much better without any, and both superiority of effect,
and ensiness of application, are found united in favour of the
method of adjusting the supply of air by means of an automati-
cally-closing valve.

22. In ordinary furnaces, the air becomes heated in passing
through the grate bars and burning fuel. Where air is suffered
to enter the furnace above the fuel, too much stress eannot be
Ipid upon the necessity for either supplying it Zof, or moking
provision for subjecting it, together with the volatile products of
the fucl, to au adequate amount of leat before they arc allowed
1o escape by the flues: otherwise n mass of cold air, mingling
with the gases arising from the fuel, may reduce the temperature
of the mixtuic below the point atl which its inflammation is insured,
and the gas(-s'couscqucntly pass off unburnt, though provided with
the requisite supply of air. This is peculiarly the casc in steam
boiler furnaces, where the gases issuing from the fuel arc liable
to be chilled by coming in contart with the boiler plate, which,
having water on the other side, is consequently preserved at a low
temperature, whilst being metallic, and consequently a good con-
ductor of heat, its refrigerating action is rapid and powerful.
In this eircumstance will be found nn explanation of the fact,
that little practical benefit is to be derived from leaving the door
of stemn boiler furnaces ajar for a certain period after coaling.
The fucl unquestionably demands & larger supply of air at this
period, but this alr being udmittetl en masse, and cold, and the
heat of the furnace having been just previously lowered by the
refrigerating effect of the fresh supply of coals and sudden de-
velopment of gns, at the expense of the stock of heat previously
existing, the result is, that the temperature produced by the
union of the cold nir with the gases from the fuel, is below the
point required for inflammation.

28. In reverberatory furnaces for the manufacture of iron, on
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the contrary, the gases nrising from the fuel in the grate, have lo
pass through the inlensely keated body, or working chamber of the
Jurnace in their way to the stack; and this cavity, which mny
be eaid to be an oven with the sides and roof at a white heal,
although having another office, becomes in renlity a provision for
subjecting the gases and the nir with which they are mingled
to an ndequate rmount of heat, to insure their inflammation; and
the result is, that if on adequate guarfity of air be admitted,
whether cold or hot, all the combustible matter is consumed,
and smoke entirely prevented. ,

24. Many times have I stood before such a furnace just after
a fresh supply of coals has been added, with my hand on the
open door, nnd found that by regulating the width at which 1
kept it open, I could exercice a peifect control over the action
of the furnace. 1f closely shut, a densc black smoke would issue
from the chimney; if opened n very litile, the smoke would be
slightly but perceptibly diminished ; if opened a litile more,
the change would be denoted by a still further diminution of
smoke ; whilst an opening of o certain extent would cause the
smoke to cease allogcther. As the process of gasifaction pro-
gressed, and the demands of the fuel for air became less, the
saome effcet would follow from a smaller and smaller oritice,
till at length the door might be closed nltogether without smoke
resulting, the ordinary supply of air through the grate bar open-
ings being adequate {o the current demands of the fire.

25, In furnaces of this description, beyond all doubt  self-
closing valve, which should perform automatically, what I effected
by watching and close supervision, would be a vulusble acquisi-
tion and tend greatly to economy, whilst nothing can be more
easy and simple than its application.

26. A consideration of the phenomena exhibited by rever-
beratory furnaces lias led me to the conviction, that a very great
improvement might be eflected in the action of stenm boiler fur-
naces, particularly thosc of marine boilers, by coating the under
side of the boiler plate, where it forms the roof of the furnace,



ECONOMY OF FUEL. 13

with a thin layer of fire-brick material, which, instead of cooling
the mingled strenm of coal gas and atmospheric air below the
point of inflammation, as is now done by the iron surface of the
boiler, would contribute heat, if neccssary, to assist in kindling
them. The sheathing of fire-brick should extend from the sur-
face of the fuel on one side, over the roof of the furnace, to the
surface of the fuel on the other side, and closely in apposition
with the boiler plate, by which means itz melting or rapid burn-
ing away will be prevented.

27. Such an arrangement would not only be productive of
great economy of fuel by the more perfect combustion which
would be nttaincd, but would likewise tend very materinlly to
prescrve ihe supply of stenm constant and regular—a point of
great value ; whilst nt the same time the durability of the boilr
would be much increased by its being withdrawn from those
sudden nlternptions of temperature to which it is now exposed,
and which practice has shown to be so injurious to its stability.

28. Considering the power{ul refrigerative effeel exerciscd
on the furnace by the addition of a fresh charge of conl, where,
us is now the case, n large quantity of the gnses genernted by
the rapid absorption of the previous heat of the furnace are al-
lowed to pass off unburnt, (thus robbing the furnaee of the Leat
required for their volatilization, and yielding none iu rcturn,) and
therefore how greally the heat to which the boiler is subjected, is
diminished on such occasions, I nm of opinion that the whole
amount of heat imparted to the boiler surface in contact with
the fire-brick, would equal that which it obtains from the dircct
action of the fire inder the present gystem; ond if so, since the
heat imparted to the flues behind it would be unquestionably
greater, the eapucity of the boiler for generating steam would be
incrensed. To turn however the access of heat obtained by the
more perfect combustion to the best account, an increase should
be made in the henting surface of the boiler, the simplest and
best way of doing which, is by inserting a few water-tubes in the
main flue behind the fire-bridge : so placed, they act as stays to
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the boiler, end are at the snme time most ndvantageously situated
for the grneration of steam.

29. There is nothing mysterious, unintelligible, or recondite
in the views here developed on the subjecl of furnaces; on the
conirary, their gencral nccuracy will be universally admitted,
whilst the simplicity of the remedies proposed, constitutes in the
opinion of the writer, their chicf claim to nitention. For rever-
beralory furnnces, the automatically-closing valve is complete in
ilself; but for steam Dboilers, though {he valve is useful alonc,
to reap the full measure of the benefit it is capable of ronlerring,
it should be conjoined with the fire-brick sheathing, and some
increase of heating surface, ns before recommended. With
these adjuncts to its ufility, 1 feel assured that the economy
resulting from its nec would be great and decided, parlicularly
with regard to the furnaces of maiine engines, which, as at present
construeted, present great scope for improvement.

30. Some methnd for economising fuel for the purposes
of ocean cleam mavigation may be =aid {o be the great
want of the day, for 1lus vast aud rapidly inereasing means of
trawsit, is at present fettered in its development, and shorn of
half' 1t utility and advantages, by the necessity which exists for
loading the vessels with ecal, to an extent which leaves but
little room for profitable cargo. A writer in onc of our periodi-
cals Intely declared, that ** the man who should achieve a great
reduclion in the consumption of fuel in marine engines, would
deserve, not ouly the lurgest forture and general thanks of man-
kind, but the grotitude of the latest posterity;” nor will this
view of the importance of the subject appenr exaggerated, when
it is considered,—that for every ton of coals dispensed with, a ton
of freight may be substituted—the cost of the former saved, and
the price of the latter gained ; that several Ocean Steam Navi-
gation Companies are in existence, {o whom a saving in the
consumption of fuel, to the extent of only ten per cent., would
be cquivalent to an annual saving of £50,000 ; and that, concomi-
tantly with the ottainment of increased ecomomy tn the cost of
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conducting these great undertakings, the existing obstacle to n
reduction in the fare for the conveyance of passengers would be
removed, and an impetus given to our intercourse with the most
remote corners of the globe, the bearing of which on the future
destinies of the human race it would be difficult to estimate.

. , SECTION II.

ON CONTRIVANCLES FOR TOE EMPLOYMENT OI' INFERIOR
KINDS OF FUEL.

31. IN gelling the better kinds of coal, as has been already
observed, a large quantity of an inferior deseription is at the
same time obtained (technirally denominated slach), in some
eases its inferiority having reference solely to the mechanical
atliibute of size, in others comprising also a slight difference
in s/rucfure and chemical composition, with perhaps the od-
mizture of an extra portion of carthy matter.

32. In cntering upon the question of the cmployment of
inferior kinds of fuel, it is advantageous clearly to diseriminnte,
between what is possible, and what is impossible, between whet
can, and what can not, be effected. By so doing, will abortive
schemes, with the disappointment attending them, be Dbest pre-
vented. It is mof"then possible, evgn by the most ingenious
contrivances, to generate heat from the alumina and silex pre-
sent in considerable quantities, in the more inferior descriptions
of slack. Neither can such earthy matter be dissipated and con-
sumed, nor prevented from remaining as a vitreous residuum on
the grate bars, and choking up the furnace unless removed. Tt
1s however possible to make slack perform all the duty of good
conl, where its inferiority has reference solely to its deficiency of
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size,—and this is accomplishing & great denl; sinee, for want of
knowing how to effect this object, thousauds of tons of it are
now annually sbandoned as volueless. Something more how-
ever than this may be effected ; for, if its proportion of earthy
matter be not too excessive, good service may be got out of it
by means of the appliances which I shall describe, even for pro-
cesses where, without their assistance, small coal of the Dest
quality would be found insufficient.

33. We should however always carcfully distinguish between
inferiority resulting from mere smallncss of, size, and that de-
pending upon the presence of an unduc portion of eariky matfer,
since, without keeping this distinction in view, no clear ideas can
be entertained on the subject of slack burning. If, by supcrior
furnace arrangements, we enable slack, even when alloyed with
25 per cent. of eorthy matter above the average of good coul,
to do the ordinary duty of the laiter, it will nevertheless be found
that £ of the weight of pure coul in the same impiroved descriplion
of furnace, would do the samc work with still greater facility.
In fact, it is evident that the utmost point to which human in-
genuity can arrive, is to burn all the combustible matter any
sminple of conl may contain, nnd the less percentnge of this
present, the greater weight of coal required for n given amount
of work. Notwithstanding the visionary expectations which

. have been indulged in on the subject, to expect more, is an hal-
Mcination that could not enter into the mind of any one grounded
in even the first principles of chemistry.

34. The principal use to which the beller descriptions of
slack are now applied, is {ie generation of steam in the steam
boilers, used in the manufacturing processes curricd on in the
locality where it is raised. This channel is, however, quite in-
ndequate for the consumption of the quantity found in getting the
immense supply of good coal demanded for our great iron works.

35. Many attempts have been made to substitute slack, or
even n mixture of slack and counl, for best coal in the manu-
facture of iron; but in the ordinary reverberatory furnace this
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cannot be dome, without a diminution in the activily of the
combustion and the intensity of the hent genernled, cutailing n
delay in the process, prejudicial to the yield of iron. And when
it is considered that 1 ewt. of iron is of about the same value as
1 ton of coals, it will readily be perceived that no profit is to Le
derived by economising the latter at the expense of the former.

36. The desideratum required is evidently n furnace fur-
nished with some contrivance, by means of which the ccm-
bustion of slack can be so stimulated and quickened, as to vic in
vigour and intenfity with the combustion of best coul in tle
ordinery furnace. °

37. The great difficulty in the way of attaining rapid com-
bustion and intense heat from slack, even of the best quality,
arises from the fact that its small size makes it lic so close
together, as to form a mass almost impervious to air, and over-
lying ond closhg the grate bar openings, the passage of air into
the furnace is in great measure cut off.

38. The remcdics for this difficulty are, either the admission
of air through orifices in the sides of the furnace, to compeusate
for the diminished quantity which enters through the grate bars,
or the aitainment of the same object by the use of compressed
air in a closed ash-pit,

39. Many circumstances induce me to give the preference 1o
the latter plan, indepcndently of any partiality I may be sup-
posed to centerlnin towards it as its originator. To the former
howcver must be conceded the advantage of requiring no colla-
teral assistance in the shape of n machine for compressing air, &c.;
and where the slack is of good quailty, that is to say, not too
small, ond containing but a moderate proportion of earthy matter,
this furnace will do its work very cfficiently, provided the flues for
heating the nir entering at the sides be judiciously constructed,
and proper means be employed to keep the orifices from becom-
ing stopped up by the melted scoria or slag, which forms from
the vitrifaction of the sand and clay contained in the fuel, and
adheres to the sides of the furnace,
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40. The first furnaces of the kind that were construeted,
failed from this cause. The ingress of the air at the sides being
arrested through the blocking up of the perforations by melted
slag, ond no efficient contrivance for keeping them clear sug-
gesting itself to the mind of the experimenter, strange to say,
the plan was abandoned without any effort being made to over-
come the difficulty.

41. It being represented {o me that the failure arose solely
from an inferior fire-brick having been used for building the
sides of {he furnace, the melting and runnlng of which had
scaled up the orifices, and that all that* was necessary to the
success of the scheme was the empioyment of fire-brick of a
better quality, I was induccd to try the experiment. The plan
adopted, originated with a Mr. Cond, and its principle was the
supplying the furnnce with air (previously heated in o flue or
chamber) through small orifices in the sides of the grate.  The
only deviation 1 made from the original design, consisted in
changing the source from which the supply of air for the air
chamber was drawn, by which a great obstacle 1o he sueeessful
working of Lhe furnace was removed, oud a higher temperature
at the snme time sccured to the air entering the sides.

42. The first time I entered an iron work, I was struek with
the enormous quantity of heat escaping to waste in all dircctions,
to the annoyance of the workmen. Upon closer inspection, I
found there were various draft holes leading Lo the space beneath
the iron bottom of puddling furnaces, for the express purpose of
allowing the air to circulate freely, and carry off the heat from
the iron bottom plates with sufficient rapidity to prevent their
melting ; whilst conjointly with this arrangemcnt I saw that the
firc grotes of these same furnaces were fed with o supply of cold
air from the atmosphere. My first attempt to partially remedy
this waste was by constructing flues beneath the botiom plates,
so mrranged as to convey the nir, heated by passing over the
surfuce of these plates and through the bridges, into the sidc
flues for the supply of the air chamber of the improved furnace,
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instead of allowing these flues to draw their supply direct from
the atmosphere, as had previously been done.

43. The result achicved by this furnace worked with ordi-
nary coal was a saving of 171 per cent. in weight of fuel, not as
compared with the average consumption, but when matched
agninst the desf furnace in a work containing about forty. These
furnaces are constantly at work night and day, from Monday
morning to Saturday night, so that it is only once a week that
un opportunity for inspecting the interior occurs. On getting
inside the grate of the furmace after its first week’s work, I
found that the small®orifices round the sides communicating
with the nir chamber were either partially or entirely sealed up,
by the melting and running of the face of the bricks, and also
by the adhesion of the clinkers orslag. This had occurred, not-
withstanding the best Stourbridge bricks had been employed,
and I saw at orce I had been led into an error, in being taught
to belicve that all the furnace required to complete its efficiency
was a good quality of fire-brick; for it was clear, that cven sup-
posing a perfeclly infusible brick could be obtained, the melted
scoria from the fuel alone, would suffice to choke up the perfora-
tions, and consequently, that unless some method could be adopted
for cleaning them from time to time, the plan was a failure.

41, As it was evident that a large proportion of these holes
Tind becn more or less completely stopped up during the latter
part of the week, I came to the conclusion that a portion of the
saving should be attributed to the less amount of heat lost by
radintion into the atmosphere from the sides of the furnace,
owing to the circumstance of its béing surrounded by a bad
conductor of heat in the air chamber. Could I then unite ihis
saving in fuel, from the smaller amount of radiation, with the
still further incrense that might be expected from more perfect
combustion if I succeeded in keeping the holes from the nir
chamber into the grate permanently open, there was room to
hope that a great nddition might be made {o the economy
already effected.
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45. Whilst inspecting the interior of the furnnce, it occurred
to me that this object might be attnined, by having suitable
openings in the external wall of the furnace, leading into the air
chamber, by means of which a tool might be passed throngh the
orifices in_the internal wall of the air chamber, into the fire,
once or twice a dny, for the purpose of cleaning;* such
openings at other times being kept closed by doors, so 8s lo
prevent the entrance of eold air; and I accordingly lost no
time in carrying out my ideas, but erected o furnace on these
principles. Its success was complete, and” though eventually
abandoned from the opposition of the Workmen,-who set their
faces ogainst it the moment they found it was to be applied to
burning an inferior description of coal, which they considered
inimical to their interests, it is mevertheless unguestionably =
great step in advance of any furnace previously employed in the
iron trade, and must ultimatcly, unless interfer#d with by some
further improvement, force its way into use.

46. This further improvement is however, in my opinion, {0
be found in the system of working with compressed air in the
ash-pit. Tn this powerful mode of stimulating combustion, we
have precisely the desideratum required to overcome the diffi-
culties which the tardy passage of the air through small coal

* In the first furnace which I constructed with these cleaning openings,
with o view to prevent the men destroying the brick-work of Lhe side of the
grate, in passing the cleaning bar through the perforations, I had an iron
plate rast, with perforations in it corresponding to those in the brick-work,
to serve ne 8 guide for {he cleaning tool. In orderdo gain space for the air
chamber, and at the same tim® to confine the exterior of the furnace us fur
&8 possible within its former dimensions, it was found necessary to build the
side of the grate of only 2}ia. brick-work, the iron plate being relied upon to
give the requisite strength. After being in use & short time, s considerable
portion of one of the sides fell down, leaving the iron plate intact, To
my surprise, instcad of melting, it stood elone, and proved ns cfficient and
durable as the other parts of the grate. Acting on the hint, I have since
repeatedly made use of iron as s material for grate sides, where these are
required with perforations, as more durnble then brick-work, which is apt te
be damaged by the passage of the cleaning tool,
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throws in the way of eliciting from slack the rapid combustion
and intense heat required in many manufacturing processes.
The power of control possessed by the workman over the action
of his fire is greater than that bestowed by any other system,
and the increased efficiency of the furnace, in every point of view,
compensates ten-fold for the additional apparatus required. An
engine of 10-horse power is amply sufficient to compress the air
for twenty furnaces, being at the rate of half-a-horse power per
furnace, and since there is a superabundance of waste heat, no
expense is incurred for fuel, but the whole outlay is limited to
the first cost of the machinery and the keeping it in repair.

47. The woney saving effected by the substitution of slack
for coal is just one half; coal in Staffordshire being worth 5s.,
and the best slack 2s. 6d. per ton. The quantity consumed in
the puddling furnace is about 16 tons per week, so that the cost
of the weekly consumption would be, with coal £4; with slack,
£2 ; or, speaking in round numbers, the entire substitution of
slack for conl would save £100 per annum per furnace, and the
use of a mixture of equal parts of slack and best coal, would be
attended with a saving of £50 per nonum per furnace.

SECTION IIL

.
ON TiIL USE OF COMPRESSED AlP, IN REVERBERATORY
FURNACES.

48. Wirn regnrd to the plan of working furnaces witk com-
pressed air in closed ash-pits, believing it destined to play a very
important pnrt in furnace management, I shall give a brief nar-
rative of the steps by which I was led to a perception of ils ad-
vantages. According to my idens, its use will not be restricted
to the burning of small cosl, though this alone would give it a
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very extensive field of operations, bui will extend to its general
employment, os an adjunct to rarefaction in the stack, for fur-
nishing the force required for producing Lhe rnpld rush of air
through a fire, necessary for rapid combustion and intense and
concentrated heat. By mcans of its assistance, the power re-
quirel may be obtained at o much cheaper rate than by
trusting entirely to rarefaction in the stack, which only produccs
a powerful draught, at the expense of discharging the products of
combustion at a proportionally high temperature.

49. Although n great saving had beln effected by the
furnace with perforated sides, with the itprovement of cleaiing
doors for keeping the perforations open, far from resting con-
tented with what had Dbeen alrendy accomplished, I regarded it
rather as an earnest of future advances; and my notions of the
state of perfection that ought {o be attained were particularly dis-
satisfied with the fact, that whilst a great quantity of heat escaped
1o waste, the principal supply of air entered under the ash-pit
bars cold. As there was ample waste heat for the purpose, why
should not the wkole supply of air furnished to the fire be pre-
viously heated ?

50. Whenever I took any sicps to eﬂ'ect this object in the
puddling furnace however, I encountered the fact, that precisely
as my arrangements for heating the nir became more perfect, did
I destroy the dranght through the fuel, deaden the fire, and lessen
the yicld of iron. This unexpected result I attributed to the
rarefaction of the air in the ash-pit. When the atmosphere is
at 60°, air is doubled in volume at 568° « temperature below
what is practically attain§d by causing it io circulate in contact
with the heated bottom and sides of a puddling furnace. When
thus rarified, a much smaller quantity will pass in 8 given time,
under the ordinary pressure of the atmosphere through the
interstices of the fire-bars, than would pass were the air ot 60°,
and consequently of double the density, and the result is a greatly
diminished draught, and less intense combustion; and it is to
not having rightly appreciated these conditions, that the numer-
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ous failures which have been incurred in attempting o apply
heated air to furnaces, must in part be attributed.

51. In puddling furnaces, the body or working chawber of
the furnace, where the operation of iron moking is carried on,
and through which the produets of combustion rush in their path
to the stack, is freely open to the atmosphere at the working hole,
and it is the nir with its full compliment of oxygen which enlers
at this aperture, which is principally instrumental in oxydising
and wasting, or, as the workmen say, cutting the iron : the air
which has passed through the fire having yielded ils measure of
this gos to the fuel. ® When therefore we supply the ash-pit
cxclusively with air which is expanded to double its volume hy
Licat, whilst on the one hand we have a greatly diminished
weight of air entering the fire through the bars, and a less in-
iense combustion, we Lave on the olher hand the usual quantity,
that is to say, Under the new state of things, doulle the propor-
tivunte quantity of cold oxydising air cntering at the working
hole, and hence the waste and poor yield of iron.

52. The desideratum in puddling, is tohave so free a draught
through the fire, as o keep the body of the furnace full of flaue,
and prevent as much as possible the indraught of cold unde-
oxydised air, through the working hole. A certain amount of
exhaustion being created in the body of the furnace by the
action of the stack, it is clear, that just in proportion as the pro-
ducts of combustion rushing from the grate are slow in supplying
this void, will the quantity of cold air that enters through the
working hole e incfensed.

53. That the quantily of air pnssmv by the working hole,
should form an influential element in the result attained, will not
cxcite surprise, if we examine what this quantity may amount to,
and how greatly it may vary. The application of a pressure
gauge to the stack of a puddling furnace, shows a vacuum equal
to ‘24 of an inch of water, or a pressure of ‘2 of an ounce per
square inch, ot which pressure the theorctical rate of influx is
39 fect per second, and consequently, supposing ihe size of the
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working hole lo be 4 in. by 4 in., or 16 square inches, this would
allow of 260 cubic feet of cold mir entering the furnace per
minute. Deducting 25 per cent. for friction, would still leave
nearly 200 cubic feet as the quantity practically entering. The
average quantity will however fluctuate greatly, os the relative
pressure of the atmosphere acting through the grate bars or
through the working hole, varies with varying currents of nir.

54. T thus arrived at a clear perception, that to give the
system of supplying the fuel with hot air the fullest develop-
ment of which it was capable, it would be necessary to supply
this air to the fire under pressure; but whcther the benefits ac-
cruing would so greatly outweigh the expense nand trouble of the
additional applinnees necessary, us to render its adoption advan-
tageous in a pecuniary point of view I was not prepared to say.

55. It wasnot fated however that I should remain long in
doubt : I had yet to witness the operation of pudaling in a gale of
wind blowing in the direction of the working hole. Being in nniron
work one squally day, my attention was arrested by a volumc of
oaths from onc of the puddlers, whose furnnce, being situnted
nt the extremity of a rank, was particularly exposed to the
wind, which blew directly into his working hole. With two
Inrge picces of sheet iron suspended behind him, in the vain
hope of warding off his adversary, he was labouring away in n
state of great exasperntion, and apparently to but little purpose.
The dull red colour of the iron showed the deficiency in tempera-
ture, and it was with difficulty it could be made to cohere into a
mass. When the more violent gusts of wind came, so great was
the quantity that entered the furnace, and so completely did it
destroy the dranght, that puffs of smoke were forced out at the
ash-pit.

56. The workman himself was in much too ill a humour for
couversation, but another puddler who was standing by, observ-
ing the interest with which I watched the proceedings, addressed
me, snying, ** You see, sir, how very badly this furnace works; the
man can hardly make his iron at all. 'Well now, if the wind should
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change in the course of the dny, and a nice steady Lreeze set
into the ash-pit, this furnace will work as well as any furnace on
the works; and this man’s partner who comes on to-night, will
do his work with comfort in two hours less time, and perhaps
make 1 cwt. more iron.”

57. Now it immediately occrured to me that if the nceident
of the wind’s blowing into the nsh-pit made such a difference,
the same difference ought to be created artificially, and made
consfant, and concomitantly with this idea, I recognized the fact,
that with the immense quantity of waste heat escaping by the
stack, no fuel would Ue required for a steam engine to compress
the air, and that therefore the cxpense of the system would
be restricted to providing the machinery, and keeping it in
repair.

58. The more I reflected on {he subjeet, the more I beeame
couvinced that*whilst we were dependent upon the caprice of the
wind for the working of our furnaces, we were in fact in a stale
of barbarism ; and though such extreme cascs as the one I have
Jjust related might not be very frequent, yet lesser fluctuations must
be constantly taking place with every change of the barometcr,
making in the course of the year, a large aggregate mnount of loss
fiom bad working. Indeed, that perhaps a more exact view of
the case would be, to regard our furnaces as being constantly
kept at work at a point of efficiency, far below what a little con-
trivance would enable them to reach.

59. Led as I had been by another path, and for another
object, to contemplate the alternative of having recourse to the
employment of compressed air, the sfbject bad of course for me
a peculiar interest, and I determined forthwith to examine it in
all its detnils. The result of this examination was, that the
further I proceeded with my task, the more ngreenbly was 1
surprised to find how completely, with many advantages peculinrly
its own, it remedied the d¢fects and supplied the wants of the
present system; ond I soon became impressed with the firm
conviction, that it formed the only route by which we could ever

C
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hope to attain to a satisfactory point of perfection in furnaces
where a powerful draught and intense heat are required.

60. To produce rapid combustion and an intense heat, re-
quires a rapid current of air. The essence of the present system
of furnace management, is to procure the power necessary for
forcing or rather sucking this supply of air through the fucl,
from the levity (=leat) of the ascending column of gases in the
stack. That there are many defeets in such a sysiem is obvious.
In the first place, ihe power of stimulating the combusticn,
being dependeut upon the combustion itself, the capabilily of
independent control is wanting, and enérgetic cambustion tan
never be otherwisc than gradually attwined. Thus after fresh
lighting, it takes four or five hours to bring the puddling, heat-
ing, and wmelting furnaces used for iron, to a working heat. Not
only so however, but preciscly at the moment when from op-
posing causes you require to spur on the action®of the furnace,
not only does such a power fail you, but ihe energy of the fur-
nace languishes, from the very cause which rendered a stimulus
desirable.  You pet a reaction, but one in the wrong direction,
and which allows the original evil to be reproduced in increased
intensity. For instance, in the case of the puddler I have ulluded
to, the working of whose furnace was so much impnired by the
wind blowing into his working hole, it would have been desirable
to have removed the ill effect as quickly as possible, and lessencd
its power of recurring in the same intensity, by increasing the
pressure of air in the ash-pit, and the fiercencss of the combus-
tion ; but what nctually took place, was, tha. the amount of cold
air which entered the furnace at the working hole, reduced the
temperature of the nscending column in the stack, and cn”
tailed, as a necessary consequence, s diminished draught of air
through the fire, and an enfeebled combustion, just when the
contrary condition of things was most urgently needed.

