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PREFACE.

The following report is an attempt to comply with that portion of the
instructions issued by the Secretary of State to the Commission of the
United States to the Exposition of 1867, which required a report to be
prepared upon the new inventions in the useful arts illustrated in the
Exposition. It need hardly be remarked that an entirely satisfactory
execution of a task like that here presented could be reasonably expected
only from the co-operation of a number of individuals, severally quali-
fied, by previous familiarity with the different departments of industry
represented, to appreciate the merits of the various objects subjected to
their examination. The preparation of the required report was there-
fore, originally, very properly confided to a committee; but the plan of a
joint report, at first contemplated, was found in the end to be impracti-
cable,and was accordingly abandoned. Some members of the committee
preferred to direct their attention to the study of special subjects, and
the general duties imposed on the committee devolved at length upon
the present reporter alone. This statement is felt to be necessary in
explanation, or rather, perhaps, in justification, of an attempt on the
part of the reporter to execute a task not willingly assumed by him, and
which he found no encouragement to undertake in the consciousness of
special qualification.

A large portion of this report was prepared during the continuance of
the Exposition, but the amount of labor thrown upon the reporter be-
yond the extent of his original anticipation protracted the work of its
completion until after the close.

To the duties originally assigned to the committee on the useful arts
was added, at a late period, that of reporting on the objects exposed in
Class XII, embracing *Instruments of Precision, and Apparatus of In-
struction in Science.” The concluding chapters of the report are devoted
to this interesting subject. A full description of the Iixposition in this
class would occupy a much larger space than it has been found possible,
or than it would have been proper, to devote to it here. It may, how-
ever, be said generally of that magnificent display, that it was made up
in great part of instruments already well known; although it is probable
that there has never before been collected together in one spot so large
a number of their kind, on which the highest order of artistic skill had
so thoroughly exhausted itself.

It remains only for the reporter to express his indebtedness to the
Commissioner General, Mr. Beckwith, for the many courtesies received
from him throughout the continuance of the Exposition, and subse-
quently; and to bear his cordial testimony to the ability, efficiency, im-
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partiality, and firmness, with which that officer discharged his always
burdensome and often delicate duties; as well as to the fidelity with
which he protected the interests of his countrymen, even in cases in
which he knew that his services were not appreciated. This is the least
that can be said to the honor of one who had more than an equal share in
the common lot of men in public places of being often misunderstood
and oftener misrepresented; but who, unmoved by praise or blame from
interested or irresponsible sources, followed silently and steadily the
dictates of his judgment and his convietions of duty, and trusted to
time for that sure vindication of his course which it has at length
abundantly brought.

JOLUMBIA COLLEGE, New York, June, 1869.
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THE INDUSTRIAL ARTS.

CHAPTER I.

THE RELATION OF INVENTION TO INDUSTRIAL
PROGRESS.

MULTIPLICITY OF MACHINES AND INDUSTRIAL PROCESSES AT THE EXPoSITION—IN-
CESSANT MODIFICATIONS AND IMPROVEMENTS RESULTING FROM THE DIVISION OF
LABOR—INVENTIONS OF GREAT INDUSTRIAL IMPORTANCE ARE RARE—IEXAMPLES
OF SUCH—THE COTTON-GIN: ITS INDUSTRIAL, SOCIAL, AND POLITICAL CONSE-
QUENCES—THE STEAM-ENGINE, AND THE INDUSTRIAL REVOLUTIONS RESULTING
FROM IT—PRODUCTIVE POWER OF INDUSTRY LIMITED BY AMOUNT OF DISPOSABLE
FORCE—HANDLING AND FORGING ARMOR PLATES AND OTHER GIGANTIC OBJECTS BY
THE AID OF STEAM—PRECISION OF MECHANICAL PROCESSES AIDED BY STEAM—
EXAMPLES OF DEGREE OF REFINEMENT OF MECHANICAL ACCURACY—WHITWORTH'S
TRUE PLANES AND GAUGES—MACHINE TOOLS—INFLUENCE OF THE STEAM-ENGINE
UPON THE WEALTH AND POWER OF GREAT BRITAIN—DISCOVERY AND INVENTION :
THEIR RELATIONS—INVENTIONS DIRECTLY AFFECTING THE MORAL AND INTELLEC-
TUAL CHARACTER OF THE HUMAN RACE—THE PRINTING PRESS—THE ELECTRIC
TELEGRAPH—DIFFERENT CLASSES OF INVENTIONS.

The Commission of the United States to the Universal Exposition of
1867, in the distribution of its labors, allotted to a committee the duty of
reporting upon the new inventions in the useful arts presented in this
great industrial display. The language of the resolution appointing this
committee assigned no other limit to the field of inquiry which they
were instructed or at least authorized to occupy, but that which was
imposed by the extent of the Exposition itself. Whatever of novelty
there might be found in any branch of industry, whether in respect to
the processes employed or to the instruments or implements used in con-
ducting them, would constitute apparently a legitimate subject for their
investigation.

This seemingly very comprehensive task was, however, essentially
reduced by the appointment of other committees specially charged with
the examination of large departments of industry, such as railroad engi-
neering, steam engineering, metallurgy, the chemical arts, implements,
machines and tools, &c., &c.; all of which may be considered as having
been thus withdrawn from the attention of the committee on inventions.
The field remained nevertheless sufficiently extensive; too extensive
indeed to be properly explored by a few individuals, if every object pre-
senting some feature of novelty which the Exposition embraced should
be considered on that account to be entitled to their attention. In fact
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with such a view of their duties, they would have found their material
exhaustless, and it would have been impossible to assign a term to their
labors. So vast was the variety of interesting objects, and so wenderful
the diversity of industrial operations, which a common impulse had
swept together into that single spot from every quarter of the civilized
world, that the visitor, in endeavoring to make his way through the maze,
found himself continually bewildered; and no one could leave it, after
having devoted days and even weeks to its study, without feeling how
imperfect had been his survey, and how inadequate a knowledge he had
been able to gather of the great whole.

This will be easily understood when it is considered how large was the
area over which the Kxposition was spread, and how completely filled
and crowded was every corner of that liberal space. The palace itself
covered nearly forty acres of ground; and the park, with the broad enclo-
sure on the shore of the Seine, embraced about eighty acres more. To this
must be added the fifty acres of the island of Billancourt. In many por-
tions of the palace the objects on exhibition were too numerous for the
space allotted to the exposants, and permission had been sought and
obtained to occupy with the more bulky or the more showy the space
in the avenues and passages, to such an extent as considerably to
obstruet circulation. The number of exhibitors exceeded fifty thousand.
A visitor who should have desired to distribute his attention impartially
among all these candidates for his approbation, would scarcely have
been able to give to each more than the most cursory glance. The gates
were opened every morning at eight o’clock and closed every evening at
six. By giving a single minute to each exhibitor, and by employing
faithfully all the intervening time, it would have been possible to dispose
of six hundred in a day. Buteven at that rapid rate, it would have taken
three months of unintermitted labor to complete the list. Many of these
exhibitors, moreover, presented not single objects, but scores and hun-
dreds. There is no extravagance at all in the assertion that the num-
ber of objects in the Exposition, each individually interesting and worthy,
if time allowed, of a separate examination, amounted to several millions.
In such a scene the attractions and the distractions are so equally bal-
anced, that it is only after the observer has resigned himself to the
necessity of passing by the greater number without an attempt at a
critical notice, that he is prepared to form an intelligent judgment of
those that remain.

If, again, in the study of such a multiplicity of industrial processes or
machines, he endeavors to make a distinction between what is justly
entitled to be called original and what is familiar and common, he finds
himself arrested by a new embarrassment. There is no form of industry
which, in our day, is stationary for a moment. There is none which is
not undergoing improvement so incessant that even while the history of
the most recent advances is being written, they are beginning already to
be numbered with the past, and giving place to improvements newer
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still.  This is peculiarly the case in those great branches of industry
which require for their successful prosecution the concentration of capital
and the systematic division of labor. The division of labor is a practi-
cal analysis of the industrial problem into its most elementary parts;
and the distribution of these parts to as many individuals brings the
force of many minds or groups of minds to the study of the question of
improvement under the most advantageous conditions. It is true that
many workmen pursue their daily task in a manner entirely mechanical,
without considering whether or not it might be accomplished in a better or
a simpler way; but it is also true that the most useful modifications of
many industrial processes and machines have been the suggestions of the
men employed in using them, and have been the fruit of their personal
experience and observation. It is further true that in large industrial
establishments there exists always a facility for testing the advantages
offered by a newly suggested implement or process, which does not exist
elsewhere; and that therefore a new invention, if brought forward in
such a field, will not have long to wait, that its merit, if it has any, may
be recognized. And thus it happens that in such establishments rarely
a day, and certainly never a year passes, in which successful ingenuity
does not make some addition to productive power, by giving to its instru-
ments increased efficiency, or to its products a superior quality.

Such being the case, there cannot be a great industrial congress, like
that assembled in the Exposition of 1867, which will not be full of what
may in one sense be called new inventions; but of these the great
majority will have for their basis some industrial process or machine
which is not new, but is common to the entire branch of industry to
which they belong. The textile arts, for example, employ a larger vari
ety of machinery than any other, or, at least, than any other whose pro-
cesses are capable of being fully exhibited in a place like the Exposition
and under the eye of the public; yet, it may be said, generally, that the
processes by which fibrous materials are prepared for the spindle or the
loom are substantially the same now in kind and in order as they were
in the earliest period of history, and when the art was in its most rudi-
mentary condition. But the modes and instrumentalities by which
these changes are produced have been so completely transformed that
in its present condition the art would be totally unrecognizable by one
who had known it only under the slow forms practiced by the Romans
or the Egyptians. These transformations have been the offspring of a
few great inventions, of which each in its time has marked an erain the
history of this industry. But it is in the nature of great inventions that
they narrow the field of activity to future ingenuity; and that while
they may admit of subordinate modifications and improvements, they
are but tardily, if ever, dethroned by successful rivals. Much the larger
number, therefore, of the novelties in industrial art which each year
introduces consists of these minor improvements; and to make an
exhaustive enumeration of such, as they appear in a general exposition
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of the industries of the world, would involve the necessity of descending
to an endless minuteness of detail. An observant visitor to the gallery
of the Exposition devoted to the useful arts, who should have carefully
compared, for instance, the various machines in use for the manufacture
of cotton, would have noticed that, while each exhibitor employed for
the same operation substantially the same mechanical contrivance, yet
nearly every one also claimed some peculiarity in the details of construc-
tion as original with himself. The observer would have, perhaps, been
still more forcibly impressed with the evidence of this truth in looking
through the magnificent collection of objects which modern ingenuity
has so wonderfully multiplied, under the name of machine tools. The
differences might strike him as larger than in the former case, but he
would still observe the same general form and substantially the same
modes of operation, though with many variations in the manner and
succession of movements and in the relative position of the tool and the
material operated upon. Another illustration might be found in the
important art of printing. Since the origin of this art in the memorable
invention by which impressions were first taken from movable type, its
history has been marked by a number of transformations in the mechan-
ical part of the process so signal as to form each for itself a new era.
One of these was the introduction of the power press and the substitu-
tion of the cylinder for the platen, and another was the transference of
the form from the horizontal bed to the cylinder and the suppression of
the reciprocating motion. By each of these improvements there was
effected aimost as large an advance in the power of multiplying impres-
sions beyond what had been before possible as had been attained by the
original press of Gutenberg over the slow process of transcription. But
in the intervals between these great steps of advancement the printing
press underwent innumerable minor alterations and improvements, many
of which tended greatly to increase its efficiency and to improve the
excellence of its work without, nevertheless, changing its essential char-
acter or making of it a new, although they made it a better, machine. In
the recent and familiar invention of machine-sewing we have still another
exemplification of the same distinction. The germ idea successfully
embodied in the original machine was one of immense value ; the numer-
ous modifications which the mechanism has since undergone—every
detail having been made the subject of half a dozen patents at least—
have had a value only relative and secondary. And though in some
instances the ingenuity of inventors has devised mechanical combina-
tions essentially original for performing the same work, the success,
however mechanically interesting, is without striking industrial impor-
tance, since it accomplishes no new result.

If we attend to the current history of invention we shall observe that
much the larger number of the contributions to industrial advancement
which present themselves in the form of new processes in the arts or new
adaptations of mechanical principles to manufacture are of the secondary



WHITNEY’S COTTON GIN. 5

and relatively unimportant class above distinguished. But what each
single invention may lack in its separate importance is amply compen-
sated by the combined value of the immense number which are continu-
ally and simultaneously originating. The general growth of productive
industry in the world is, consequently, nearly uniform and steady. At
distant intervals there may occur a sudden swell in the wave, in conse-
quence of the appearance of one of those rare inventions which are des-
tined to give to some great branch of industry an entirely new character,
or whose stimulating influence makes itself felt throughout all industries;
but the current never sets backward, and whatever is gained from each
of these extraordinary impulses remains a permanent acquisition.

To illustrate by example the nature of these occasional and singular
impulses, we may refer to the consequences which have followed from
the invention of the cotton gin. So long as no better mode had been
thought of, of separating the seed of the cotton-plant from its accompa-
nying fibre, but that of picking out each seed by hand, there existed a
natural and entirely effectual obstacle in the way of making this valua-
ble material the basis of a great manufacture. Whatever might be the
demand, there was a physical limit to the supply. There can, of course,
be no doubt that it was the demand which enlisted ingenuity in the
endeavor to overcome the obstacle, and to make an increase of the sup-
ply a possibility. It was, therefore, the demand which produced the
machine. And it is, accordingly, no injustice to the ingenious inventer
to whom we owe it, meritorious as we admit him to have been, to say
that had he not turned his thoughts in this direction, nor devised this
particular mechanical contrivance for performing a work of which the
world had so pressing need, some machine, in all material respects
equivalent to this, must have made its appearance without any long
delay. Of the many minds then directed toward the solution of a prob-
lem of so vast importance, though none, indeed, yet perceived how vast,
some one, or perhaps more than one, must have resolved it successfully,
had not the opportunity been taken away.

But if it is correct to say, on the one hand, that the demand produced
the machine, it is no less true, on the other, that the machine stimulated
the demand to a most extraordinary degree. From the insignificant
amount of 150,000 pounds of American cotton received in England in
1791, the exportation to that country rose in ten years to 15,000,000. At
the same time, the practically unlimited extent of soil adapted to this
culture on the American continent made it evident that the demand might
grow to any extent without producing a corresponding increase of price, or
even with an actual reduction. Such a supply of a material capable of
being wrought into the largest variety of textile fabrics could not but
stimulate the introduction of numerous and signal improvements into all
the processes of manufacture. Thus the creation of the automatic
machinery by which the production of cotton fabrics, early within this
century, rose to a hundred-fold what it had been at the close of the last,
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and by which, in the year 1860, it had been brought to a thousand-fold
at least, was a direct consequence of the invention of the cotton gin.
Nor was the influence of this invention confined exclusively to matters
of industrial or economical importance. It affected profoundly the social
condition of multitudes in both hemispheres, and in one of them involved
very grave political consequences. But for the increased and constantly
increasing importance of cotton to the industry of the world, those of
the American States which were fitted by soil and climate to the pro-
duction of this plant would not have neglected every other industry
in the pursuit of this alone, nor have become rooted in the belief that
compulsory labor was essential to their prosperity. And had it not been
for this belief, and for the discordance of views which grew out of it
between the cotton-producing States and the other members of the
American Union upon matters, both political and moral, of vital impor-
tance, the terrible convulsion which has recently shaken the Union to
its centre could never have occurred. Itis at once curious and inter-
esting to trace a connection between two events so widely different in
character and so widely separated in time as the great rebellion of
1861 and the invention of the cotton gin; yet, from what has just been
said, it is obviously admissible to regard these two events as stand-
ing to each other in a certain sense in the relation of cause and con-
sequence; and though the great national disaster just mentioned may
have been immediately precipitated by causes much less far to seek
and much more easily recognizable, still, at the distance of two-thirds
of a century, the connection just hinted at is to the eye of the political
philosopher not the less clearly discernible. In this proposition it is
not intended to assert that the rebellion would not have occurred if
the invention had not been made. It has been remarked already that
the time had arrived in the world’s history when the cotton industry,
in obedience to the law of industrial advancement—a law as constrain-
ing as that of organie. development—was destined to receive a large
expansion. If the machine which, in point of fact, was instrumental
to the fulfilment of this destiny had not presented itself, some equiv-
alent form of mechanism must have done so; so that the way would
have been opened for the entrance of a train of moral and political con-
sequences in all essential respects resembling those which it has been
our misfortune to witness. It would be wrong on this account to infer
that any great industrial improvement, whatever the temporary or local
evils of which it may be the occasion, can ever be a real calamity to the
human race. The remarks here made are intended only to illustrate the
degree to which a single invention may often influence the destinies of
nations. Whether this influence shall be wholly good or wholly or par-
tially evil will often depend upon the pre-existing state of human society,
in the midst of which the invention has its birth. To the world the
benefit which has resulted from the vast development which the cotton
manufacture has received within the present century is great beyond



THE STEAM-ENGINE 7

the power of calculation; to a portion of the world, long more than
equally a sharer in the benefit, it has proved for the time a source of bit-
ter evil. If in making up the account we have to consider both results,
it is due to the cause to credit it with all the benefit as its proper and
legitimate offspring, while the evil must be charged to the unnatural
condition of society which this cause only tended to perpetuate.

The industrial revolution which followed the invention of the cotton-
gin was confined to a single, though an extremely important, branch of
industry. In some rare instances an invention has appeared whose
wider relations to the means of production have extended its influence
to many industries at once, and even ultimately to all industries. Such
an example presents itself in the case of the steam-engine. Before the
introduction of this machine, all heavy industrial operations were effected
by the muscular force of men or animals, aided, where circumstances
permitted, by the power of running streams. The winds were laid under
contribution for certain lighter industrial tasks ; but it needs very little
reflection to perceive how limited must have been and must always be
the range of their usefulness. The productive power of any industry
must always be limited by the amount of force disposable for its pur-
poses. While the only considerable force, except that of animals, at the
disposal of man was the force furnished by falling water, it is obvious
that all great industrial operations were confined of necessity to certain
localities. No great factories, no great foundries or rolling mills for iron,
no great flouring-mills for grain, could exist except in those rugged dis-
tricts through which the mountain torrents make their way to the low-
lands or the ocean. The broad and level tracts which form so vast a
proportion of the habitable continents, and which by their fertility are
adapted to sustain the densest population, could have no part in these
great industries. Nor was it a slight inconvenience that, as a general
rule, the power and the material on which it was to operate were not to
be found on the same spot. As the power did not admit of transporta-
tion, it was necessary to carry the material to it; a necessity involving
much loss of time and labor, and no slight expense. The transportation
to great distances of raw material, though in the existing state of many
industries it is often necessary, is attended with great and obvious dis-
advantages which it is desirable to avoid. The part of this material
which becomes ultimately utilized in the manufacture, constitutes in
many cases but a small proportion of the entire weight, and perhaps a
less proportion still of the bulk; so that the greater portion of the
expense of transportation is paid for the moving of substances which are
not only useless, but which must be got rid of before the remainder can
be useful. These are disadvantages under which all grand industries
labored while dependent upon water-power alone. Nor were these all,
for it is probable that in some branches, at least, they could never have.
reached their present development, had they continued to be always so.
dependent. TFor the highest uses of industry, it is not enough to have.



8 PARIS UNIVERSAL EXPOSITION.

at command a great amount of power; it is also indispensable to be able
to concentrate it upon occasion within small space. In the British
and French departments at the Exposition may be seen arimor-plates for
ships originally rolled from twenty to thirty feet in length, from three to
six feet in breadth and from eight to thirteen inches in thickness. The
force required to drive these masses through therollers from which they
receive their form, could hardly be conveniently obtained from a water-
power. Moreover, the massive hammers now required to forge the huge
masses from which these plates and other gigantic objects are formed
would be wholly unmanageable without the use of steam.!

The steam-engine notonly does the work of water equally well, but it
does it equally well under every variety of circumstances. It furnishes
power in any amount that may be required, and in any place. If a raw
material is to be manufactured, the power may be set up where the
material is produced. Place it in the forest and it will reduce the trees
to the form of lumber for the market ; or, if more is exacted of it, will
mould them to finished forms ready to be united by the cabinet-maker or

1 While the Exposition was still in progress, Sir John Brown, of the Atlas Iron Works,
Sheffield, England, caused to be rolled a plate surpassing in dimensions even the largest of
the immense masses above spoken of ; its length being twenty feet, its breadth four feet, and
its thickness fifteen inches. Even this extraordinary achievement by no means exhausts the
poweér of the mills or the capacity of the furnaces; but plates are rolled no larger, only
because larger plates have not been demanded, and because no floating battery could carry
them. The scene presented in the Atlas works, at the time of the rolling of this huge plate,
is vividly deseribed by a correspondent of the London Times who was present on the occa-
sion. It is quoted as furnishing a most striking illustration of the extraordinary change
which the steam-engine has wrought in the most important of the world’s industries :

“The plate was not quite ready at the time appointed, and during the short interval of
delay the works were inspected. It is almost impossible to describe the aspect of cyclopean
activity which they presented The huge space of lofty workshops, covering more than 23
acres of ground, were, above, all dim with smoke; below, all dazzling with the blinding
glare and heat of furnaces. Everywhere ponderous fly-wheels were spinning round with a
loud hum through the gloom, everywhere steam-hammers were falling with a shock upon
the solid earth that made the walls vibrate, and people near them jump under the tremendous
concussion. No place seemed free from steam or flame or melted iron. The dark nooks
would suddenly become bright, as furnace doors were lifted and emitted their long light-
looking flames of dazzling white vapor, and disgorged a mass of seething metal, which
men, almost clad in light steel armor, wheeled away and shot under the steam-hammers, the
first stroke of which sent jets of melted iron rushing in trains of fire like meteors in all
directions. Sometimes one came on groups of men who were saturating in water the rough
bands of sacking in which they were enveloped before going to wrestle with some white-
heat forging, sometimes on men nearly naked, with the perspiration pouring from them,
who had come to rest for a moment from the puddling furnaces, and to take a long drink of
the thick oatmeal and water, which is all that they venture on during their labor, and which
long experience has proved to be the most sustaining of all drinks under the tremendous
heats to which they are subjected. On every side the glare, the smoke, the din, and steam
are alike deafening and blinding. On every side are masses of melted iron running down
troughs, or great blocks of it heated to a glow that is almost melting being welded and
knocked away in myriads of sparks and jets of refuse under the blows of the hammers-
Most uncomfortable of all are the slabs of armor-plate and blocks of steel ingots which, half
cooled, and of a dull slate color, lie about everywhere. From those in a bright, red glow,
the visitor can guard himself, for he sees them ; but from those which are partly cooled, but
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the joiner. Place it by the side of a quarry, and it will convert the rude
blocks of marble disengaged by the workmen to geometrical shapes, suita-
ble to be laid in the walls or to adorn the interior of a palace. In the min-
eral region it offers its services to the metallurgist in every branch of his
difficult labor. It blows for him the bellows, it lifts the heavy hammer,
it turns the powerful lathe, it drives the steady tool of the plane, it
crushes between resistless jaws the fiery masses which are to form the
iron ways of our railroads, or the ponderous walls of our floating bat-
teries. In a country favorable to the textile arts, it performs with incred-
ible rapidity and facility all those operations which for so many centu-
ries were accomplished by the slow and painful labor of human hands,
separating the useful fibre from its impurities, loosening its entangle-
ments, preparing it for the spindle, drawing it out into threads, and
finally weaving it into fabrics of endless variety and beauty ; performing,
also, all this work equally well upon a hundred looms at once, or upon
a single one.

Besides this, the steam-engine presents itself as a ready helper in ail

yet hot enough to scorch the flesh from the bones when closely approached, there is little
safegnard, as one hurries out of the way of seething puddle blooms or open furnaces, which
diffuse such an intense general heat around that little extra warning is given by the treach-
erous masses of half-cooled slabs till the danger is almost too near to be avoided. After seeing
and suffering under seeing such scenes, the visitors were conducted to the armor rolling-mill,
where the monster plate was to be drawn. The process of drawing it is simple, but peculiar.
The plate, when laid in the furnace, rests upon little stacks of fire-bricks, so that the flame
and heat plays equally round it, till all is glowing white, and the successive layers have
settled down into one dense mass. A great deal of the success depends upon the time at which
the plate is drawn and the amount and length of time to which it is to be heated. All this is
regulated by the chief roller and chief furnace-man, who are paid wages which many emi-
nent professional men might envy—wages amounting from 12001. to sometimes 2000L. a
year. On Friday, as the time for ¢ drawing’ approached, these officials opened the furnace
doors, and, approaching close to them with only the shelter of a lump of wet rag held loosely
before their arms and faces, peered into the blinding glare from time to time with as much
care and apparently as much indifference as if they were looking into the tube of a telescope.
Suddenly, at a signal from the furnace-man, the bands of workmen, to the number of about
60, arranged themselves on each side of the furnace, as near to it as they could bear the
heat. Then the doors were opened to their fullest, and what had been a glare before and
what had been a heat were quite eclipsed by the intense light and fervency with which the
long tongues of flame leapt forth. In the midst of this great light lay a mass even whiter
than the vest. To this some half a dozen men drew near. They were all attired in thin
steel leggings, aprons of steel, and a thin curtain of steel wirework dropping over their faces
like a large, long visor. All the rest of their bodies were muffled in thick wet sacking. Thus
protected they managed, with the aid of a gigantic pair of forceps slung from a crane above,
to work as it were amid the flames for a few seconds, and to nip the huge plate with the
forceps. The signal was then given, and the whole mass of iron, fizzing, sparkling and
shooting out jets of lambent flame, was by the main force of chains attached to the steam
rollers drawn forth from the furnace on to a long wrought-iron car. The heat and light
which it then diffused were almost unbearable in any part of the huge mill, but the men
seemed to vie with each other to approach and detach the colossal pincers which had
drawn the iron forth. More than a dozen attempts were made on Friday before this was
effected, and more than a dozen of the best and most skilful workmen were driven back one
after another by the tremendous heat and glare. At last all was made clear. The forceps,
then red-hot from their grip of the plate, were drawn away, the chains cleared from the rollers,
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the minor industries, which, until its introduction, had no resource but
that which was afforded them in animal power. The turner, the wheel-
wright, the carpenter, the joiner, the locksmith, the brass-founder, the
lapidary, the printer, the optician, the confectioner, the baker, the agri-
culturist, may now accomplish the most laborious part of their several
tasks, with only the personal exertion on their own part which is neces-
sary to superintend, and, from time to time, to guide the work of the
tireless assistant which they find in the steam-engine. In agriculture
the advantage which the engine is capable of affording is but recently
beginning to be realized, but already its use is all but universal in Eng-
land, and is becoming general in our own country, in threshing out the
grain crop ; and it is beginning to be successfully employed in driving
the plough and the cultivator. A single English engine-building house
sold, in 1852, two hundred and forty-three portable engines for farms,
representing a horse power of 1349 ; in 1862 the number was more than
doubled, and the horse-power increased threefold.

and, with a great hurrah, the other workmen seized the chains attached to the iron truck,
and drew it to the incline by main force, where it was left by its own weight te run into the
jaws of the rolling-mill. It was then sauve qui peut among the workmen, who rushed for
shelter in all directions as the mass was nipped between the rollers, and wound rapidly in
amid quick reports like those of dull musketry, as the melted iron was squeezed by the
tremendous pressure out of the mass, and flew out in jets of liquid fire on all sides. In spite
of all the care and all the skill which the best workmen can use on these occasions, they
cannot always escape the splashes of melted iron, and the burns inflicted are numerous and
often severe. The turning of the rollers crushes the plate through to the other side, where
it rests for a minute on a wrought-iron truck similar to that on which it was brought from
the furnace. The action of the rollers is then reversed after they have been by the action of
screw levers brought closer together by about an inch. These again nip the plate and drag
it back in an opposite direction, and again and again does the mass go forward and back-
wards, each time passing between a smaller space between the rollers, till, as on Friday, the
whole of the huge thickness was reduced to a compact mass 15 inches thick, in less than a
quarter of an hour. During every stage of the process, quantities of fine sand are thrown
upon the plate, and this literally takes fire as it touches the flaming surface, and covers it as
it melts with a coat of silica, or with a glaze like that of earthenware. After every discharge
of sand, and these go on almost incessantly, buckets of water are thrown upon the plate and
explode in clouds of scalding steam, and when these are partly dissipated men rush forward,
and with wet besoms with handles 20 feet long sweep off whatever little scraps of oxidation
may have taken place. Thus every time the plate passes through the mill the sand is scat-
tered, the water thrown, and the surface swept, and at every roll the chief roller of the estab-
lishment runs forward, and, under the shelter of wet cloths, measures with a gauge its
thickness from end to end. On Friday the required dimensions were obtained, as we have
said, by less than a quarter of an hour’s rolling, and a plate 15 inches thick, the product of
the labor of nearly 200 men and of the consumption of nearly 250 tons of coal, was shot out
by the rolling-mills and left to cool. When this had been effected two large rollers of iron,
each weighing 15 tons, were placed upon it by the cranes, and moved slowly backwards
and forwards, and, eventually, as the plate cooled, were left upon its ends to keep the whole
perfectly level. Nothing further now remained in order to complete it as the finest specimen
of armor-plate manufacture ever attempted but to plane off its rough ends and edges. The
flat surfaces on either side, which form what s called the skin of the plate, are never interfered
with, for the action of the steel rollers leaves them literally almost as smooth as plate glass.”
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Another industrial revolution, no less important than those already
mentioned, has resulted from the invention of the steam-engine. With
the advancement of mechanical art, precision in the execution of its pro-
cesses becomes a requisite more and more indispensable. In the earlier
period of the history of industry, and even until a time comparatively
recent, no higher precision was obtainable than that of which the human
hand is capable; and this could be secured only through the trained
skill of the most accomplished artisans. Moreover, in proportion as the
dimensions of the work to be executed were larger, or the weight of the
mass to be operated on more considerable, the difficulties of the task
were proportionally increased ; so that a practical limit to accuracy was
very soon reached. The state of the mechanic arts in this respect at the
time of Watt’s invention is well illustrated by the historical fact that,
for more than ten years, owing to the impossibility of constructing a
piston and cylinder steam-tight, the conception of the engine could not
be realized in practice. This difficulty had nearly disheartened the
inventor and ruined his associates, when, at length, Mr. Boulton, a cap-
italist, but, happily, also a metallurgist and engineer, entitled by his
ingenuity, energy, and practical skill to be distinguished as the Whit-
worth of his day, came to his relief, and by means of the exceptional
superiority of workmanship to which he had attained in his celebrated
establishment at Soho, saved to the world the most valuable invention
which had ever then been offered to its acceptance. And yet, though the
invention was atlastsuccessful,it was butbarely so. The earlier engines
produced by Watt and Boulton would be regarded at this time as
but little better than monsters of rudeness.

But the engine having succeeded, and having relieved the mechanical
artisan of the drudgery attending his task, became presently an instru-
ment of improving most remarkably the quality of his work. 1t was
soon perceived that an iron arm could direct a tool with a precision which
the mostpractised human skill could never attain. The class of mechan-
ical contrivances called machine tools came into existence; and, in the
manufacturing world at least, the file, the plane, the chisel, the auger,
and the drill in the hand of man, except for the most trivial and unim-
portant purposes, entirely disappeared. With this change, also, there
ceased to be a limit to the improvement of mechanical art, short of abso-
lute perfection. Accuracy of workmanship has now reached a point at
which the gradations of difference in dimension which it is perfectly in
the power of the workman to give to an object on which he is employed,
are entirely too minute to be perceptible, except by the aid of powerfully
magnifying helps. A remarkable illustration of the fact here stated is
furnished by Mr. Whitworth in a little contrivance for measuring, or
rather for comparing, lengths, which is exposed by him in the annex in
which his heavy guns are exhibited. This apparatus is designed to test
the truth of a solid measure representing in length an English inch. It
embraces, as exhibited, the standard inch with which the new one is to
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be compared. This solid has the form of a rectangular prism, originally
nearly or quite cubical. Itisformed of polished steel. Itsextreme edges
have been truncated at angles of forty-five degrees, so as to reduce the
terminal surfaces to the dimensions of about a quarter of an inch square.
The lateral edges are also rounded, in order to facilitate the manipula-
tion. It rests on a rectangular trough, of which the sides are equally
inclined to the horizontal. At one of its extremities it abuts against a
fixed stop, which is provided with the means of the necessary adjust-
ment. The otheris opposed to the extremity of a screw of twenty threads
to the inch, placed directly in the line of the axis. A single revolution
of the screw advances the extremity, therefore, one-twentieth of an inch.
But the head of the screw is ten inches in circumference, and is divided
into 200 parts. In turning this wheel, every division accordingly advances
the screw one four-thousandth part of an inch. The divisions, however,
are not traces, but teeth; and the screw-head is a gear-wheel, which is
driven by a tangent serew lying horizontally in its plane and across its
summit. And this tangent screw has also a head of 124 inches in cir-
cumference, which is divided into 250 parts, each part being the twen-
tieth of an inch. An entire revolution of the tangent screw advances
the gear wheel only one tooth, which, as we have seen, moves forward
the end of the measuring screw one four-thousandth of an inch. A sin-
gle division of the limb of the tangent screw-head will therefore produce
a movement in the direction of measurement of only one two-hundred-
and-fiftieth of one four-thousandth of an inch—that is to say, of one one-
millionth part of an inch; and to this degree of refinement it is Mr.
‘Whitworth’s belief that mechanical accuracy can be practically carried.