61. In working with compressed air, on the contrary, thc
action of the furnace i1 efways under direct control, and can be
heightened or diminished at pleasure, and in such a case ns the
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oue just referred to, by turning on an adequate current of
air, the power of the wind acting in the adverse direction might
be deficd, and none of it allowed to enter the furnace; with the
resilt of n saving of iron, of fuel, of labour, and of time.
Indeed, in the manufacture of iron, the saving in the latter ingre-
dient slways entails thut of-the three former, and is of sll
others, the most certain channel by which their economy can be
attained.

62. Another advantage nttendant upon o diminution of
the time occupied” in manufacturing processes is, that a smaller
number of fuenaces will turn out a given quantity of work, thus
diminishing the amount of capital cmployed, and the expense of
repairs.

63. The desideratum being to keep the atmosphere of the
body of the furnaee al a given intensity, with the least expendi-
ture of fuel, it fill not be dificult to show that the plan of doing
so solcly by erlanstion, by sucking as it were the healed gases
from the firc rapidly through the furnace into the stack, is
essentially defective ; that under no point of view can it sus-
tain, except al a disudvantage, a comparison with the contrary
system of using compressed air as an aid to rarefaction in the
stack, for promotiug draught.

G4. In one case we have the furnace distended with flame
strugeling to escapr, and only discharged as it becomes forced
out by {he pressure of the volume of flame behind it; whilst a
pressure being muiniained above that of the atmosphere, no
draught of cold air ®un enter the furnage, either through the work-
hole or any accidental fissure, to lower its {temperature, or oxydize
its contents. In the other case, on the contrary, the exhaustion
operating through the neck, has a constant tendency to empty
the furnace of flame, and, at the same time, to suck in cold air
directly from the atmosphere through every available aperture,
to ithe lowcring of its temperature, and the injury of its con-
tents. The very conditions on which the draught through the
fire depends, necessitate a facile egress for the products of com-

c2
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bustion because an independent power is wanting, to overcome
the friction of forcing them through n more contracted orifice,
the resistance, eddies, and commingling of gasecous currents,
occasioned by which process, are so instrumental in making them
yield up their heat to the parietes of the furnace, instead of
carrying it into the stack. The larger the neck, the larger the
axis of draught, and the larger the qunntity of gaseous matter
which darts in a straight line through the centrc of the furnace,
leaving little of its heat behind it, aud imperfeetly performing its
duty. ' .

65. Where an opportunity exists for sibstituting slack for bes!
coal, by means of taking advantage of the stimulating influence
of compressed air on combustion, the benefit in an economic
point of view attending the use of air under pressurc (amounting
to n saving of half) is of coursc so grent end decided as not to
admit of dispute. I have endeavoured however” to show that it
has more general and universal claims on our attention, than
that of being merely regarded as an admirable instrument for
slack burning, great, though these unquestionably are: in short,
I wish to rccommend it for general cmployment, as an adjunct
to rarefaction in the stack, whenever powerful draught is re-
quired; maintaining that the combined use of the two, offers n
cheaper means of obtaining the force required, than trusting
solely to the latter; and that whenever heat which might be
otherwise beneficially employed, is dismissed into the stack for
the sake of heightening the temperature, and consequently the
draught, it is sadly misspplied, inasmuch as the hundredth
part of it employed in raising stenm to be applied mechanically,
would be productive of a greater effect.

66. Before entering into any calculation on the subject, T
it that the having recourse to the comparatively inert power of
gravity (through the ascending power of a column of heated nir,)
must be a wasteful mode of obtaining the foree requisite for
producing the necessary draught of nir through the fuel, when
compared with the expcdient of generating the same force, by the
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vastly more energetic power developed by the chemical law of
vaporisation, (upon the addition of heat to a liquid,) as in the case
of converting water into steam. I was not however prepared for
the actual results which presented themselves, viz :—that 1lb. of
conls employed to raise steam, and applicd in o steam engine,
will do the work of 500lbs. expended in rarefying air, such air
acting through a height of 35 feet, the elevation of the stack of a
puddling furnace.

67. The force of the draught in a stack or chimuey, is the
preppnderance in weight of a column of air of the area and height
of the stack, nid of the temperature of the atmosphere, over the
column of rarified air with which the stack is filled.

68. Now, since the air at 60° expands 31 for cvery degree
of heat imparted to it, when the atmospheric tewperature is
60° (), the number of degrees the air is raised in the stack
above the cxternal atmosphere, multiplied by (%) the height of
(he stack, and divided by 508, (";;s"’) will equal the height
ol a columnn of rarefied air, cquivalent in wcight o the deficiency
in the stack, and " X b= the height of a column of air at

508 x n
the almospheric densily equivalent to the above. The rate of
efluy, is the velocity a heavy body would acquirc in falling this
height, to find which, multiply the square root of the height of
the full, by 8, or in practice, to allow for friction, by 6.

69. One part of carbon, will raise 14,220 parts of water 1°,
mud if we estimate the specific heat of mr at -25, thet of water
being 1, then 14,220 x 4 = 56,880 pnrta of air raised 1° by
1 part of carbon.

70. Now, since the heating power of hydrogen is to that of
carbon ns 60,854 to 14,220, or about four-fold, if we estimate
coul as composed of B0 parts of carbon, and five of hydrogen in
the 100 parts, the 6 parts of hydrogen being about equivalent
to 20 parts of carbon, we may colculaie the heating power of
coal to be weight for weight, the same as carbon.
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71. Now the stack of a puddling furnace is 35 feet high, and
we will nssume the temperature of the ascending column of
rarefied air to be 2,600°,—an estimate above the truth.

72. Supposing then that 1Ib. of coal will raise 56,8801hs.
of air 1°, it will raise 22-3lbs. 2,540°, and 2,640° 4+ 60° for
the temperature of the atmosphere = 2,600°, the cstimnted tem-
perature of the ascending column of rarefied air in the stack.

73. Since air at 60° increases in bulk ;14 for every degrec
of heat imparted, at 2,600° its volume is increased sin-fold, anil
the difference in weight between a column of air weighine
92-3lbs. at 2,600° and a column the same sizé at 60°, will
be 111-61bs., and 111'5 x 35, the lcight of the stack, =
3,902-51bs,, the lifting force capable of being excrted through
the space of a foot by 11b of coal employed in rarifying air, such
air being transmitted through a stack 35 fect high; and supposing
no loss to take place by frictivon, eddies, and progressive loss of
temperature in the ascent.  Deduct for these, the odd 902-51bs,,
or 23 per ceut, and we get lilting foree exerted by 11b. couls
employed in rarefying air, such rarcfied air being discharged
through a shaft 35 feet high, = 3,0001bs. raised 1 foot. Now
in some of the Coruish cngines, the duty performed by 11b of
coals is 500-fold the above, = 1,500,0001bs. raised 1 fool ; or
in other words, 11b. of coals employed to raise steam, will do the
work of 500Ibs. expended in rarelying air, such air being dis-
charged through a slack 35 feet in height.

74. The above calculation clearly shows that it is a sad
misapplication of heat, tor employ it in genc'rnting power through
the ascending force of a column of heated air, and consequently,
that whatever heat might be economically employed in other
ways, is most prodigally wasted, when allowed to escape by the
stack for the sake of draught,—a tolerably decisive fact in favour
of the superiority of the system of ventilating coal mines by
mechanical agency, as proposed by Mr. Brunton, over the old
method of rarefying the air in a shaft by a firc at the bottom.

75. The best instrument for compressing the air for furnaces,
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where only a slight condensation is required, as in reverberatory
furnaces and steam boilers, is & fan. Though theoretically
making but 8 small return for the power expended, it is prac-
tically the most convenient, and half-a-horse power is sufficient
for a puddling or mill furnace. And for such furnaces, the
wholc expense of employing the system of working with com-
presscd gir, is restricted to the cost of the machinery, since no
expenditure will be incurred for fuel. On the contrary, the re-
sult of the adoption of the plan, is greatly to increase the quantity
of gyailable heat. Under the present system, heat sufficient to
generate steanf for about 5-horse power, is as much as can be
substracted from the flue of a puddling furnace, without in-
Jjuriously affecting the draught; the flues of 4 furnaces being
applicd to a 20-horse boiler. By the nssistance of compressed
air however, double this quantity may be taken with safcty, so
that the extra quantlty rendered available by its application to
one furnace, would suffice to furnish power to compress the air
for ten.
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TABLE

Of the Temperature in Stacks of different heights, necessary to produce a gicen
Pressure.—Erternal air at 60°,

Theoret-|Tempera |[Tempera- | Fenipera | Fempera
Pres- | Pres- | Welght :::i“i'l: icalrate| turein | turein | turein | turein
sure in | sure In |on sq. foot i'lll. “|of efllun| stack stark stack nlack
waler. | air. in lbs. in feet | 344 feet | 69 fret | 138 feet | 276 feet
TH59% |persec.| high. | Ligh. | high. | high.

Inches.| Feetl. Deg. Fah [Deg Fah.|Deg I'ah.|Deg Fah
2 |1as  [L0564 |116 | 04 .. |568*
138 [134:85 (1029991131 | 928 | .. e 34322
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134 1104 | B4512| 928 | B84 ... |2092% |398 16
134 [loe b3 | 81871 byB | 6275 ... ... |180Y77|381 38
13% [103:5 [ 7923 | 7 Bl | ... ... |1884* |364'B
1 [100°05 | 76389 | 841 | RO . .o |1406 | 84885
15 | 966 [78048| B12 | 7RG | .. e 11245-33( 333703
1% | 9315 71307 | 7Rs | 72| .. we 1113|318k
15 | 897 | 6'BGS6| 754 | 757 [ ... .. |1003-42|304-50
1 | B625 | 66025 | 725 [ 742 .., 906-66| 250
1% H2'R 63381 696G | 728 822 2771
1 7985 | G:OT43 | 667 | TIB [ .. 7473 | 273
739 | 58102 638 | 697 | .. GR0-88| 252 69
7245 | 5.5461 | 609 | 6B 621-47| 210 8
69 | 3282 | BR | 664 [ .. SGh* (22953
6555 | 50179 | 551 | 6473 ... 51961/ 218 23
621 | +7538] 522 | 631 | ... [4632* [ 475G} 20748
5865 | 44807 | 493 | 6127 ... [2938:66] 4357|197
552 | 42256| 464 | 595 | ... |2002* | 3UBGCI1KT

5175| 30615 433 | 575 | ... |138s* | 3648 | 17723
483 | 8°6974| 406 | 556 | ... 1245°33| 33353 167 75
4485 34333 | 37-7 | 5%:6 | ... 100342 305! 15856
414 [ 31692| 348 | 615 | ... b22 v 771| 119Gk
20051 | 310 | 4925 ... 680-BB| 232:6!]141
346 | 2:6410| 29 47 505* | 229-33(132-57
21-05 | 23769 | 26-1 | 446 |4632% | 475:63| 207-48|124-3Y
276 | 21128| 282 | 42 |2092* | 398-66( 187 (11644
24:15 | 1'8487| 203 | 39-3 [1245°83| 333-53| 167-75[ 1087
20-7 | 1'5846| 174 | 36'4 | 822 277-71| 149-64| 101'18
17-26| 13205 | 145 | 83 568 | 229-33| 13257 93'86
138 | 10564 | 116 | 20-7 | 308-66 187 11644 BG'73
1035| -7o28| 87| 2576| 27771 14964 101-1B[ 797V
69 | -6282| 5B | 21 167 116'44] 56-73| 78
343| -2641| 290 | 1475| 11644/ 8673 73 6643
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Double nt . . 564° Tivefoldat . . . 2092° Eightfold at . . 1616°

Threefoli at . . 1076° Sixfoldat . . . 2600° Ninefold st . . . 4124°
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SECTION IV.

ON THE APPLICATION OF THE SYSTEM OF WORKING WITH
COMPREBSED AIR, TO STEAM BOILERS.

76. WHERE space is of no object in n steam engine, and a
large grate, a large boiler, and a high stack are admissible, the
use of compressed air is unnecessary. Whenever, on the con-
irary, space and w¢ight have to be economised (and the import-
anee of doing so in mgrine engines and locomolives can scarcely
be exaggerated), aiding the draught in the stack by blowing the
fire with compressed nir ought to be considered indispensable,
and must and will one day be so dcemed, inasmuch o it is a
vastly more economical method of producing the keen draught
required, than fhat at present employed.

The fuel burnt per hour per squarc foot of fire-grate is—

In Cornish engines from . . . . 33lbs. to 4lbs.
In factory and mnrine engines from 10 ,, 16
In locomotives. . . . . . . 80 , 100

The number of square feet of heating surface in boiler

required to evaporate 1 cubic foot water per hour = 1. H. P is—

In Cornish boilers. . . . . . 70
In factory and murine boilers . . 9 » 11
In locomotives . . . . 6

"The number of square ft,et Df he’ltmg surface to ench square
foot of fire-grate is—

In Cornish bollers . . . . - 40
In factory and marine boilers . . 13 to 15
In locomotives . . . . . . .50 70

77. In Cornish engines, with only a consumption of 4Ibs. of
cosl per hour, per square foot of fire-grate, u very moderate
draught only is required; consequently the temperature of the
products of combustion, after they have yielded all their available
hcat to the boiler, sufficing for this purpose, there is no expendi-

c38
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ture of fuel for the sake of producing rarefaction in {he stack, and
hence one source of their economy. They do not, in consequence of
their slow draught, produce more perfect combustion than other
classes of engines, as is commonly but erroneously supposed (for
there is no connection between the perfection of combustion and
the rate at which it is effected) ; but the fucl wasted by other
engines in producing n keen draught, they employ in the gencra-
tion of steam.

78. Some persons entertaip the chimerical notion that when
the products of combustion leave the boiler, they ought to be
reduced nearly to the temperature of 212° or at least to a tom-
perature but little above that of the water contnined within.
Till boilers however can be made infinitesimally thin, there must
always rcmaiu 8 consideruble difference between the temperature
of their internal and external surfaces, (at least of such portions
of the lulter as are exposed {o {he heat of the flyes,) increasing
with the {hickness of the boiler plate; for the temperature of a
transmitting surface, must be plus that of a receiving one. This
rule applies with full force to the {ewperature of the current of
heated gases, and the surface of {he boiler {o which they impart
heat, since here we get ouly fewporary contact for a very skort
period of time. Air is besides a bad conductor of heat, and in
addition, we havc to fake into consideration the fact, that as
bodics approrimate to cach other in temperature, the rate of the
{ransmission of heat becomes rapidly dimivished ; the law of
¢ cooling by contact,’ for gases, being, that when the difference of
temperature is doubled, the velocity of cooling is incrensed 2-35
(Petit and Dulong). For tese reasons, I am totally incredulou,
as to many of the tales lold of the extraordinary extent to which
1he products of combustion are cooled down, in certain instances,
before leaving the boiler, and believe parties deceive themselves,
by being unaware how high a temperature may be borne by the
hand without inconvenicnce, when the draught is slow.

79. The path by which the utmost practicable economy ran
Ve attained, is obviously pointed out by the preceeding considera-
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tions to be, by introducing the feed water immedintely over the
last portion of the flue traversed by the heated nir before it
enters the stack, and by diminishing the thickness of the shell
of the boiler, which latter can only be done with safety, by making
it consist of an aggregate of cylinders or tubes of moderate dimen-
sions, instead of one enormous vessel, as at present. The change
proposed, would be attended with the further advantage, of
presenting more surface for the same capacily, thus enabling the
size and weight of the boiler to be greatly diminished.

80. The first desideratum with regard to the place of ad-
midsion for tje feed water, is carefully studied in the Cornish
boiler, but the second, is by no means fulfilled ; and considering
its enormous size, I believe it would be quite possible to construct
a boiler on the principles above mentioned, where, as a question
of first cost, the exira workmanship would be fully compensated
for, by the diminished size and weight, whilst the thinner shell,
would prodnee some addition to the economy in fuel.

81. If we allow 50° for the difference in temperature between
the interior boiler surface in contact with the water, and the
cxterior in contact with the heated products of combustion, and
150°, when the draught is very slow, for the cxcess in tempera-
ture of these products, over the boiler surface at the instant of
quitting it, making together a cifference of 200° between the
tempernture of the water in the boiler, and that of the gascs
entering the flue, we shall I belicve be making an cstimate of a
degree of perfection very rarely attained in practice.

82. If then a Qornish bo'ler works at 751bs. pressure, the
tempernture of the water within will e 308°, and 308° +-50° +
150°=508° for the estimated temperature of the gases at the
moment of their quitting the boiler and cntering the stack ; and
even in a low pressure engine I greally doubt the practicability
of ever reducing the temperature below 450°. 1In fact such
temperatures, or any near npproximation to them, can only be
attained in cases where, as in the Cornish engine, the consump-
tion of fuel per square foot of fire-grate is very small, the
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draught slow, aud the fuel not wasted to produce highly rarefied
air in the stack.

83. In factory engines, where n draught is required suffi-
ciently rapid to burn from 12 to 161bs. of fuel per square fool of
fire-grate, with the flues of the usual horizontal and winding
form, I doubt the practicability of reducing the temperature of
the products of combustion below 550° or 600°; and even to
realize this, a high stack and capacious boiler will be necessary,
and with these adjuncts, in this class of engines the employment
of compressed air may be dispensed with.

84. In marine engines however, and, still moye in locoffio-
tives, where n fierce draught is required, n high stack inadmissible,
and economy of spuce necessary, all the conditious exist which
render the use of compressed air advantageous, and I believe its
application to these two rlasses of engines to be imperatively
necessary, if cconomy is to be altained. '

85. In marine engines evaporating from 14 to 161bs. of
coal per squarc foot of firc-grate, where moreover, from the
desirability of having a small boiler, the products of combuslion
have to be forced through small tubes, and this accomplished
without the nid of the elevated stack of the factory, nothing but
a very high degree of rarefaction in the chimney can furnish the
requisite draught, and it is next to impessible under the circum-
stances present, that the products of combustion can leave ihe
boiler at a Jower temperature than 800°, n temperature entailing
an enormous waste of fuel. To burn off the quantity of fuel
required in the limited grate aren, a kecn draught is indispens-
nble; and if the power to Jroduce this, is to be nttained by the
ascentionnl force of the column of heated nir in the stack, when
the stack is of limited height, the temperature musf be high, and
the waste of fuel great : these vicious consequences are inevitably
linked together, and there is no means of escape, but by generating
the force required for the kcen draught in a cheaper way, and
calling in the aid of compressed mir, which, by enabling the
extent of heating surface in the boiler to be increased, and the
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draught still maintained, would cool down the current of gascs
from the fire to the more economical temperature of 400° or 500°,

B6. The whole question of draught in steam engines, is one
of ratio of power, to space, and caleris paribus, the greater the
concentration required, the greater ithe draft neccssary. The
amount of rarefaction requisite to produce a given draft, is
dependant upon: 1stly, resisfance, comprehending ares nud
form of grate Lar openings, thickness and closeness of the layer
of fuel, and area and direction of flues, whether horizontal or
verlical, curved ok straight; and 2ndly, upon keight of stack.
The greater the resistance, and the lower the stack, the higher
the nmount of rarefaction required to produce a given draft, and
vice versd.

B7. It is through losing sight of the intimate mutunl depen-
danee of these ronditions, nnd of the necessity which exists for
each being ndjusted to the other, that so many abortiive attempts
have been made to increase the evaporative power of boilers, and
cconomize fucl, by suspending a vessel for feed waler at the
Tower part of the stack. The effect of sueh an cxpedient being
to diminish tbe draft, if it were nttempted to burn the smine
quantily of fuel on the same aren of gratc bar, as had becn
previously done, unless the spuces between the bars were widened,
or the height of the stack incrensed, the result would be, that
an insufficient quantity of air would pass, for the combustion of
the gaseous products of the coal, unless we suppose that the
quantity passing before was too great; but as the opposite defect
is more common, the probable result would be as before stated,
8o that the little heat saved at the pottom of the stack, leing
counterbalanced by the more inefficient combustion, the result
protluced, in an economical point of view, would be #if, or
something nearly approaching it, which, as far as I can learn, is
the usual product.

B8. Such contrivances are in fact expedients for increasing
ihe heating surface of boilers, which, it is evident, eannot be in-
definitely extended with advantage, inasmuch as its proper ratio is
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confined within certain limits, determined by the draunght necessary
to make a certain area of fire grate do the work demanded of it.
In short, nothing can more clearlyshow how completelythe subject
has been shrouded in mist, and the general prevalence of the
want of any comprehensive view of the principles involved in it,
than the many absurd and futile attempts which have been made
to produce effects as intrinsically unattainable, as perpetunl
motion, or the philosopher’s stone; for whilst the high amount
of rarefaction in the stack, is the necessary rondition, by which
the force of dranght required for burning off 16lbs. of conl
howly per square foot of grate arca is generated, it is nev-
theless sought to remove the former, and retain the latter,

SECTION V.

ON THE ECONOMY TO BE ATTAINED, NY INCREASING
THE TEMPENATURE OF FURNACLS.

89. TuE existence of this very important channel for
eflecting economic results, secms hitherto to have escaped due
recognition. The principles on which its value depends, may
be briefly explained s follows. It is only that portion of ihe
heat of a furnace which is in ezcess over the temperature of
the Lody to be heated, which constitutes in reality, available
heat, conducive to the performance of its office. Thus the
ncarer the temperature of the body operated upon, approaches
{he tempcrature of the furnnce, the larger is the portion of the
heat of the latter which becomes ineffective, whilst the more
the temperature of the furnace predominates, the larger becomes
the proportion of servicenble heat, to the whole heat generated.
Therefore, if by any means the intensity of the heat of a furnace
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cnn be heightened, its efficiency will be increased in the ratio
af the acccession made to its surplus heat, (or the degree by which
it exceeds the temperature of the body to which heat is to be
imparted); so that for processes requiring very high temperatures,
and where the ordinary hent of the furnace is but alightly in
excess, a very small increment of temperature, will be productive
of a great efticiency, and corresponding saving of fuel. As the
principle involved is an important one, from the wide field it
opens up for practical results, and has never yet been treated on,
[ shall do my best«o make it intelligible to the reader.

%90. Let ys suppose, by way of illustration, that there is
some process of manufacture carried on in a vessel containing
120 gallons of hot water, and that to carry it on favourably, the
temperature of the water must never be allowed to fall below
200°, and further, that the loss by radiation and conduction from
the sides of tke vessel, is such, that in order to insure this
temperature being maintained, it is necessary to keep a ronstant
streamn of boiling waler at 212° flowiug in at one end, at
the rate of 2 gallons per second, and an equal quantity of
pactially cooled water, just on the verge of falling below 2007,
constantly flowing out at the other. At this rate, the whole
coments of the vessel, viz. 120 gallons, will be discharged and
rencwed every minute.  The loss by cooling, will amount there-
fore, to 120 gallons of water cooled 12° per minnte, and the
{uel requirel to carry on the operation, will be, the quantity
neeessary to raise 120 gallons of water to the boiling point, every
minute, or supposing the atmospheric temperature to be 56° to
impart 156° of heat to 120 gallons of water per minute, which,
we will assume, requires in practice, 26 ounces of coal per minute.

91. Now let us suppose a means is found of imparting an
additional 12° of heat to the supply water. Since the loss ly
radiation, is such that 120 gullons of water lose 12° of heat
per minute, they will be 2 minules® losing 2 +°, and consequently

* The slight increase in the velocity of cooling, with the increase in
temperature, is too trifling to affect the argument.
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this trifing addition of {5 more heat, will enable half the
amount of supply, or 1 gallon at 224°, instead of 2 gallons at
212°, to sufficc for preserving the temperature from falling
below 200°; and the contents of the vessel will only require
to be renewed every 2 minutes, instend of every minute, whilst
the saving of fuel per minute, will be the difference between
the quantity of conl required to raise 120 gallons of water 156°,
and that required to raise 60 gallons 168° or ncarly half; the
quantitics being 14 ounces in the latter casc, and 26 ounces in
the former. If we assume however, that the imount of additional
heat imparted to the water, is obtained by some contrivanceSor
making the combustion more perfect, which we should do, to
make the parallel and orgument as regards furnaces complete,
then the result will be, that this trifling addition of % to the
temperature, will effect n saving in fuel amounting to half.

92. Preciscly the samc considerations which apply to a
manufacluring process requiring to be carried on in a vessel of
water of a certain temperature, apply to the operations carricd
on in furnaces, the only diffcrence besides that of temperatwic
heing, that ihe fluid employed in onc case is flame, or hol air,
and in the other, hot water.

93. A large class of furnaces may be regarded as veseels
in which changes are wrought in ccrinin substances, by their
being immersed in & bath of flame or hot air of a given tempera-
ture, either with, or without Dbeing subjected at the same time
to certain manipulations, and the operation of certain chemical
agents; and, as in the ense of the water vessel, to preserve this
temperature, it is requisite-to have a ronstant supply of the fluid
used, whether air or water, plus the temperature required to
compensate for the loss by radiation and conduction, together
with a means of egress, for that which has become minus.

94. Now the important principle involved in the matter
under discussion, as I have before explained, is, that if, by any
means, we are enabled to increase our temperature, such increase
will effect a saving of fuel in the direct ratio of the proportion it
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bears to the DIFFELNENCE between the temperalure we were
previously generating, und that which the process we are carrying
on demands. No matter how small the amount of that difference
may be, if we succeed in gaining it, we at once diminish our con-
sumption of fuel by %,—if we gain twice as much, by {, &c., &e.
Tel us suppose, in illustration, that we are generating an atmo-
sphere of 3,200° and that our process demands 3,000°, and that,
in order to maintain it, we require to rencw the contents of our
furnace four times in a second, could we increase the tempern-
turg of our supply by 200° thus meking it 3,400°, twice iu a
sceond wouldesuffice, ind the nddition of an amount of licat
represented by 4 of our consumption of fuel, would lessen this
consumption oue half; or, under the same conditions, could we
augment our temperature 600°, and thus raise it to 3,800°, once
in o second would suffice for renewing the contents of our
furnnce, and we should then have the addition of an amount of
hieat represented by % of our previous consumption, diminishiug
this consumption four-fcld.

95. In Staffordshire, 24 ewt. of coal (long weight 1201bs.
to the ewt.) is consumed {o produce from pig, 1 ton of puddled
iron, the consumption being nbout 2401bs. per hour, or 4lbs.
pur minate. Now since oaygen is to carbon, in carbonic acid
as B to 3, and oxygen to hydrogen, in water, as 8 to 1, 41bs. of
conl will require for perfect combustion, 10 %1bs. == 120 cubic
fect of oxygen, aud since oxyvgen is to nitrogen (by volume), in
atmospleric air, as 1 to 4 = 600 cubic feet of ar; and the
products resulting*will be: 10108 cubic feet of carbonic acid,
37-84 cubic feel of stcam, and 488 cubic feet of uncombined
nitrogen ; total 618:92 cubic feet of gas. Estimate the tempera-
ture al 3,108°, and multiply the volume of gns by 7 for expansion,
and we find that 4,332'44 cubic feet of rarefied gnses, pass
through the furnace per minute,+60 = 72:273 cubic feet per
second. And finally, estimating the area of u puddling furnace
between the bridges, at 36 cubic feet, we find to our surprise,
{hat it is unquestionobly filled and emptied twice in a second.
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9G. Now, if we estimate the temperature required for the
process of puddling, at 3,000°, which must be a very near
approximation to the truth (since the melting point of pig-iron
is found by Daniel’s pyrometer to be 2,786, and suppose that
the products of combustion pass over the fire bridge and enter
the body of the furnace at a temperature of 3,300° then it
appears, that since to maintain the necessary temperature, the
contents of the furnace have to be renewed twice in n second, the
loss of temperature, by radiation, conduction, &c., is at the rate
of 600" per second. If therefore by any methdd we could succeed
in increasing the temperature gencrated by 3007 and thus raise
the atmosphere produced by the furmace to 3,600° since we
have found that the rate at which the cooling process goes on,
is 600° per second, we should only have 1o renew the contents of
our furnace once* in a sceond, instead of twice, to maintain the
requisite temperature of 3,000° and shiould effeel a saving of 50
per cent.

97. In mill or Lieating furneees, used for the manufaciure of
iron, the result of heighieuing the temperature. would be equally
beneficinl.  When first ¢harged with cold irou, the heating goes
on rapidly, but the rate aé whick it proc:eds, constantly dimin-
ishes as the temperature of the iron approzimates to that of the
JSurnace, and at lust becomes very slow. 1t is during this latter
period, that the beneficial effect of a more intensely heated
furnace, becomes most conspicuous.  Although I have denomi-
nated that portion of the heat of a furnace which constitutes its
difference (in excess) over the temperaturc of the body to be
heated, its available heat, & would be n grave error to suppose
that the whole of this excess is transferred and uscfully employed
in the operation. Such would be the case were the products of

* The slightly increased rate of cooling, which would result from the
inerrasc of temperature is here disregarded, s too trifliug to affect the
argument. The Jaw of cooling by contact for gases, is, that where the
difference  of temperature is doubled, the velocity of cooling is increased
2:35.—Prtit and Dulong.
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combustion and the body to be heated, kept a considerable time
in contact; but in' a rapid fransit, as occurs with the heated
gases of o furnace, only a certain ratio of this ezcess, in proportion
to the mensure of the excess itself, the extent of surface exposed,
and the time occupied in the transit, can be left behind ; and,
considering the conditions of the furnaces of an iron work, I
regard it as impossible that more than half the excess can be
imparted, even at the most favourable period, that is to sny, when
the furnace is newly charged with cold iron, and the difference
of temperature is greatest.

98. Noweif we suppose the temperature of the iron to be
100° when placed in the furnace, the temperature generated by
combustion to be 3,300° and that half the djfference (in excess)
or surplus heat, when this surplus is 3,200°, enters the iron, we
shall have at the commencement (3,300°—100°=3,200°+2=
1,600°) within®a fraction of Za{f the whole heat genernted, im-
parted to the iron. When lhowever the iron has atlained the
temperature of 1,700° and the surplus heat becomes halved, we
shall have only 680° communicated to the iron, or u little more
than a fiftk of the whole. When the iron hos reached the
temperature of 2,5007, and the surplus Leul becomes quartered,
ouly 290 parts of heat out of 3,300 gencrated, or less than i
will be profitably applied. Whilst if we suppose that iron
requires to be raised to 3,200 to bring it to n welding heat, the
state of things when it has ettained the temperature of 3,100°,
and is beginning to receive its last 100 of heat, will be ns
follows :—Out of 8,300 parts of heat generated, only 52, or less
than 'z, will enter the iron, the remining 3,248 parts, or more
than §3 of the whole, being wasted. Could we however sue-
ceed in increasing the temperature of our furnace by 400°, thus
raising it to 3,700°, the state of things at the snmepoint would
be, that 206 parts of heat, or ;5 instead of only Y of the whole
heat generated, would enter the iron; thus exhibiting the fact
of an addition of temperature to the amount of }, increasing
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the velocity of heating, and consequently the efficiency of the
furnace nt this crisis, fourfold.

99. These laws have such on important practical bearing,
and their existence is at the same time so little suspected, that
with a view to their more complete display and elucidation, I
have exhibited them in & tabular form ; aud if I do not greatly
err, they deserve to command as much attention, ns they will
unquestionably excite surprise. The tables contrast the effeets
of two furnaces (one heated to 3,300° the other to 3,7007,) m
imparting heat to iron at five different stages, Whilst being raiccd
to a welding hent; clearly shewing, that although the rate at
which heat is communicated, rapidly diminishes, as the tempera-
ture of the iron increases, yet & cery trifling addition to the
temperature of the furnace, is capable of producing a great result
in retarding the rafe at which the diminution of heating proceeds,
and consequently, in the economic working o the furnace.
Column A gives the temperature of the furnace, B the tewpera-
ture of the iron, C the difference in favour of the furnace, D the
portion of this difference imparted, E the proportion of iLe
whole beat generated imparted, F the velocity at which the
heating proreeds, calling the smallest velocity 1.

A, B C. D. E. F.
3300°— 100°=3200"......160...,,."48¢......30°49
3300°—1700°=1600°...... 650......-206......12-97
3300°—2500"= 800°...... 290......°087...... 562
3300°—2900°= 400°...... 123......037...... 235
3300°—3100°= 200°...... 52......015...... 1
3700°— 100°=3600°......1571...... *505......35°64
3700°—1700°=2000°...... 911....../246......17-35
3700°—2500°=1200°...... 485....../131...... 925
3700°—2900°= 800°,...,. 290......078...... 552

3700°—3100°= 600°...... 206....../055...... 393
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To facilitate comparison, the results are arranged below in
parallel columns, the prefix + denoting those of the hotter
furnace.

B. cC +C D. +D. E +E. F +F.
100° 3200° 3G600° 1600 1B71 -484 505 3049 3564
1700° 1600° 2000° 680 911 -206 -246 1297 1735
2500°  B00° 1200° 290 485 .087 ‘131 553 925
2900° 400 800 1?3 290 -037 -078 235 552
3100°  200° 6'00" 52 206 015 ‘055 1 393

00— tgeating this question, 1 have endeavoured to place
conspicuously before the reader the great advantages attendant
upon a slight addition of iemperature, irrespectively of the
question asto whether, in our present position, we are, or are not
able to profit by this law ; believing, that even if a negative be
the correct answer, it is mevertheless not the less desirable thal
we should possess a knowledge of the direction in which our
attention may be twrned, with the greatest probability of
obtaining important results.

101. The most efficient method that T sm acquainted with,
for increasing the temperature of reverberatory furnaces used for
the manufacture of iron, is the use of compressed air, in a closed
ush-pit, thus creating artificially, the state of things present, when
a steady brecze sets into the ash-pit. It is a fact, that a furnace
thus favournbly situated, will heat iree charges of iron, whilst
its opposite neighbour in other respeets its equal, is heating only
two ; and the wonder is, that the hint thus conveyed, has not been
sooner acted upon, and that state of efficiency which now only
las place with a few furnaces, and at uncertnin intervals following
the caprice of the wind, made the permanent condition of all.

102. In proportion as the temperature of furnaces becomes
incrensed, does it become important {0 obtain a fire-brick material
of the best possible description, particularly for the sides of the
grates. The presence of alkalies, or iron, is fatal to the quality of
a clay for this purpose. When free from these ingredients, its



-48 ECONOMY OF FUEL.

power of resisting heat is almost in & direct ratio to the propor-
tion of silex it contains, and I have long been of opinion, that the
quality of what is termed our best fire-brick, might be greatly
improved by incorporating with the clay, an additional quantity
of pure silecious sand (which may be procured, where not found
native, by grinding purc sandstone), the requisite cohesion of the
materials being produced, by subjecting the brick in its manufac-
ture to a high pressure.  This method I am informed, has been
recently adopted with the celebrated Dinas elay, at Neath, with
the result of producing a fire-brick, containfng 95 per cent. of
silecious matter, and far surpassing in 4quality auytliwg before
known, since for very intense heats, il is found to excecd Stour-
bridge ia durability four-fold.

103. Whatever mcthod of working furnaces be emjloyed,
constructing the envelope so as to prevent as much as possible
the passage of henl, must cver be nn unmixed 'good as for as
economy of fuel is concerned, and the better the fire-brick ma-
terial employed, the more completcly ean the prineiple be carried
out, without neutralizing the economy atinined in fuel, by the
extrn cxpense in repairs, resulting from the incrensed rapidity
with which the bricks are hurnt out. By construeting furnaces
with hollow walls, and filling the intervening space with cinder
dust, or some other incombustible bad conductor of heat, a great
saving of fuel might be effected ; but to what extent this would
be counterbalanced in an economical point of view, by the
increased amount of materials and labour necessary to keep them
in repair, with the quality of fire-brick generclly in use al present,
I am not prepared to say.
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SECTION VI.
ON FEEDING FURNACES WITH HOT AIR,

104. To discover the nmount of saving in the consumplion
of fuel, capnble of being attained by the entire substitution of
hot air for cold, where such air is heated from the waste products
of the furnace itself (and which, as far as I am aware, Las not
before been attemp¥ed), I instituted the following calculation : —

fiecesding to the mecent researches of Andrews, 1 part of
carbon will raisc 14,220 parts of water 1°, and 1 part of hy-
drogen will raisc 60,85 4 parts of water 1°.

Now if the specific heal of earbonic acid be called 23, thal
of nitrogen 27, and that of steam 847, then earbon, inflamed
wilh its cxact equivalent of oxygen to form carbonic acid, will
produce an atmosphere of 17,628, and with ils exacl equivalent
of atmospheric air, un atmosphere of 4,0358"; hydrogen, with its
exact cquivalent of oxygen to form vapour, an atmosphere of
7,982°, and with its exact cquivalent of atmospheric air, an
atmosphere of 3,871°.

106. Assuming 100 parts of coal to consist of 80 parts of
carbon, and 5 of hydrogen, which is in the proportion of 16
parts of the former, to 1 of the latter, ond leaving out of view
the 15 parts of miscellaneous matter as unessential, then, since
carbon, inflamed with its equivalent of air, produces a tempera-
ture of 4,058° end hydrogen of 3,871°, coal, if compounded of
carbon and hydrogen, in the proportiomof 16 parts of the former
to one of the latter, would produce an atmosphere of 4,047°,

106. Considering however the impossibility of admitting
just the precise quantity of air to produce this state of theo-
retical perfection, the fact that coal contains a small quantity of
nitrogen, and also that some heat passes into the sides of the
grate, we may pretty safely nssume that the heai generated in
the body of the furnace, seldom exceeds 8,300, and is probably
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more frequently below, than above this point. Nevertheless, ns
this number, which is certainly about what theoretical deductions
would lead us to fix upon, coincides with the observation of
Professor Daniel with his pyrometer, who found 3,300° to be the
great=st hent of an nir furnace, I shall ndopt it as the basis of
my calculation.

107. Now, as lend, the melting point of which is 600°
melts with extreme rapidity in the hot nir flues of a furnace,
runninz like scalingwax in the flume of o taper, we certainly
shall not err on the side of excsss, in estimating the temperaturc
of the air at 720° aud if we substract 560° for the~stmospheric
temperature, we get an addition of heat of 660°, or  of 3,300°
the whole temperature generated, shewing a saving in fuel of
20 per ecnt.; and if, a8 is probably the case, a portion of the
diminution in the heat between the theoretical number 4,047,
and that which experiment shows 3,300° is to be attributed to a
surplus quantity of air passing through the fire, aud lowering
the temperature of the furnace, then this per centage of saving
Ly the use of hot air, should be increased.

108. Having attained to a clear pereeption of the immense
savinz of time and fuel, which would accrue in all operations
where it is 1equired {o impart a temperature nearly equal to that
generated (and where consequently the surplus heat is very
small), by even n trifling addition to the temperature of the fur-
uace, the first wethod that suggested itself to me for attaining
this object, was by supplying the fire with hot air under pressure.
Havinz entered into a caleulation for the purpose, and found
that an additional quan’ity of heat equal to 20 per cent. of the
whole generated, was to be obtained in this manuer, I felt san-
guine as to the results to be elicited. Whilst however, time
and inlensity being disregarded, and looking solely to the fofal
quantity of heat obtainable, I have found the full amount of
saving promised by theory, confirmed in practice, my nnticipa-
tions of an increase in the temperature and keat-imparting powers
of reverberatory furnaces, by feeding them with hot air, were not
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realised. Surprised at this result, which then appeared to me as
extraordinary as it was unexpected, end not even a recognition
of the fact, much less its solution, being to be found in the lite-
rature of the subject, I consulted living authorities for infor-
mation, but with no betler success. Indeed, I found their minds
as much in doubt as to the correct explanation of the apparent
anomaly, as my own. Curious, as to the cause of the pheno-
menon I witnessed, in occuping myself with its consideration, I
have been led to form some conclusions on the subject, which I
will lay before the reader.

1ud.~F=zust premisc, that the temperature of flame* is greatly
above that required for the ignition, and white heat of solid
bodies, as is shown by the fact, that during the slow combustion
of gnseous bodies, when the heat developed is not sufficient to
render the gascous matter itself luminous, it is nevertheless
adequate to produce ignition in solid bodies exposed to it.

110. Flame, indicates the intense concentration of hent which
has place, is present, or comes into being, at the moment of
its (i.e. flame’s) gemeration Ly chemical combination, lefore,
this heat has become diluted by the resulting expansion. The
power of the gaseous products of combustion to communicate
heat after their expansion, and when flame has disappeared,
is weak and feeble, compared with the direct action of the
latter. The more completely the body of a reverberatory
furnace is filled with the flame of bicarburetted hydrogen, the
more cfficicnt is its working condition. A stream of bicar-
burctted hydrogen ghs, mingled with its exact combining equiva-
lent of atmospheric air (or fifteen times its own bulk), propelled
cold from the grate, and only ignited as it passed over the bridge,
and was in the act of entering the body, or working chamber of
the furnace, would be the acme of perfection, where the power
of rapidly imparting intense heat is required. The combustion
which takes place in the grate, is in reality not only useless, but
injurious, except as far as genernting gas is concerned ; inasmuch

* A filament of plating may be fused in the flame of 8 common candle.
D
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as the larger the proportion of the rarefed products of the com-
bustion accomplished in the grate, passing through the working
chamber, the smallerwill be the amount of the flame-yielding gas, the
power of which to impart heat, we hove seen to be so vastly superior.

I11. One cause of the impaired heat of reverberatory
fornaces supplied with hot air, must then be sought in the fact,
that gaseous combustion being accelerated by it, a larger amount
of chemical union takes place in the grafe, and lcss in the body of
the furnace, where it would be more beneficial. This result may
to a certain extent be counteracted, by shorténing the bridge and
fire-grate, in the line of the longitudinal’axis of {n¢ Tarnace, and
perhaps, in certain cases, it might also be advisable, to make a
similar alteration in the body of the furnace ifself.

112. The next point to which I shall call attention, as one
of the causes of the diminished heat of reverberatory furnaces
supplied with hot air, is, ihe greater state of cxpansion and
tenuity, attained by the mixturc of air and coal gas, prior to
inflammation, and the ronsequent result, that in a given space
there is a less guantity of heat developed by their union. There
is, no doubt, more leat contained in the products of combustion
from a given weight of coal gas and air, heated before ignition to
720°, than would be contained in the products of the combustion
of the same quantities by weight, of gases ignited at the tempera-
ture of 60°. When we take given messures however instead of
given weights, the case is reversed.  Gases at 60° expand 14
of their bulk for each degree of heat imparted, so that their bulk
at 720°, compared with their bulk at 60°, is as 23 to 1. Con-
sequently a given space filled with coal gas and air at 60°, will
contain 2-3 times the weight, of the same measure of these mixed
gases at 750°% and would develop 2-3 times the quantity of heat
by combustion. Making an allowance however of 20 per cent. for
the heat already present in ihe gases at 720°, the result will be,
that supposing 1000 parts of heat to be contained in the products
of the combustion of a given bulk of coal gas and air at 60°, only
521 parts, or little more than half the quantity, will be contained
in the products of the combustion of an equal measure of these
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mixed gases at 720°. Hence the flame resulting, is characterised
by comparative tenuity.

113. Now there can be no doubt ns to the fact, that the
average temperature of the mixture of air and coal gas which
escapes combustion in the grate, to be ignited in the body of
the furnace, is higher when the furnace is fed with hot air, than
with cold, and we have elready seen, that variations in the state
of rarefaction of gases prior to ignition, produce a potent prac-
tical effect, with regard to the capacity of a given volume, for
1mpu;@g.hent On the supposition that the area of the working
chamber of & reverberntury furnace, is equally divided between
the products of combustion of the gases which have combined in
the grate, and those still remaining to be inflamed; that the
temperature of the latter when the furnace is fed with cold air is
568°, and when with hot air 898°, this would give a deficiency of
17 per cent. in the amount of heat furnished by the combustion
which takes place in a given time in the body of the furnace, an
estimate which T think can scarcely be beyond the truth.

114. The third, and last circumstancc that I have to adduce
in explanation of the effcct of hot air in diminishing the heat of
the working chamber of reverberatory furnaces, is, that from the
greater tenuity of the air, it does not produce the same frottement
and attrition, in its passage through the fuel, nor (owing to its
Iess sudden expansion) the same amount of guasi detonation or
percussion, at the instant of combustion. The disintegration of
the carbon, being thyis retarded, at the snme time that the escape
of the hydrogen, is facilitated by the heat, the result is, that the
ordinary relation between the rate of consumption of these two
constituents of the coal is deranged, and the gases passing from
the fuel, contain an undue proportion of hydrogen, whilst the
carbon accumulates as cinders on the bars. If the specific
gravity of air at 60° be termed 1, then the specific gravity of air
at 720° will only be *434, or considerably less than half, so that,
moving at the same vclocity, the force of impact becomes
diminished more than two-fold. If we now picture to ourselves
the effect of a pair of kitchen bellows, and how rapidly the

D2
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cinders are disintegrated before the stroke of the blast, and then
imagine the diminished effects that would ensue, were the force
with which the air strikes the carbon diminished to less than
half, we shall readily understand why the combustion of the
carbonaceous portion of the fuel, proceeds more slowly when the
furnace is fed with hot nir, than with cold.

115. On this theory we should be led to expect a con-
siderable difference in the adaptability of different varieties of
coal for use with hot air, an inference fully carried out by prac-
tice. There is a great variation as to the mncressed ratio with
which the cinders accumulate on the bars, accordén, e tex-
ture and composition of the coal, render the disengagement of the
carbon more or less facile, and there can be little doubt but that,
ceeteris paribus, the more the carbon of a fuel is disposed to
assume the gaseous form, as with cannel conl—or the less the
quantity of hydrogen present, as with anthracite—the greater
will be the chance of being able to seize the economic advan-
tages attendant upon the increased quantity of heat nttainable
by the use of hot air, without having this heat so diluted, as to
make the temperature inefficient.

116. It doubtless will excite the surprise of many to see an
increase in the proportion of the hydrogen to the carbon, given as
a reason for the falling off, in the temperature of a furnace, as it
is a very common error to suppose hydrogen to be a much more
cfficient agent in gencrating heat than carbon. Such is un-
doubtedly the case weight for weight, but requiring 36 times
its own weight of air for_its combustion, whilst carbon only re-
quircs 12 {imes, and its product steam, having a’' much greater
specific heat than carbonic acid, it docs not produce by com-
bustion with atmospheric air so high a temperature. For per-
feet combustion,

vol. wol. wvol temper.
vol. volumes steam COs* mitrn, generated
1 of hydrogen requires 2% of air, product 1 0 2 4,308°

1 of carbd. hydrogen » 10 ofair » 2 1 B 4,337°
1 of bi-varbd. hydrogen » 15 ofair » 2 2 12 4,341°

*CO0? is the chemical symbol for carbonic acid, and denctes it to be com-
posed of one atom of carbon, and two atoms of oxygen.



ECONOMY OF FUERL. 53

117. It is however in its deficiency in heating power with
reference to its volume® that we must seek for the cause of
the diminution of temperature which occurs in practice, by
substituting hydrogen for carburetied hydrogen. The difference
between the quantity of air required by equal volumes of the
two gases is so great, mmounting as we have seen to four-
fold, that with furnace arrangements adopted for carburetted
hydrogen, that is, calculated to allow 10 volumes of nir to pass
with each volume of f gas, it is next to impossible but that just in
propqwgn a8 hydrugen is substituted for it, does the quantity of
air pnsslng,"Bel'!ome an mJunous excess,

118. It thus appears that three circumstances,—lst, an
increased proportion of the combustion being completed in the
grate,—2ndly, the higher temperature and consequent rarefaction
attained by the gases prior to ignition,—and 3rdly, the retarded
disintegration oiﬁ he carbon on the grate bars, (and the resulting
diminished quantity of combustible matter passing in a given
time, and undue preponderance of hydrogen) all combine to
neutralize—where a very high temperature is demanded—the
cconomy, which might otherwise be attained by feeding the fire
of reverberatory furnaces with hot nir,—Dby attaching to the
practice, the condition,—that just in proportion as it is carried
out, does the flame in the working chamber become attenuated,
and its power of rapidly imparting intense heat impaired.

119 To what extent impregnating the hot air with which the
furnace is fed, with steam, by carrying water into the ash-pit,
would prove a remedy for some of theie evils, is an interesting
subject for inquiry. The steam coming in contact with the
ignited carbon would be decomposed, its oxygen would combine
with the carbon, whilst the hydrogen would be disengaged, and
pass off with the other gases from the fuel, to be ignited in the
furnace chamber. It is a vulgar error to suppose that the whole
amount of heat obtainable from fuel, is increased by the employ-
ment of water, for precisely the same amount of hent which is

* If the healing power of 1 volume of bi-carburetted hydrogen =100,
that of hydrogen is only 21'4, and that of carburetted hydrogen 71°4.
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given out by the hydrogen when it enters into combustion and
forms water, must have been previously abstracted from the
ignited fuel in the grate, to effect the decomposition of the water.
‘What takes place is not, correctly, speaking a gain of heat, but a
transfer. The plan is an expedient for increasing the flame in
the body of the furnace, at the expense of the glow fire on the
fire-gratc bars, thus transferring heat from the grate, where it is
not wanted, to the working chamber, where it is most required.

SECTION VIIL
ON TIIE ECONOMIC APPLICATION OF HEAT.

120. HowEVER complete may be our arrangments for aitain-
ing perfect combustion, and eliciting from the fuel the whole of
the heat it is capable of furnishing ; unless we at the same time
employ judicious measures for applying the heat thus obtained,
to the best advantage, our previous successful eflorts for the
attainment of economy in its generation, may be rendered
nugatory.

121. At an early period of my inquiries into the question of
economy of fuel, I felt curious to know, what proportion of the
wholc heal generated in a reverberatory furnace for the manu-
facture of iron, actually cniered the érom, and whet proportion
was dissipated and lost. Finding no information extant on the
subject, and thinking it, an interesting point to determine the
theoretical heating power of fuel in relation to iron, and con-
trast it with that actually obtained, I made the calculation which
I here subjoin. So much doubt however hangs over the gnes-
tion of the exact specific heat of iron at high temperatures,
that the results attmined are not entitled to be considered as
abeolutely exact, but merely as offering a tolerably near ap-
proximation to the truth.

122, The consumption of coal in & puddling furnace in Staf-
fordshire, is weight for weight, that of the pig iron worked.
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Last iron melts at 3,786” by Daniel’s pyrometer. Bay the iron
is raised in the furnace to 3,060, and allow 1,000° for its latent
heat, this makes 4,000° imparted. The specific heat of iron
at 212° is ‘11; like other substances, its specific heat increases
with its temperature, and is at 662°, which is the highest point
that has been ascertained by direct expcriment, ‘125. From a
congideration however of the amount of heat communicated by
melted cast iron, to known quantities of ice or water, determined
by M.M. Clement and Desormes, in connexion with its melt-
ing poini, as fixed*by Danicl, 1 consider myself warranted in
assumiMy, Jmtaif 1 double its specific heat at 212°, viz. -11, and
call it, at the high temperature it attains in the furnace, -22, a
nunber higher than has yet been assigned to it, I cannot be
below the mark.

123. If then we assume that 4,000° of heat is imparted
to the iron in®the furnace, that the specific heat of iron is
-22, that of water being 1, since, 11b. of coals is capable of
raising 11b. of water 14,2200, 14220 -=16,"159, the number
of pounds of iron, 1lb. of coals is capuble of raising 4,000°,
Showing that in the present puddling lurnace, the quantity of
coals burnt, is sufficient to generate more than sixteen times
the quantity of heal contained in iho iron ot uny period of
the operation.

124. In reverberutory furnaces used for melting cast iron, the
quentity of coals employed is 15 ewt. to the ton of irom, or §
the weight of iron; showing, according to the previous calcula-
tion, that in the simple proress of melting, a quantity of coals is
burnt, more than twelve times suffici®nt to generate the heat
actually imparted ; a state of things certainly not discouraging
the belief, that increased economy is attainable. In expressing
this opinion however, I do not wish to be understood to ndvocate
the chimerical notion, thut the whole, or ncarly the whole of the
heat generated, can ever be made to enter the iron. 1 have, on
the contrary, alrendy stated,—as 8 law hitherto comparatively
disregarded—that it is only the difference, by which the tempera-
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ture of the atmosphere of the furnace, exceeds that of the objects
subjected to it, which can be counted ss avuilable heat, for in-
creasing the temperature of the latter, and consequently, that as
the heat of the iron increases in intensity, an incrensed propor-
tion of the heat generated by the fuel must pass out of the
furnace unabsorbed.