It might be said in objection, that while there is no fault to find with
the correctness of the mathematical conclusion deduced from the known
relations of the parts of this instrument, yet from the possible flexure or
compression, or slight imperfection in the fitting of parts, there is room
for error to the extent certainly of so minute a fraction as one one-mil-
lionth part of an inch; a fraction so minute that not only the senses fail
to detect, but the mind is even incapable of conceiving it. Mr. Whit-
worth has anticipated this objection, and has met it by a practical and
very ingenious answer. Between the plane face of the standard inch and
the extremity of the measuring screw opposed to it, he has introduced a
little steel plate with parallel and perfectly true surfaces, from the two oppo-
site ends of which, for convenience of manipulation, there extend two
slight arms in the direction of its plane. Before the measurement is
begun the screw head is turned far backward, and this plate lies loosely
between the screw and the standard, with its plane vertical, being sus-
tained in this position by its arms, which rest on supports on each side.
As the screw advances in the operation of measurement, the plate has
less and less freedom of space, until at length it appears to be in actual
contact with both screw and standard. But that this appearance is
deceptive, is easily demonstrated by raising the plate slightly by means
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of one of its handles, when, on being released, it will fall freely back,
showing that it is not yet impeded by friction. If, now, the tangent
screw be turned, a single division at a time, lifting the plate after each
movement, a point will be reached at which, from perfect freedom, a sin-
gle additional division of advance will fasten the plate completely, so
that when lifted it will be held by friction at the point where it is placed,
and will no longer fall. Between these two positions the screw has
advanced one one-millionth of an inch; and the certainty that this is a
real and not an ideal accuracy of measurement is proved by the fact that
the operation may be repeated, and that, provided care be taken to guard
against disturbance of the equilibrium of temperature, the arrest of the
plate will continue to occur between the same two divisions of the screw-
head.

Other illustrations of the exceeding mechanical accuracy which has
been reached by the same ingenious exhibitor, may be found in the ¢“true
planes” and the gauges, of which an extended series has been presented
by him in the Exposition. The gauges are perforated steel plates, the
perforations being highly polished within, and differing from each other
in diameter by one ten-thousandth of aninch. Corresponding to them are
polished steel cylinders, one exacily fitted to each. As these cylinders
lie side by side, it would be difficult for the eye to distinguish a differ-
ence of diameter between several of them; but when they are tried by
the gauges, the difference is directly detected, since while each will pass
freely through the aperture corresponding to its own number, no one can
be forced without an effort into one of a higher order. The ¢“frue planes”
are polished metallic surfaces of about one hundred square inches each. A
pair of them are exhibited resting one on the other. They have a thick-
ness of about half an inch, but are stiffened by means of deep ribs cast
upon the reverse, which ribs connect the points, three in number, on which
the plate is intended to rest when placed face upward. These plates
nowhere deviate from true geometrical planes by an error exceeding the
one one-millionth part of an inch. In the process of their construction
they are ground cne upon the other; but as by this means they might
become truly adapted to each other without being necessarily truly plane,
they are always constructed in triplets instead of pairs, the third plane
serving to verify the other two. Indeed it is obvious that if, of two sur-
faces truly fitting each other, one should be convex and the other con-
cave, a third could not possibly fit both. And only on the supposition
that all three should be truly plane, could any two out of the three,
chosen indifferently, fit equally well.

Of the two planes exhibited, when one is lifted and replaced upon the
other, by a movement at right angles to its surface, it glides over the
inferior plate more smoothly than if it were resting upon ice. This is
because there is included between the two a cushion of air, which, how-
ever thin, serves to reduce, or as it might be said to annihilate, friction
more effectually than could be done by any known lubricant. When, by
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pressure and by sliding the plate to and fro, this cushion is pretty thor-
oughly expelled, the plates adhere so strongly that the upper will easily
1lift the lower by the effect of external atmospheric pressure, and would
probably lift it though its weight were very much greater.

The extreme mechanical accuracy which the examples above described
serve to illustrate, has been a consequence of the introduction into
mechanical art of machine tools; and machine tools have owed chiefly
their invention to the steam-engine. But it is not merely in respect to
artistic excellence that the products of manufacturing industry have been
improved by the improved methods of production ; this improvement is
attended also with a great economical advantage, resulting from the
entire similarity of form and dimensions which distinguishes all the
objects produced by the same process. When the hammer, the chisel,
the file, the drill, in the hands of a man, were the only means of producing
the various implements, machines, vehicles, and other constructions
necessary for the daily uses of the farm, the family, or the workshop of
the petty artisan, if a part became unserviceable it could not be immedi-
ately replaced, and possibly the whole machine became a loss. In modern
manufacturing industry, no part of a construction is made for a particu-
lar machine, but what will serve for one will equally well serve for any
other. A fracture of a wheel, or a lever, or a pinion, involves therefore
but a momentary inconvenience. The loss is directly made good, and
the machine moves once more.

But the steam-engine has not only increased the accuracy of con-
structive art; it has also greatly extended its power. Undertakings of a
magnitude which could not have been attempted, and which would pro-
bably not have been thought of without it, have become by its aid oper-
ations of daily accomplishment, and are too familiar to attract especial
notice. A mass of thirty or forty tons of metal is now wrought upon all its
surfaces and transformed into any desired shape with greater facility and
in vastly less time than would have been required at the beginning of
this century to deal with half as many hundreds. This truth is illus-
trated in the immense ocean steamer crank-shaft exhibited by Mr. Krupp,
wrought to its present difficult form, with elbows at right angles to each
other, from amass of twenty-seven tons, which in the operation has become
reduced to ifteen; or the similar shaft exhibited by Messrs. Petin & Gaudet,
of France ; or the fifty-ton steel gun of the first-named exhibitor, and the
twenty-five-ton gun from Woolwich; and the equally ponderous artillery
shown by Mr. Whitworth, and by the government of France. Tothese illus-
trations may be added all the magnificent and splendidly finished forg-
ings of the marine engines exhibited by the Creuzot works in their annex
and on the Berge, to say nothing of the massive frames and bed-plates
of the great machine tools themselves, the planing machines especially,
exhibited by Whitworth of England, Sellers of the United States, Maze-
line of France, and many others.

There remains to be mentioned one additional and most important
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consequence of the invention of the steam-engine, which has impressed
profoundly not merely the industrial but the political history of the
world. If the cotton-gin has been for much in controlling the politieal
and social destinies of the western continent, the steam-engine has been
for still more in fixing for England her place among the nations of the
earth. At the time when this splendid invention made its appearance,
England called herself mistress of the seas, and assumed to be the equal,
if not the superior, of any military power upon the land. This place she
still claims, perhaps justly, though her title to the exclusive dominion of
the waves can no longer pass unchallenged. But without the steam-
engine, the power of England would have long since suffered a hopeless
paralysis. Itis from the depths of her mines that she has drawn the ali-
ment which has sustained her manufactures and fed her boundless com-
merce and built up the enormous wealth which is the basis of her present
strength. Her iron and her coal have made her a hundred times richer
than she could possibly have been if she had possessed instead of them
all the gold of California and all the diamonds of Brazil. But a century
ago, just as Watt was turning over in his mind his first crude notions of
the motor which was destined to transform the constructive industry of
the world, many a thoughtful patriot and statesman of Great Britain
must have been regarding with anxiety and alarm the stagnation which
seemed to be gradually creeping over the mining industry of his country,
and the danger which menaced with speedy total extinction this great
source of her national wealth. As the mines were sunken deeper, the
expense of lifting to the surface the mineral extracted, of course increased ;
but this was a trifling consideration compared with the vastly greater
expense of withdrawing the water which flowed in, in constantly increas-
ing abundance, and which had to be raised from a constantly increasing
depth. In many instances mining had almost ceased to be remunera-
tive; in many others quite. One after another the mines were abandoned
and the water was allowed to fill them up. What had already happened-
in many instances could not fail to happen atlength in all. An early ruin
plainly impended over the mining industry of Great Britain, which could
not fail to bring with it, and with the consequent failure of her fuel, an
equal ruin to the manufactures, the commerce, the wealth and the politi-
cal power of the British empire.

It was at this critical juncture that the new motor appeared. Tor
some time after its appearance, it was only for the drainage of mines
that its immense powers of usefulness seem to have been recognized.
So imperfect at that time was the state of advancement of the mechanic
arts! But applied to this purpose, then of paramount importance, it
averted at once the imminent danger which menaced British industry,
and restored to Britain the commercial seeptre just as it was about to
fall from her grasp. The greatness of the British empire to-day is,
therefore, clearly due to her early possession of the steam-engine. With-
out it she must inevitably and speedily have sunk to a level of compar-
ative insignificance.
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It is remarkable that, vast as was the revolution which the steam
engine was destined to effect in the industrial world, the steps by which
this was accomplished did not succeed each other with great rapidity.
The first impression which the invention produced was in the relief it
brought to mining. Its influence was next most distinctly felt in the
development which it gave to textile manufactures. Then metallurgy
yielded to its transforming power, and by degrees the same influence
extended itself into every branch of mechanic art. But the applica-
tions of the new power to locomotion upon the water and upon the
land, applications which were destined to infuse into commerce a life
and activity which it had never known before, and so to react upon
production indirectly no less effectually than the same cause had already
done directly, came at long intervals, and required the greater portion
of a century for their full realization. It is interesting to observe how,
in the infancy of a great invention, conceptions which are perfectly just,
struggle painfully and often for a long time abortively, to embody them-
selves into form. And it is sad as well as interesting to observe what
chilling lack of sympathy usually attends their announcement, what
obstinate prejudices rise up to oppose their introduction, what ridicule
labors to dishearten their authors, and what contemptuous refusal of
substantial aid operates to paralyze effort. The practicability of apply-
ing steam to river navigation was repeatedly demonstrated before the
close of the 18th century; but it was only after a lapse of forty years
from the invention of the engine, that Fulton, in presence of a great
multitude, assembled chiefly in the hope of finding amusement in his
discomfiture, made at length the decisive experiment which was to force
this important truth upon the convietions of men beyond the possibility
of further question. Twenty years more elapsed before it was clearly
seen in what way the same power might be made subservient to the uses
of locomotion on the land; and ten more still before the problem which
had been so long completely solved for inland waters was admitted to be
so likewise for the ocean. We stand at the end of the first quarter of
a century since the Aflantic was bridged by steam; and within that
brief period the entire naval and almost the entire commercial marine
of the world has undergone a complete transformation. The tonnage
of vessels has been doubled, the duration of voyages has been dimin-
ished more than half, and the interchange of wealth between nations
has increased no less in quantity than in rapidity. The effect of all this
upon productive industry everywhere is too vast to be computed.

‘We have instanced, thus, in the first place, an invention which has
revolutionized asingle branch of industry; and in the second, one which
has produced a similar effect upon all industries. But the industries of
the world are constantly growing in number, and an invention may
sometimes possess a character so original as to be the means of creating
a new one. An example of this kind may be found in the vuleanization
of India-rubber; a process which has made of a substance which but a
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few years since was limited to the narrowest range of uses, if rather it
might not justly be called more curious than useful, the basis of one of
the most important of existing manufactures. Photography furnishes
another example of the same class; and this perhaps is a more happy
selection, since the India-rubber manufacture can only be profitably con-
ducted upon a scale of some magnitude, and is therefore concentrated
in the hands of a comparatively small number; while photography
adapts itself to all circumstances, and to the humblest resources, and
may be practiced by an individual working alone in a garret, as well as by
the operator on a grand scale whose saloons and laboratories occupy a
palace, and whose assistants are numbered by hundreds.

It may be questioned, perhaps, whether, in the examples just cited,
the processes at the foundation of the industries which they have crea-
ted should not be called discoveries rather than inventions. This ques-
tion is unimportant to the object for which the examples are produced,
since, for the present purpose, it is immaterial whether a new industry
is founded upon an invention or upon a discovery. Yet for the sake of
precision of ideas it may not be amiss to mark the distinction. Dis-
covery is the extension of the field of knowledge, the unveiling of a
truth which though pre-existing was before concealed. Invention isthe
combination of known instrumentalities, truths, facts, or material things,
in a way before unpracticed, to produce a definite end. Discovery there-
fore creates nothing. Invention creates. But knowledge, nevertheless,
is the armory of invention, and every increase of knowledge increases
the inventor’s strength; so that the steady relation between the advance
of discovery and the correspondingly growing efficiency of productive
industry constitutes the most striking of all illustrations of the truth
of the adage that “knowledge is power.”

It follows from the distinction just drawn that a discovery may be
accidental ; but that an invention, since it implies design and forethought,
cannot be so. The discovery of the polarization of light was accidental,
but the invention of the saccharimeter, founded on this discovery, was
the result of study.

A discovery, again, is sometimes made, which, while it can hardly be
said to be purely accidental, is yet unexpected by the discoverer, who
may be looking for something new, but not in the direction in which it
presents itself. An example of this kind is furnished by the discovery of
indium, brought to light in the study of the solar spectrum. Such dis-
coveries may be called incidental. The early history of chemistry is full
of them, and among the most important of the number may be ranked
the mineral acids, evolved from their combinations by the alchymists of
the middle ages in the course of their empirical pursuit of visionary
objects. It is curious to observe how powerful has been the influence
upon the history of productive industry of discoveries like these, coming
unlooked for and unappreciated when made, but possessing, nevertheless,
a potential value, in comparison with which the philosopher’s stone itself,

21A
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the great object of the researches which made them known, would have
been worthless.

But although a discovery may often thus be made without effort or
without intention on the part of the discoverer, it has occasionally a
larger part in the foundation of an industry than any supplementary
invention which may be necessary to draw from it a practically useful
result. Such is not, however, the rule. More usually invention and dis-
covery go hand in hand, and lend each other mutual aid. Discovery is
constantly the basis of invention. The very first thought which presents
itself on the acquisition to our pre-existing stock of knowledge of any
new truth in chemical or physical science, is, what shall we do with it for
the benefit of the human race? It is not always that we see for the
moment what we shall do with it. The truths the most ultimately pro-
lific have often continued to be for a time after their first announcement
comparativelysterile. But the history of the past has shown that no truth
is ultimately useless, while most new truths act almost instantaneously
to stimulate invention.

In the case of a few of the great inventions by which the world has been
benefited, the effect has been to act more immediately and more power-
fully upon the moral and intellectual character than upon the material
condition of the human race. Pre-eminent above all others in this class
must be ranked the capital invention of printing; an invention which,
by opening the way to universal education, has wrested the priceless
treasures of knowledge from the possession of a favored few, and given
them to be the common property of all mankind. Nor is the value of this
grand invention fully told, when we say that it has substituted knowledge
forignorance. Ignoranceimplies something more deplorable than merely
not to know; it implies superstition, credulity, cruelty, degraded tastes,
mean and grovelling ambitions. An ignorant people is almost of neces-
sity an enslaved people. Without capacity for combination, without
expansiveness of views, unacquainted even with its own strength, and in
slavery already to phantoms of the imagination, such a people succumbs
easily beneath the yoke which a bold will and an iron hand impose. An
ignorant people is also a people to a greater or less degree brutalized ; a
people whose better nature is obscured, whose larger capabilities are
undeveloped, and whose most salient characteristics are too generally
only low cunning, petty selfishness, and an obtuse moral sense. Deliv-
erance from ignorance is emancipation from bondage, the awakening of
the nobler faculties of the better sentiments and of the more generous
susceptibilities of humanity, and the elevation of man to the position of
dignity among created thingswhich he has been capacitated by his Maker
to oceupy. Without the printing press such deliverance was no doubt
possible, but it was possible only to the few; for the multitnde, servitude,
mental darkness, moral debasement, physical suffering, remained the
inevitable destiny. Of such an invention the value can be measured by
no ordinary or sordid standard. The industrial advantages which have
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followed in its train are unworthy for an instant to be compared with the
results of that beneficent influence which it has exercised over the minds
and the hearts of men.

A similar character, though not so distinetly marked, must be aseribed
to the invention of the electrie telegraph. The rapid diffusion of intelli-
gence which this splendid triumph of human ingenuity has made possible
between points most widely separated from each other upon the earth’s
surface, has contributed, and is contributing, much, though to common
observation it may be insensibly, through the increase of knowledge
which it brings, and through the lively stimulus it is affording to intel-
lectual activity, to promote the growth of popular enlightenment through-
out the world. It is probable that this invention is about to prove one
of the most powerful instrumentalities ever known in breaking down the
barriers between nations, in gaining acceptance for the doctrine of the |
solidarity of peoples, and in advancing the march of civilization over
lands on which the shadow of barbarism is still resting. The telegraph
is invading central Asia, and is menacing the heart of the Chinese empire.
‘With such an agency constantly at work, another century cannot fail to
effect, among the secluded peoples of those remote regions, changes,
social, industrial, and possibly political, more signal and more singular
than any that have taken place among them hitherto since the age of
Confucius.