125. The same considerations do not however apply to steam
boilers. Here the temperature of the heat-receiving body, never
exceeds a comparatively low point, and the heat of the furnace
consequently always preserves so great a preponderance, that
only a small fractional part of the hent'geuernte!],m 10
to 15 per ccot., need be allowed to pass away by the flue un-
absorbed.

126. A peculiarity attached to steam boilers however, which
has interfered with their reaping the full benefit of their favour-
able position in this respect, is, the necessity thet exists for con-
fining the flues to the lower portion of the boiler, and withdraw-
ing them from contact with its surface, as soon as they reach to
within about the height of a foot below the water level. If
carried higher, the sides of the boiler above the water level are
apt to become unduly heated. Whilst in this condition, the
tenacity of the iron is dangerously lessened,* and if such a state
of things be of frequent occurrence, the texture of the metal
becomes permanently impaired, and changed from fibrous to
crystalline. When this alteration in its physical structure has
once taken place, there is an end to all safety; its strength can
never be relied upon, nnd it is quite unfit to' cope with any extra
demand upon its powcrs of resistance.

127. When an engine is at work, the surface of the water is
kept in a constant state of agitation, and fluctuates at each stroke
of the piston, with the fluctuations in pressure consequent
upon the periodic emissions of steam. When the engine is

* At the temperature of 720° the strength of the boiler plate becomes

impaired nearly 20 per cent. and the accidental over heating of a boiler, has
been known to diminish its strength more than 30 per cent.
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stopped, on the contrary, the pressure being steady and uniform,
the surface of the water becomes comparatively quiescent. At
such periods, should the flues be 'too near the surface, and the
heat ereep up the sides so as unduly o raise the temperature of
the sides of the boiler immediately above the water, (now no
longer incessantly wetting and cooling them with its pulsations,)
it too often happens that upon the cngine being set at work again,
und the pulsations recommencing, the water, washing against the
dry heated iron, is instantaneously flashed into steam, and a fear-
ful explosion, scattering ruin and death around, is the result.*

R8. Tg gbviate the danger of such lamentable catastrophes
on the one hand—and on the other to release the upper half
of the boiler from the embargo on its usefulness which forbids its
being cmployed as a generating surface, and restricts the sphere
of its operations to serving as a were reservoir for the steam—
T would propose to line it with sowe fibrous and porous mate.
vial capable of sucking up water by capillary attraction, such, for
instance, ss course hempen cloth, This fibrous coating being
kept in close apposition with the interior surface of the upper
part of the boiler by means of a wire net work, and its low.r
edge descending on all sides to, or below the surface of the weier,
capillary attraction causes the water to ascend, as fast as i% be-
comes evaporated, in the same way as oil or spirit ascendr in the
wick of a lamp. The sides of the boiler above the wo'er level
are thus constantly kept moist, and the possibility of their at-
taining a dangerous temperaturc prevented, at the same time
that the wetied fabric in the interior, presents an additional sur-
face for the geueration of stcam, ethus uniting safety with
economy.

# Tn confirmation of this view of {he most frequent cause of explosions,
it is o fact, thet the great mojority, occur immediately after an engine which has
been stopped, recommenees working and has made one or iwo strohes, and
not during the time it is stopped, when the pressure, accordiug to ihe preva-
lent theories which attribute cxplosions to non-neting safety valves, might be
cxpected to be greatest.

D3
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SECTION VIII.
ON THE EMPLOYMENT OF WASTE HEAT.

129. SiNcE I have shewn that the smount of necessary or
rather wravoidable waste hcat passing oul of the furnace, in-
creases with the temperature we require to 1mpart it follows,
that in proportion as the processes we carry on in our furnaces
require an intense hent, does the necessity for atﬂt:r.\'l!'mv to this
featurc of cconomy increase, und that in none is it of higher im-
portance, or capable of being made a greater element of saving,
than in furnaces for the manufacture of iron.

130. To impress this distinction more closely upon the
reader, I will contrast the circumstances of an iron furnace, with
those of a steam boiler. In the former, the flame makes one
short and rapid dart or transit, in a straight line and in one body
from firebridge to fluebridge. To facilitate the comparison, I
shall estimate the long and winding, or else subdivided flues of
the laiter, as cquivalent to four short and rapid transits; and
the temperature of the successive portions of the surface of the
boiler traversed by the heated gases, at 5007, 400° 300° and
300°, respectively. ’

131. Assuwing then, the {emperature generated by a steam
boiler furnace to be 3,000, and that during the first transit, when
the excess of tcmpcrature is 2,500° half the surplus heat is im-
purted, the following table shews the quantity of heat transferred
at cach transit, and the amount remaining in the produets of
combustion at ihe moment of their quitting contact with the
boiler. Column A is supposed to shew the temperature of the
atmosphere of the furnace, B that of the boiler surface in con-
tact with A, C the surplus by which A exceeds B, and D the
quantity of heat transferred during each transit.
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A B C D
1st tramsit 3000° 500° 25600° 1250°
2nd transit 1750° 400° 1350° 589°
3rd transit 1161° 300° 861° 331°
4th transit 830°  300° 530° 187°
leaving 643° for the temperature of the products of combustion
at the moment of their leaving the boiler.

132, The preceding calculation is given as on illustration,

and does not claim to be striclly accurate, still ronsidering the
figures are the actupl result of the first hypothesis I made;
coincifence _of their results with regard to the tempernture
at which the” gases enter the chimney, with what we know
to Dbe the fact, is certainly remarkable, and affords ground
for belicving, that except in the suddenness of the transitions, they
present a far from inuccurate upproximation to what really takes
pluce. A comparison between this table of the conditions which
exist in a steam boiler, where the waste heat passing away
seldom exceeds more than % of that produced, with those of an
iron furnace (see parngraph 99), where the waste heat, beginning
at 14, gradually rises to §3 of the whole heat generated, will
make sufficiently clear, the much greater necessity that exists for
employing some means for utilizing the waste heat in the case
of the latter, than in that of the former.
. 133. Here, it 7 most particularly, that the advantages of
working with compressed air become apparent ; for it is evident,
that as long as this system is neglected, and the draught made
to depend entirely gpon the state of rarefaction in the stack, if
we abstract more than a limited amognt of heat from the gases
passing through this channel, we shall lessen the amount of
rarefaction, beyond what is compatible with the keenness of
draught required.

134. The system—still ndopted in many iron works—of
discharging the products of combustion from the stacks of the
puddling and mill furnaces unused, and getting up the steam in
the steam boilers by means of separate fires expressly for the
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purpose, exhibits an inexcuseable disregard of economy. Even
supposing—as is doubtless the case—that under the present
system of working exclusively by draught in the stack, the ag-
gregate number of furnaces sre adequate to supply sufficient heat
to generate steam for the exigencies of the work itself; yet there
are so many manufucturing and other industrial operations for
which steam is requisite, that might be carricd on without any
inconvenience in immediate juxtaposition with un iron work, and
curried on andvantageously, inasmuch as no outlay for fuel for the
geueration of steam need be incurred, that.there is no reason
beyoud supineness, why the present wasfeful systegy shovld be
perpetuated.  On ihe contrary, cconomy dictates that sll the
surplus heat should be carefully preserved und conducled to one
extremity of the premises, there, to be in readiness to let out for
hire, for the purposes of any other manufucturing establishment
which might be carried on ndjoining—such, for instance, as me-
chanical engineering, saw mills, flour mills, eotton, weollen, and
flax factories, candle making. soap boiling, baths and wash-
houses for the workmen, &ec. In short, so various are the pro-
cesses, and multifarious the elegible channels for the employment
of surplus heat, that the present system of waste, is quite in-
defensible.

135. The quantity of coal consumed in a puddling furnace is
2401bs. per hour, which, reckoning 741bs. of coal per horse power,
is sufficient to gencrate steam for 32-horse power. We have seen
that the quantity of heat actually imparted to the iron, is but a
small fractional part, %, of the whole heat generated, and it will
therefore be a fair suppesition to say, that by the use of com-
pressed nir, one half of the whole heal generated might be prac-
tically applied to the raising of steam. This would equal 16-
horse power, or more than three-fold the quantity now aveilable
under the system of relying exclusively for the draught upon
rarefaction in the stack. Taoking however the extra heat capable
of being released by the use of compressed air, at 10-horse power,
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we shall have in an iron work coniaining 100 furnnces, a con-
stant unnecessary waste of heat equal to 1,000-horse power, re-
presenting 8 waste of coals per year of 300 working days, of
24,107 tons, equal in money at 5s. per ton 1o £6,026, an amount
of waste, which cannot but excite the regret of all who desirc
fo sec our natiomal resources and productive powers turned
1o their best account.

136. In short, heat may, and s%ould be regarded, as equiva-
lent to power, labour, time, money ;—ull are mutually convertible,
and if considered ia the right point of view, it is just as absurd
to waste one, as the other.

SECTION IX,
ON TUE MANUFACTURE OF IRON.

137. The manufacture of iron has been brought to its pre-
sent grade of perfection by practice, rather than by theory. Till
the development of the science of chemistry characteristic of the
present age, (which has made a contrary course a possibility), such
has always been the case with the arts at their commencement.

138. A time however is probably not far distant, when
science will vindicate her claims to utility, in this, as in other
departments of human knowledge, and exert as beneficial an in-
fluence over the manufacture of iron, as she has ulready exercised
over various kindred arts.

139. One great cause hitherlo of the failure of scientific
theories when applied to iron making, I am inclined to aseribe to
our ignorance of the chemistry of high temperatures, a brauch of
the science most imperfectly understood, and the prosccution of
which by experiment, is necessarily besct with great difficulties.

140. Affinitics vary with temperature, and we do not at
present know, all these variations, We are nccustomed to regard
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sulphuric acid as the most powerful of the acids, and phosphoric
acid as among the weakest, and such is the casec at ordinary
temperatures ; but if gypsum (sulphate lime), is heated to redness
with phesporic acid, the sulphuric acid will be driven off, so
extraordinary is the chunge in affinity wrought by the access of
heat. At a slightly elevated temperature, potassium will take
the oxygen from the carbon of carbonic acid, but at a white heat,
the reverse takes place, and potassium is prepared by subjecting
carbonate of potash with charcosl to the heat of u furnace. Ata
temperature sbove the freezing point, salt has no affinity for
water, and erystallises in auhydrous cubes ; whilst belgw the
freezing point, it crystallises in prisms, which conslst of & chemi-
cal union of salt and water, the bonds of affinity between which,
the warmth of the hand is sufficient to desiroy. If necessary,
numerous other cxamples might be adduced, all conclusively
showing that the chemical offinities of bodies arg dominated by
temperature.

141. Another circumstance not without its influence in
throwing difficulty in the way of the application of science to
(he manufacture of iron, has been the large masses of solid
materials operated upon,—so different from the manageable
quantities of the laboratory,—and the consequent difficulty of
realising that condition of chemistry, which exacts a thorough
commingling of the particles of matter operated upon, requiring
—as a preliminary for its attainment—the attraction of cohesion
in solid bodies to be removed by solution or fusion. Hence
the importance of obtaining in the Learth of the blast furnace,
a state of fluidity sufficieptly perfect, to allow of the complete
segregation of the various matters according to their respective
polarities, without which, various crudities and undeoxidised
impurities, are carried down with the metal.

142. Chemical union however iakes place only at im-
perceptible distances, atom must unite with atom, and some-
thing more than perfect fluidity is required to produce in many
cases a minute commingling, of bodies varying greatly in specific
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gravity or consistency. We might for example, stir quicksilver
and water together for an hour, without having placed more than a
very limited number of their particles in contact. This comparison
is but an exnggerated illustration of what takes place in a pud-
dling furnoce, when it is attempted to improve the quality of
the iron by an artificial flux. So imperfectly are the particles of
iron subjected to its operation, that either no appreciable effcct
is produced, or only a partial effect, cousing s wunt of homo-
geneousness in the texture of the iron, thus manufacturcd.

143. Itis certain, that the quality of the iron made, is greatly
influenced by the nature and quality of the alkalics, alkaline
carths, and oifer fluxes present, provided we can present them in
such a state of minute subdivision and dissemination amongst the
other materials, as will ensurc their chemical agency being exerted
with the best effect. A great part of the bencficial influence of
charcoal, in the munufucture of iron, ariscs in my opinion, from
its containiug in this state of minute subdivision, small quantities
of potash, lime, magnesia, phosphoric acid, and manganese, which
it constantly and gradually presents to the process going forward,
in a quantity precisely proportionafe to the raic at which the
ctmbustion, and consequently the process contingent upon the
combustion proceeds, and I anticipate that great advantages may
be obtained, by judiciously attempting to imitate those conditions,
the value and utibty of which, in the case of charcoal, are amply
sanctioned by experience. The manner in which I would propose
to do so, would be, by immersing coke in alkaline or other
appropriate solutiogs, which might be foreed into ifs pores by
hydraulic pressure if desirable, thus ﬁoducing an imitation of
charcoal, which after being thoroughly dried, might be advantage-
ously substituted for common coke, in the munufacture of iron.

144, The composition aud strength of the flux solution,
should of course vary with the naturc of the ore, and the com-
position of the ushes of the fuel. Even where charcoal is em-
ployed, it might be advisable in certain cases to increasc the
natural quantity of alkeli it contains, by treating it in the same
way.
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145. That an improvement would be effected in the quality
of the iron produced—by the adoption of this system, particularly
in the case of silecious and clay ores, docs not admit of doubt;
for the ashes of coal are not only wanting in those active fluxes
posscssed by charcoal, but contain a considerable portion of silex :
nnd if, as appenrs to me most probable, the alloy of silicon—the
most general and influential cause of bad pig iron—is principally,
if not exrclusively, furnished by the silex of the fwel, the most
feasible preventitive would appear to be, to force a powerful bass,
into the pores of this material, and thus plice it in immediate
contact with the silicie acid, with which jts union lideslred 1f
this be uot done, 1he silica intimately blended with the carbon,
throughout {he structure, of the coke and necessarily exposed
from this association {o the most intensc heat, can scarcely fail
of becoming deoxidised.

146. The requircinents for mnking iron, ave, 1st, the re-
quisite chemienl ingredients® in the requisite proportions; 2ndly,
sufficient heat,=fluidity, to allow of the free motion of all the
particles of matter; Brdly, sufficient motion amongst the particles
to ensure their adequate intermixture.

147. This view of the innocuousness of n high temperature,
does not mgree with the generally rcceived opinion, that the
inferiority of the iron resulting from the use of hot blast, is
occasioned by the greater heat of the furnacs, a fact I am by no
means prepared to admit.

148. That the temperature of the furnace is higher, where
hot blast is used, than with eold, scems always to have been
regarded as a position sp clear and sclf-evident as to require
no demonstration—and if erroneous, as I believe to be the case,
it has certainly been n great stumbling-block in our path
townrds attaining correct ideas of the process of iron manufac-

* Foremost among ihese most be considered an adequate supply of
oxygen to burn off the sulplur, phosphorus, and arsenic, and preserve the
silivic neid, lime, and magnesia from deoxidation, and thus prevent the forma-
tion of metallsc alloys, or if this (probably correct) term be objocted to
with regard to {he first-named substances, say in thoir cuse, sulphurcty and
phosphurets.
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ture, with the consequent improvement in the art, which might
therefrom be expected.

149. At the temperature to which the blast is heated, air is
more than doubled in volume ; therefore, there will be double
the number of stoms of oxygen in the same space, when the
blast is cold, and consequently 8 much more rapid evolution of
heat from the surface of the carbon exposed to the direct action
of the blast; the stroke also will be of double the weight,
producing o more rapid disentegration of the carbon, and a
more thorough disséminatfon of it amongst the other materials.

150. The effect of the cold blast on the surface of the ore
will be refrigerating, end the same must be said of its impact
on the limestone flux, but I see no reason to conclude that the
refrigerative effect in the last two instances, more than counter-
balances the increased temperature evolved by the surface of
the carbon. Therefore immediately before the fuyéres, at the
point where the most perfect fusion takes place, T see mo
reason for believing that the temperature of a hot blast furnace,
exceeds that of a cold blast, but rather the reverse; inasmuch as
I =conceive, that a larger guantity of oxygen will combine with
carbon, in a given space within a given time, in the latter fur-
nace, than in the former : a sufficiently larger quantity in fact, to
more than counter-balance the additional initial heat of the air,
before the expansion* due to the combustion, and therefore
necessarily ensuing subsequently to it, has taken place.

* An atmosphere of 4,000° condensed to 4th of its volumo (or what is the
same thing gaseous products of rombustion st jhot point of expansion where
they have only reached th of their ultimatc bulk) will have s temperature of
sbout 7000°, and when condensed {0 half their ultimate volume o temperature
of sbout 5000°. Here we get ul the cause of the great heat of flame, and
the superiority of the direct action of fiame, or the radiani heat from an
ignited surface of carbon, for communicating heal (e.g. raising steam) over
products of flame after ezpansion, see on this subject, paragraphs 109 &£110.

Air of 60° has its volume increased to

Doubleat . . . B568° Fivefold at. . . 2092° Eightfold st . . 3616°
Threefold at . . 1076° Bixfoldat . . . 2600° Ninefoldap . . 4124°
Fourfoldmt . . 1584° Sevenfold at . . 3108° Tenfoldat. . . 4632°
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151. After cxpansion has taken place, the temperature of
the hot blast furnace will of course exceed that of the cold blast
furnace at the same point, by the excess of the initial temperature
of the air, and the same may be ssid of any two localities in the
furnaces where the same degree of expansion exists. When the
carbonic oxide zone is renched, although the difference remains
the same, yet from the great diminution of iemperature, the
disproportion between the heat of the two furnaces becomes
very marked. Say coke in forming carbonic acid imparts to
the combining equivalent of air 40589, suppose the temperature
of nir 42° this will give an atmosphere f 4100%;™assume that
the volatilization of the carbon, necessury to transform carbonic
acid, into carbonic oxide, ubsorbs 60 per cent. of this heat, and
we have for the earbonic oxide zone, a temperature in o cold blast
furnace of 1640° and in hot blast furnace 1640° < the initial
additions] temperature of the air, say 560° = 2200° or { more,
8 difference sufficient 1o make it not improbuble, that the
chemical action of the carbon on the ore, may be greatly modified
by it. Indeed the sfewing of the minerals with their surfaces in
a semi-melted state, in an atmosphere of carbonic oxide, with
perhaps the addition of the fumes of sulphur, phosphorus, and
arsenie, for u considerable period before their descent before ihe
tuyeres, is a vasily more plausible reason for the inferiority of hot
blust iron, than the hitherto-received-without-being-questioned
theory, which assigns it to the increased heat of the furnace, at
the point of fusion. ,

152. The circumstance that hot blast furnaces work faster
than cold, hus been supposed to be quite conclusive as to a
higher temperature being attained by thewn ; a little exsmination
will however shew that the fact affords no foundation for such
an inference. If we assume that the perfect fusion of the
minerals of o blast furnace requires n heat of 4000°, that the
temperature of the point of most intense heat in the vicinity of
the fuy?res in each description of furnace is the same ,viz. 5,000°;
since the minerals will in the hot blast furnace, approach this
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poini at a temperature 560° higher than they will approach the
same point in the cold Dblast furnace, and consequently will
require 560° less ndditional heat imparted to them, to raise them
to the temperalure of 4000°, their melting, will as a matter of
course be more quickly performed in the former furnace, than in
the latter; and thus this supposed decisive fact in favour of the
higher temperature attained Ly the use of the hot blast, is
satisfactorily explained without leaving any difficulty behind it.

153. In considering the manufacture of iron with reference
to economy of fucl, the most striking thing which forces itself
upon the attéhtion, is th® fact, that whilst the two great processes
of iron muking, viz. the separation of the iron from the ore in
the blast furnace, and its decarbonization, and kneeding to
devclop fibre, in the boiling furnace, each requires for its per-
formance, and is best performed by, onc of the two constituents
into which coal Is resolvable, taken singly; viz. the revival of the
iron, by the solid carbon or coke, und the operation of boiling, or
puddling, by the gaseous carburettcd bydrogen; yct strange to
say, instead of separating the constituents of coal before using,
and employing cach for the operation for which it is best suited ;
we use it in its raw stale for both opcrations, not only wasting
one constituent in cach process, but absolutely producing inferior
results, For the guseous portion of the coals used in the blast
furnnce,—which if separated and purified, would suffice to make
all the pig-iron produced by the furnace, into puddled-iron, of a
quality very superior to that made by raw coal,—exercises in the
blast furnace & deteriorating effect on the quality of the iron pro-
duced. Thus all the coal at present u¥ed in puddling is wasted,
with the result of obtuining en inferior description of iron.

154. My notions of attainable perfection demand, that iron
should be monufactured s follows -—the coal should be coked
by the waste heat from the furnuces, nnd set apart for use in
the blast furnaces, having previously as before described, had its
pores impregnated with a preparation composed with rcference to
its power of combining, and forming an easily fusible cinder with
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the ashes of the coke on the one hand, and the foreign matter
in the ore on the other.

155. The gaseous products of distillation after being purified
from sulphur, and also from phosphorous, and arsenic if present,
should be devoted to the process of puddling, for which they are
for muny rensons much better adapted thon raw coal; in the
first place, the dust and fine cinders carried over from the grate,
become mixed with, and injure the iron, and the same may be
said of various volutile products of the coal ; in the second place,
the operation of puddling consists of three different stages, during
cach of which the iron requires o modification in ‘its treatment,
which the present puddling furnace is powerless to supply; in
fact no prompt nor adequate power of control is possessed by the
workman over it, even for simply exalting its temperature, and as
fur as the scientific performance of its functions is concerned, it
must be regarded as a barberous machine which ought long
since to have been superceded.

156, In the first stage—ihat of melting—an intense heat,
with no excess of oxygen, will save both tiine and iron, although
it is not so absolutely indispensable in this stage as in the
third. .

157. In the second step of the process—that of decurboni-
zation, or rifining—an excess of oxygen is wanted, and the
addition of the vopour of water is also often Deneficial, since it
has the power, not only of nccelerating the decarbonization of
the metal, but also of carrying off large quartitics of silicic acid,
in a volatile form,* the effect of which in increasing the yield
(inasmuch as the silicic urid would otherwise form a silicate of
iron, and carry its base into the cinder) is sufficiently obvious.

1568. During the third stage of the process—that of kneading
the decarbonized iron into a tenacious, fibrous mass—an excess
of oxygen passing is productive of great loss, from the waste it
occasions by oxydizing the pure malleable iron, now no longer

* An instructive example of the law, that non-volatile bedies may become
volatile by mixture with volatile ones.
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covered by the cinder., From the circumstance however of o
great heat being necessary (requiring a clear fire) during this
stage, particularly at its termination, just before the iron is
removed from the furnace to go to the squcezer, it is impossible
to guard against o surplus of oxygen being present,—such is, in
fact, always the case under the present system,—a considerable
loss is unavoidable, and may be considered a perfectly normal
result of the operation as carried on in the existing furnaces.

159. Let us compare with this narration of the inefficiency
and unavoidable defects of the present furnace, the advantages
placed within cur reach by the judicious application of gas,

160. Suppose a furnace constructed as follows: let the end
of the furnace be formed of an iron box, divided vertically (and
transversely as regards the body of the furnace) into three
divisions; let the outcr one be connected with a reservoir of
gas under pressare, the middlc one with a similar reservoir of
air; let a scries of tubes (with a slight downward inclination)
lead from each of these chambers, through the inner chamber,
into the furnace; let the inner chamber be supplied with water,
to prevent the melting of the tubes or fuycres.  Since the quan-
tity of an clastic fluid, which passcs in a given time, through a
pipe of a certain dismeter, under a given pressure, is easily
ascertained, we thus possess it in our power to apportion the
yuantity of air and gas to each other with the greatest niccty,
according {o our varying requirements.

161. The pipes leading from the main reservoirs of gas and
air to the chambers of the furnace, should each be furnished with
a throttle valve, the handle of which sLbuld form the index to a
dial, graduated to 100° subdivisions; and the size of the pipes
and the valves should be so arranged, that when the indexes
pointed to the same figures on the dials, the respective quantities
of air and gas passing, should be the exact combining equivalents
of each.

162. As it would be desirable to have a surplus hesting
power, beyond that demanded for ordinary workiug, for extra-
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ordinary occasions, such as getting up the heat after the furnace
had been allowed to get cold, kec., we will suppose, that upon
charging with fresh iron, the hands of both dials are placed at
75, for the first stage of the opcration. The inclination of the
tuyeres driving the flame downwards directly on the iron, it will
be melted and brought to the proper point of fluidity, in about
half the time occupied by the present furnace, where the axis of
the draught being horizontal, and the iron lying completely
below it, by far the larger portion of flame darts over it, and
enters the flue without having at all impinged on the iron. In
fact, the difference in the mode of operation of tlr: two furnaces,
18 the difference hetween placing a body at the point of the flame
of a blowpipe, and placing 1t at the exterior of its under side.

163. The next stage of the operation—that of refining, or
derarbonization—requres a surplus of oxygen to be present, to
obtain which, the workman moves the index of the air pipe, say
to 90 (the index of the gas pipe remaining stationary at 76), and
turns on in addition, if thought desirable, a supply of steam into
the air chamber, to pass, with the air, into the working chamber.
That such a furnace would be a better instrument for refining
iron than our present onc, cannot admit of a doubt, whilst it is
cqually unquestionable that it would do its duty in less time.

164. During the third stage of the operation, a very intense
heat is required, particularly just at the latter end, whilst, at the
sae time, 1t is of vital importance—1io prevent the waste of the
now undecarbonized and exposed iron—to gnsure that a surplus
of oxygen be not present. Let the workman set the index of
the gas pipe at 95 (the”air pipe index remaining, as before, at
90),—thus guarding against the possibility of any frec oxygen
reaching the iron through imperfect mixture, by supplying a
shght excess of carburetted hydrogen,—and both conditions will
be fulfilled.

165. In short, whatever the requircments demanded by the
progress of the operation, this furnace places at our disposal the
meens of fulfilling them instantly and completely, farnishing in
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this respect, a complete contrast to the imperfect memns of
control offered by the existing furnace; nor must it be for-
gotten, that it presents us with all these advantages, at the cost
of the gaseous products of the coal, now wasted in the blast
furnace.

166. Having thus briefly reviewed the subject of puddling,
and endeavoured to show that great improvements may be made
in our present srrangements, with regard both to economy of
fuel, and the production of & superior quality of iron, I will now
offer o few observations on blast furnaces.

167. In Yhe figured which I employ with regard to the
theoretical composition of the gases issuing from s blast furnace,
usdeduced from the composition of the furl used, I shall principally
rely upon the data on the Alfreton coal and furnaces, contained in
the elaborate report on blast furnaces, presented {o the British
Association in 1845, hy Dr. Lyon Playfair and Professor Bunsen;
since the methods of eudiometric analysis resorted to by these
accomplished chemists, appear superior in accuracy to those of
previous observers. It is to be regretted that so much care in
analysis, should not have been nssociated with cqually unexeep-
tional methods for obtaining the samples of gases from various
deplhs of the furnace. A tube of only 1 inch in dinmeter, can
never be cousidered a satisfactory iest of the average compo-
sition of the gases, parlicularly in furnaces where, as in the in-
stance of the one on which they experimented, the materials are
thrown in in such lgrge masses that some of the pieces of coul
were nearly of the bulk of a cubic foot. Sce on this subject,
Ebelman, Annales des Mines, 1851. *

168. A blast furnace may be viewed as an apparatus in
which a series of chemical operations take place, vjz., that of
distillation in the upper portion, and those of cementation, reduc-
tion, and fusion, at graduully increasing depths. Certuin materials
are thrown into the mouth of the furnace, which, after undergoing
certain trunsformations effecled by their natural affinities, and
the oxygen of the blast, aided by hent, either present themselves
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in the hearth as pig iron and slag, or issuc in & gaseous form
from the top of the farnace. It is evident, that if we know the
composition of the raw materials cmployed, the changes they
undergo, and what portions of these materials are delivered at ihe
hearth, we can deduce the composition of the gases issuing from
the top, end constiluting the remaining product.

169. Observation has established, 1st, that the oxygen of the
blast is all consumed in the immediate vicinity of the fwyere;
2ndly, that in hot blast furnaces, the carbonic acid zone is of
very limited extent, this gas being found entirely converted to
carbonic oxide within about 3 fect from the point of the fuyére;
3rdly, that the coal loses all its gaseous products of distillation
much above the point al which its carbon combines with the

oxygen of the blast.

170. Each charge at the Alfreton furnaces consists of 4201bs.
of calcined ore, 3901bs. of coal, and 170lbs. of limestone; nnd
the product of iron resulting from one charge is 140lbs.

100 parts of the coal contained¥—
Parts of water

capable of bejng
heated 1° C. by
the combustible.

Carbon. . . e+ 4« . 4 . 0B4B48 516,384
Carburetted Hydrugm v - & . . 6638 99,670
Curbonicoxide . . . . . . . . . 1602 3,660
Carbonic aeid . . .. . . . 1139

Bi-Carbureited ]Iytlrur'ru c - . . . 0513 6,156
Hydrogen . . . < - . - .. 0370 13,320

- Total 639,090
Contributed by the carbonaceons portion . . 516,384

Contributed by the products of distillation . 122,706

® The coal contained, in nddition, *253 of sulphuretted hydrogen, amnd
*163 of ammonia, omitted in the text from their heating power being too
trivial to claim attention, and elso beeause the air contained in the crevices
und pores of the materials supplicd, (for the effeet of which no aliownnce i
made in the report,) must more than conuterbalance any addition made (o the
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171. Since cast iron contains 33 per cent. of carbon, there
will be 1-18 abstracted from each 64°548 parts of carbon for this
purpose, leaving 63-368 parts of carbon to undergo combustion.

172. This carbon, as has been alrendy stated, becomes con-
verted into carbonic oxide, by combining with the air of (he
blast, at a short dlshmce sbove the luyere the product being—

Nitrogen . . . . . .. . 295716
Carbonic oxide . . . . . . 147'B568

The quantity of cast iron produced by 100 parts of coal, is
35°8=34'62 of puwe iron, to effect the deoxidation of which,

heating power of the gases, bY the presence of these two substances. For

similar reasons, I have taken no account of any slight increase which may be

produced in the heating power of the escaping guses, by the change wrought

in those portions of the products of the distillation of eoal, which, from being

disenguged at s considersble depth, are subjected to a decomposing heat in

their passage upwards; and upon which modifying influence, much more

stress is laid in tie report above alluded to, than I think the subject. is

entitled to claim. It observes, *‘ the ypper layers of coal, limestone, and iron,

being cold, cuuse 8 rondensation of the water and tar, both of which drop

back upon the red hot coals in the inferior layers, and become partly decom.

posed into hydrogen and carbonic oxide gas, whilst another part of the tar

is broken up into hydrogen, light carburettcd hydrogen, and charcoal. The

portions escaping this decomposition are condensed anew by the cold layers

ubove, end finally themselves suffer change.” Now, granting that this con-

densation can take placc (which, except momentarily, with refcrence to the

materials just thrown into the furnace, I deny), since it is certain that ma-

terials cold enough to condense these vapours, on ihe one hand, and hot

enough to decompose them on the other, could not be reposing in layers in

very cluse apposition to each other, we are requircd to suppose that these con-

densed liquids trickle afd drop from stone to stome for many feet, till at
length they alight on one hot enough to effech their decomposition; perti-
naceously preserving their fluidity all the time, and refusing to vaporise,
although resting on hot bodies, and swept by = current of highly heated gus,
so imperfectly saturated with moisture, as to be capable of licking up ten
times the quantity of liquid. It may be safcly pronounced that nothing of
the kind ever does, or can, tako place in 2 blast furnace ; and if the small por-
tion of the vapour of water which finds ils way to a sufficient depth to come
in contact with ignited carbon is decomposed, as would unguestionably be the
case, & much larger portion passes off with the gnses in the form of vapour,
deteriorating their combustible value,

E
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the carboaic oxide must combine with 14:83 of oxygen, and have
25952 of its parts changed into 40-782 of carbonic acid.

173. The quantity of limestone, added to 100 parts of cosl,
contains 18-7 parts of carbonic acid, which is evolved from
the furnace with the other gaseous products, giving as a result,
for the composition of the gases issuing from the mouth of the
furnace—

Nitrogen . . . . . . . . 295716
Carbonic oxide . . . . . . . 121806
Cerbonic acid . .. . 40782
Ditlo do. (from ].lme) . . . 18700

' —_—

Total . . . 477104 added the
preducts of the distillation of 100 parts of coal.

174. Hence it appears that we shall obtain the composition
of the guses from the furnace, if, to the products of the distilla-
tion of any given quantity of coal, we add thu carbon of the
coke farmed from that coal (minus the portion entering the iron),
plus the quantity of air necessary io form with this carbon,
carbonic oxide,—plus the oxygen of the ore (which converts a
portion of this carbonic oxide into carbonie acid), and plus the
carbouic acid evolved from the limestone.

175. From the preceding data, the composition of the gases

evolved for each 100 parts of coal is found to be—
Total of each. In 100 pts.

Nitrogen . . . .. 295716 296'716 60677
Carbonic oxide . . . . 121906 123-508 25842
Carbonic acid . . . . . 59482 60621 12439
Carbonic oxide. . . . . 1602 °
From dis- g Carbonic aeid .o . . . 1-139
tillation - Carburctted hydrogen . . 6638 6638 1-362
of coal. Bi-carburetted hyﬂ.rogeu . 05613 0518 *105
\ IIydrogen . . . 0'370 0-370 ‘076

Total . . . 487366 100000
176. Since the whole of the products of the distillation of coal
escape unburnt, our task in finding the duty performed by the
fuel, is narrowed to an examination of the changes undergone by
the carbonaceous portion.
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177. 1 shall assume that carbon, in becoming C O*, develepcs
4 part of the heat developed by it in becoming C Os, this being
about thc mean of the figures given by the three observers,
Dulong, Andrews, and Grassi, (see nofe, page B).

Of the total carbon in the fuel . . . . . 64'548
There enters theiron . . . . . . . 118
Leaves the furnace as carbonic acid . . . 11'1225
Therefore discharges its full duty . . . 123025
Leaves the furnace s carbonic oxide . . . 52'2456 having apparently
discharged only & of its duty.
. » Carbon.
Faldatyof .- . . . . . . . . . 12:3025= 98,420
fdutyof . . . . . . . . . . . DB2-2455=130,821
Total . . . 237,741

178. If we subtract this sum from the full duty of 100
perts of coal, vjz. 639,090, the remainder, 401,349, shows the
duty capable of being performed by the gaseous products
escaping from the furnace. Then,

as 639,090 : 237,741 ::100: 372
whenee it appears that this amounts to 62'8 per cent., leaving
372 per cenl. for the apparent duty realised.

179. These figures differ so greatly from the statements of
Dr. Tlayfair in the report before alluded to, that I feel it
necessary to advert to the subject, the more particularly, as from
the reputation of the individual from whom they emanate,
and the authority of the publication in which they appear,
they are calculated to foster (as I know they have already pro-
duced) great delusion with reference toghis important yuestion.

180. The report says, * Hence follows the remarkable con-
clusion, that in the furnnces of Alfreton, not less than 81-54
per cent. of the fuel is lost in the form of combustible maiter
still fit for use, and that only 18-46 per cent. of the whole fuel
is realised in carrying out the processes in the furnace.”

181. Thus it appenrs that the figures given by Dr. Playfair,
restrict the duty performed by the fuel, to just half the amount

* For an explanation of these symbols, see page 85.
Ez2
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which my calculations have sssigned to it. The difference in the
results at which we have mirived, is easily traceable to the dif-
ference in the principies which have guided our mode of pro-
cedure, and to the difference in the ratio we assume, that the
portion of heat developed by carbon in becoming carbonic
oxide, bears to the full amount it is capable of furnishing, when
it uniles with 2 atoms of oxygen; on this latter point see par.
177. and note at page 5. To estimate the duty performed,
Dr. Playfair simply takes the amount of nitrogen, deduces the
quantity of oxygen which nccompanied this into the furnace as
atmospheric air, and then calculates the heat which would be
evolved by the union of this oxygen with carbon to form
carbonic oxide. It is evident that such a method altogether
ignores the duty done by the 1-18 of carbon, which combines
with the iron and descends with it into the hearth, and also the
important service towards ‘‘ carrying out the processcs in the
furnace’ rendered by the 111225 of carbon, which, in the form of
25-952 of carbonic oxide, separates 14°83 of oxygen from the ore,
and becomes converted into 40-782 of carbonic acid in so doing.
The latter process, the report observes, is attended with a thermo-
neutrality, but surely this can be no valid reason for not 1eckon-
ing it with the realised duty of the carbon. If we revive iron
by placing some iron ore in a crucible, in conjunction with char-
coal, and then subjecting the vessel to the heat of a furnace,
con any one be found to contend, that the duty performed by
that portion of charcoal which combines with the iron, and by
that other portion which removes its oxygen by combining with
it, is any less real, than that achieved by the charcoal of the
furnace, in contributing the necessary temperature? In fact,—
since the wkole of the carbon which combines with the oxygen of
the ore, is absolutely required for this purpose, and not a particle
can be dispensed with, whilst on the contrary, it might be a
quesvion whether some of the carbon in the furnace is not
burnt in furnishing superfluous heat,—many would be disposed to
accord the precederce in impcrtance and indispensability to the
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services of the former—and to deny to the function it performs,
the title of realised duty, certainly indicates a singular inversion
of ideas.

182. It may have been observed, that in treating on the
52:2456 parts of carbon which left the furnace as carbonic oxide,
I spoke of its having apparently discharged only } of its duty;
and however unexceptionable the mode of estimating its duty
adopted, may, on a superficial view appear, 1 am prepared to show,
that it inadequately represents the real services rendered by the
carbon to the processes of the furnace, and that if the various
parts played by the fliel, are separately scrutinized, and their
results analyzed with exactitude, the duty performed by the
carbon will be found to be much more considerable. Since the
whole of the atmospheric oxygen entering with the blast, is
converted into carbonic oxide at a comparatively short distance
ahove the tuyér;, affording in thiz form an ample supply of carbon
to effect the deoxidizing process of the furnace, without the
ubsorption of any uncombined carbon for this object ; and since we
know, that when we form carbonic oxide from carbonic acid, by sup-
plying the latter with another equivalent of carbon, exactly half
the amount of carbon in the product, must have previously been
in combination with 2 atoms of oxygen, as carbonic acid, we are
enzbled to pronounce that the combustion of the carbon in the
furnace takes place as follows :—Deducting the 1-18 of carbon
which enters the irom, precisely one half the remainder is con-
verted to carbonic.oxide in the zone of tramsition which must
exist between the carbonic acid zone (or zone of fusion), and the
carbonic oxide zone, where this conversion is complete; whilst the
remaining half descends before the fuyere, where, by its con-
version to carbonic acid, it furnishes the intense hent necessary
to produce perfect fusion of the refractory miuerals employed.

183. The fact, that subsequently to performing this service,
the 31'6B4 parts of carbon, in combination with 84-49 of oxygen
as carbonic acid, yields up half its oxygen to an ndditional
portion of 31°684 parts of carbon, with a grent thermometric
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loss, must not blind us to the amount of duty which it has
previously actually accomplished, and which, if it lefs the furnace
immediately aficrwards, before its transformation into carbonie
oxide, would be unhesitalingly admitted. Does it injure or
retard the processes of the furnace, in its subsequent passage
through it, that at its final exit, we curtail ils claims for services
previously accomplished? So far from doing so, it increases our
obligations for work performed, by scparating 14-83 of oxygen
from the ore, and we repay the additional service, by paring
down its duty into simply yiclding the measure of heat due to
the formation of carbonic oxide. ¢ -

184. Estimated according to 1his more accuratc and precise
view of its truc functions, the duty performed by thc fuel in
a blast furnace, will be as follows :

Of the total carbon in 100 parts of fuel =64-548

There enters theiron . . . . . . . . . . . . ., 118
Carbon (ws simple carbon) burnt to C Oz before /uyére . . 31°6B4
Consequently discharges full duly . . . . . . | . . 82864
Carbon (as C O) beromes C O, in sepurating 14'83 O., con- °
sequently discharges § duty . . . . . . . . . . 11-1225

The full duty of 32-864 of carbon iy 262,912 and 2 duty on
111225 is 59,320, making together 322,232 for the duty perform-
ed by the carbon, which sum is to 639,090 the whole duty of 100
parts of coal, as 50°4 is to 100; consequently, the duty performed
by the fuel is 04 per cent., or nearly 3-fold what has previously
been assigned to it—anl, that this is the proper way of
estimating the duty of ihe carbon, is abundantly plain and
c'ear, and once pointed out, will I think be felt to admit of no
dispute. That the duty dome by the fuel should be 504 per
cent., and that capable of being evolved from the escaping gases
€28 per cent., making together the sum of 1132 per cent.,
inay at first sight appear a discrepancy, but when more narrowly
examined, the apparent anomuly vanishes. A given quantity of
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carbon as CO,, at & temperature sufficient to convert earhon
into CO, will, by so doing, form & compound capable of de-
veloping by combustion 333 per cent. more hest than the rarbon
#o converted. In one case we have 100 parts of carbon (as simple
carbon), capable of developing 100 parts of heat; in the other,
200 parts of carbon ns C O, capable of developing 133'3 parta
of heat, according to the law that & of the whole hent capable of
being developed by carbon, are developed when C O becomes
CO,. Inthe case of the blast furnace before us for considera-
tion, the diffcrence will be, the difference between the heat-
developing pewer of *31'684 of carbon (as simple carbon)
converted to C O,, und 63:368 of carbon (as C O) converted to
C0O,=B84,490-66 units, nnd 639,090 is to 84,490-G6 0s 100
to 13-2 —the amount of overplus.

185. Supposing 100 parts of cwibon bnrnt to CO, ina
vommon reverBeratory furnace, and the full duty thus obtained
applicd in the most advantugeous wamner to the processes of
the furnnce—suppose further, that instead of the produets of
combustion being discharged at onec into the atmosphere
through the stack in the ordmary way, they are passed through a
shaft filled with carbon, where they combine with another 100 parts
of carbon, and thus become converted to CO.  What would be
said to a plan for cstimating the duty of the fuel, which took the
gaseous products discharged us C O, found them to be capable
of generating 133-3 parts of hewt, awl hence affirmed that the
duty previously performed by the ful in the furnace, must be
only 666 per cent.  Everybody would in this case cry fallacy ;
yet, as far as the principle involved ® concerned, the procedure
presents an exact parallel to the mode of estimating the duty of
the fuel in blast furnaces, adopted in the report before alluded
to, with the exception, that in the case of the latter, the fuel still
performs additional services afier its conversion to carbonie
oxide, making the inaccuracy so much the greater.

186. Although we have found the amount of duty per-
formed by thefuel in blast furnaces to bemuch more satisfactory than
had previously been stated, amounting to 504 per cent. instead
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of only 1B'46 per cent., yet the heat capable of being realised from
the escaping products, amounting to 628 per cent. on all the fuel
consumed, is still a loss which it would be most desirable to
curtail, either by diminishing the consumption, by increasing the
duty of the fuel, or by turning the waste products to some
useful account.® Their value as un article of fuel, depends less
upon the whole quantity of heat they are able to afford, than
upon the femperature they are capable of generating, since it is
this which must determine to what objects they arc applicable,
and the extent of their sphere of practical ufility. To ascertain
the temperature capable of being attaintd by the'éombustion of
these gases, we must determine their heating power from their
composition, and then ascertain the specific heat of the products
resulting from their combustion.

No. of deps * '
oiwiter Dite
C iti ol water Result of | Bpecifi
R T A S Pk
the rom-
bustibles.
N 295716 652'18 N 689644 | 27
CO, 60621 274'67178 CO,| 29:0344 | 22
. o [194:084 CO
00  |123508| 282215% {07006 N *
14'9355 HO
H, C 6638 99670° 18'2546 CO,| 18'925 11O | 2:0012]| 'B47
929320 N
0-65957HO .
I,c,| o518 6156"{ 1-61228C0,
£i166 N
R c 3-330 HO
n 0370 13320%{ 10535 N
Totals 437‘366[ 401261° 04567678 (1000000 267
Then —_ 401261 =1589° C. or 2900° Fahr. the temperature

“945°676780°207
* For particulars of the best methods of taking the waste gases from
- blast furnaces, see an sble paper on this subject by Mr. S. H. Blackwell, in
the Proceedings of the Inatitution of Mechanical Engineers, for October, 1852,
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these gases are theoretically capable of yielding on combustion,
This degree of heat is amply sufficient for raising steam, heating
the blast, manufacturing gas and coke, burning bricks or lime,
and s variety of other operations®, but is not adequate to be em-
ployed with advantage for the manufacture of iron, as was once
supposed,—an erroneous idea, which has led to the waste of much
capital in abortive experinents, the success of which, a more
accurate knowledge of the subject, would have seen to have been
a priori impossible. In the report before alluded to, it is stated
that the temperatur® capable of being atteined by the combustion
of these gasesds 3,083%y that by using a blast sufficiently heated,
this could easily be raised to 3,632°; and that since cast iron

* I believe onc of the most feasible und practically useful applications of
the heated gases, would be the desiceation of the wir with which the furnace
is supplied, which might be cflccied by their ageney in many ways. The
injurious effect and loss, produced by the moisture in ihe air in hot and damp
weather, being mech grester thun is commonly suspected. To wttain this
objeet, let two beds of muriate of lime be prepared, each resting on & tubalar
won grating, or coil of pipe, let the air for the blast cngine be drawn through,
or vver, these beds nlternately, andin the intervals, let a portion of the heated
gases, or, if necessary, o portion of the products of their combustion, be
passed through the roil of pipe of the bed not in use. So may the blast
furnace be conslantly supplicd with desicvated air at a trifling expense, and
its operntions be rendered indeprndent of atmospheric vicissitudes. The
result would be a saving of fuel, an increase in yield, and an improvement in
the quality of the iron; in fact, n making constant, that state of advantageous
working, which now exists only for a few wecks in each ycar during the
frosty weather of winter.

Air saturated with moisture contains ai —

Degrees  Grains of water Degrees  Grainsof water Degrees  Grains of water
Fahr.  in each cubic It.  Fahi. in each culjc it. 1'ahr.  in each cubic ft.

0 . . 111 40 . . 309 7 . . 8
20 . . 158 50 . . 428 80 . . 1081
30 . . 221 60 . . 587 90 . . 145

Now, 4000 cubic feet o air per minutc—240,000 cubic feet per hour=15,760,000
cubic fect per duy, is 8 common quantity for s blast furnace to consume, and
therefore, if we suppose the state of saturation of the air to be 76, such a
furnace will receive per day in the air of the blast, 1364 lbs. avoirdupois
of water, when the temperature is 30°, nnd 4,937 Ibs, or nearly four times
the quantity, when tke thermometer stands at 70°

E?
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melts at 3,192°, it follows that the gases, when burned with hot
air, would yield a temperature more than sufficient to melt iron.
Yor the futility of the use of hot air for such an object, I refer the
reader to the remarks on aéfenualed flame, pars. 110 and 112.
In the next place, the temperature atfainable by the gases is over-
stated, and that required for melting cast iron understated, the
most relisble observations, those of Daniel, fixing its melting point
nt 2,786°. However, the very fact of therc being w difference of
600° in the melting point assigned to cast iron, by different
observers, shows how unsatisfactory are arguments founded on
such theoretical deductions, when compared with ihe very con-
clasive evidence on the subject lying open before us, in the
results attending the use of coal. Now we find that coal, the
heating powers of which are vastly superior to the gases, only
just generates sufficient heat for the processes of iron making; any
impairment of the heating power of the furnace. from atmospheric
vicissitudes, or errors of cronstruction, being at once followed by
deterioration of its working capability, and waste of iron. And
when it is considered that 1 cwt. of iron is worth more than a ton
of coal, it will be readily understood, that saving the latter at fhe
expense of the former, is, as regards the pocket of the manufacturer,
the saving of a negative quantity. The fact is, that to estimale the
temperature we practically attain in our reverberatory furnaces, we
must deduct from 20 to 25 per cent. from the theoretical value
of the fuel, to allow for the imperfect combustion of the
gases on the one hand, or the excess of nir on the other;
for when it is reflected, that the mixed stream of air and
gnses, darts through a *reverberatory furnace with a velocity
of 40 feet per second, passing through the working chamber of
a puddling furnace in about } of a sccond, we have no difficulty
in understanding, that unless a prejudicial excess of air be ad-
mitted, some portion of still uninflamed gas must pass into the
region of the flues. In steam boiler furnaces, where an excess of
air is not so injurious, it is found advisable to admit % more air
than the combining equivalent ; for though the excess of uncom-
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bined air thus nccessarily constantly passing off, must rob the
furnace of » great deal of heat, yet it is found, that if it be
attempted to lessen the quantity, the result is injurious; the
diminished amount of combustion that ensues from the incressed
quantity of gas which passes off unburnt, producing & greater
loss of heat, than that previously abstracted by the excess of air.

188, The practical value of the furnace gases for fucl, is
much diminished in those localities, where, as in some parts of
Staffordshire, a superabundant supply of slack (found in getting
the good coal) can e obtained for burning under the steam
boilers, at areelmost neminal price, from its insufficiency for
other purposes.

189. In those cuses where, from the nature of the ore or
fuel, or both combined, cconomy requires the use of the hot
Dblast, and the quality of the pig metal resulting, becomes much
deteriorated in *ronsequence, it becomes u queslion descrving
attentive consideration, how fur subjecting the iron to some
intermediate treatment between the blast furnace and the pud-
dling furnace, may not be desirable,—some process which should
effegt cheaply, and at little loss beyond the removal of the actual
impurities, what is now accomplished with such a great waste of
iron and fuel, in the almost obsolete refinery. It appears to mc,
such o desideratum might be attained, by the mclted metal on
issuing from the blast furnace, being filtered through a bed of
ignited charcoal, the pores of which had been charged with
fluxes of such a characier, as to form with the impurities con-
tained in the iron, & neutral cinder. In the present refinerv, no
artificial flux being used, if silicon is @resent, it is separated at
the expense of a loss of iron, forming as fast s it is oxidized,
a silicate of the protoxide of irou, for want of having n stronger
base presented to it. After being refined, the iron should be
transferred still melted to the puddling furnace, to receive its
fibre; for unless some benefit can be shewn to accrue to the
process, from the iron being allowed to cool, compelliug an
expenditure of fucl for its re-melting, such unnecessary waste
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should be avoided : in short, the requirements demanded by a
rigid economy of fuel, can ncver be fulfilled, till the period
arrives, when the iron will not be allowed to cool, from the time
it issues from the blast furnace, till it passes the rolls, a puddled
bar.

190. I shsll doubtless be told, that such refinements and
niceties as I propose to introduce, are unnecessary superfluities.
This however is the language of ignorance and slothfulness, for
improvements are never superfluous to any other eyes. The
machinery of a cotton mill is doubtless a ‘prodigiously compli-
cated apparatus, when compared with = distaff+&nd spinning-
jenny, but then its results are more than “ prodigiously™ greater.
In short, the whole question is one of degree; and where the
advantages to be obtained, greatly preponderate over the trouble
incurred by the additional appliances necessury for their attain-
ment, it rests not in the power of ignorance ‘and supineness,
to prevent their ultimate adoption. It is unquestionnble, that
the manufacture of iron has hitherto borrowed less from science,
and is in a ruder and more barbarous state, than our other manu-
factures, and it is equally unquestionable, that such a state of
{hings will not be allowed to continue. Why are *‘ refinements
and niceties,” introduced, carried out, and adopted, in other
departments of production? Is it to gratify a longing for the
ideal in those engaged in them, or as u question of £. 4. d. 2
In short, when we view the keen spirit of enterprise and
competition which leads manufacturers in other departments, to
seek to increase their profits by every expedient for cheapening
production, which the irffproved chemical and mechanical know-
ledge of the day places within their reach, it is puerile to suppose
that the iron trade is to prove an isolated exception to a gene-
ral rule, and remain exemptied from the operation of the same
principles. The shadow will not tarry on the dial for the slug-
gard, and those who will not read the signs of the times, but
choose to persist in working by the rule of thumb, will be taught
its insufficiency by their balance sheets.
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EXPLANATION OF THE SYMBOLS USED IN THE DIAGRAMS
AND TABLES WHICH FOLLOW.

The essence of a chemical compound is, that its constituents
always bear a definite proportion, by weight, to each other; and
the most important discovery in modern chemistry has been the
law, that bodies unite only in these definite proportions (termed
their atomic weights), or in simple multiples of them.

Thus the proportions, by weight, in which oxygen and
nitrogen combine with each other, and with all other substances,
are B parts of the f8rmer and 14 of the latter.

Atoms. Weight. s Atoms. Weight. ::nl:l‘ll:
2 nitrogen 28 are present with 1 oxygen 8 in atmospheric air .. 36

1 » 14 combined with 1 » 8 forms nitrous oxide .. 22
1 n 14 " 2 » 16 forms nitric oxide .. 30
1 » 14 n 3 » 24 formshyponitrousacid 38
1 ” 14 ” 4 n 32 forms nitrous acid . . 46
1 [] 14 * ” H » 40 forms nitric seid .. . b4

and no compound with intermediate proportions can exist.