There may seem to be something paradoxical in ascribing, as to some
extent may certainly be justly done, a similar influence to an invention
of earlier date, of which the immediate result was rather to arm men more
effectually for each other’s destruction than to draw them together into
a common bond of brotherhood—the invention of gunpowder in the 14th
century. Yet it cannot be denied that whatever tends to diminish the
frequency of wars, or to lessen their horrors when they ocecur, is so far
at least promotive of the spirit of peace. The strifes which take place
between modern nations are no longer prosecuted with the sanguinary
ferocity which marked the military conflicts of earlier times; battles are
no longer fierce personal struggles in which each man meets his adver-
sary hand to hand; victory is no longer the signal for indiscriminate
massacre, and the horrible war-ery ve victis has ceased to be the shout
of the conquerors. The improvement may in some degree be due to the
transforming power of Christianity in the later centuries, and to the soft-
ening of men’s spirits under the genial influence of an advancing civil-
ization. Yet it has often been also attributed, and in measure at least
with apparent justice, to an invention which, though it has rendered
weapons more deadly, has made it henceforth unnecessary that the con-
fliets of men should resemble the fights of tigers, and has made science
an element of the art of war no less important than physical force.

In classifying inventions as they affect the industrial world, we may,
then, distinguish them in the first instance into two groups, according
as they seem to be of primary or of secondary importance. In the former
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of these groups may be placed, first, inventions whose effect is to trans-
form an industry already existing, and to give to it an increased relative
importance ; next, those which are the means of originating new indus-
tries; then those whose influence is not special, but is felt thronghout
the whole industrial field ; and finally, such as, in addition to their value
as contributions to productive power in the material world, act directly
as instrumentalities in promoting the mental and moral advancement of
the human race.

Among inventions of the second order of importance will be classed,
of course, such as are avowed modifications or improvements, often very
real, of those of the first; remedying the imperfections of an original
process or machine, and contributing to a more satisfactory result; then,
such as, without creating a new industry or transforming essentially an
existing one, facilitate or tend to expedite certain of the operations inci-
dental to a manufacture; then, such as add to the minor comforts, con-
veniences, and enjoyments of life; and finally, such as, in place of the
multitude of common objects and implements in daily use among men of
all trades and professions, substitute others of improved form, or better
material, or more moderate price.

This classification may not be exhaustive, but of its propriety, so far
as it goes, the Exposition furnished a large variety of illustrations. To
illustrate the distinetion by example, the original sewing machine may
justly claim a place in the first group; but its various modifications, its
adaptations to embroidery, to harness-making, to the working of button
holes, &c., must be referred to the second. The varieties of mechanism
employed in the formation of the stitch in common sewing must all take
the same direction. Some of these have evidently been devised not so
much in the hope of a real improvement as for the sake of securing a
patentable form of a popular machine. Among the number, however, it
is but justice to distinguish one which possesses a very distinctive merit.
The machines which employ but a single thread have the advantage of
superiority in point of simplicity of construction and of facility of man-
agement ; but they have the great disadvantage generally of producing
a seam which, when it fails at a single point, fails everywhere. To make
a seam with a single thread which will not yield when cut acrossis a
very signal improvement; and this result seems to have been effectually
achieved in the machine of Wilcox & Gibbs, of New York. By an unfor-
tunate mistake this machine did not come under the observation of the
jury of the class to which it belonged, and it failed, therefore, to receive
the recompense which was justly its due. Amnother illustration of this
class of secondary inventions presented itself in the Jacquard looms,
exhibited by Mr. Pinel de Grandchamp, of Paris. In the weaving of
complicated patterns with these machines, the multiplicity of perforated
cards which are necessary to govern the movements of the warp becomes
an inconvenient incumbrance. The inventor has successfully disem-
barrassed himself of this incumbrance by the simple expedient of substi-
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tuting for the cards a continuous sheet of perforated paper. By this
substitution there was secured at once the double advantage of superior
convenience and diminished expense. Still another and very interesting
illustration of similar character was seen in the power looms and knitting
machines exposed by M. M. Radiguet and Lacéne in the same class.
This consisted of an ingenious attachment designed instantly to arrest
the movement, if at any time the spool became exhausted in the shuttle,
or the yarn happened to break. A delicate metallic finger was seen to
feel for the yarn at the very instant the shuttle completed its course. If
the yarn was in its place it rested there, and the work went on; if not,
it made an electric contact, and the power was paralyzed in an instant.
In pattern work the advantage of such an attachment will easily be
understood. No time is lost in studying to find where the pattern began
to be interrupted, and no trouble is necessary to set backward the Jac-
quard guides.

As an example of what is intended in the second subdivision of inven-
tions of this order, may be mentioned Armstrong’s machine for dovetail-
ing, exhibited in the American section. The rapidity and accuracy with
which this ingenious contrivance executes one of the most troublesome
details of joinery, which it has hitherto been necessary to accomplish
slowly by hand, was a subject of constant interest to crowds of admiring
spectators. Most machine tools of which the purpose is special, and
many of the inventions auxiliary to rural industry, may be referred to
this subdivision.

To the third subdivision belong whatever relates to furniture and
dwellings, to modes of heating, illumination, and ventilation, to food and
culinary operations, to wearing apparel, conveyances, cutlery, &c., &c.;
and to the fourth, the various implements and tools used in the hand by
men of all trades and professions. And in addition to these things there
are, doubtless, many miscellaneous inventions which this classification
is not sufficiently complete to embrace.

If, in view of the distinctions which have been thus drawn between
the different classes of inventions, we turn our attention to the novelties
presented in the Exposition of 1867, we shall be led to infer—

1. That the number of inventions entitled to be called new in the
sense that they are here first made known or first publicly exhibited is
not remarkable. It is natural that this should be so, since it is the inter-
est of every inventor, so soon as he has perfected his title, to publish his
invention as promptly and as extensively as possible, while until that time
it is equally his interest to keep the knowledge exclusively to himself.
So abundant, also, and so rapid are the means of intercommunication at
present existing between civilized nations, and so numerous are the
channels of intelligence which the press has provided for every indus-
trial speciality, that no invention, no improvement, no important change
of any description can take place anywhere without becoming almost
immediately known, in character at least if not in detail, throughout the
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world. On the other hand, the number of inventions here presented,
which are new in the sense that they are recent, is very large; and if all
which are of secondary, as well as those of primary, importance, or all
which are only improvements on pre-existing inventions, are to be
included, it is a great deal too large to be easily enumerated.

2. The number of recent inventions illustrated in the Exposition which
have effected, or are effecting, large changes, and even revolutions, in
important departments of the world’s industry, is very considerable ; and
among these there are some which are destined to stimulate production,
in the departments to which they belong, to an extent which we can as
yet but imperfectly estimate. It is in the nature of such influences to
work out their results by degrees; and the magnitude of their importance
is only perceived in proportion as these results become apparent. Very
conspicuous in this class must be ranked the improved processes which,
in later years, have been introduced into the manufacture of steel; and
yet, largely as these have already modified the metallurgy of the age,
the benefits which must result from them to the industrial arts generally,
and especially to mechanical, civil and military engineering, are only
beginning to be felt. Galvanoplasty is another great invention of
recent times; but it is one of which the capabilities have been developed
more gradually still. For a long time it was believed to admit of no
more important useful application than to the reproduction of works of
art; but it is employed at present for the preservation of important
structures of iron in situations of exposure, where they are liable to be
rapidly destroyed by corrosion; it is an invaluable auxiliary to the art
of heliographic engraving ; it gives durability to the printer’s type; and,
in one way or other, it contributes something to the perfection of almost
every useful art. A few years since the numerous public fountains of
Paris—huge structures of cast-iron—were rapidly becoming unsightly
objects from the rust which accumulated upon their surfaces. They
have been coated by the galvanoplastic process with a shield of copper,
which completely protects them against further injury, and have, conse-
quently, now all the beauty of bronze combined with the cheapness of
iron. Thus inventions of the first order of importance are not seldom
. slow to be recognized as such; and in regard to such an invention, the
term recent must be applied with a larger latitude of meaning than is
understood when we speak of one which produces its impression imme-
diately. Of this latter description was the invention of the reaper, which
took the world almost by storm; and the same remark is true of the
planing machine, the sewing machine, and other signal industrial inno-
vations of analogous character. A machine, in fact, which performs a
definite work makes its way much more rapidly than a process, or even
a mechanical contrivance, of which the possibilities of application extend
to many varieties of work. One of the former description may, there-
fore, soon cease to be new, while one of the latter will be always new
so long as the development of its capabilities continues to be progressive.
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It results that whoever should attempt, in a great industrial display
like the Exposition of 1867, to take note of every interesting invention of
recent origin which the exhibition embraces, would attempt an imprac-
ticable task; and that whoever should propose to select from among the
number such recent ones as are of most prominent importance, would be
obliged to understand the word recent as covering a period of some
years. Such a selection it is which has been attempted in the notices
which follow; and in making the selection it has been a purpose kept in
view to avoid, as far as possible, encroaching upon ground which, in the
distribution of duty, had been assigned to others. This explanation
may account for the omission of any mention in this report of many
objects whose comparative importance would entitle them to occupy a
conspicuous place in any comprehensive record which should be made
of the memorable things embraced in this Exposition.
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GENERAL OBSERVATIONS.

Force being the first necessity in all industries, it is natural that the
agencies designed to furnish motive power should receive the first atten-
tion. The steam-engine, in its several forms fixed and movable, with
the exception of the rotary engines, having been made the subject of
examination and report by another committee, will require no notice
here. It is sufficient to remark in this place that, notwithstanding the
inappreciable usefulness of this machine, and notwithstanding the many
and very great improvements which have been introduced into it since
the time of Watt, the steam-engine is still not without some features
which, if it were possible, it would be desirable to avoid. Though it has
been reduced to a form comparatively compact, it still occupies an
amount of space which is for many purposes inconvenient; and though
for a given power the cost of construction is less at present than it was
a quarter of a century ago by more than fifty per cent., it is still costly.
The improvements of boilers have very largely increased the amount of
heat utilized, and have so reduced the bulk and weight necessary to the
production of a given power as to have made the introduction of the
movable engine into agriculture and into many of the minor industries
economical, and not too inconvenient. Yet, for intermittent industries,
the time consumed in raising steam to the required pressure, and the
unproductive expenditure of fuel which is the consequence of the fre-
quent repetition of this operation, are sensible disadvantages; and to
these must be added the disastrous effects which usually accompany the
accident of an explosion of the boiler; an accident which, however rare,
is always possible, and against which no caution or foresight can pro-
vide an absolute security. Much ingenuity has therefore been enlisted
in the endeavor to provide a motor which, in certain circumstances, if
not in all, might replace the steam-engine. If, as yet, the success of
these efforts has not equalled the hopes of their authors, it has still been
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considerable, and it has probably by no means yet reached its culmi-
nating point. The “motors” of this description which presented them-
selves in the Exposition may be arranged under several heads, as follows:

1. Hot-air engines; 2. Inflammable gas-engines; 3. Ammoniacal
gas-engines; 4. Rotary steam-engines; 5. Hydraulic motors; 6. Aerial
motors; 7. Hlectro-magnetic engines.

IL—HOT-AIR ENGINES.

Of engines driven by heated air, several varieties were exhibited.
All of these have certain advantages in common, and all are subject to
certain disadvantages which are inseparable from the system. Itisan
advantage that they require no boiler, and are exempt from the dangers
which arise from that source. Could air be employed at a pressure
equal to that of steam, it would be an important advantage te be free
from the great weight which the use of the boiler necessitates, and
unembarrassed by its bulk. As yet, however, this condition has not
been realized, and hence the dimensions of the working parts of air-
engines are necessarily so much more considerable than those of steam-
engines of corresponding power, as to render the gain in this direction,
if there is any, unimportant. It is, however, an advantage that air-
engines are cheaper of construction than those driven by steam, and
that their management is easier, and requires less constant watchfulness.
It has generally been claimed for them that they economize fuel. Theory
might seem to justify this claim, but in practice it has hardly been
sustained.

The disadvantages of air-engines consist in the difficulty of heating
and eooling the air employed with the rapidity necessary to secure the
best performance; and in the fact that the supply of the cylinder con-
sumes more than half the power developed. To this it may be added,
that, while the efficiency of the machine depends upon the difference
between the maximum and minimum temperatures, there are certain
practical limits which neither of these temperatures can transcend.

Air-engines may be arranged in two classes, of which the first embraces
those which draw their supplies directly from the atmosphere, and dis-
charge them into the atmosphere again after they have produced their
effect; and the second, those which employ continually the same air,
which is alternately heated and cooled but is not allowed to escape.
The Fricsson engine which has been established among us for many
years, and which, for minor industries, is in so great esteem, is an
example of the first class. The engine of Mr. Lauberau, which will pres-
ently be described, illustrates the second.

In each of these classes a subordinate classification may be made
according as the air is heated in the cylinder in which it performs its
work, or in a separate chamber. The plan of the Ericsson engine is
the first of these. That of Mr. Shaw’s invention exhibited in the Ameri-
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can section, and also of Mr. Roper’s in the same section, the second.
Of machines which do not discharge the air, Mr. Lauberaws was the
only one exhibited. In this, the work is done in one cylinder, and the
heat is applied in another. This class of machines admits of several
modifications of arrangement, all of which have been employed by
different inventors with more or less success. Theheater and the refrig-
erator, for example, may be both independent of the working cylinder,
and of each other; presenting an analogy to the boiler and condenser
of the steam-engine; or the refrigerator only may be separate; or finally,
as in the engine of Mr. Lauberau, the heating and refrigeration may
take place at the opposite extremities of the same vessel, the air being
driven from one end to the other alternately by means of a plunger.

Certain propositions are true of all these machines. In the first place,
there is a theoretic limit to the economy of which they are capable—that
is to say, of the heat which the air receives from the source, a fraction
only can under any circumstance be converted into mechanical force;
and theory enables us to state the maximum value which this fraction
can have. This maximum depends only on the extreme temperatures
at the command of the engineer; and is therefore the same for all hot-
air engines, and not only for these but for all engines whatever driven
by heat, whether the elastic medium employed be air or steam, or ammo-
nical gas, or the vapor of ether or of any other volatile liquid. But in
no engine yet constructed has this economical limit been reached, or
even very nearly approached.

As the proposition here stated is a very important one, it is proper to
devote a few words to its illustration. Its truth is directly demonstra-
ble from the principles of the mechanical theory of heat. In fact, when
the elastic force of air or steam is employed as a motive power, the maxi-
mum limit of possible advantage, and therefore of economy, is easily
ascertained, by following the successive changes, in regard to volume
and temperature, through which a limited portion of the elastic medium
(a single charge, for instance, of the working cylinder) must pass, in
order that it may produce the largest elementary portion of work of
which it is capable, and be restored to its original condition, or to the
state in which it may be available to produce a second useful effect. In
practice this cycle is not usually completed; and the same portion of the
elastic medium is not made repeatedly serviceable. At a certain point
of its expansion, the steam or the heated air is discharged into the
atmosphere, while a fresh portion is taken up to supply the place of that
which is thus abandoned. When, in the case of steam, a condenser is
used, the water produced by condensation is returned to the boiler;
but here the regularity of the cycle is broken by the abrupt condensa-
tion of the steam before it has performed all the work of which it is
capable. On this account no steam-engine fulfils the conditions of largest
economy. But the fraction of work which is voluntarily sacrificed could
usually be saved only at the expense of a more than compensating incon-
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venience. In the case of steam,the cycle of changes which takes place
in the production of the largest possible amount of available force of
which a given volume of the medium is capable, consistently with the
supposition that it is finally restored toits original state, so as to permit
a repetition of the effect, is the following:
First. The large expansion attendant on the conversion of water into
steam with the volume due to the temperature and pressure of the boiler.
Secondly. The dilatation of this steam with diminishing pressure and
temperature, until its elastic force is in equilibrium with that of the sur-
rounding media—of the atmosphere, in the case of a non-condensing
engine, and of the vapor in the condenser, in a condensing engine.
Thirdly. The reduction of the volume of this steam, or mixed steam
and water, without elevation of temperature, (that is, with a constant
abstraction of the heat produced by the compression,) to such a bulk that,
Fourthly, a final compression, without abstraction of heat, shall restore
it to the boiler in the form of water under the original temperature and
pressure. In the third step of this progress the force required for the
compression is constant, and is simply that which is necessary to clear
the cylinder against the resistance of the atmosphere or of the vapor in the
condenser ; butit is attended with progressive condensation of the vapor
still remaining to the form of water; the latent heat thus developed being
supposed to be removed by suitable means of refrigeration. In the final
compression it is the force of increasing pressure which completes the
condensation; and the developed latent heat brings up the temperature
of the water to that of the boiler. In this series of changes, the expan-
sion in the first term and the compression in the third are attended with
no change of elastic force, since the temperatures remain constant, and
the densities also; vaporization, on the one hand, and condensation
on the other, compensating for change of volume. Inthe first stage heat
is constantly received from the fire; and in the third it is constantly
abandoned to the refrigerator. In the second and fourth no heat is either
received or givenup. Thereis constant loss in every stage by the effect
of radiation and conduection ; but this, in the abstract theory, isnot con-
sidered, and in practice is guardéd against as far as possible. When
the medium employed is air, or a permanent gas, the cycle of changes
is similar, but the pressures are variable throughout. In the first and
third stages the temperatures are constant, as in the case of steam. In
the second the temperature falls, and in the fourth it rises. During the
first stage heat is received from the fire in such quantities as to prevent
any depression of temperature in consequence of the expansion, but not
enough to produce any elevation of temperature. This heat is entirely
converted into work, and is the exact equivalent of the work done in this
part of the cycle. During the second no heat is received or given up:
but the temperature falls, and the work done is the equivalent of the
heat which thus seems to disappear. In thethird the volume is reduced
by compression, and a refrigerator absorbs the heat which the compres-
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sion developes, 8o as to maintain a constant temperature; and in the
fourth further compression elevates the temperature to that with which
the cycle commenced, while at the same time it restores the original
bulk. In this change the temperature rises through as many degrees as
it fell during the second period; and the same amount of heat which
then seemed to disappear now makes its re-appearance. The work done
with positive effect in one of these two stages balances that which is
expended unprofitably in the other; so that the amount which is finally
available for use is the difference between the work which is performed
during the expansion in the first stage and that which is consumed in
the compression which takes place in the third. And this, as we have
seen, is measured by the heat received from the fire, diminished by the
heat imparted to the refrigerator.

The foregoing propositions may be visibly illustrated by means of a
simple geometrical figure. If we suppose a body of air, or other elastic
medinm, to be confined in a cylinder between the closed extremity and
a movable piston, the distance between this extremity and the piston
will be always proportional to the volume. In the annexed figure let O

A
B
D
¢
0 A D" B’ ¢’
Fig. 1.

be the closed extremity of the supposed cylinder, and A/, B/, ¢, D’, posi-
tions occupied by the movable piston at the end of the successive stages
of expansion and compression which we have supposed the air to
undergo, Then let AA’, BB/, CC’, DD/ be perpendiculars proportional
to the pressure exerted by the air upon the piston at those several points.
The first stage of expansion is represented by the movement of the piston
from A’ to B/, during which the temperature is constant, and the pres-
sure falls off gradually. The work which is done during this period is
proportional to the area ABB’A’. The second stage of expansion cor-
responds to the movement of the piston from B/ to /. During this period
no heat is supplied by the source, and the temperature falls. The pres-
sure also diminishes more rapidly than before, and the work done
is proportional to the area BCC/B’. The first stage of compression
ocecurs while the piston moves from C/ to D/, in the direction opposite to
that of its former movement ; and as, during this period, the refrigerator
removes the heat generated by compression, the temperature remains
constantly the same, and the work consumed in overcoming the resist-
ance of the air is proportional to the area CC’'D’D. Finally, in the move.
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ment of the piston from D’ to A’, its original position, the refrigerator no
longer acts, and the temperature rises, the pressure rising at the same
time more rapidly than before. 1)’ may be taken at such a point that
the final pressure shall be equal to the initial pressure AA’. In this last
movement, therefore, the work consumed will be proportional to the area
DD’A’A. .

Thus we have, for the positive effect of expansion, the entire area
ABCC/A’. But, in order to restore the air to its original state, there
must be expended a force represented by the area ADCC’/A’. And it is
only the difference between these two values, or the force which has the
irregular area ABOD for its representative, which is available for useful
effect.

It is provable that the area BCC'B, described under these circum-
stances, is equal to the area ADD'A’. Hence, in fact, the area repre-
senting the available force ABCD is equal to the difference of the areas
ABB’/A’ and DCC/D’. The first of these areas is that which is desecribed
with the superior temperature constantly continued; and the second that
which is described with the inferior temperature similarly constant.
The other two effects, being equal and opposite, may be disregarded.

Now the heat consumed in expanding an elastic fluid through a space
bearing a definite proportion to its bulk without change of temperature,
(which isthe measure of the work done at the same time,) must of course
be proportional to the pressure; and this is itself proportional to the
temperature measured from the absolute zero, two hundred and seventy-
three degrees below the zero.of the Centigrade thermometer. And the
heat developed in compressing a similar fluid through a similar space
must, for the same reason, be proportionate also to its temperature. The
actual bulk of the air during the expansion in the first stage of the cycle
above described, and during the compression in the third stage, is not the
same; but the ratios of the bulks at the beginning and end of the expan-
sion, and at the beginning and end of the compression, are equal, and
accordingly the quantities of heat received in the first instance from the
fire, and imparted in the second to the refrigerator, are proportioned to
the temperatures at which the expansion and compression take place.
It hence appears that, of the heat required to operate an air-engine which
fulfils the conditions above described, the proportion which is converti-
ble into useful work will be greater or less, according as the maximum
and minimum temperature differ more widely. And what may be called
the coefficient of economy for such an engine may be thus expressed :

If T be taken to represent the superior temperature measured from the
absolute zero, and T’ the inferior; and also  to represent the quantity
of heat received from the fire during the first expansion, and Q' the quan-
tity transferred to the refrigerator during the first compression; and
finally, if A represent a constant quantity dependent on the absolute
pressure and bulk of the gas at a given temperature, then we shall have,
Q=AT; Q'=AT'; Q—Q'=A(T—T")
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As Q—Q is the portion of the heat utilized, and Q the entire amount
received from the fire, the economical coefficient, or the fraction show-
ing the ratio to the whole of the part which is made usefully available,
and which may be represented by U, will be,!

U— Q—Q AT-—-T) T-T
T Q T AT T T

LIf the effects of the several movements described in the text are expressed analytically,
the truth of the propositions above stated will be evident from a mere inspection of the
formulee.

Let it be premised that whenever a determinate mass of air, or other perfectly elastic
medium, changes its volume without changing its temperature, the pressure will be inversely
proportional to the volume. That is, if p, and v, denote a given pressure with its corre-
sponding volume, and pn and vy any other pressure and volume coexisting, then

Pa t Pn Il Vn § Va; OF Pn Un=pPsVa. (I.)

Also, if while volume varies the temperature varies, but pressure remains constant, then,
putting ¢, and ¢, for the given and variable temperatures, respectively, as measured from
the absolute zero, the temperature must vary as the volume, or

ta o tn o2 Vo o Unj OF in Va==1s Vn.
And if the pressure varies while the volume remains constant,
ta ¢ In il pa : Pnj or tn]’n——tapn
Accordingly, if temperature, pressure, and volume all vary together -
ta ¢ In Io PaPa ¢ Pn Vn; OF in Pa Vo=l Pn Un. (IL.)

Finally, if the same determinate mass varies in volume without receiving or parting with
heat,

y-1 y-1_ -1
-1 -1 —_— —
fottn tto’ twt Ty o P apgleh o Yl . (IIL)
ta -1 ta v-1
Vn Un
_1
Also 1’1_(Lu> 7-1 (IV.)
Vo~ \in ’

In which y is the thermo-dynamic index of the medium, or the ratio of the specific heat
at constant pressure to the specific heab at constant volume. In the case of air, ¥ =1.421.

Now if p1, ps, ps, and ps denote the pressures at the commencement of the successive
movements described in the text, severally; and vy, ve, v3, and v4 the corresponding volumes
at the same time; and if ¢, and #, be the two extreme temperatures, and Wi, Wo, W3, and
‘W, represent the amount of force expended or work done in these movements, respectively,
then the total useful effect resulting from the whole series, Wy, will be expressed in the
equation, "

Wu =W1+VV2—W3~—W4.
Of these the values of the second and fourth are—

v-1 y-1 y-1 y-1
—P2 v ”——-—————3 — and W. ::P1 2} 27__‘__‘_4 —% .
sz——y—I{ 71 » and Wy y-1 7-1
V3 2

Here pe v2 =p1 v1, because the temperature from v, to v is constant and equal to f,, (I.)

y-1 y-1 r-1 y-1
Vs — Vg ta—1In Vs —1 .
Also, (I11), 71 == 7=1
V3 V4
Hence Wo==W, and tke equation is reduced to,
Wo=W;—-W53.

The values of these two terms are—

D v
Wi=p: vl(hu l'v—?)’ and \V;;:puu(h. li}

But, (IV), ( )7 -1 ﬁ. Consequently 2 %3,
1

Vg
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It follows that, in proportion as the interval between T and T is
increased, the machine will work with correspondingly greater economy.
This interval can be increased by increasing T, or by diminishing T/, or
by doing both at once. It is impracticable, however, to employ a refrig-
erator having a temperature below that of the weather. We must there-
fore take for a mean lower limit about 17° C, or 62° 5 I, a temperature
which, referred to the absolute zero, is equal to 290° C. On the other
hand, a practical upper limit is imposed by the consideration that a red
heat is reached for solids at about 650° C, which is 9239 C above the
absolute zero. This limit could not be safely approached ; but supposing
it to be actually attained, the economical co-efficient would be

923 — 290
923

or a little more than two-thirds of the heat taken up by the air. Proba-
bly no hot-air engine has yet been actually employed, in which the tem-
perature has been carried much above 300° C. With a maximum tem-
perature of 3070 C = 580° C above the absolute zero, the economical
coefficient would be

=0.684

580 — 290
580

which would show a utilization of one-half the heat taken up. The first
Ericsson engine was designed to work at a maximum temperature of about
4500 F = 2320 C = 505° above the absolute zero. The limit of economy
realizable by it, had it been successful, and provided the air could have
been made to pass through the complete cycle of changes embraced in
the theory, would have been

505 — 290
505

But in point of fact, no hot-air engine fulfils, or can fulfil completely,
the theoretic conditions. In order to do so, it would be necessary that
the air should leave the working cylinder at the minimum temperature ;
that is to say, at a temperature as low as that of the supply ; or else that,
by some contrivance, the excess of heat which it retains should be trans-
ferred to the supply on its way to the working cylinder. As the first
of these conditions—that is to say, the expansion of the air in working
sufficiently to reduce the temperature to the minimum—is practically
unrealizable, it is the second which inventors have in many instances

=0.50

=0.426.

Also, (1II), th p1 o1 =taPsvs; and psvy :';Epl 1
a
Hence Wo=W, — E‘EWI_—.W1 (’"_tb ); and Wu ta—h
ta ta W™ ta

Thus, as W, is the mechanical equivalent of all the heat that has been imparted to the
medium, the fraction expressing the greatest possible useful effect, or the economical cocfficient,
is formed by taking the difference of the extreme temperatures for a numerator, and the maxi-
mum temperature for a denominator.
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sought to secure. In order to accomplish this, the emergent air has in
some cases, as in KHricsson’s original engine, been made to pass through
successive sheets of wire gauze, or between thin sheets of metal, or has
been in some other manner brought into contact with metallic surtaces
of large extent in proportion to the weight of the mass, in order that the
excess of heat being transferred to these might be afterwards taken up
by the cold air of the supply as it enters. The first of the expedients
here mentioned was employed by Mr. Ericsson, and the second in the
earlier invention of Sterling. In Shaw’s engine, exhibited in the Iixposi-
tion, the hot air escapes through a cluster of thin tubes, while the cold
air circulates between them. The term ‘“regenerator” was applied by
Mr. Ericsson to this contrivance as applied to his original engine, and
this term has come into general use. The regenerator is applicable to
any form of engine, but it is not employed in all. The theoretic advan-
tage is considerable, but in practice is not fully realized ; and it is attended
with the disadvantage of sensibly increasing the amount of the passive
resistances of the machine. In fact, in order that the regenerator, sup-
pose it for instance to be a succession of wire gauze sheets, should entirely
absorb the excess of heat of the escaping air, the number of sheets should
be very considerable. It is easily seen that if this number were quite
unlimited, there would be somewhere a point at which the air would have
no longer any heat to impart ; its temperature being sensibly reduced to
that of the metal. From this point backward to the cylinder from which
it was discharged, the successive sheets of wire gauze would rise in tem-
perature, and the last one would have sensibly the same temperature as
that with which the air emerged. The number of sheets which would be
required effectually to absorb the heat, would depend, for a given excess
of temperature, upon the closeness of the meshes, and in any case must
be considerable. The obstruction which every such contrivance necessa-
rily presents to the free passage of the air, creates a resistance which
makes its presence objectionable, and which may go far to neutralize the
advantage which it is designed to secure. By diminishing the number
of the sheets and the closeness of the meshes, the resistance is reduced,
but the absorption of the heat is proportionally less complete. Practi-
cally, where the regenerator continues to be used, a middle course is
taken ; the economy is not wholly realized, and the obstruction to circu-
lation is not very serious. This is the case in the engine of Mr. Shaw, in
which the regenerator consists, as above remarked, of a series of tubes.
It is to be considered, however, that the loss of heat suffered in operating
engines driven by heated air or steam, is by no means limited to the
fraction, large as it is, of the heat which, after being actually imparted
to the medium, is unavailable for work. If this were true, the cost of
working such engines would fall to a very small proportion of what it
actually is. Itis, unfortunately, the case that by far the largest source of
loss is to be found in the escape of a large part of the heat which the
combustible develops in other ways than in raising the temperature of
3I1IA
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the elastic medium which does the work. And the improvement of all
these engines, so far as economy is concerned, is to be sought in such
forms of furnace, and such modes of applying heat, as may reduce what
is now the sheer waste of the chimneys or of the radiating surfaces,
rather than in the endeavor to push to extremes the temperatures
employed in the working cylinder.

It is to be observed that the difficulty of guarding against losses by
conduction and radiation is enormously increased when excessive tem-
peratures are employed; and also that such temperatures decompose
lubricants, destroy packing, and, by the large expansion which they give
to metals, loosen joints and impair the strength of the whole structure.
Since the largest room for economy is evidently in the direction of pre-
venting the wholly useless waste at present occurring, the effort should
be to keep the maximum temperature as low, and not to push it as high,
as possible.

ERICSSON’S ENGINE.

The engine of Mr. Ericsson is too generally known to need many words.
In its present form it differs essentially from that which it had when
constructed on a large scale, some fifteen years ago, to be employed as the
motive power of a sea-going vessel ; or, more properly, the present one is
a different machine. In the original model a working cylinder was placed
immediately over the fire of the furnace, and a cylinder of supply of about
two-thirds the capacity was placed immediately over that. The engine
was single-acting, the working eylinders were quite open, and the working
pistons were of great bulk and formed of non-conducting substances, being
designed to {ill the cylinders when at the point of the lowest depression,
80 as to prevent their cooling by contact with the air of the atmosphere.
The bottom of each cylinder was arched, forming a dome for a furnace ;
and the piston received, at its lower surface, a corresponding figure.
The pistons of the supply eylinder and working cylinder were firmly con-
nected, and had therefore an equal length of stroke. At the descent of
the piston the supply cylinder was filled by aspiration from the atmo-
sphere ; and in the ascent the charge, after undergoing compression, was
driven into a reservoir, from which it passed subsequently into the work-
ing eylinder. The upward stroke being completed, the heated air escaped
through a regenerator formed of wire gauze, depositing there its excess
of heat; and the new charge from the reservoir, passing to the working
cylinder through the same regenerator, re-absorbed this heat, and thus
entered the heating chamber already at an elevated temperature.

This engine, it will be seen, was remarkably simple in construction. It
also performed very well in practice, so far as its performance was merely
a question of mechanics. But it failed, because the heating arrange-
ments were inadequate to the demand made upon them. Mr. Ericsson
did not expect to be dependent on his furnaces for the supply of more
than a moderate fraction of the heat which each successive charge of air
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was to receive. It was his anticipation that the regenerators would
serve to transfer so large a quantity from each charge to the next, that
it would be necessary to provide for little more than the always inevita-
ble loss by mere radiation. This anticipation was not realized, and in
fact could not be, since no account was taken of the large amount of
heat necessarily transformed into work. But there was a cause of failure
superadded to this, arising from the difficulty of heating air at all by
means of a furnace. Radiant heat produces scarcely any impression
upon a body of air through which it passes. The inventors of all the air
engines which have been to any degree successful have recognized the
necessity of applying their heat as much as possible by conduction and
actual contact. Mr. Ericsson himself is no exception, as his engine pre-
sented in the Exposition shows. This machine possesses a special inter-
est, from the fact that it was the first of its class to secure for itself a
recognized place in the industrial world as a valuable aid to productive
power.

In its present form the Ericsson engine fails to present to the observer
a combination at first view easily intelligible. It even seems to be
characterized by a certain amount of complication, which might suggest
greater liability to derangement than ought to belong to a prime mover.
A closer examination, nevertheless, will show that the mechanism itself
is in fact very simple, and that it is only the rather puzzling consecution
of movements which confuses.