Chemists have agrced, that the first letter of the names of
the elementury bodies, shall designate, not only the elementary
boty, but also one combining equivalent, by weight, of such
body. The ntomic weights of hydrogen, oxygen, nitrogen, and
carbon, are 1, 8, 14, and 6, respectively.

II designates thereforc, not merely hydrogen, but 1 part by weight, of
hyirogen.

0 not merely oxygen, but 8 parts by weight, of oxygew.

N 14 parts, by wejght, of nitrogen.

C 6 parts, by weight, of carbon.

CO  one equivalent of each of these bodieg; that is to say, 6 parts, by
weight, of carbon, and 8 parts, by weight, of oxygen, constituting
carbonic oxide.

CO, one equivalent of the former body and two of the latter; that is to
say, 6 parts, by weight, of carbon, and 16 parts, by weight, of
oxygen, constitating carbonic acid.

110 1 part, by weight, of hydrogen, and 8 uf oxygen, constituting waler.

M, C 2 parts, by weight, of hydrogen, and 6 of carbon, constituting carbu-
retted hydrogen, .

H, C, 2 parts, by weight, of hydrogen, and 12 of carbon, conslituting bi-
carburetted hydrogen. :
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86,000°, the heating power given in the annexed table to
hydrogen, is that essigned to it by Crawford. Audrews assigns
7,900° for carbon; but inasmuch as the heating power actually
obtained by experiment, is more likely to be below, than above
the real value, I have taken the liberty of calling it 8,000, and
with the less hesitation from the fact, that the actual amount of
water recently evaporated in steam boilers by 11b. of carbon-
aceous coal, leaves no doubt on my mind, that even at 8,000
its heating powers gre understated. In short, on theoretical
grounds, I thlnk it not unlikely but that the total heat re-
sulting from its (3 combinalion with 2 atoms of oxygen, is not less
than 12,000%, of which about 3,000° becomes latent in effecting
the gasification of the carbon, leaving 9,000° for free heating
power. On this view of the case, the total calorific effect pro-
duced by its combustion, would have the sume relation to that
developed by hydrogen (1 to 3), as the quuntlt.les of oxygen
with which they respectively combine.

Lord Dundonald, in a new and superior pattern boiler of his
own construction, has evaporaied 12-91bs. of water from 100° with
1lb~of Llangennech coal, composed of 8546 of carbon, and 4-20
of hydrogen. Assuming the carbon to have effectcd 8546 per cent.
of the evaporation (not an over estimate when the greater ten-
dency of hydrogen to form smoke is considered), and we get 11b.
of carbon evaporating (in practice) 12-91b. of water. Say water
at 100° F, requires the addition of 600° C to convert it into steam
of atmospheric pressure.

Then estimating the heating power of carbon at B000° we get
B000--600=131lb. of water, theoretically evaporated by 1lb,
of carbon, and estlmntmg the heating power of carbon at ¥000°,
9000+600 =151bs. of water theoretically convertible. Now
considering that in practice there is necessarily a certain amount
of loss through imperfect combustion, radiation, and the current
of escaping gases, I am of opinion that we can never expect to
realise mpre than from B0 to B5 per cent. of the theoretical
value. Now 12-9lbs. of water evaporated by 1lb. of cmbon, is
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at the rate of 86 per cent. ou a duty of 15lbs. and therefore I
am of opinion, that the theoretical duty of carbon cannot be less
than this sum, and consequently, that its heating power should be
considered 9000° instead of 8000°,

Reaumur’s thermometer, divides the interval between the
temperatnres of melting ice and boiling water, into B0 ; that of
Celsius, now commonly called the centigragle (the use of which
is become universal in the scientific world), into 100; and that
of Fahrenheit, into 180 equal parts. The first two, place the
zero at the temperature of melting ice; Fahrenheit 32° below
the melting point of ice. 9°F.=5°C. ='4°R.

1° centigrade = 1'8° of Fahrenheit; but since zero, on the
centigrade, commences at 32° Fahrenheit, in converting' the
degrees of one thermometer into those of the other, a correction
must be made for its different position. 1f the degrees be +-
to convert centigrade to Fehrenheit multiply by 1'8, and add 32
to the produrt.

Clement and Desormes, place the absolute zero at — 2668 C.
= — 44178 F., from the circumstance that alr at zero espands
or contracts) for each degree C. of héal added (or subtracted)
557> and therefore that at —286-6 C. there can be no further
diminution of volume, and consequently no further abstraction
of heat. This view must however at present be regarded as
conjectural. -
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SECTION X.

ON THE QUANTITY OF HEAT IN STEAM AND ITS ECONOMIC'
APPLICATION.

191. TILL a very recemt ppriod, the total amount of heat in
(saturated) steam has been always supposed to be a constant
quantity, whatever its elasticity and temperature. This doctrine
entailed as a uorollarx, the existence of a law, that the quantity
of heat existing in a combined or lateni slate, varied inversely
with the _quanmy present in a free state, in such a proportion
that the sum of the two was always the same. Therefore it was
said, that the quantity cxisting in a combined state increased ns
the pressure on the vapour diminished, and its temperature
consequently fell; whilst, on the contrary, the quantity of the
free or uncombined hent increased as the pressure increased, and
the temperature became augmented ; so that, *“in a vessel whose
sides would permit neither ingress or egress of heat, saturated
vapour of water at 212°, might by enlargement of the space, be
conterted into cold (saturated) vapour of low tension, and by
continual narrowing of the space, into very hot vapour of high
tension, without any liquefaction taking place in the latter case
(unless the space were to become too small to allow of the water
existing in the gaseous state).”

192. Estimating the latent hent of steam at 100° C,=212°
Fahr., as equal to 560° C,=990° Fahr., and the free heat as
equal to 100° C,=180" Fahr., accordingto the preceding theory,
we have

In vapour of  Free heat. Latcnt heal. Sum.
0°C. 0°C. 650°C. 650°C.

50 50 600 650

100 100 550 650

150 150 500 650

200 200 450 660

250 250 400 6560
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193. The preceding law is known as Watt’s law; and is
that which has always been, and continues to be, adopted by
. engineers, a8 the basis of their calculations. Southern, on the
contrary, advanced the doctrine that the lafent or combined heat
of steam is always a constant quantity, end consequently that the
{otal smount, increases or diminishesppari passx with the tempe-
rature. The recent elaborate researches of Regnault have at
length conclusively settled the question, and shown that neither
of the two preceding theories is correct, but that the truth lies
between them—Watt’s theory however, involving the smallest
amount of error, when practically applied to tH€ steam engine.
Watt denied therc was any increase in the total quantity of heat
in steam, as the temperature became sugmented. Southern
asserted that the whole of the augmentation in temperature, was
50 much heat added: Regnault has now determined that 305
per cent. of the augmentation, is due to an addition of heat—the
remaining 69'5 per cent. to heat that was previously latent, be-
coming free (upon the diminution in the volume of the steam con-
sequent upon the accession of pressure).

194. Begnault finds that the relation between the <otal
quantity of heat in steam, and the temperature, may be repre-
sented within the limits of error of experiment by A=A + B¢,
and he obtains for A and B, the values A=6065, B=0-305,
so that the formula for calculating the total heat in steam at
different temperatures, becomes

A=606'5+0"3057.

1n vapour at  Free heat. Latent hcat. Sum.
0°C. oc. 606-5°C. 606°5°C.
50 50 5711 621-7
100 100 537 637
150 150 502-2 6522
200, 200 4675 6675
250 250 43025 6827

195. It is not a little surprising, that a question which lies so
complelely at the foundation of the economic spplication of
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steam, should have remained so long so imperfectly determined.
The fact shows more forcibly than words, the chasm which has
existed between the pursuits of the man of science, and the occu-
pations of the practical man ; and it may be safely affirmed, that
each year since Watt's first experiment, more thousands have
been wasted from imperfegt knowledge, than it would have cost
pounds to have set the question at rest for ever, by a series of
the most elaborate experiments, conducted on the most extensive
scale. The question affected the elements of mational wealth,
snd the resources of Ringdoms—was notoriously in dispute, and
equally notoriowsly within the reach of positive determination,—
yet has tlfis pre-eminently steam-power-using nation, allowed its
solution to remain in abeyance fifty years; and it is at last to
the superior cnlightenment and liberality of the French govern-
ment in matters of science, that mankind are indebted for its
settlement. v

196. One important consequence deducible from Regnault’s
law is, that when (saturated) steam of high temperature, and
pressure, is allowed to expand, (without the presence of water) it
hecgmes sub-saturated or super-heated steam, and as a conse-
quence, possessed of an elasticity greater than that due to its
density, in proportion to its excess of free heat; a fact which
evidently most materially increases the benefit to be derived from
working stenm-engines expansively, and shows us that hitherto
we have under-calculated the gain aceruing from this pro-
cess. Thus, the quantity of heat in steam of 68 lbs. pressure,
and 150° C.=302° Fahr. temperature, is 27-36° Fahr. more than
that in steam of 15 lbs. pressure and 100® C.—212° Fahr. tempe-
rature. Consequently, if steam of the former kind, be expanded
through a space, which should according to the old law, convert
it into stenm of the latter, it becomes in reality sub-saturated
steam, with a temperature of 244-3°, and possesging en elas-
ticity* of nearly 18 lbs.

® Till recently, it was believed thai oll gases und vapours expanded
equally, for equal increments of temperature, which wae variously stated as
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197. Another point in which Regnault’s law comes in con-
tact with the question of the economical application of steam,
and, modifies in a minor degree, those data on which engineers
have been accustomed to rely, is the question of the economy of
high pressure steam per se (i.e. irrespective of expansion). When
the tempcrature of water, or any other volatile substance, is
raised, the fension of its vapour increases in a much higher ratio
than its densify, because the odditional heat not only increases
the tension by generating wore vapour, but likewise increases
the expansive force of the vapour already formed. The higher
the temperature, the greater the difference, and cbnsequently the
ndvantage, of high pressure stcam-engincs, assuming the heat of
steam to be a constant quantity. Now, although this nssump-
tion is erroneous, yet the incrcase in clasticity consequent upou
an increase of {emperaturce, much more than counterbalances the
increase in the total quantity of heat, so that high pressure steam
still preserves its advantages of a higher tension, in proportion
{0 the heat required for its generation, though not to the extent
that was formerly supposed.

L
from g}th 10 ;3th of their bulk al 32", for each degree of Fahrenheit.
Muncke however long ngo stated, that vapours heated 1o their builing point,
cxpond much more strongly than air; and Regmault has now established
{hat the law, that all gases have the same co-efficient of cxpausion, is “irue
in the Timit only ; that is to say. it nccords morc and more nearly with the
results of observation, in propertion as the guses arc in u more expanded
state.” The expansion nssumed for steam in the text, is taken from a table
by Mr. Charles W. Siemens, published in the Proceedings of the Institution
of Mechaniral Eugineers, for "une, 1652. According to this table, saturated
steam ot 212°, when heated out of contact with water, expands under
constant atmospheric pressure as {ollows—

Amount of D:greaa
expansion. Fahr.
‘1 by thu addition of 7"
-2 ” 3 50

” ” 75n
” ” 120°
” ” lesu

R
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108. In the following table, column A shows the quentity of
heat or fuel required to produce a given mechanical effect, at
different temperatures and pressures, calculated according o the
old view; "“that the heat in steam is & constant quantity;” whilst
B is column A corrected, to sccord with the more precise ob-
servations of Regnault,

anl.mle|
5- Total Tempe- Pres- ':ﬂ ; Actual ?:::l't_y
E (T ks sfe o Wbl ol ponding| A | B.
- ofthat pro- ticity.
- duced it.
1146'8| 212'8| 15 1669 | 100 100 100 100
11 B[ 1158.6| 251'6| 30 883 | 189 200 94°5 95-472
194/ 1166°2( 2764 45 610 | 273'G| 300 01-2 92:742
25-2(1172 20561 6O 470 | 355 400 B8'76 907
30 |1176-8 811-2| 75 883 | 435°7| 500 8714 89419
36.4) 1183-2| 332 100 295 | B65'7| 6G66'6| 8486 87563
406 1187-4| 3458 | 120 261 | 665 800 B3-125 | B6-067
45'9| 1192-7| 3634 | 150 205 | 814 (1000 814 B4-657
53°% 1200 | 387-3 | 200 158 1066 1333 79-22 82-893

199. Much attention being excited at present to the subject
of air engines, and the supposed probability of their superceding
steam engines, as offering a larger return of power in proportion
to the heat expended, a slight analysis of their relative powers
und capabilities may prove interesting.

200. Under a pressure of 30 inches of mercury, = 147 Ibs,,
1 mensure of water, yields 1,700 meashres of vapour at 212°
nccording {0 Guy Lussac, and 1,728 according to Dalton. We
will assume the latter number, since it offers the convenient and
easily-remembered ratio, of 1 cubic inch of water, forming 1 cubic
foot of steam. .

201. 1 cubicinch of water at 60°, weighs 2525 grains, there-
fore the addition of 1,118° of heat to 252'5 grains of water at
60°, will produce 1 cubic foot of expansion under an stmospheric
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iressure of 30 inches of mercury,= 147 lbs. raised 1,728 inches,
= 144 feet.

202. 1 cubic foot of atmospheric air at 60° barometer ai
80°, weighs 536 grains; and since air at 60°, expands x4 for
each degree, the addition of 508° to 536 grains of air, will
produce 1 cubic foot of expansion under an atmospheric pressure
of 30 inches of mercury, = 14-7 Ibs. raised 1,728 inches =
144 feet,

203. The quantity of heat required to raise 252'5 grains of
water 1,1187, = the quantity required to ra.se 2526 x 1,118=
282,296 grains of water 1°, (and since *he specific heat of air to
water is ‘25 to 1), the quantity of heat required to -aise 536
grains of air 508° = the quantity required to heat 3¢ x 508
= 68,072 grains of water 1°.

204. Then 88°12X100 — 94.11, shewing that 24 per cent.
of the quantity of heat required to produce a cubic foot of
cxpansion, (under atmospheric pressure, with the barometer at
30° and the thermometer at 60°), by the conversion of water
into steam, will produce this effect when applied to expand air.

205. So far, the balance of ndvantage would appesr to lie
on the side of heated air, in the proportion of 4 to 1, when
compared with steam as a moving power ; but there remain two
most important considerations to be examined, which not only
turn the balance the other way, but to such an extent, as in my
opinion to render it in the highest degree improbable, that heated
air can ever become an edvantageous substitute for steam, as a
prime mover.

206. The first great”Irawback to the use of heated air, is the
small amount of its expansion. Water, we have seen, expands
1,728 times; so that to obtain a volume of expansion of 1 cubic
foot, we have only to force into the reservoir where the expansion
is effected, (i.e. the boiler) & volume of 1 cubic inch., Now,
could we obtain air in any similarly condensed and manageable
form, yet, retaining its present small eapacity for heat, it would
stund on u totally different footing, from thit which it actually
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occupies. Even at 568° however (which is probally above the
temperature at which it could be practically used with advantage
in a cylinder with air-tight piston), its volume (at 60°) is only
doubled ; consequently, for every volume of heated and expanded
air which develops power as it escapes by the working cylinder,
half a volume of cold air must be forced into the reservoir where
the Leating and expansion are accomplished, by the supply cylinder,
—an operation which at once consumes half the theoretic power
of the cngine, plus the friction of the supply cylinder with its
valves end appendages, and increases its cousumption of heat for
duty done, to considerably more than double—say from 24 to 60
per cent., as compared with the steam engine.

207. The serond great dissdvantage under which an air
engine labours, may be said to be included in the first. It is
this,—that the s}nnll degree of tension it is possible to employ,
from the Limit placed by the question of temperature, not ouly
virtually precludes the cmployment of the principle of working
expansively to any extent, but also entnils the necessity of
emploving cylinders of an enormous and unwieldy size, in pro-
portion to the power obtained. By culting off the stcam when
the piston has made }th of the stroke, its duty may be increased
more thin three-fold, reducing the consumption of fuel to 33
per cent. Now, even supposing (what I believe to be prac-
tically impossible) that working cxpansively might be carried
sufficiently far in the air engine, to reduce its consumption of
fuel from 60 to 33 per ccnt.—thus placing it on a level with
the steam engine, with regard to cousugnption of fuel,—in pro-
portion to the amount of pressure obtained on the piston; the
steam engine would still possess an immense preponderance over
its antagonist in practical utility und convenience, on account of
the huge bulk of the latter,—an air engine requiring its working
cylinder to be from 10- to 50-fold the aren of thil of a steam
engine, together with a second cylinder, as supply eylinder, about
two-thirds the size of the first.

208. This is stated to be the proportion between the
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cylinders in the marine air engine of Captain Ericsson’s, which
now excites so much attention, whilst thc tension obtained is
said to be 9 Ibs. Bince two-thirds of this, exclusive of friction,
will be absorbed in working the supply cylinders, we can scarcely
calculate the effective pressure at more than 14lb., necessitating
the use of cylinders of Brobdingnagian dimensions ; and notwith-
standing the new and important principle Captain Ericsson has
called to his aid, in his highly ingemous caloric regenerators, the
steam engine possesses at least an equivalent in the condenser;
and I feel satisfied that if tested, this engine would have to yield
the palm for duty performed, comparéd with fuel consumed,
to our best Cornish engines. :

209. In short, there is not at present on the horizon the
faintest dawn of the appearance of any mode of generating force,
calculated to compete with, much less t6 supersede, the steam
engine. Whether a time may ever arrive when we may be able
to concentrate, and economically cmploy, the immense eurrents
of thermo-electricity which we know must result from the action
of the sun’s rays und the rotation of the earth, and thus obtain
a supply of power us costless as a running stream, the wind, or
the tides; yet without the intermittent character which interferes
with the practical application of the two latter, is n question at
present purely problematical, and no earnest of future success
has yet been obtained. Electro-magnetism, from which once
(from imperfect knowledge) much was expected, is now tho-
roughly understood to be a far morc costly mode of ohtaining
power, than thc combustion of coanl. Ileat, electricity, mag-
netism, chemical affinity, force, are all equivalent to each other,
according to ratios which arc fixed and unalierable. The atomic
weight of carbon is 6, that of zine 32: 11b, of carbon will
develop more heat, and consequently more force, than b lbs. of
zinc; whilsts weight for weight, the cost of the former is to the
latter as 1 to 50. On this subject Liebig aptly observes, it is
highly probable, that if we were to burn under the boiler of a
steam engine, the quantity of coal required for smelting the zine
from its ores, we should produce far more force, than the whole
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of the zine so obtained could originate, in any form of nppmtus
whatever.”

210. The practical inference to be drawn from the preceding
considerations is,—that the improvement of the steam engine—
the means of obtaining from it a greater return of duty, in pro-
portion to the fuel expended—is one of the most important
subjects which can engage the attention, and occupy the energies,
of a manufacturing and commercial people.

211. ’lllat gresy advances can, and will be made on our
present nc}uevements, monc can doubt, who have examined and
compared for themselves, its theorctical capabilities, with its
present performances. The direction in which an incrense of
duty is to be sought, is, in my opinion,—1st, by using steam
of a higher pressure ; 2ndly, by applying heat directly to the
cylinder and gtcam pipe. Both of these expedients have an
eronomic value per se, aud both contribute to increasc the ad-
vontages of working expansively, not only by imparting to this
system o higher value within a given range, but also by increas-
ing the range to which it may be beneficially extended, by lessen-
inB the disparity betwecn the imitial, and terminal pressures of
the steam.

212. If we use steam of 90 Ibs. pressure, and cut off at }th.,
and by the application of heat, keep the cylinder at u {iemperature
which will ensure its not abstracting any heat {rom the steam, then,
at the termination of the stroke, instead of atmospheric steam
of 151bs. pressure, we shall have atmospheric steam 4 34°,
or, in other words, sub-saturated gteam of 18 lbs. pressure.
Now, 181bs. is only 1th of 90 lbs., so that in reality, we realize
the effect of cutting off at 1th, not only with respect to the
amount of disparity between the initisl and terminal pressures,
but also as regards the sum of the duty donme. If, on the con-
trary, (using ihe same pressure and degree of® expansion,) a
portion of the steum be allowed to undergo condensation in the
cylinder, the result is, that at the termination of the stroke, the
pressure becomes reducerl to 13 1bs., or even less, diminishing in

F 2
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reality the performance of the engine below that mssigned by
theory to cutting off at }th. In short, to equal the pressure on
the piston obtained by cutting off at 1th, where the application
of heat to the cylinder prevents the abstraction of any from the
steam, (equalling a terminal pressure of 18lbs.), in an engine
where this precaution is neglected, it would be necessary to cut
off at about }th. Now, the difference in the consmnption of
steam or fuel, between cutting off at 1th or }th, amounts to 33-3
per cent, and I belicve this to be by no means an exaggerated
representation, of the relative economy of the iwo s'ystems.

213. In short, whenever engines nre worked expansively,
(and all are, or should be), and more particularly condensing
engines, heating the cylinder should be deemed a sine qui non,
and to neglect doing so, nn acl of comsummate folly, inasmurh
as it is a wanton sacrifice of 30 per cent. of usefu} effect, when no
obstacle exists in the way of its attninmeni. What mokes such
remissness the more unpardonable, is the fact, that the advan-
tages of the system have been practically demonstrated and pro-
claimed in Cornwull for twenty years past; whilst the expla-
nation of its mode of action, was made clear by the publication
in this country, in 1848, of the researches of Regnault. Extra-
ordinary however as such a statement may seem to the reader, I
believe it to be a fact, that there is nol at the present moment,
either in the Royal Navy, or the mercantile marine, a single
steamer fitted with nny apparatus for heating the cylinders, and
s R necessary cousequence, all their attempts to carry the prin-
ciple of working expansively, beyond the narrowest limits, prove
abortions.* The cause of this singular supineness must be

* At a recent trial of onc of Her Majesty’s screw steamcrs, constructed
with four cylinders, for the express purposc of better obtaining the economy
due to & considernble extent of expansive working, it was found 1hat a better
effect was obtainel by using ouly two cylinders, and cutting off at half stroke,
than by using the same quantity of steam in the four cylinders, and eutling off
at oue-fourth, although theorctically, the result in the latter case ought to
have been nearly 50 per cent. more. The cause of the anomaly was obviously
the greater proportional condensation of the steam by the four rylinders, than
by the two, and the resull night have been predicted.
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sought in the fact, that the manufacture of steam engines is
regarded too much from a commercial point of view, by those
engaged in it; whilst the want of knowledge of the subject in
those who order, and pay for them, places them entirely in the
hands of the makers.

214. The following calculation of the theoretic capabilities of
the steam engine, is interesting and instructive, and likely to be
of utility, by begetting that faith in the success of efforts for its
improvement, which is the parent of enrnest endeavour.

215. I shall first estimate the theoretic power of an engine
worked with #n initial fressure of 150 lbs., cutting off the steam
at ;15th of the stroke. Next, of an engine worked with an initial
pressurc of 90 lbs. cutting off at }th® of the stroke. In both

* T believe the time will come, when it will be quile an exceptional case,
for an engine {o be worked et a lower pressure, or at a lower grade of ex-
pansion than this, for the simplc reason, that there is nothing to prevent this
degree being generally used, and therefore, that o employ less, will be
regarded as sacrificing cconomy without an objeel. The ignorance which
prevails on this subject at present is guite extraordinary. Thus, in the Jury’s
report of Class V. of the Greal Exhibition of 1851, we are told, with referenco
to @ French steam engine otherwise commended, *“ The high pressure (751be,
per square inch) at which it is proposed to work this engine, is however to
be depreeated, as attended with great risk, and witk great loss, by reasom of
the high temperature.” 1t is to be regretted that a reporter on the subject
of steam engines, should have been unacquainted with the fact, that the Curnish
engines, which greatly surpass all others in cconomy, habitually usc steam of
761be. pressure, and often abuve ; whilst, with regard to the frequency of ex-
plosions, they present a marked end happy contrast, to what appears to be
the rule in other paris of the kingdom. In trenting of rotary engines, the
sune report informs us, that ** thauks to the more gencral diffusion of infor-
mation in mechanies, praclienl men now know, that there is no more possi-
bility of increasing the work of an cugine, by merely altering the direction of
the motion of any of its workiug parts, thau there is of increasing the quantity
of water which a reservoir will supply, by varyiug the pipes which serve to
distribute it.” Thus we are required {o belicve, on high aughority, that there
is no loss of momentum (=power) from the arrest and reversal of motion,
inseparable from all reciproeating engines. Forlunately, the simple instincts
of most men will suffice to prevent their being indoctrinated with such an
sbsurdity.
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cases the internal surface of the cylinder to be preserved at the
temperature due to the initial pressurc of the steam, so that at
the termination of the stroke, no heat shall have been abstracted
from the steam by the cylinder, but on the contrary, a slight
amount added. The theoretic values thus obtained, I shall then
compere with the actual performances of our present Cornish and
marine engines.

Ib=.
Steam of 1501bs., cut off at J}5ih., will rxert a mean pressure of 498
Allow 10 per cent. for increase in elasticity, from eteam be-
coming sub-snturated, with 46° surplus heut and ntensmn} = 495
of 18°5 lbs. at the end of the stroke .
Total ., . . 66°456
Ibs. 1bs.
6645 x 144 =9568"8 raised 1 foot, by 1 cubic fout of atmo: pheric stcam + 46”
of heat.
wvol, of

Ibs.  gteam,
5688 x 1660 =15,970,327 raised 1 foot, by the ronversion of 1 cubic foot
of water, into steam of 150 lbs. =thc addition v 1 cubic fool

of water at 100°, of 10788° + 46° of heat. 3
1bs.
Steam of 901bs., cut off al Jth., will exert & mean pressure of 42
Allow 10 per cent. for increased elasticity, from steam becoming
sub-saturated, with 34° surplus heot, and a tension nf} — 42
18 lbs. at end of stroke . .
Vacoum . . . . « - .« . . e e e e .. 12
Totul . . . 583
1bs. 1bs. .
58'2 x 144 ="H8380°8 raised 1 foot, by 1 cubic fot of utmospheric steaw + 34”
of heat.
Ths. vol. Ibs.

88808 % 1669=13,987,652 raised 1 fool, by the conversion of 1 cubie foot
of water, into steam of 90 ]bs.—=the addition to 1 cubic fout
of water at 100”, of 1078'8° + 34° of heat.