Before referring to the figure of this engine, which is given in Plate I,
the following general explanation of the mechanical principles of its con-
struction will be understood. Let it be supposed that a piston moves
air-tight in a eylinder which is closed at both ends. Call one end of the
eylinder A, and the other B. Call the piston also C. In the end A
let there be a valve opening inward, and in the end B a second valve
opening outward. These two valves open, then, in absolute direction,
the same way. Let the piston C, furthermore, have a valve opening in
this common direction. Then, if the piston C move toward B, its own
valve will naturally close, and that of B will open, because the move-
ment tends to compress the air between B and C. Also the valve A
will open at the same time, because the movement tends to rarify the
air between A and B. Thus, in this movement, continued to the end of
the cylinder, all the air on the side toward B may be expelled ; but at
the same time the cylinder will be filled on the other side toward A, by
the influx of air from without. If the piston Cnow reverse its motion,
both the valves A and B will be closed, because the movement will
tend to rarify the air on the side of B, and to condense it on the side
of A. But its own valve will be opened by the joint effect of these
causes, so that the air will pass freely throngh the piston; and if the
motion continues, will ultimately be all transferred to the side of B.
This operation may go on indefinitely.

Now if, on the side of A, the cylinder is closed by a second piston
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(which we may still call A,) and not by a fixed cap, both pistons being
movable, the same succession of occurrences will take place, only modi-
fied by the movements which may be given to A. If C and A both
move in the direction of A, both their valves will open, and air from the
exterior of the cylinder will pass through both into the space between
B and C. If they both move toward B, but C faster than A, then air
will enter on the side of A, and flow out on the side of B, the valve C
only remaining closed. If both move toward A, but A faster than C,
air will still enter the space between C and A, while, in less quantity, it
is passing through C into the space between C and B.

Let now the piston A be supposed to occupy a position, say one-third
advanced down the cylinder, the piston C being further advanced still,
and let the valve of B be secured by a strong spring pressing upon it,
so that it cannot be openéd without the application of some considerable
force; and in these circumstances let the eylinder, and consequently the
air contained in it, be heated. The elasticity of the confined air being
increased by heat will close the valve in A, and that piston will be moved
in the direction of A, until, by the enlargement of volume, the elasticity
shall be reduced to equality with that of the external air. If the heat
be uniform throughout all the mass of confined air, the valve in C will
be equally pressed on both sides. Under these circumstances the piston
C could be moved toward A, if there were any means of acting upon it,
the air passing through the valve toward B. But if an attempt were
made to move the piston itself toward B, it would encounter resistance,
because its own valve would be closed by the movement, and the valve
of B is supposed to be forcibly held down. Since now the external piston
must move in the direction A, it is only necessary that it should be
properly connected with a machine, in order that the force exerted by
the heated and expanding air may be turned to some practical account.

If, again, at the end of the movement, the air could be immediately
cooled without being discharged, the heat could be again applied and
the effort repeated. But this not being practicable, the heated air may
be allowed to escape by relieving the valve B of the pressure of the
spring which confines it, and by causing the piston C to descend to the
extremity B of the ¢ylinder. This movement of C not only drives out
the hot air, but it draws in through A a fresh supply of cold air; and if
A descends simultaneously to the position originally supposed, i. e., one-
third advanced toward B, there will be a body of air filling the other
two-thirds of the cylinder at the common temperature, ready to be acted
on anew by heat.

In this statement is embraced the general prineciple of the Ericsson
engine. What remains is to explain the mechanical contrivances by
which the movements of the pistons are governed, and to describe the
heating apparatus which is employed to effect the prompt dilatation of
the air. Inasmuch as the piston which we have called C is shut up in
the cylinder behind A, it is necessary that the rods which give it motion
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should pass through A. They do so, being packed by means of stuffing
boxes to prevent leakage; and are connected at their external extremi-
ties with oscillating levers turning on a fixed centre of motion at their
extremities, and keptin motion by the engine. The rod of the external
piston, A, which is the driving piston, is also connected with an upright
oscillating lever, turning on an axis of motion at its lower extremity,
and carrying at its upper a horizontal connecting rod which acts on
the crank of the main shaft of the engine. It would be simpler to
connect the piston directly with this crank; but if that mode of con-
nection were adopted, the stroke of the piston would have to take place
in both directions, forward and back, in equal times. This condition is
not favorable to the action of the machine; and inequality in this respect
is still more important in the case of the supply piston. The peculiar
ingenuity of this machine is in fact manifested most signally at this
point. By means of the systems of levers interposed between the pis-
tons and the main shaft, provision is made for the perfect uniformity of
the revolution of the shaft, while the pistons on the other hand are
accelerated and retarded in such a manner as to fulfil the condition that
the aspiration of the charge of air should occupy the minimum of time.
The oscillating levers which connect with the piston-rods of the supply
piston are kept in oscillation by crank motion from the main shaft, and
in their oscillations they displace the inner piston, encountering no resist-
ance but friction. In consequence of the un-uniform and unequal veloci-
ties of the two pistons, and their intentional adjustment so that they do
not begin and end their course together, the distance between them
varies in a manner which is quite important, first to the aspiration of
the charge, and secondly to the effectual exposure of the aspired air to
the action of the furnace.

It is of course of the highest importance that the positions of the
cranks on the main shaft, and those of the axes of motion of the oscilla-
ting levers, should be so related to each other as to produce a rapid
separation of the two pistons at the beginning of the negative stroke;
because this is the time when the aspiration of the charge must take
place. During this time, the inner piston, gaining on the outer, will not
only draw in the fresh charge, but it will expel the exhausted one; the
escape valve being lifted for the purpose and kept raised during all the
period of aspiration by means of a cam. When the pistons are at the
maximum distance from each other, the aspiration is ended. From this
time until the half revolution is complete, the confined air undergoes
compression, and the movement is maintained by the fly wheel. In the
second half revolution the driving piston is urged by the elasticity of
the air which is exalted both by compression and by heat.

The heating is accomplished as follows: The furnace is within the
cylinder, at the end which we have called B, where the cylinder is pro-
longed to receive it. Itisof iron and is cylindrical also, & small annular
space only intervening between its walls and those of the eylinder. This,
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space is open to the interior, but is closed at the extreme end; so that
it forms in fact a portion of the proper air chamber. To the supply
piston C is attached by its crown a sheet-iron cylindrical bell, which
enters the annular space just spoken of without touching the walls of
the furnace or those of the surrounding cylinder. The valve in C opens
above the ecrown of this bell; but any air which comes through the valve
from the side of A can only reach the interior by passing down the
annular space between the bell and the cylinder wall, and returning up
the annular space between the bell and the wall of the furnace. In
making this passage, it will be exposed in a very thin sheet to the action
of the furnace heat; a very large proportion of the molecules being
brought into direct contact with the heated iron.

That we may understand how this movement of the air is made forcibly
necessary, we need only consider the relative movements of the pistons
during the period of a complete revolution. At the beginning of the
negative stroke, or of the movement of A in the direction of B, the
supply piston takes the lead, air enters through the valve of A, and the
aspiration is soon complete. The distance between the two pistons,
which determines the amount of aspiration, is now of course at its maxi-
mum. A next begins to gain on C, but both movements have still for a
short time the same (negative) direction. The space occupied by the
air is gradually reduced; or,in other words, the air undergoes compres-
sion. The piston C reaches the limit of its course sooner than A. It
begins to move in the positive direction, while the motion of A is still
negative. The valve in C is opened by the pressure, the air passes
through and having no other channel descends the annular space outside
of the bell and returns by the annular space inside the bell, becoming
heated, as above described, in its progress. Presently after this dis-
placement commences, the piston A also reaches its limit of movement,
and the direction of its motion beecomes positive. But C moves the
faster of the two, so that the displacement continues throughout the
greater part of the positive stroke. A little before the end, the distance
between the two pistons becomes minimum; and they are then nearly
in contact. When the revolution is quite complefe this distance is
slightly increased. Just before this time, C will have recommenced its
negative movement, while A contiiiues still to be moving in the positive
direction.

The relative movements here described will be more advantageously
compared by presenting them in tabular form, which we are enabled to
do by the help of the determinations made by Mr. Mastaing, of Paris,
upon the Eriesson engine which was made the subject of experiment in
1861 at the Conservatoire des Arts et Métiers, by Mr. Tresca, sub-director
of that institution. In the first column of this table are placed the
angular positions of the driving crank on the main shaft at different
periods of the revolution; putting zero to represent the position of the
crank when the piston A is about to commence its negative stroke. The
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second column gives the direction of motion of the driving piston, and
its motion relative to that of the other; and the third column gives the
same particulars in regard to the supply piston. The last column gives
the variation of distance taking place between the two pistons at the
several points indicated in the table.

ERICSSON’S ENGINE.

Relative motion of the pistons. Distance
Angular position of the crank. ' between the
Driving piston. Supply piston. pistons.
o
0t0 70 cocmmn e Negative, losing....| Negative, gaining ..| Increasing.
0 e Negative, equal. .... Negative, equal ....; Maximum.
T0t0 120 .. ... L ....ll. Negative, gaining ..| Negative, losing ....| Decreasing.
120 oo Negative, gaining ..| Limit of course..--. Decreasing.
12060 170 ... ilo... Negative, contrary..| Positive, contrary...| Decreasing.
170 il Limit of course..... Positive, gaining ..., Decreasing.
17060 310 v e e e e Positive, losing. .... Positive, gaining -..; Decreasing.
B10 oo i Positive, losing. .... Positive, gaining . ..| Minimum.
310 to 840 ceoemn oLl Positive, gaining ...| Positive, losing. .... Increasing.
340 Lol Positive, gaining - ..| Limit of course-.... Increasing.
340 60 360 ceomen L Positive, contrary...| Negative, contrary..| Increasing.

It will be seen that the negative stroke is completed in less than half
a revolution, for either piston, while the positive stroke requires more;
also, that this inequality is considerably greater for the supply piston
than for the driving piston. In the case of the driving piston the
inequality is as 170° to 190°; in that of the supply piston, as 160° to 2000,
These inequalities, which could not exist if the connection between the
main shaft and the pistons were made directly, as in the steam-engine,
are the effect of the intermediate system of levers, and are intentionally
produced. The increase of distance between the pistons from 310° to
the end of the revolution is not an advantage, but it is not a greatincrease,
the total distance amounting finally only to about the one-sixth part of
the maximum separation, and receiving the principal accession to its
amount between 350° and 360°. As after the second reversal of the
movement of the supply piston, the effective power of the engine is neces-
sarily paralyzed, the escape valve is opened at 344° by the action of the
cam above spoken of, and the aspiration commences before the revolu-
tion is quite complete. The valve is closed again at 699, just as the
aspiration is becoming maximum.

Tnasmuch as the effective power of this engine is negative or zero from
3440 onward to 1709, or through a little more than half a revolution, it
is necessary that the machine should be provided with a heavy fly-wheel
to maintain the movement during these intervals. = The fly-wheel is made
to act also as a sort of counterweight, as well as by means of its moment
of rotation, the side of the wheel which is descending during the period
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of paralysis being made considerably heavier than the other. A com-
panion engine to act positively during the inaction of the first, would
render such an expedient unnecessary; but unfortunately the bulk is
considerable relatively to the power, and it would, in general, be a dis-
advantage to double it.

The engines of Mr., Ericsson are largely in use in the United States;
but as yet they have not been constructed of any considerable power. As
a general rule they fall within three or four-horse power as an outer limit;
though it is believed that there have been made some exceeding this
limit. On account of their safety and convenience they have been
regarded with favor; and it has been claimed for them as an additional
recommendation that they are economical. Such did not appear to be
the fact in the case of the particular engine which was the subject of the
experiments of Mr. Tresca above referred to. In this machine, which
was of two-horse power, the result of very careful trial showed a con-
sumption of 4.13 kilograms (about nine pounds) of coal per horse-power
per hour. In comparison with steam this cannot be called a large econ-
omy. The consumption of a good steam engine ought not to exceed, per
horse-power per hour, two kilograms at the outside. Omne and a half
ought to suffice.

It may be observed, in conclusion, that Mr. Ericsson makes no attempt
to carry the temperature in this engine to a very high point. The mean
maximum temperature in the experiments at the Conservatoire did not
exceed 270° Fahrenheit, though doubtless portions of the air received a
greater degree of heat than this. The expansion of volume was further
determined to be but as 1 : 1.48—that is to say, about fifty per cent. of
the original bulk.

The general description here given will be made more intelligible by
reference to the figures of the engine given in Plate I. One of these,
Tig. 1, is a longitudinal section through the axis; and the other, Fig. 2,
a cross-section through the furnace.

Of the two pistons shown at A and F, the first, A, is the driving pis-
ton, and the second the supply piston, which in the foregoing explana-
tion we have called C. In A is seen a valve marked a.

At B is an axis of motion, the office of which is to communicate move-
ment to the piston A, by means of a crank o, a connecting rod p, a second
crank ¢, and another rod 7.

In the piston If the valve of communication is shown at . The solid
portion I is filled with plaster or other badly conducting substance,
while F” marks the bell-shaped prolongation which extends into the
annular space surrounding the furnace. When by the approach of the
piston F to the piston A, the space between these two pistonsisreduced,
there is no escape for the air between them but that which is afforded
by the annular cavities between this bell and the external wall of the
machine f/, on the one hand, and the wall of the furnace itself on the
other. The air passes first along the outer space to the mouth of the bell,



SHAW’S HOT-AIR ENGINE. 41

and returns through the inner, forming a thin stratum in immediate con-
tact with the hot wall of the furnace.

Another axis of motion is shown at C, of which it is the office to com-
municate movement to the supply piston I, through the crank o, the
connecting rod s, and the cranks ¢ and u, which last two are fixed to the
arbor C, at a fixed angle to each other of seven degrees.

The escape valve is placed at D, and kept in position by the spring d.
A cam DY, acting on this valve through the lever D”, opens it just before
the driving piston commences its descent at the end of the positive stroke.

The furnace is enclosed in the iron box G, the grate bars being shown
at g. G/ indicates plates of iron designed to protect the walls of the
furnace.

In order to bring the two pistons into a favorable position for starting,
the fly-wheel is turned on its axis; and, for the purpose of facilitating
this operation, the arbor K is introduced, which enables the attendant
to act on the fly by means of the clicks marked %, and the notches &'

The furnace door ! is made double to reduce loss by radiation. The
walls of the furnace are similarly protected by means of a double envelope.

The products of combustion escape from the furnace through the flues
h, protected by fire-brick, and are carried off by the chimney II.

SHAW'S ENGINE.

The hot-air engine of Mr. Shaw, of Boston, which was in operation in
the park of the Iixposition, received much attention, though its merits
seem not to have been justly appreciated by the jury. This engine,
according to the statement of the exhibitor, is of 20-horse power; but
no particulars are given of the actual experimental trials on which
this estimate of its capabilities is founded. Its principal parts are a
furnace, cylindrical in form, of boiler iron, lined with refractory brick;
two single-acting cylinders working alternately; and a regenerator, which
consists of a chamber filled with tubes similar to those of a tubular boiler,
through which the exhaust air escapes. The air is heated in the furnace
immediately in contact with the fuel, of which it at the same time sup-
ports the combustion. This furnace is accordingly closed air-tight, fuel
being supplied when necessary by means of a box or receiver on the top,
between which and the interior of the furnace communication ean be
opened ; the box itself being, in the mean time, tightly closed. Trom the
furnace the air, along with the gaseous products of combustion, isadmitted
beneath the pistons of the working cylinders alternately ; and after it has
performed its function, it is discharged through the tubes of the regen-
erator into the chimney. The upper portions of the working cylinders
are employed to furnish the supply of cold air from the atmosphere.
For this purpose each piston is provided with a trunk considerably
smaller in diameter than the cylinder; and the annular space between
the trunk and the cylinder, being closed in at the top, forms an air pump.
As the piston descends, the air of the atmosphere enters this annular
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space through valves opening inward ; and on its ascent this air is forced
into the regenerator, where it becomes partially heated by contact with
the tubes through which the dilated air is escaping, and thence passes
into the furnace.

The brick lining of the furnace is double, with a space between the
walls ; and this space the entéring air from the regenerator is obliged to
traverse before it reaches the fire. Its temperature, which is already
somewhat raised by compression and by contact with the tubes of the
regenerator, becomes stillmore elevated in its passage through this space ;
and the additional heat which is wanted to bring up the pressure to the
point required is supplied by the fuel. In this engine, the difficulty
which impeded the success of most of the earlier machines of its class,
viz., the failure to secure an adequate heating of the air, is effectunally
overcome. The heat developed by combustion is necessarily taken up
by the air which supports the combustion, and by the gaseous products
at the same time generated. Il is not surprising, therefore, that Mr.
Shaw has found it practicable to maintain a pressure under his pistons
which averages about an atmosphere. But it must be observed, never-
theless, that such a pressure can only be secured by carrying the tem-
perature to a point which must be destructive of lubricants and of
packing, and must increase the difficulty of preventing leaking as a
consequence of unequal expansion.

The construction of the engine here described will be made more clear
by reference to the figures in Plate I. In IMig. 1 the engine is seen in
elevation. From this will be obtained a very correct idea of its general
appearance. TFig. 2 is a section in elevation, and Fig. 3 a horizontal sec-
tion. Tig. 4 is a section of the regenerator. The same letters in the
different figures are designed to indicate the same parts. A A are the
cylinders. B indicates one of the pistons in section, and B’ the corre-
sponding trunk. C is the passage to the regenerator, and D the annular
space forming the air pump. B is the induction valve, and I the edue-
tion valve. M is the space beneath the grate; N the surrounding fire-
brick, and M’ the space behind the fire-brick which the air passes through
on its way from the regenerator to the fire. M?® indicates the grate itself.
R is the passage from the furnace to the cylinder, and P is the escape for
the exhaust air. In the horizontal section the regenerator is marked V.
The ash door is shown at f; the chamber for the supply of fuel at a.

The engine exhibited embraced two cylinders, each single-acting, but
acting alternately. This construction makes the power always positive.
The dimensions as given were: diameter of the piston, twenty-four
inches; diameter of trunk, fifteen and a half inches; length of stroke,
eighteen inches. Available pressure, fourteen pounds to the square inch.
Number of revolutions, sixty per minute.

‘With these data the power of the engine may be easily calculated.
It was claimed to be of twenty horse power; but this is a pretty large
over-estimate, even allowing, which is doubtful, that the asserted pressure
of fourteen pounds per square inch can be safely employed.
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We have—
Area of piston...... ... ... Lol 452.4 square inches.
Double this for two pistons. ... ... ... ... ... 904.8 square inches.
Length of stroke. ... ... ... ... ... . ... 1.5 foot.
Initial pressure per square inch 14 pounds 4 15

pounds (pressure of atmosphere) ........ ... ... 29 pounds.

Economy requires that the pressure of the exhaust air shall not exceed
that of the atmosphere. The induction valve must therefore be closed
at the point proper to produce the required reduction of elasticity by the
expansion of the confined air. This point may be found by applying
the formula of Poisson, expressing the relation between the elastic
foree of a gas undergoing change of bulk and its corresponding volume,

which is
1
}1=( ) or__ vl )7
(41 Do

in which p, and v, are the original pressure and volume of the gas, and
piand v, are the pressure and volume after the change; while y is the
thermo-dynamic index of the gas, or the ratio between the specific heat
at constant pressure and the specific heat at constant volume. In the
case of air, y=1.421.

The volume of the air will be equal to the product of the area of the
piston by the distance between it and the end of the cylinder which
forms the opposite side of the chamber within which the air is confined.
At the end of the stroke this distance will be equal to the entire course
of the piston, and may be represented by #;. At the moment of cut-
off, it will be the partial length of stroke which the piston has so
far accomplished, and may be denoted by l,. Then we shall have—

1

vy = aly; vy =aly; ?=2§£=;—_ ﬁl)
Y1 1 1 0

D
and hence, lo_ll(l1 ) =1 5( 29>’ A2 — 0,943,

Completing the numerical operation, we find that the cut-off should
be applied at a little short of two-thirds of the stroke. For the work
done before the cut-off, which may be denoted by W,, we have—

W= apoly =904.8 x 29 x 0.943 = 24,750 foot-pounds,
which is the work of one revolution, a representing the area of both
pistons.!

The work done during the dilatation of the air, which may be denoted

The formula given in the note on p. 31, for the theoretic case there considered, cannct
be applied to this computation. In the present case the mechanical conditions are such as
to require that the pressure should be constant during the second third of the stroke at least ;
and it cannot well be greater either before or after. To assume that the pressure is con~
stant and maximum up to the moment of the cut-off is as nearly as possible correct, and so
far as it may be otherwise is favorable to the engine.
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by Wi, may be computed by means of an expression deduced from Pois-
son’s formula above, viz :

W, el (1{ Sy ‘l) _ 904829 % 0.943 (1.186—0.976

71 0.421 1.186

And if W is the total work,

W =W, + W; = 24,750 + 10,428 = 35,178 foot-pounds.

To this are opposed three resistances, which must first be deducted
before the available power of the engine can be known. The first is the
resistance opposed by the air during compression, which, being analogous
to the positive power exerted during dilatation, may be denoted by Ri.
The second is the constant resistance which takes place while the air is
being driven into the regenerator, which may be called Ry; and the third
is that due to atmospheric pressure upon the trunk, which we will vep-
resent by Ry,. Ry and R, are simply the inverse of W, and W, differing
only in proportion to the area of piston surface upon which they are
exerted.

And as we have—

o ) =10,428 foot-p’ds.
1

Double area of working piston (as before,)....... 904.8 square inches.
And also, double area of trunk section.......... 377.4 square inches.
We have by, subtraction, double area of annular

section. ... ...l 527.4 square inches.

So that, putting «, for the first double area, and «, for the last, there
will result the values following :
Ro=T0 W, Ri= o Wi
‘Whence Ry=14,426 foot-pounds and R;=6,078 foot-pounds. Putting
the double area of trunk section, a,, the atmospheric resistance will be
R, = 15a,l = 8,491 foot-pounds,
[ being the total length of stroke. Whence, finally,
R=Ry+R;+R,=28,995 foot-pounds;
which deducted from 35,178, the value of W, leaves 6,183 foot-pounds as
the balance available for work exterior fo the engine during a single
revolution.

For sixty revolutions this becomes 360.98 foot-pounds per minute; and
taking 33,000 foot-pounds per minute as a measure of one-horse power, we
find the aggregate horse-power at length to be 11.24, or about eleven and a
quarter. From this must be deducted the passive resistances, which will
reduce the available horse-power below eleven. Itis possible that amore
rapid revolution can be maintained ; but hardly possible that the number
ean becarried up to one hundred and twenty, which would be necessary to
increase the horse-power to twenty, as claimed.

The temperature to which the air must be raised in order to secure,
under the circumstances, a pressure of fourteen pounds to the square
inch may also be computed. The elasticity of a gas is proportional to
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its density, and to its temperature measured from the absolute zero,
(say from —460° F.) If the temperature of the weather at the time of
experiment is 60° I, this will be 5200 above the absolute zero. Putting
P for the maximum pressure, p for the minimum, (that of the atmos-
phere,) D for the maximum density, and d for the minimum; and,
* finally, T for the temperature at maximum pressure, and ¢ for the
same at minimum, we shall have,
P TD
p Tt
The densities are inversely as the volumes; and the volumes are meas-
ured by the products of the cross-sections of the spaces they occupy into
their lengths in the direction of movement. Let these be denoted for
the time of maximum pressure by A and L, and for that of minimum by
a and l. Then
D AL P__ALT
T M=

Palt
‘Whence T :@K—L

From what has gone before it appears that P=29 pounds, p =15
pounds, ¢=527.4 square inches, A =904.8 square inches, I=1.5 feet,
L=0.943 feet, and t=>520°. By substituting those numbers in the
expression above, we find,

T=9320, and 9320—460°=472° I,
which last number is the temperature to which the whole body of the
air must be raised; or the temperature at least which it must have in
the cylinder. At the moment of leaving the furnace it can hardly be
below 500° F. This determination is so high as to justify the doubt
above expressed as to the safety, to the lubricants and packing, of attempt-
ing to maintain so high a pressure.

It is claimed by Mr. Shaw that his engine is more economical of fuel
than any steam-engine; but no experimental statistics were given in sup-
port of this assertion. The machine is however so compact and so easily
managed as to produce a very favorable impression; and it is to be
hoped that the claim to economy may prove to be well founded.

‘What was the actual pressure during the performance at the Exposi-
tion could not be determined, as no manometer was observed in con-
nection with it; and as it was doing no work its capabilities could only
be judged of conjecturally. It was a very conspicuous object in the
section of the park occupied by the United States, and was constantly
surrounded by a erowd of interested observers.

BELOU’S ENGINE.

Mr. Shaw is not the only inventor who has sought to avail himself of
the very effectual mode above described of securing the thorough heat-
ing of air. A patent was taken out in 1860 by Mr. Belou, a French engi-
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neer, for an engine of which the motive power was obtained in the same
manner, but which differed from Mr. Shaw’s in several particulars. In
the first place, it employed but one working cylinder, of which the pis-
ton was double-acting. It had, secondly, an independent supply pump,
also double-acting; and it differed, thirdly, from Mr. Shaw’s engine,
in having noregenerator. The working cylinder was, however, provided
with a jacket, between which and the eylinder itself the air circulated
in passing from the supply pump to the furnace; becoming thus par-
tially heated.

As Mr. Belou’s engine has been subjected to careful tests of its per-
formance in regard to economy, conducted by Mr. Tresca, the able sub-
director of the Conservatoire des Avts et Métiers, it may be interesting, in
the absence of corresponding data in regard to the engine of Mr. Shaw,
to present here the results. The first trial was made on an engine of very
nearly four horse-power, as determined by a Prony dynamometer. The
consumption of coal per horse-power amounted to 2.64 kilograms per
hour. It appeared, however, from the indications of the pressure-gauge,
that the actual power developed in the cylinder amounted to more than
five times as much, or to twenty-two-horse power.

From a careful determination of the sources of loss, it was shown that
more than forty-four per cent. of the whole power was expended in over-
coming passive resistances, and thirty-three and a half per cent. in com-
pressing the air for the supply—there remaining only about twenty-two
per cent. available for use. By a series of observations on the tem-
perature of the escaping air, it was further found that about one-half
of the heat developed by the combustion of the fuel was lost without
any effect at all. These experiments were made in Paris in 1861.

In 1866 a much more powerful engine by the same inventor was sub-
jected to a series of experiments by Messrs. Tresca and :Alcan, in a paper
manufactory at Cusset, of which it had been erected as the driving
power. Theworkingeylinder of this engine had acapacity of about eighty
cubic feet; that of the supply cylinder was about half as great. In this
case the amount of force developed, as measured by the indications of
the manometer, was equal to one hundred and twenty-horse power, but of
this the supply absorbed eighty-horse power, or two-thirds of the whole ;
and more than ten-horse power was estimated to be necessary to overcome
the passive resistances. Lessthan thirty-horse power, therefore, or one-
quarter of the whole, was actually utilized. The consumption of coal was
about forty kilograms per hour ; or, according to the caleulation of the ex-
perimenters, 1.46 kilograms (three pounds) per horse-power per hour.
This performance places the engine about upon a par with an economical
steam-engine. It is to be observed, however, that the heat was carried to
a height which could not but tend to deteriorate rapidly the parts of the
engine exposed to it; and especially the interior of the working cylinder.
In order to protect this surface, it was constantly lubricated with a
solution of soap in water, of which about five gallons were consumed
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per hour. The great heat imparted to the air rendered inevitable also
a very large final loss. It was made evident by very conclusive experi-
ments that the air in the chimney was at least 250° Centigrade (450°
Fahrenbeit) above the temperature of the atmosphere, and it is com-
puted by Mr. Tresca that fully seven-eighths of the heat produced by
the fuel was expended unproductively.

Notwithstanding this, the fact that the engine, after all, performed as
economically as the best steam-engines, is eminently encouraging to
those who hope to see steam-power advantageously replaced by some-
thing safer and more universally available. This view is taken in an
interesting paper presented to the Academy of Sciences of France by
Messrs. Burdin and Bourget in the year 1863. The paper here referred to
maintains the practicability of carrying the heat in an air-engine to a very
high temperature, and of securing such a temperature by a very econom-
ical process of heating. It is proposed to heat the air in a furnace, but
not'in contact with the fuel, by means of an assemblage of tubes passing
through the fire. Various expedients are suggested for securing the
parts of the engine which are exposed to high heats, or for protecting
against their injurious effects; and it is supposed that the temperature
of the air may be raised advantageously as high as 600° Centigrade. It
is at the same time admitted that one-half of the heat of the fire will
escape directly through the chimney.

With these data the authors present a series of calculations founded
upon formule derived from the mechanical theory of heat, by which it
would appear that heated air ought not to require, in a properly con-
structed engine, more than one-third of a kilogram of coal per horse-
power per hour. This economy, however, is yet far from being realized;
and the disadvantages attendant on the use of extremely high tempera-
tures, some of which have been mentioned above, make it very improb-
able that it ever will be.

Mr. Shaw’s engine ought to be more economical of heat than that of
Mz, Belou, inasmuch as the regenerator must save a considerable por-
tion of the excess of heat of the escaping air. The claim of its inventor,
that its consumption of fuel is less per horse-power per hour than that
of the best steam-engine, may possibly be well founded.

Mr. Below’s engine is represented in Plate 1I, Figs. 1 and 2. The first
is a general plan of the machine, and the second a vertical section passing
through the axes of the two cylinders.

A marks the furnace or fire-box, at the extremity of which is seen the
hopper, or receptacle for fuel, marked B.

The working cylinder is represented at D, and the supply cylinder
at 1.

The air, in passing from 1 to the furnace, passes through the space d
between the working cylinder and its enveloping jacket. Provision is
made by which a portion of the air, larger or smaller, as occasion may
require, may be made to pass into the furnace over the fuel, and not
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through it. By this means the intensity of the heat may be varied, and
the working pressure increased or diminished.

M is the main shaft, N the fly-wheel, and Q Q' connecting rods which
explain themselves. The fly-wheel on the large engine at Cusset weighs
about fifteen tons.

The fuel introduced into B is spread over the grate by a mechanical
contrivance operated by the arbor B/, which is connected with an eccen-
tric on the main shaft.

The small machine, first made the subject of experiment by Mr. Tresea,
was provided with a reservoir for containing a reserve of compressed air
to be employed in starting the machine; for, every air-engine, whether
double or single acting, has to contend with a resistance exceeding the
power during a portion of the stroke. The machine at Cusset was with-
out such an auxiliary, but was put in motion by means of a turbine of
fifty-horse power, which was employed to drive it for a few revolutions,
after which it regulated itself. The trouble of starting is one of the dis-
advantages of all motors of this class. When the power is small the
fly-wheel may be turned by hand, or by some mechanical contrivance,
such as is provided in Mr. Ericssor’s engine ; but when it is comparable
to that of the great engine at Cusset a reserve is necessary. This may
be furnished by a reservoir of condensed air, provided very great care
be taken to prevent leakage. The experience of the engineers engaged
in constructing the tunnel under the Alps shows that air under heavy
pressure may be kept for weeks in metallic reservoirs without sensible
loss. The experience of Mr. Belou seems to have been different, since
after having adopted this expedient he abandoned it for another.

The observations do not show the maximum temperature which was
imparted to the air; but the fact that the exhaust at the top of the
chimney was at 250° Centigrade, (4820 Fahrenheit,) shows that it must
have been excessive. The mean pressure was not, however, very great.
The induction valve was closed at four-tenths, and the air acted expan-
sively through the remainder of the stroke, the pressure falling to equality
with that of the atmosphere at the end.

We must conclude, upon the whole, that in this machine, it is practi-
cally demonstrated, not only that heated air can be made successfully a
source of motive power, but also that this can be done economically and
upon a large scale. As being the first in which these several proposi-
tions have been fully established; this engine cannot but be regarded
with peculiar interest.

ROPER’S ENGINE.

In the American annex was exhibited a hot-air engine by Messrs.
Crosby, Butterfield and Haven, of New York, under the name of
Roper’s engine. This was not at any time in operation, nor was there
any attendant present to explain its peculiarities, although it was the
subject of a good many inquiries on the part of visitors. Its principal
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organs were, however, sufficiently recognizable, and the compactness of
its arrangements appeared to be such as to adapt it very advantageously
to small industrial operations. The furnace in this engine is a cast-iron
cylinder lined with fire-brick., Immediately over the furnace, and
apparently formed in the same casting, is the working cylinder, smaller
in diameter than the furnace and open above. The piston rod is kept
vertical by means of a guide, and two connecting rods attached to the
piston, one on each side of the proper piston-rod, are attached to balance
levers which are united at their opposite ends by a cross-bar, to the
middle of which is attached the connecting rod which turns the erank
of the main shaft. The balance levers are pivoted in supports which
are secured to the working cylinder itself, and they carry, also, a pair of
rods which operate the piston of the supply eylinder. The supply cyl-
inder is immediately under the working shaft, and is as conveniently
near the furnace as practicable, standing upon the same base with it.
The furnace is air-tight, and the air supply is forced into it beneath the
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grate, passing through the fuel, and so upward into the working cylin-
der. Provision is said to be made to divide the air current in such a
41 A
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manner as to allow a portion of it, at pleasure, to enter the furnace
above the fuel, for the purpose of regulating the rapidity of combustion
and the temperature of the charge in the cylinder, but the contrivance ‘
by which this is effected was not exactly understood. The exhaust air
with the products of combustion is discharged through a pipe commu-
nicating with the chimney of the building. The main shaft carries a
heavy fly-wheel to maintain the motion during the downward stroke and
during the period of greatest compression of the supply. The same
shaft carries a pulley by which the power is applied. The whole machine
occupied on the ground a space of about five or six feet square. The
power could not be ascertained.

An engine so similar to this as apparently to be identical with it was
seen in London after the Exposition, where it is sold by the manufac-
turers, Edwards & Co., of Oxford street, as their own invention. This
is shown in Fig. 2.