A cubic foot of water weighs 62:32 1bs. Allowing 5 lbs. of
coal to evaporate this quantity, (= 12-464 Ibs. per lb. of coal,
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and 12'0 has been done) we get us the theoretical duty of 1 b,
of conl—

1bs. 1bs. coal. Per centage
In enging with initial of duty.
surcof 150 1bs., * _
bt “E 3,194,065* raiscd 1 1.~ 62 { e hofx} 100
-nrth
1n engine with untml
pressurc of 90 lbs. } 8,797,511 " — 70 v 8758
and cutling offal 31

Utmost duly knowu
to have been per-
formed by a Corn-
ish engine

e
]

4,329,787 n —1'48 " 41-63
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216. The chief obstacle to our using high-pressure steam, is
the belicf that safety would be compromised by so doing. Now
I frankly admit, that if the use of high-pressure stcam will entail
a3 W necessary conscquence, a more hazardous state of things
than exists at present (when one can scarcely take up a news-
paper which does not contain the details of sonte shocking catas-
trophe, attended with the loas of life from the bursting of boilerst),

* Equals 227 Ibs. raised 1 foot, by heat sufficient io raise 11b. of waier
1° ¥ahr. Mr. Joule estimates the mechanical value of this quantity of heat
upplicd to air, lo be equal to reise 7821bs. 1 foot. But, in capability of
practical application, air is, as I have already exp]nined (see par. 206), greatly
mfmur 1o steam.

T This subject ought {0 be made an uchct of legislation, uot by vexatious
uum:l,meuts intermeddling with the slructure of boilers, or the pressure of
steam, but simply by requiring every boiler to be periodically tested io three
times its working pressure, and a certificatc of the fact atiested by signatures,
forwarded to the proper officer. The luissez faire system hes already been
tried too long in this matter, one in which human life is at sthke, and where the
unfortunate victims, principally nade up of the workmen in factories, have no
power to protect themselves. Public safely, in cases where the public have
not the power of self-protection, is unquestionably a proper object for a
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all idea of extending its use should be definitively abandoneq,
1t is however easy to show, that nothing of the kind is to be
anticipated, and that however plausible in appearance, may be the
populer notion, which connects danger with high-pressure steam,
it is in reality a prejudice which will not stand the test of exami-
nation.

217. Aswe bon.st of being a practical people, let us first test
the question by practical results, and appeal to facts. The
engines which use the highest pressure steam (nmounting some-
times to 120 lbs.) in this country, are the 1dcomotives ; yet it is
not from this class that the sad list of casualties Uy explosions is
made up, and the Cornish engines, which come next with regard
to pressure of stcam, cnjoy a like immunity from disaster. The
same smaller per centage of accident attending the use of high-
pressure boilers which prevails in this country, extends llkewme
1o America, it having been stated in a raemorial fo Convress, that
since the more general introdurtion of high-pressure steam, the
number of accidents hud not only not increased, but had be-
come lessencd in an extraordinary degrec.

218. That such would be the case, is preeisely what a know-
ledge of the subject would lead us to anticipate. Dr. Emnst
Alban justly observes, * As the strength of the metal is adapted
to the working pressure, the proper elasticity for which the vessel
is constructed, must be exceeded before an explosion ean oceur ;
but there is an advantage on the side of the high pressure engine,
for the elasticity must be inereased in a much higher ratio, than
with the low pressure enginc, before it overcomes the pressure at
which the boiler is proted (usually three times the working

legislalive cuactinent. A subject that culls aloud for it at the present moment,
is that of the adulteration of food. Now that in sddition to chemiral tests, the
microsrope has placed such an unerring and casily nvailuble detertive officer at
our romnund, this gigantic system of fraud and imposiure, might easily be
strangled, with no iujury to any but the miscreants who gain & dishonest
livelthoud, by ruining the honest trader, and slowly puisoniog the rest of
the commuuity ; and compared with whose doings, the occupations of ordi-
nary criminals arc harmless,
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tension); and therefore 8 much longer time will elapse, _before
sbsolute danger srises. For example, in a boiler working st
8 atmospheres, it will take a much greater lapse of time for the
pressure to rise to 24 atmospheres, than it would to reach
241bs. per square inch in a boiler working at Blbs. ; and fhel.le
would be the points at which danger may be supposed to arise in
the respective eases.” M. Arago notices the same fact, and
characterizes the fear of high-pressure boilers as mere prejudice.
Bee Ecko du Monde Savant, No. 484.

219. The greatrpoint we have to look to however, to ensurc
perfect freedom fromy all danger of explosion, both with
high-pressure and lowspressure boilers, is the substitution
of boilers consisting wholely of tnbes of moderate dimensions,
in place of the Zuge (and therefore dangerous) chest or barrel-
shaped vessels in use at the present day; and also the substitution
of copper for iron, more particularly for marine boilers. Since
the strain on the boiler plate is, celeris paribus, dircetly pro-
portionaie to the dinmeter of the vessel, the smue thickness of
boiler plate which would he selected for a marine boiler
13 feet square, to work at u pressure of 151bs., and consequently
as competent to undergo a test of 45Ibs., would, if made into o
tube of 12 inches dinmeter, be compctent to undergo a strain of
5401bs. ; and would, if used in this form as a boiler for high-
pressure steum of 1501bs., be so infinitely safer than with steam of
151bs. pressure, and the former dimensions, that any attempt to
put the two in competition would be ridiculous, since in one case
we have a boiler working ut 301bs. Lelow the strain to which it
might safely be subjected, in the othew at 3901bs.

220. Iron is an uneuitable material for marine boilers, from
the facility with which it becomes corroded ; and whilst its use is
continued, in eonjunction with the present form of marine boiler,
that degree of assurance ngainst linbility to dangey, with less than
which we ought not {o be content, cin never be permanently
maintained. Copper, though the first cost is five times that of
irom, lasts five times as long, and is woith half-price when worn

F3
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out; whilst its conducting’ power being as compared with iron,
as 2'4 to 1, n much smaller extent of heating surface, and water
space, suffice.  Its crowning advantage however is its sefety,
from the circumstance that 1t does not fly asunder, causing de-
structive explosions, like iron, but from its greater ductility, simply
opens with o reut, which seldom causes any serious damage.
Indeed, by leading a pipe into the funucl weaker than the rest of
the boiler, so as to insure this part being the first to give way in
the event of unduc pressure taking place, even the risk of scald-
ing is prevented, and no more danger need vnsue from the rup-
ture of a boiler, than from the opening of a safety yalve.

221. We may then assure oursclvessof this, that if hégh-pres-
sure steam is nore cconomical than low, we need mnot debar
ourselves from its advantages, by any apprehensions on the score
of safety. 1t would indeed be an extraordinury thing, if, whilst
Faraday in his experiments on the liquefaction of the gases, can
obtain a pressure of 50 atmosplieres in glass tubes, any real dif-
ficulty or dunger should exist, in subjecting copper ones, to a
pressure of 10.

222. Watt, who filled o large sphere of activity during
his useful career, found at its commencemncnt, the art of con-
struction in metal in so rude a state, that as s preliminary to
making an efficient steam engine, he had to construct machines
for the manufncture of its several parts, and educate workmen to
use them. The imperfect workmanship of his day, threw an
obstacle in the way of the applicalion of steam of very high-
pressure, from the difficulty of obtaining valves sufficiently steam-
tight. Werc Watt to rgwppear at the present day, with its
greatly improved facilities for workmanship at his command, he
would be the last man to rest spathetically contented with his
formner achievements. On the contrary, it is not to be doubted,
but that he would apply himself assiduously and successfully, to
realize the incréase of duty, theory shows to be placed within our
reach, by the judicious application of high-pressure steam. The
present is not s the past. The foreigner treads on our heels.
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We live in an era of progress, in which those who do not advance
are left behind. In no other country is theory and practice so
disjoined as in England, where men follow by routine, professions,
without any knowledge of those scientific principles, upon which
all their proceedings should be based. From year to year do
they contentedly travel on in one jog-trot pace, with all the con-
tempt for novelty, which it is the province of ignorance to engen-
der, und that overweening sclf-confidence and conceit, which arises
from limited vision. The day arrives when this misplaced
solf-satisfaction is rydely overthrown by defeat, and nothing then
equals their syrprise and nstonishment,* but their previous blind-
ness and obstinacy.

* Witness the effect produced by the well-carned triumph of the yacht
America. F¥ive years before, soume of our leading yacht’s-men and most cele-
brated yacht builders had their atlention called lo the snbject of hollow
bows, with & hint that if they continucd o refuse io adopt them, the result
would be, {hat sooncr or later their crack eraft would get disgraccfully beaten.
The friendly warning was reecived with conlempt and derision. One well-
known builder wrote a work on ship building, containing the usual orthodox
platitudes on—nzew fangled notions,—presumption of those who set aside the
authorily of ages,—folly of abandoning rules sanctioned by experience, §'c.
Jrew  The sume year which witnessed the publication of this book, witncssed
the victory of the dmerica, furnishing an appropriate commentary on the
wisdom of the writer.

We are now (1853) busily cogaged in buildiug Screw line-of-battle ships,
but instead of being in our proper position—the /eaders of the worldl—we
are become followers, in the wake of the Americons and the French. In
1837, Capt. Ericsson (who subscquently introduced the Screw in the United
States) with a small Serew vessel only 45 ft. long and 8 ft. wide, towed the
Admiralty barge, with their Lordships on board, from Somersel House to
Blackwall Wharf, at ihe rate of 10 miles an hour. Notwithstanding the
highly satisfuclory result of the expcri.mcnf, Cupt. Ericsson was told, in a
reply which the subsequent success of the Serew has already rendered his-
torical, “ ¢hat their Lordships declined to entertain the project.” One would
have supposed that the vast superiority of the Screw over the Paddlc-wheel,
for vessels of war, would have becn seized at & glance, but some are afflicted
with weak vision ; and as Schiller so forcibly and happily cepresses it “ Mit
der Dummbeit kimpfen Gitter sclbst vergebems.” “ Alas! there is no
possibility for poor Columbus st any of the Public Offices, till once he
become an Actuslity, and ssy “Here IS thc Amcrica I was telling you
of.”— Carlyle’s Life of Cromwell.
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An cxamination of the question whether heat be 8 material
substance, or simply the result of vibrations of the atoms of
bodies, as supposed by Dnvy, would be inconsistent with the
objects of an clementsry work like the present. Those who
are desirous of investigating the subject, will find an interesting
paper advocaling a theory of vortices, by Mr. Rankine, in the
Transactions of the Royal Socicty of Edinburgh, vol. ax. part 1.
entitled ** On_the Dynamical Theory of Heat.”

The fundamental suppositions are : First, that each atom of
matler consisls of a nuclens or central physical point enveloped
in an elastic almosphere, whick is retgined in ils position by

Jorces attractive towards the nucleus or centre. -

The second supposition, beng 1hat from which the hypothesis
of molecular vortices derives it¢ name, is the following : that /e
elusticity due to heal arises from lhe cenfrifugal force of revolu-
tions, or oscillations among the particles of the atowmic almospheres;
so fhat guantily of heat is the vis viva of those revolutions or
oscillations. 'Lhis supposition appears {o have been first defini-
tively stuted by Davy.

To connect this hypothcsis with the undulatory {heory of
radiation, Mr. Rankine introduces n Ziird supposition : that the
medium whick transmils light and radiant heal, consists of the
nuclei of the atoms vibraling indcpendently, or almost independently
of their atmospheres ; so that theabsorption of light and of radiant
heat, is the transfercnce of motion from the nuclei to their atmo-
spheres, and the emission of light and of radiant heat, the
transference of motion from the atmospheres to their nuclei.



APPENDIX

ON DWELLING-HOUSE GRATES AND
» VENTILATION.

Of all the discovelies of the present age, nonc is likely
to be mdte prolific in Denefit, thun the recognition of the grest
truth, that the physical well-being of a people, is a necessary
preliminary to their moral progréssion.  As the blossoms of the
plant unfold themselves under the influence of genial sunshine,
but are nippeds and repressed by the chilling wind of winter,
so do what may aptly be called the blossoms of man’s mixed
nature, his social, kindly, benevolent, and imagimative tendencies,
and his reverence for the true and beautiful, expand themselves,
and reach their highest stage of development, when unimpeded in
‘their growth by the irritable and sclfish feclings which unsatisfied
physical wants are prone to call into uction. The inventor of
the steam engine, did more to promoie the progression of his
species, in morality, virtue, und happiness, than any twelve of the
most eloquent preachers that ever addressed an nssembly ; be-
cause, in proportion 1o the ease with which men can furnish
themselves with he necessaries of life, will they be lifted above
an exclusive preoccupation with their animal and selfish instincets,
and acquire leisure for the cultivation of the nobler portion of
their nature.

The most effectual way to imprawe maukind, is to make
the path to improvement easy, for it is precisely those who are
the deepest sunk in degrodation, and have the greatest nced of
amcndment, who are the least amenable to the influence of precept
and teaching. If, for instunce, the metropolis and all our large
towns, were to be copiously and cheaply furnishgd with a sup-
ply of pure water; and were there crected, nt suitable intervals
m every thoroughfarc, a marble staud and fountain, tended by some
cleanly matron in fresh starched cap and snow-white upron,



110 DWELLING-HOUSE GRATES AND VENTILATION,

whose duty it should be to furnish to every passer-by who re-
quested it, a glass of nature’s greatest luxury * without money
and without price,” intemperance would receive a death blow,
which all the laudable cfforts of temperance societies, have
hitherto failed to inflict upon it. What a noble object for the
ambition of a slatesman to lave his name associated with such
an undertaking, a measure which would elevate his character in
the cyes of his countrymen, more than a hundred ,triumphs in
parly squabbles, and constitute him the benefactor of genera-
tions yet unborn. DBut alas! our rulers of the present day,
with all the advantages of modern civilization, seem to have a
more imperfect knowledge of what true greatness really consists
in, as well as of their duties to the people they govern, than the
old Roman, Appius Claudius. ! .
More indispensable however thun even a pure supply of water,
is that of fresh air, and the subject of ventilation is so closely
connected with that of heating, that it is difficult to comsider
them apurt. Fifieen times per minute does man inhale the
breath of life, and discharge it from his lungs sharn of one-fourth
pert of its oxygen—with the quantity of carbonic acid increased
more than 100-fold—and mmpregnated in addition, with noxious
animal impurities.  The air issuing from the ventilator of a
crgwded apartment, is of so deleterious and poisonous a nature,
that it is dangerous to breathe it cven for a short space of time;
and pure water through which it has passed becomes puttid.
In the close, overcrowded, and ill ventilated habitations of the
poor, it is this same noxious animal emanation in the breath,
combined with that of the perspiration, which, becoming con-
densed upon the walls and furniture, imparts to such apartments
their peculiar sickly, noisomie, and feetid odour, giving origin to
fevers, and produring a lowering of the tone of all the vital
functions, predisposing the occupants to the attacks of disease in
general.
° 1f this description is Fapplicable to the dwellings of other
clnsses of society, it is more from the larger size of their rooms,
and their greater cure in cleansing them, {han from the adoption
of any systematic and adeguaic plan of ventilation. Unfor-
tunately, the association of this, with their idea of cleanliness, is
yet to be cffegted, and we daily see persons scrupulously clean
1n their persons, most unsparing in the ablutions of their bodies
and apartments, perfectly indifferent on the subject of aerial
contamination, and apparently ignorant of ils existence. There
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are however many gradations of defective ventilation, and if the
dwellings of the middle and upper classes, do not offend our
olfactory organs on entrance, from the stale accumulations of
putrid effluvia, they are nevertheless devoid of that freshness
and swéetness, which only free and ample ventilation con im-
part, and the health of the immates is wanting in the vigour, ro-
bustness, and elasticity, characteristic of a perfectly normal state.

When crowded evening parties, with their adjuncts of gas-
lights and eandles, toke place in apartments where no mrrange-
ments for ventilation are provided, un atmosphere is produced
perfectly intolernble to those whose feclings have not been
blunted by habit. ®When it i~ considered that an individual
respires about gue-sixth pf a cubic fool of air per minute, and
that this, Dy mixing, renders 2 or 3 cubic feet unfit for respira-
tion, so that in order to preserve a puie almosphere in o room,
the lowest estimate of supply required, is 4 rubic feet per
minute for rach individual, we shall be painfully impressed with
the ignorance of those hosts, who crowd their apartments with
guests, for whoge cntertainment they spare no luxury which
wealth ean supply, whilst they mahe no provision for furnishing
them with that most indispensable of all requisites to hife and
vivacity—pure air, bul poisen them with novious aerial contami-
nations, and send them to their homes, dull, listless, depressed,
and irritable.

The habit of excluding fresh air, is unquestionublygreatly
fostered by the craving for warmth, and the deficient er of
our heating appliances to keep up the desrec of warmih most
congenial to our feclings, when a free circulation of fresh air is
allowed.  To the poor, fuel is a very eapensive item, so that we
can hardly wonder at {heir attempting to economize it at the
expense of ventilation, of the necessity of whicl they are jgnorant;
and ull endeavours to induce them to change their system will
T feel assured prove fruitless, till we euable them to do it
without sacrificing that warmth they s@much eujoy, and which
defective food and clothing too frequently disable them from
dispensing with. 1t is under this point of view, ihat the
improvements of their grates becomes so importand, for could we
put them in possession of a means of producing twice or thrice
the amount of heat, with the same expenditure of fuel, T feel
assured an improved ventilation of their apartments would follow
as a necessary conscquence, whilst without it, our utmost effoits
in this direction will have but a very lumited eftect.



112 DWELLING-HOUSE GRATES AND VENTILATION.

Till within a comparatively recent period, in no department
has a more singular want of intellect been conspicuous, than in
the prevailing form of dwelling-house grates, which might have
been supposed to have been constructed with s view {o distil-
ling and dissipating o certain quantity of fuel, and sending the
products up the chimney, and with an opening into the apart-
ment, merely for the purpose of inspecting the process, and
renewing the fucl, rather than to have been fabricated for the
express object of Aeating the lntter. A square box for the fuel,
standing in 8 deep recess, with straight jambs running parallel to
its sides, so as to reflect us little as possible of the heatinto the
apartment, with a wide yawning chimney pldced directly abave the
fire, formed an ensemble, the object of which it susely would have
been pardonable to mistake. -

Nothing morc clearly shows the force of habit, and how few
persons possess an intuitive perception of the tendency of such
urrangements, and their consequent absurdity, than the fact, that
guch a system of construction should have so long maintained its
ground, particulatly when it is considered tHMat the prineiples
which should govern the construetion of a fire-place, are few,
simple, and obvious.

Lt is true that many rery inproved forms of grates have been
recently introduccd, many very excellent in cerfain points, but
none such as I have long desired 1o see, viz. a model possegsing
every @ature of eacellence in the highest degree in which such a
cowbination is attainable.  The test of o grate should be a
thermometer, and its artistic merils, as far as beauty of form,
material, and workmanship go, should be made a separnte ques-
tion, and not mined up with the consideration of its henting
capueities.  Let perfection, or its nearest attainable approxima-
tion in the latter qualification, be onee realized, and beauty of
form, aud appropriateness of decoration, muy easily be super-
added by some other hand, requiring as they do, faculties of an
vssentially different clasE, in {he designer.

The present remurks have been written with the intention of
taking a precise view of the objects most desirable of attainment,
for the purpose of deducing some general fixed principles of con-
struclion, the correctness of which, becoming universally recog-
niseld as indiputable, a more uniform degree of excellence in the
manufacture may be hioped for; whilst the public being educated
to a knowledge of the subject, will rejeet inferior productions,
even though set off with a high degrec of artistic skill and
brauty.
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The first position I shall lay down, is, that it is desirable to
obtain the greatest possible quantity of heat from the fuel, 1st,
by direct radiation, 2ndly, by reflection, and 3rdly, by secondary
radiation, before it passes into the region of the flues. This
position would of course be a mere truism, if made with reference
to a fire-place which possessed no contrivance for extracting a
portion of heat from the current of hot air procecding from the
fire, before its final dismissal by the chimnev into the atmosphere.
What I am desir8us of stating however is, that whatever con-
trivance is resorted to for this object, whether hot air flues, hot
water pipes, or a cirgulation of air over a hot surface, it is never-
theless desirable, previously, to obtain all the heat by direct radi-
ation, reflectiofl, and seBondary radiation, (the two former more
especially ; which we ean suceeed in eliciting, beenuse such heat
is superior in quality, wmore rivifying, envigorating, genial, and
grateful to the feelings of man, afid animals, than that furnished
by beated currents of air, techuically termed conveetion.

Should any pne demur to this proposition, and argue that
heat is heat, and that chemistry is cognizant of only one kind of
caloric, my reply is, that whilst our knowledge of a subject is
confessedly so imperfect, as is the case with regard to heat, the
universal 1nstincts of man and animals, should be held to be a
much safer guide, than any scientific theories framed in opposition
to them. Only those who have a most superficial acquaintance with
science, can fall into the error of supposing that all her-present
deductions are perfect and infallible, and to act as if such were the
case, and obstinately to reject opinions fortified by the general
consent of mankind, merely because they caunot be brought to
square with the prevalent scientific hypotheses of the day, is in-
dicative of a shallow and short-sighted understanding. 1t is this
unauthorised, and too often supercilious rejection by smatterers
in science, of the conclusions arrived at by a long course of
experience and obscrvation, which morg than anything clse con-
tributes to produce, and goes far to racuse, that contempt for
scientific considerations, which is the besctting weakness of prac-
tical men, and which becomes the unfortunate means of severing
iwo classes, who can do much to assist cach other.

Arguments however are certainly superfluous tp convince an
Fnglishman, of the superiority of un open fire, over any system.
of warming by close stoves, or heated currents of air.  Even the
ingeniously arranged stove of Dr. Arnott, backed by his de-
servedly high authority, snd the powerful consideration of
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economy, failed to persuade his countrymen to forego that cheer-
ful adjunct to their dwellings, in whose rays they love to bask.
And there is no doubt that their instinctive feelings serve them
faithfully, and are much safer guides to be followed, than any
abstract considerntions founded on scientific theories of the unity
of caloric. Let s man retwrn home tired and fatigued, after
a day’s exposure to wet and cold, can any one even imagine
that under such circumstances, the heat of a close stove wouid
be found as grateful and sufficing to his feflings, as cheerful,
enlivening, and restotative, as that of an open fire ? unquestion-
ably not; end since such marked differencg in effect, must have
a cause, we are as well warranted in nssuming a difference in the
quelity of the emanations which imping. on our uerves, as if we
could exhibit this difference under u microscope, or weigh it in n
balance. Very contracted must be the ideas of ihose who cannot
imagine the possibility of the existence of agencies in nature, the
cffects of which cannot be exhibited in any change in inorganic
matter, but which find their proper sphere of action in the organic
world.

Our knowledge of the emanntions {from fire, is besides far too
limnited, to warrant any dogmatic asscrtions of their not being
of a compound nature, indeed there are many facts which go to
prove a variation in the propertics of heat, according to its source;
and even if, as may very plausibly be argued, this varietion
depeuds merely in difference of vclocity, this by no means
impairs the validity of our argument, that there are different
quulities of heat, indeprndent of mere thermometric intensity, as
far as its power of actiug on the organism of animatcd beings
is concerncd.*

* Some of the faels however, brought to light by the most recent re-
searches on heat, are with difficully cxplainable. on the theory that its
properties vary only as the result of variations in veloeity, but seem to point
to the existence of differcnces of & more specitic nature. Thus, although as
8 general law, the hotter the Source of heat, the greater the number of the more
refrangible rays ewmitted from it, and the Jower the temperature, the greater the
number of the less refrangible, the law is only absolutely correct, with regard
to cach source, compared with itsclf, at different stages. °* Every sourcc
sends forth however a mixture of calorific rays of i{he most verious degre
of refrangibility, the proportion only, varying with the nature of the source.
. Yor these differcut rays of heat, bodies exhibit different absorbing powers.
Snow, whose whiteness shews that it reflects the various refrangible rays of
light in equal proportion, absorbs chicfly, the less refrangible rays of Aeat,
aud refiects the more refrangible. Ience it dves not melt so quickly in
direct eunshine, ns in the neighbourhoud of stems of trees and other solid
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It must not be supposed, that in advocating the propriety of
obtaining the largest possible amount of heat—Dby direct radiation
from the iznited fuel,—by reflection,—and lastly, by secondary
radintiony before the hest 1s allowed to escape into the regions
of the flues, that 1 propose to neglect the means of still further
economy open to us, by extracting a portion of the heat contained
in the products of combustion, instead of allowing it to be
wasted nnd pass unused up the chimney. On the contrary, so
wasteful and extravhgant n system ought never to be deemed
satisfactory; and where large and long rooms arc to be heated by
a single firepluce, without some plan is adopted for transfering
the hent to the portions most distaut from the five, either by hot
water pipes, hit air fluts, or healing the current of air with
which the"npartment is supplied, u satisfactory equalization of
the {emperature in all purts of the room is scarcely to be
attained. What 1 contend for is, that since the extraction of the
greatest possible amount of heat, by direct rndiation from the
burning fuel, by geflection, nnd by secondary radiation, ns u first
step, in no way iulerferes with the affer treaiment of the
products of combustion, in any method which shall be deemed

bodies, which, when warmed by the sun’s rays, emit ealorifie ruys of less
refrangibilily ; not so quickly, when freely evposed to an Argand lamp, as
under o covering of black paper which does not {ouch the snow; not so
yuickly by the rays of an Argand lamp, as by 1hose from a picer of metal
heated {0 720° when both are placed at such a distance, that their heating
powers arc equal.” (Mellone) This seems to <hew that the more refrangible
roys of heat, when they are absorbed by bodies, and afterwards emilted from
them, arc converled into rays of less refrangibility. Lamp black, on the’
other hand, appears vhictly to absorh 1he more refrangible rays. ° Common
salt transmits all rays of heal equally well; most duthermanous bodies chiefly
transmit the more refrangible, and ahsorb the less refrangible rays. Commun
sall covered with lamp blach, is the only substance chiefly pervious to the
less refrangible rays.” *“When the light of {he sun is made to pass through
water, which ah.orbs the less refrangible rays of heat, then through glass
covered with oxide of copper, which tokes ug ihe more refrangible, it is
totally deprived of its heating power.” {Mellunr.) ““The maximum of hent
is found in different parts of the spectrium, sccording do the nature of the
prism.” (Seebeck) “'The quantity of rodiant heat tronsmitted through
diathermnnous bodirs is not directly proportioned to the temprrature ol the
@urce, but deprnds only on the constitution of the dinthtrmanous body,
each body being permeated by certuin calorific rays, more readily than by
others, whether those rays uwre cmitted ab  higher, or at a Jower tempera-
ture. The heating effect produced, when the radiated heat which reaches
the bodies is of given intensity, is totally independent of the temperature
of the source, and determined only by the nuture of the absorbing bodier,
which reccive certain rnys more readily than others,” (Knoblauch.)



11§ DWELLING-HOUSE GRATES AND VENTILATION.

most desirable, for making them yield up & portion of the heat
with which they are charged, and since moreover we have seen
that the heat attainable from the first-named sources is of a
superior quality to that.derivable from the second, its attain-
ment in the largest possible quantity, should be the first object
aimed af,

It is commonly supposed that the disagreeable sensations
experienced by breathing the atmosphere of apartments heated by
closed stoves, depends upon—the temperature of the ifon casing
being sufficiently high to burn the particles of dust and other
impurities floating in the air, together with—the dryness of the
atmosphere produced. That the latter cause, viz. the great change
effected in the hygrometric properties bf the uif, by the dispro-
portion between 1its temperature and its dew poifft, exercises
a considerable mflueuce on the animal economy, when long
subjected to its operations, thtre ean be no doubt, but that it is
the sole, or even principal cause of the effects experienced from
the use of stoves, is, 1 think, more than qgestionable. If I
mistake not, influences of a more subtle nature are at work, and
it is far from improbable, but that these may consist of changes
in the electric or magnetic qualities of the air, induced by
contact with the heated metal. As far as iy own scnsations go,
I always eapericnce a certnin seuse of wmaelaise when in an
apartment heated by an iron surfuce, although such surface#is at
a comparatively low temperature, as in the case of an Arnott
stove, or hot water pipes, and wnotwithstanding a hot water
vessel may be employed to afford due moisture by cvaporation.
Even the atmosplere of the spacious and lofty hall at the Euston
Square Terminus, (which is heated by hot water pipes) is to me
excessively disagreeable, and if long breathed, would be produe-
tive of hcadache, and other unpleasant cflects, which I have not
experienced from the Continental stoves, covered, both stove and
pipe, with porcelain.

Ventilation hns lately beem considered divisible into two
systems, the methods of plenwm and vacuum ; by the first, air is
Jorced into the bulding by some mechanieal contrivance, and
allowed to escape through apertures left for this object; by thg
second, the puildng, is either ventilated by the ascending force
imparted {o the nir by its increased temperature when discharged
from the lungs, or its exit is facilitated by the aperture left for
ventilation in the upper part of the room, being led into ihe
chimney, or some shaft connected either with a furnace, or a fan
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in the upper part of the building, whilst fresh air enters through
appropriste channels, to supply its place. )

There can be no doubt, but that what is termed the vacuum
method, «is by far the most simple and easy of application,
particularly for private houses, for fires and chimneys being
employed for other purposes, no separate apparatus is needed ;
whereas o fan almost necessitates the accompaniment of a steam
engine. In the case of mines and ships, where the air cannot
be admitted from below, and all cases where large fires would
requirc to be kept burning expressly for the purpose of generating
a draft, a fan is both the most efficient and cheapest. For
private dwelling-houses however, connccting the discharge
openings with g chimoey fulfils all the conditions required,
provided th®re be an ample supply of fresh air admitted below :
for the breath being discharged at a temperature of 98, rises
rapidly to the ceiling by its own levity, and il proper provision
be made for its escape, there is no danger of its descending to
be breathed over ggain, This arrangement is in fact in harmony
with the great system employed by nature for the ventilation of
the lower and inhabited stratum of the atmosphere, which would
otherwise speedily become contamiuated by the exhalations from
the living myrinds which people it.

Objections have lately becn urged ngainst the vacuum system
of vemiilation, on the plea that the atmosphere of apartments so
ventilated, will be kept constantly slightly more"rarcfied than the
external air, and will therefore have a tendency to produce
lassitude, and = relaxation of tone in those who breathe it, from the
amount of oxygen being less in the same volune; whilst on the
contrary, it is contended that air slizhtly condensed will have an
opposite effect, and conduce to vigour aud activity. M. Junot
snys, that ““When a person is placed in condensed air, he breathes
with increased facility, le feels as if the capacity of his lungs
were enlarged ; his respirations become tkeper and less frequent ;
he experiences, in the course of a-short {lme, an agreeable glow
in his chest, as if the pulmonary cells were becoming dilated with
an elastic spirit, while the whole frame receives at each inspira-
tipn a fresh vital impulse; the functions of the brain get excited,
the imagination becomes vivid, and the ideas fow with a
delightful facility; digestion becomes more active, as after
gentle exercise in the air, because the secreting organs participate
immedialely in the increased energy of the arterial system, and
there is therefore no thirst.”
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I confess, when first I read this stntemeni, I felt a momen-
tary sensalion of regret, to think that the great bulk of the
community should be debarred from partiripating in advantages
so manifold. from the difficulty which I foresaw in the general
application of the fan to private dwellings, on account of the
motive power required. A very slight consideration however
sufficed, to enable me to pereeive that nothing could be more
chimerical than these ideas, nnd that to hold out any such
results as being attainable by any practicable scheme of ventila-
tion, was only imposing an illusion on the public. Those,
therefore, who have a thirst to arrive at perfection in all things,
need not disquiel themselves under the apprehension thut they
must be content to forego this desirable object with regard to
ventilation, unless they are prepared to keep a pieee 8t machinery
constantly in motion for its attainment. Had the propounders
of this notable scheme, given themselves the trouble to realize
the details, 1 imagine the public would mnever have heard
of it. €
Air, under the pressure of ‘04 of an inch of water, has the
velocity of a pleasunt breeze, or 93 feet per second.  Supposing
a house charged with air nnder thns pressure, the opening of the
door for hall a minute, would give earess to 6000 rubie feet of
air, provided the rate of supply were equal to maintain the
pressure during the period. 1 think, from these consideravions,
it will be nppareni that, without complicated coutrivances for
keeping the building in a state approximaling to being her-
nuclically sealed, a much higher precsure than this could not be
practically matained.  Assuming ther, -04 of an inch of water
to be the pressure, the coudensation of the air would only
amount to 15, of its volume, whilst the variation of onfy 1°
in temperafure, would produce 22 times this effect.

In short, the association of *fthe eaeited brain, the wvivid
imngination, the flowiy~ idens,” with the breathing of air con-
densed iy, is infinitely ridiculous—an illusion, which can
only find an abiding- place in a brain where such n state of
pleasing exaltation is combined with a paralysis of judgment.
Equally nbsurd and preposterous, with the enromiums lavishgd
upon the m’enum wethod of ventilation, is the condemnation
that hns been passed upon that by racuum, under the mistaken
nolion, that it gives rise to u variety of injurious eflects, quite
beyond its power to produce. We have but to invert our
argument, to pereeive, that as little injury is to be apprehended
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from the rarcfaction of air byl of its volume, as there is
benefit to be hoped for, from this amount of condensation.

All the evils however that have been erroneously nttributed
to the method of ventilation by vacuum, are, I believe, justly
assignable to the sysiem of wnrming by heated air. Here,
we get an amount of rarefaction capuble of producing a decided
physical influence, for air at 45° contains nenrly {4 more oxygen
in the same bulk, than air at 75°. Thus we see, that a variation
in temperature of only 50°, produces nearly as great a change of
volume, s is effected by a difference of pressure equivalent to
2 inches of mercury, gr 27 inches of water.

When we cousider, that when the air is perfeetly still in
winter, and the“thermom®ier at 32° in the shade, a person can
stand still, ith comfort in the sunshine, without feelinz cold, it
is plain that inkaling warm air into the lungs, is quite unneressary
to maintain the body at an agreeable temperature, and fulfil the
requirements of our instinetive sensations.

In short, other conditions being equal, the colder the nir
breatlied, the better will the temperature of the body be main-
tained, since the increased quantity of ovygen tiuken mto the
lungs, will generate an additional quantity of heat, wore thun
sufficient to compensate for the inercased refrigeration conse-
quent upon the lower temperature of the air inhaled, besides
whioh, the evaporation from the lungs will be less.  Therefore,
the colder the weather, the colder requires 1o be the air for
respiration, and the colder nafure has provided if, but we cxert
ourselves to defeat her arrangements, and in this, as in other
cases, are made to pay a peualty for our ignorance  If we would
take n lesson out of her book, and study the care she has taken
to prevent the inhalation of keafed air by unimated beings ; in
the first place, by the law, that rays of heat pass through the
atinosphere without being absorbed ; in the second, by imparting
to it a levity. which cffectually prevenf the possibility of its
accumulation in the lower stratum of the atmosphere, when
heated by confact with the earth’s surface, we should surely
pruse, before deciding upon conducting the arrangements for
warmning the interior of our dwellings, upon principles exactly
the reverse, of those she has provided for our beyefit, by such
umerring and irrevocable laws, as long as we remain denizens of
her free domain.

In short, I conceive the prescnt system of warming buildings
by currents of heated—and therefore, necessarily, rarified—air, to
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be fundamentally erroneous, nud one which ought to be aban-
doned, as injurious to health. The diminished quantity of oxygen
taken into the lungs, diminishes the energy with which all the
vital functions are carricd on; the carbon in the hlood is
imperfectly burnt, and less heat gencrated in conscquence;
creating a craving for a larger supply of artificial heat than
would be required, were the atmosphere inhaled denser, and
consequently richer in oxygen; whilst the habitual dependence
upon, and necessity for, artificial heat thus engendered, enfeebles
the constitution, and deprives it o its powers of resisting cold
with impunity ; produces a general and upnatural susceptibility
to take cold,* and suffer from slight draughts, deranges the func-
!

* The lungs being desizued by nature for the inhalation of cold air, find
in it their appropriate stimulus to action, whilst their functions languish in
an arlifically heated atmosphere.  Neither is the pernicious influence of the
adoption of such unnatural nppliances, ronfined io those who become enervatred
by their habitunl nse  On the contrary, those who arc brousht by the
exigencies of travel, or business, or {he interroursc of social hfe, even
temporarily within {heir sphere, are often severe sufferers.  If, nfter lengthened
exposurr to eold, the body Dbeing at rest, (say on the outside of a coach,
or in o railway carriaze,) the individual gradoally re<tores the heal of the
body by museular exercise, he will be pretty sure to eseape n cold—the same
may be said if he goes to bed, and secks reluge in good warm blankets. Even
if he indulges lumself with nn apartment woderately heated by an open five,
he may stand a fair chanee of eseape; but shonld he on the contrary, he so
unfortanute s o become sn inmate of a room, the ntmosphere of which is
kept at a hizh {emperalure, by rurrents of heated air, rarcly indced will he
vacape with impamty  Probably uever, 7/ the amount of cold indneed, has
becn really such, as much 1o depress Ins nervous system, for when the
diameler of the capillary arteries ol the wr passages has been long contracted
by cold, snd their nervons cuergy cipended, their power of contractility
being weakened, they bieo:e 2//ared beyond their power of immedinte
spontancous recovery, by the too swdiden exposure to heal, and o catar /i s
the result—a disease, which s 1o the lungs, what chilblaws are to the hands
and fecl—and arises from the sawe enuse, viz. the foo rapid apolication of
heal after exposuce to cold.

Should uny one find hitfself commitied to o journcy, nnd inadequately
elothed, so as to experience an nucomfortable degree of cold, let him by no
means seek distraction frow the sensation, by endeavouring to absorb the
mind in some intellcctual operation, cither by following out some tinin of
thought, or immersing himsell in a book, for, by so doing, ke chances of
faking cold age dondled. Iu such a position, the whole of the nervous
encrgy, as fust as generated by respirafion, is required to prolect the vutworks
of the ritadel agninst the enemy—cold; and all that is consumed in the
intellectual operations carried ferward, is so much subtracted from this (for
the time being) more essential duty. Under such circumstances, the mind
should be withdrawn from all extrancous ohjects of distraction, and concen-
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tions of the skin, and begets n lisbility to the attacks of
consumption and other diseases of the respiratory organs, and a
delicate state of the health generally, to which persons who pass
much time in the open air, and do not resort to these pernicious
contrivénces for unnaturally rarefying the atmosphere of their
dwellings, but, on the contrary, allow free ingress to fresh cold
air, are total strangers.

I have repeatedly observed the complexion of those who
inhabit spertments heated by closed stoves, and hot air, to be

eculierly sallow and unhealthy, and have, on inquiry, generally
earnt that the state of the health corresponded, aud that they
were extremely susceptible of taking cold; in short, they re-
semble delicate hot-house plants, liable to be nipped and destroyed
by s single night’s exposfire; whilst, on the other hand, butchers,
agriculturidts, and others, who carry on their avocatious in the
open air, have ruddy complexiolas, with all their vital functions
robust and vigorous.

If the example of nature is to be copied, and made our rule
of practice, thed the only adjunct to the radiation from the fire
(the sun of the apartment) should be the warming the walls,
whilst the fresh air necessary for ventilation should be admitted
cold. RBays of heat being radiated on all sides, the occupants
may be made comfortable, and the thermometer kept at any
point desired; but inasmuch ss rays of heat pass through air
witBout heating it, it will, under such circumstances, no more
indicate the temperature of the air, than a thermometer in the
sunshine, which stands at 100°, whilst the surrounding atmo-
sphere is only 32°. To heat and ventilate an spartment, I
should propose to surround the lower balf with canvas, behind
which the sir from the atmosphere® should enter freely, and

trated within itself. The painful sensation of cold, must, in short, be made
the object of attention, end actively resisted as an ememy. So effectually
have some individuals the power of doing this, that I have known persons
who could always resist catching cold whilst snalke.

Whoever will attend to the hints contained in this note, will be amply
repaid for the trouble of perusing this small volume, for I venture to say
that two more important maxims for the preservation of health, than those
just enunciated, do not exist.

* The orifice through which the supply of nair for ventilation is drawn,
should always be situnted sbove the vapour line of the lofality, or the sir
;l.li:lh enters et night, may be of s poisonous quality, particnlarly in malarious
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pass into the room through the minute subdivisions between
thé threads. Above the canvas, should be a hollow chamber,
extending the remaining height of the walls, round whi¢h thé
produets of combustion should be carried, and dismiesed inta
8 chimney at the opposite end from the fireplace, with which the
ipparatus for the escape of the vitiated air should alse com-
municate. When large and lofty assembly rooms have to be
keated, a chamber above the ceiling, might also be put in
eommunication with the side flues, and thus constitute a hot air
reservoir, and in certain cases it might be expedient to constract
a hot air chamber beneath the floor, like the hypocaustum of the
ancients. Apartments so warmed would mot be subject to the
Vicissitudes and alfernations of temperature inherent in the pre-
gent system. The heat from the fire by day, would endure all
night, so that in the coldest wenther, the room woduld not be
chilly in the morning, or require the hent getting up for an hour
or two, before being comfortably hab.table, as is now the cnge.
From the free admission of the fresh nir all round the kides of
an npariment, and tke large exient of surfoce fprovided for its
entrance, its ditfusion would be effected without the possibility
of local draughts, and, st the same time, there would be n
delightful freshness ond elasticity in ihe atmosphere, resembling
that of the open air, and the antipodes of the rarefied, enervating,
oppressive, and noxious medivm, with which our public buildings
and o'her similarly heated edilices are at present polluted. *

A vast deal has been written as to the proper angle the jambs
should form with the back of the chimney, so as to reflect the
largest amount of heat, but strange to say, the subject has gene-
rally been treated of, as if the jambs were on o level wilh the
gides of the fire, instead of Leing placed zbove it, and thus the
very satisfuctory looking dingrums showing n horizontal section
of the fire and jambs, with the angle of reflection, delinented in
many books on the subject, exhibit a state of things applicabls
only to the lower portion of the jambs, where they are on a level
with the surface of the fire ; directly they rise above this, they
reflect the rays of heat progressively more and more wpwards,
first' towards the teiling, and then up the chimney, instead of
borizontally oufward, into the apartment, as will be msuifest
from an inspestion of the diagrhm on the following page.
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Shewing the direction in which Shewing the direction in which
rays of heat from the centre of the |  rays of heat from the centre of ths
fire, are reflected by the ordinsry fire, lre_mﬂecml by the Aorizontal
jambpwith a plain surface. l ribbed jamb with gradually enm-

I\ creasing angls.

To obviate this great loss of heat, I propese to construct the
jambs of a series of reflecting surfaces arranged in horizontel
strips, somewhat resembling Venetian blinds, the inclination of
ench incrensing slightly from below upwards, in such a ratio,
that ench shall reflect a ray of heat proceeding from the centre
of the fire, horizontally outwards, into the apariment. These re-
flectors may be made either of polished brass, or steel, and if
of the latter, may be ndvantageously s@ in zine, that so, being
rendered negative, oxydation or rust may be prevented, and their
brightness preserved. Fig. 2, represents such & reflecting jamb
in vertical section, with lines shewing tht angles at which the
rays of heat are reflected, and by contrasting the direction of
these lines, with the same lines in fig 1, 4 section of en ordinary
jamb, with a plain surface, the vast superiority &8 B heat T«
flector of the horizontally ribbed jamb, which I propose to eub-
stitute for it, will be at once apparent. .

G 2
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The point, next of imporiance to the perfection of a grate,
is to close over the area between the top of the jambs, and
above the fire, in such a manner, that in the first place, a2 lorge
a portion as possible of the heat radiated by the fire directly up-
wards, as well as of the heal contained in the ascending current
of the products of combustion, shall be absorbed, and again ra-
dialed downwards, instead of being allowed fo pass away into
the chimney ; und in the second place, Zhat the passage of @ cur-
rent of cold air above the fire up the chimney, be, as for as practic-
able prevented. This current, being formed of the pure air in
the lower part of the room, is comparatively useless as far as
ventilation 1s concerned, cven in an apartment badly ventilated ;
whilst, if the room be provided (as should be deemcd indis-
pensable), with onc of the admirable vehtilators of Dr. Amot, or
some equivalent contrivance opening into the chimncy just below
the ceihng, the due ventilation of the apartment, consisting of the
flow of the vitiated air from 1ts upper part into the clumney,
would be positively impeded by the entrance of the cold current
from below. In addition {o being useless or grejudicial as far
as ventilation is concerned, this current of air towards the fire,
is productive of much discomfort {o individuals sitting around it,
by producing o cold draught against their backs, whilst the beat,
carried off by it up the chimney, is so great as seriously to
impair the power of the fire to warm the apartment.

Doth the above desiderata may be attained by the game
arrangement, and in an casy, simple, and complcte manner. The
area between the upper portion of the jambs, should be closed
by n plate commencmg at the back, and running upwards at an
angle of about 30°, to a point about 3 inches above the lower
edge of the chimney brenst. 1he front edge of the plate should
be connected with the chimney breast at the sides, but left open
in the middle, for a space equal to the breadth of the fire, for
the prssage of the products of combustion up the chimney.

By this arrangemcpt, in the first ploce no heat can be
radinted by the fire directly up the chimney, on the contrary all
radiated in this direction will be either directly reflected back,
or absorbed and re-radiated ; in the second place, instead of the
current of the hented products of combustion passing straight up
the chimney,” and carrying off all the heat with which it is
charged, it is previously made to émpinge on an absorbing sur-
face which abstracts a portion of its heat before its dismissal ; in
the third place, instead of a stream of cold nir from the room,
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being allowed to pass direcily upwerds, and backwards, into the
chimney, the forward direction given to the heated current
from the fire, will almost entirely prevent the passage of any.
An inspection of the diagrams below, will enable the reader to
judge df the relative effects of the two systems.
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Shewing that when the breast of
the chimney is closed by a plate
opening in front, iustead of at the
back, orin the middle, so as {o in-
cline the heated current frum the
fire forwards, before ils passage up
the chimney, the rush of rold air
up this aperture, cooling the room
and producing & draught against
the backs of the individuals sitting
round the fire is prevented; no
draught can evidently take place
in the direction of the arrow g in
this figure, whilst a powerful one
must necessarily exist ot this point
in figure 4.

Given as a contrast to figure 3,
being the arrangement of the chim
ney of the room in which I am
now writing, and such is the igno-
rance of the public on the subject,
for from an uncommon onc, al-
though the farility for the passage
of a large volume of cold air u
the chimney is so great, that wi
the ednsumption of four times the
quantity of fuel that ought to be
required, the apartment is still in-
adequately warmed, whilst the
larger the fire, the greater the
draught of ccld nir agninst the
bucks of persons sifting round it.

The plate should either be formed of two pieces of sheet iron
joined at the edges, with a space of about an inch between the
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sheets filled with cinder dust, so as to be rendered u bad odh-
ductor of heat, or else of a large stout tile or slate. Chimnéys
have usually been made sloping backwards, under the erroneous
impression that such a plan was necessaty to prevent liabilty to
smoke, the general ighorante prevhiling smongst the publio at
large, of the simple laws of pneumatics, by which the motion
of heated currents of air is determined, having invested the sub-
ject of smoky chimneys with a mystery, difficulty, and uncertainty,
which in reality are far from belonging to it ; the conditions, by
the observance of which, freedom from smoke may be attained,
being simple of apprehension, easy of application, and invariable
in their result,® .

If any one, who has a fire place on the old construction, with
& wide yawning chimney, opening directly upwardg, or, stil
worse, upwards and backwards, from the fire, will try the ex-
periment of closing the breast of the chimney in the manner I
have described, they will be astonished at the result, and find,
to their surprise, that with half the quantity of coals, the
heating effect of the fire, on the apartment, WAl be doubled.
I can speak authoritatively on the point, for 1 speak from
experience.

* Chimneys smoke when the force of the asccnding rurrent is overcome
by the force of the downward draught ; strengthen the former, and dimiish
the latter, and the sméke will ascend. The most common cause of & chimney
smoking is from its being made too large, this oecasions the velority of the
ascending current to be slow, aud ity force on a given area snall, from its
great diffusion, and it is consequently unable to overcome the foree of de-
scending dranghts. Another cause whirh frequently comes into operation,
particularly with small rooms, is the want of s sufficicn(ly free and constant
ingreas of nir to the room, steadily to supply the quantity abstracted by the
chimney. This defect mny be remedied by bringing u supply of air for the
fire, from the external atmospherc by a pipe terminnting benenth the grate ;
8 plan which hns the further advantage of prevenling the draught, which
olherwise sets townrds the firg sweeping the floor of the roown, keeping ihe
feet cold, und necessitating o fire of twice the dimensions which would other-
wise be hdequate to heat the spartment, nud this wilh no benefit to 1he ven-
tilation, since the air carried off is the rold and freshly entered lower stratum
of air, instead of the upper heated oud fmpure. The cases most dificult of
cure are those where some higher object in the vicinity of the chimoey top,
offers & surface gzeinst which the wind impinges, and becomes deflected duwn
the chimney. Rows of houses built beneath high cliffs have sometimes in
partioular winds, all their chimneys simultaneously affected from this cause.
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ON THE VENTILATION OF COAL MINES.

AT the present moment, when the recent sad and appalling
loss of life in coal mimes, is directing public attention towards
the subject of the ventilation of collieries, the following estimate
of the relative efficiency of a given weight of conl in producing
power—l1st, when npplied through the instrumentality of a
steam engine, and 2ndly, when employed to rarefy a column
of air, and thus impart to it an ascending force—will probebly
be regarded with interest.

Before entering into any caleulation on the subject, I felf
that the having recourse to the comparatively inert ageney of
gravity, acting through the asccntional tendency of a column
of henated air, tust be'a wasteful mode of obtaining power,
when compured with the expedient of employing for this pur-
pose, the vastly more energetic force developed by the chemical
law of vaporisation upon the adaition of heat to a liquid, as in
the cnse of converting water into steam. I was not however
prepared for the Zctual results which presented themselves, viz.
that 1lb of coals employed to raise steam in a Cornish steam
engine, will do the work of 1001lbs. expended in rorefying air—
such air to be discharged through a shaft 100 feet in height,
and to commence the nscent at a temnperature of 568°.

Extraordinary as the above results may appenr, the case on
behodf of the stean engine is rather under stated, the acfual
duty peiformed by many of the Cormsh engines, Leing above
that assumed ns the basis of this calculation. On the other
side of the question on the contrary, no allowance is made for
imperfect combustion, but the heating power of coal is cal-
culuted from that which the recent eaperiments cf Andrews
have assigned to carbon, viz. that 1 part will raise 14,220
parts of water 1°, whilst the specific heat of air is called 25,
that of water being 1.

These facts clearly shew that, even in circumstances where
great depth of shaft presents the most favourable conditions
for the use of rarefied air ns the ventilatory force, coal so npplied,
must ever remain much less effective, thar when employed in
a Cornish engine. When, in addition to the small amount of
duty obtained from coal as n ventilating agent, through the
medium of a simple furnace, it is considered that precisely as
the air of the mine becomes foul, and a larger supply is needed,
does the action of the fire languish, and ils powers of draught
become diminished; and also, that there is reason to believe,
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that in many cases the ventilating furnace instead of being a
safeguard, is iteelf the torch which kindles the conflagration;
the superiority of a steam engine, on the susface, over s furnace,
at the bottom of the shaft, is tolerably manifest.

The greatest element of denger in well ventilated eollieries
(because most difficult to guard against), is the accumulation of
fire-demp in what are technically called goafs, which are in
reality domes or caverns sbove the level of the ordinary
workings, where the fire-damp, being lighter than air, remains
detained beyond the reach of the ordinary ventilating current,
just as air would be detained in an inverted tea-cup plunged
below the surface of water. When, froia s sudden fall in the
barometer or any other cause, the contents of this reservoir of
explosive matter descend, and mingle with the air of the mine,
fenrful catastrophes, of which we have recently had so many
distreseing examples, often occur. No efficient plan for the
ventilation of these goafs has, so far as 1 am aware of, ever been
suggested ; but when a steam engine is employed to produce
the upcast current, the same engive might, without difficulty,
be made to exhaust the fire-damp fiom a goaf, by the agency of
a gutta percha tube, to be conveyed to the highest point of the
cavity ; and thus these dangeious magnzines of explosive matter,
which rest, so to speak, primed and loaded, hable at any
moment to descend upon, and overwhelm, the unfortunate
worhmen—would, never be allowed to accumulate.

By causing the air exhousted from a goaf to pass through a
species of gauge, which should indicate its specific gravity and
temperature, before it escaped into the atmosphere (which
might be easily arranged), the proportion of fire-damp in the
oir passing, might at all times be shewn, and thus the nature
of the ntmospherc in the mine below, be made perceptible at
the surfuce.

When, as is ofien the case, large quanlities of fire-damp are
discharged from limited, areas, it must I think, strike every one
who reflects on the subject, that the method of abstracting this
noxious agent by drawing it through the palleries commingled
with the general ventilating current which supplies the lungs of
the workmen, thus pollufjing the whole atmosphere of the
mine, is o~ clumsy and isngfic procedure, intrinsically
ineapnble of satisfactaly fuffillity the o\gje‘(‘:ts, for which ventila-
tion is employed. ‘