The eylindrical furnace is indicated by the letter A. At B is seen the
supply cylinder. C is the fly-wheel, D the working cylinder, and E the
escape pipe. ¥ is a governor which acts upon the valves in the inte-
rior by means of levers, cams, and rods, indicated in the figure, and of
which the effect is to vary the quantity of air passing through the fuel,
and to cause a greater or less portion of it to enter the furnace above.

The manufacturers say that this engine is intended to be used only
with anthracite coal. With a consumption of eight pounds of coal per
hour its performance is equal to three-horse power.

No provision is here made for introducing the fuel while the engine is
in operation. Interruptions will therefore occur from time to time in
order to replenish the fire ; but these, it is stated, will not consume more
than twenty minutes during a working day of ten hours. In starting the
machine it is necessary, as in the use of the engines previously described,
to turn the fly-wheel for a few revolutions by hand. And it is also neces-
sary that the fire shall be well lighted before the door of the ash-pit is
closed.

The peculiar merit of this engine is such an arrangement of parts as to
reduce the bulk to a minimum. In order to accomplish this the regen-
erator is excluded, and no attempt is made to secure a partial heating of
the supply, as in the Belou engine, by causing it to circulate in contact
with the heated walls before entering the furnace. The statements there-
fore-in regard to the consumption of fuel per horse-power are remarkable ;
and it is to be desired that some careful experimental determinations
should be made of the actual performance, as tested by the dynamometer,
in order to verify their accuracy.

LAUBERAU’S ENGINE.

The only engine present in the Exposition constructed on the principle
of the displacement of a body of confined air which, without being dis-
charged, is subjected to alternate extremes of cold and heat, was exhibited
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by Mr. Lauberau, an inventor of Paris. In this machine a certain volume
of air is enclosed in a eylinder of metal, in which there is also a large
moving plunger which, by occupying alternately one end and the other
of the cylinder, drives the air in like manner in the opposite direction.
The upper portion of the cylinder is surrounded by a jacket, between
which and the cylinder itself there is maintained a constant circulation
of cold water. The design of this is to absorb the heat which the air may
bring with it, when, by the descent of the plunger, it is forced to enter
this space. As the plunger itself is but slightly less in diameter than the
interior of the cylinder, the air during the transfer is reduced to a thin
cylindrical stratum, and is brought into close contact with the cold walls.
The effect of the engine depends as much upon the efficiency of this cool-
ing process as upon the subsequent heating, and therefore it is desirable
that the water of refrigeration should be as cold as possible. But as this
water must necessarily be drawn from natural sources, it is obvious that
the engine will be more efficient in winter than in summer.

The lower portion of the c¢ylinder is oceupied by a furnace which, in all
material respects, resembles the furnace of the Iricsson engine already
described ; that is to say, it is a cylinder, smaller than the air cylinder,
leaving an annular space between its walls and those of the latter. The
plunger also, like the piston plunger of the Iiriesson engine, is provided
with a bell-shaped continuation, which enters the annular space around
the furnace. If we suppose the plunger in the lowest position it can
oceupy, that is in the end next to the furnace, the air will be in the upper
end of the eylinder, and in contact with the walls which are kept cold by
the water circulating around it. As the plunger rises, the air, being com-
pressed, seeks to escape, and is forced to pass down the annular space
between the bell and the outer wall of the cylinder at bottom, and after-
wards up between the same bell and the hot walls of the furnace. It thus
~ becomes rapidly heated, and its pressure rises ; but this does not affect the
motion of the plunger, which is pressed equally above and below. The
pressure isutilized by means of a second and smaller eylinder, provided with
a piston which is connected with the crank of a working shaft. Thelower
part of this eylinder communicates with the heated extremity of the air
cylinder. The air expanding under the influence of the heat, passes into
the small eylinder and raises its piston. When the plunger descends,
the effects are the reverse of those just described. The air is driven into
the cold end of the cylinder and contracted by cooling, and the piston of
the working eylinder also descends. It is understood of course that the
movements of the plunger are determined by those of the working piston;
and as this piston is single acting, during one-half of the revolution the
machine-éxerts no power. - It must therefore be started by turning the
fly-wheel once or twice by hand. After that, if the heat is up in the fur-
nace, it will continue to act without further attention. The circulation
of cold water is kept up by means of a pump which derives its force from
the working shaft. In the very small models constructed by Mr. Lau-
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berau, of less than one-half-horse power, this pump is very simple, being
merely a small round box into which a solid plunger enters through a
stuffing box.! In the larger, the refrigerating part of the cylinder, as
well as the heating, is furnished with an annular extension, while the
plunger-displacer carries a bell at each end. In these also an economy
of heat is secured in the construction of the furnace, by giving it an exte-
rior wall between which and the surface to be heated the flame and
gaseous products of combustion are forced to circulate on their way to
the chimney. Two working cylinders have also been employed instead
of one, by means of which a more equal performance is maintained, and
the weight of the fly-wheel is reduced.

This engine, which seems admirably adapted to small industries
requiring but a fraction of a single horse-power, is not, however, very
economical. From experiments made at the Conservatoire des Arts et
Métiers, in 1863, upon a Lauberau engine of four-fifths of one-horse
power, it was found that the consumption of coal was equal to 4.55 kilo-
grams (nine or ten pounds) per horse-power per hour, while the refrige-
ration required 700 kilograms (180 gallons) of water per hour also. It
is not to be understood, however, that this great quantity of water has
to be constantly renewed, or that it must be necessarily suffered to run
to waste. If the quantity is sufficient to allow some interval between
its discharge from the refrigerator and its return to the refrigerator
again, it will be brought back, by natural cooling, to a temperature suffi-
ciently low to allow of its repeated use.

This machine, though not abstractly economical, may in certain cir-
cumstances be practically so. It is adapted, better than any other thus
far presented, to domestic uses for which very small power is required,
as it is portable and compact, and can run by means of a gas lamp very
well. Though it will not work so cheaply as a steam-engine, it may per-
form certain tasks more cheaply a great deal than human labor could do,
and it may thus be a source of a relative economy which is very real.

The Lauberau engine which was the subject of the experiments of
Mr. Tresca, is represented in Plate II, Iigs. 3,4, 5 and 6. Fig. 6is a
vertical section made through the axis of the displacement cylinder.
Fig. 4 is a general plan. Fig. 5 is a cross-section exhibiting the details
of the working eylinder and of the furnace.

A is the working cylinder with the working piston ¢, acting on the
arbor G by means of the connecting rod ¢ and the crank ¢/

BB’ is the displacement eylinder, and b the plunger. The plunger is
formed of non-conducting material, and carrries at its two extremities
the bell-shaped or cylindrical prolongations which enter the annular
spaces b’ and b”. This piston is acted on by the connecting rods H
and 2. A roller, or friction wheel, r, sustains the weight of the piston

1 In some models this feed pump is move simple still, being merely a little metallic cup,
closed by a membrane of caoutchouc, which being attached by its middle point to a rod
moved by a little crank, rises and falls with a movement resembling the beating of the heart.
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and its connections during the movement. This turns on its axis in a
closed cavity communicating with the cylinder at the point of support
only.

C is the furnace, with a grate adapted to coke or charcoal. A flue is
indicated by the letter ¢, in which the gaseous products of combustion
may circulate around the annular space i/ before escaping by the chim-
ney. The air, in passing from one end of the cylinder BB/ to the other,
takes necessarily always the annular spaces 0’ and 0" in its course.

T is a tube which permits free communication constantly between the
displacement cylinder B B’ and the working cylinder A through the
annular space 0’.

E is the chimney provided with a damper, e.

G G are furnace doors for introducing fuel and regulating the draught.

V is the fly-wheel.

K is the tube through which the water of refrigeration is introduced
within the jacket surrounding the cold end of the displacement cylinder,
and K’ the passage of escape for the water after having ecirculated
through this space.

M is a lever serving to enable the attendant to open the valve m, which
establishes communication between the cylinders and the atmosphere.

Finally, » is a snifting valve opening into the eold extremity, by which
the loss of air by escape through the packings is compensated.

In the small engines on this plan the displacement cylinder is vertical,
and a powerful gas lamp takes the place of the grate. A representation
of one of these is given in section in Fig. 6. A is the working eylin-
der; B,' the working piston; D, the piston displacer; K, the furnace
space, showing the section of the gas-burner; I, the cold-water jacket.
The other parts will explain themselves. The produects of combustion
pass downward between the wall of the furnace and the inner wall of the
annular cavity in which the air is heated, and pass off through a flue
‘opening toward the left in the figure, beneath the working cylinder.
Some of these machines are hardly a cubic foot in dimensions, and they
vary in power from a sixth to a thirtieth of a horse-power. Their neat-
ness and portability are very much in their favor, as well as the extreme
promptness and facility with which they are set to work. One of the
most amusing displays during the early days of the Exposition was a
little boat, six or eight feet long, which ran along the shore of the Seine,
in front of the Champ de Mars, driven by a Lauberau engine of perhaps
an eighth of a horse-power. It was too small to carry a passenger, but
made its trips from point to point, acecording as it was directed by the
attendant.

WILCOX’S ENGINE.

The foregoing enumeration embraces all the hot-air engines presented
at this Kxposition. There was one from the United States exhibited at
London in 1862, which was esteemed there worthy of a medal, and which
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was distinguished by some peculiarities deserving of notice, by way of
comparison with those above described. This was the Wilcox engine,
of which the peculiarity consisted in the employment of two working
cylinders through which the air successively passed. The furnace was in
the lower portion of one of these cylinders, and the supply pump was in
the upper chamber of the same cylinder. The engine was further pro-
vided with a regenerator of thin metal plates. The air, after being com-
pressed in the supply pump, passed through the regenerator, taking up
the heat left there by the last charge of escaping air, and thence into
the second working eylinder. In this it produced a partial effect, due to
the heat already absorbed, and then entered the first or prineipal work-
ing cylinder, where it received the heat of the furnace. The advantage
of admitting the supply air to the cylinder which containg the furnace is
very considerable, as it tends to prevent that cylinder from being over-
heated, while it utilizes the heat which would otherwise be injurious.

FRANCHOT’S ENGINE.

Another machine was exhibited in model, in 1855, at Paris, so inge-
nious in its conception that it has been made the subject of an elaborate
theoretic discussion by Mr. Combes, of the Imperial School of Mines, in
his excellent work on the mechanical theory of heat. This was the
invention of Mr. Franchot, of Paris. It consisted of two cylinders,
entirely equal, and both of double effect, of which the pistons were con-
nected with cranks on the same working shaft. One of these cylinders
was to be kept constantly at the maximum temperature, and the other
at the temperature of the ambient air. The mode of maintaining the
superior temperature was not perhaps satisfactorily settled, since Mr.
Franchot has never executed his project on a large scale. Between the
two cylinders communication was always free, both above and below
their respective pist»onsj the air passing from one to the other alter-
nately, as the pistons moved. But the body of air above the pistons
was permanently separated from that below them. These two bodies
of air, therefore, having been originally equal in mass, always remained
s0, though their volumes were constantly changing. Regenerators were
placed both at top and bottom, in the space through which the air had to
pass in its passage from cylinder to cylinder. In these regenerators it
was designed that the air should leave its heat in passing from the hot
cylinder to the cold; and it was presumed that it would take the same
heat up again, in its return from the cold cylinder to the hot. Iinally,
in the attachment of the pistons to the working shaft, the arrangement
was such that the erank of the hot cylinder piston was always ninety
degrees, in the direction of revolution,in advance of the other. By con-
sidering the movements of the piston under these circumstances, we may
easily discover what must be the maxima and minima of the effective force
of the engine, and the progress of the fluctuations of the force. IFor con-
venience, let the piston of the hot cylinder be called A, and the other B.
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Then if A is in the middle of its course, descending, B will be at the
uppermost limit of its course, and about to descend. All the superior
mass of air will be in the cylinder A, and in the upper regenerator; and,
disregarding the regenerator, we may say that it is reduced to one-
half its normal bulk. By the law of Mariotte, its pressure would be
doubled ; but by the added effect of the elevated temperature which,
for facility of illustration, we will suppose to be sufficient to double its
elasticity, it will be quadrupled; so that, at the instantin which B begins
to descend, there will be a downward pressure on both pistons of four
atmospheres. At the same time the inferior mass of air will be expanded
to once and a half its normal bulk, and its pressure would be equal to two-
thirds of an atmosphere only, but for the high temperature of the part
which occupies the lower half of the cylinder A. The actual inferior
pressure will be something more than four-fifths of an atmosphere, and
the excess of downward over upward pressure will be upward of three
atmospheres. At this time, however, the motion of the piston A is
much more rapid than that of piston B, so that the downward pressure
will rapidly diminish, and the upward pressure increase. When the revo-
lution has advanced sixty degrees from the position first considered, or
when the crank of A is one hundred and fifty degrees from the vertical, the
two pressures will balance; and when the piston A reaches itslower limit,
the piston B being then at the middle of its course, the inferior body of air
will occupy half its normal space in the lower half of the cylinder B, while
the superior mass will fill the entire cylinder A, and half the cylinder B
also. The upward pressure will now be two atmospheres, and the down-
ward pressure lessthan two. During the preceding thirty degrees of revo-
lution, therefore, the effective force of the engine will have been nega-
tive, and the same will continue to be the case until the crank A shall
have passed forty-five degrees beyond its lowest point, or two hundred
and twenty degrees from the vertical. The two cranks will then be
equally inclined to the vertical on opposite sides of it, and their efforts
to turn the shaft will be opposed to each other. These efforts being
necessarily equal, .and acting at equal distances from the centre of
motion, will neutralize each other, and, for. a moment, the effective
force will be zero. When the piston B reaches the bottom, and the
piston A is half advanced upward, the circumstances are the same
mechanically as those with which the movement commenced, only now
it is the inferior mass of air which is compressed into half its normal
bulk in the hot cylinder, while the superior massis dilated into once and
a half the same bulk. It is further evident that this position is not
that in which the difference of bulk of the two masses is absolutely the
greatest, though it is here that the effective force is maximum; for,
owing to the greater rapidity of movement of that piston which is nearest
the middle of its course, it will be evident that, while the piston B is
approaching the limit of the stroke, and the piston A receding from it,
the volume of the inferior mass of air is, on the whole, enlarging, so
that the point of minimum volume must occur before the completion
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of the stroke of B. It actually occurs for the two bodies of air alter-
nately, when the crank B is within thirty degrees of its culminations,
upper or lower, and approaching them. This machine, if it could be
realized, would possess two important advantages.

In the first place, its negative effect, or total active resistance, instead
of consuming, as is usunal in air-engines, two-thirds of the positive power,
amounts to less than one-third. In the second place, it admits of increase
of power without increase of dimensions, by the simple expedient ot con-
densing the air within the cylinder in advance. In this case, indeed,
some leakage might occur; but compensation for such a leakage could
be provided without a great expenditure of force. In the third place, it
gives, theoretically, the largest amount of work for the heat expended
that it is practicable under any form to attain. But all these advantages
are dependent for their realization upon the efficiency of the heating
apparatus and the satisfactory performance of the regenerators. It
encounters here the same difficulties which have impeded as yet the
complete success of every form of hot-air engine.

II.—.INFLAMMABLE GAS-ENGINES.

The enormous force developed in the explosion of gunpowder could
hardly fail early to occupy the minds of the ingenious, with the effort to
make it available for the uses of industry. Accordingly, we find that
this problem formed a subject of study with such men as d’Hautfeuille,
Huyghens, and Papin. But the intense energy of the force and the sud-
denness of its action seem to have discouraged the attempt to apply it
directly as a motive power. The earlier experimenters occupied thein-
selves with the endeavor to turn it to account by indirect means. The
expedient which appeared to them .most promising was to use it for the
purpose of creating a vacuum. In fact, if a comparatively small charge
of gunpowder be exploded in a closed vessel furnished with valves freely
opening outward, the enormous expansion of the gaseous products of the
explosion, an expansion due to the excessive heat developed, will drive
out the atmospheric air through the valves, while the gases, contracting
almost as suddenly as they expanded, will leave the vessel nearly void.
It was first proposed to apply this principle to the elevation of water.
A very simple apparatus suffices for this purpose. Let there be placed,
for instance, such a vessel as has just been supposed, some fifteen or
twenty feet above the level of a reservoir; a tube, open at both ends,
communicating between this vessel and the reservoir will be all that is
needed. Sosoon as the air has been expelled from the vessel by whatever
means, the water of the reservoir will rise under the pressure of the
atmosphere and occupy its place. This water may then be discharged
at the superior level, and the apparatus will be ready for the repetition
of the operation. In order to prevent the return of the water to the
reservoir, when the orifices of discharge of the upper vessel are opened,
the tube may have valvesin itopening upward but closing under a down-
ward pressure, or, what is simpler, it may be recurved at the upper
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extremity and enter the explosion chamber by the top. Such was the
application of this power suggested by d’Hautfeuille. Huyghens per-
ceived that it was capable of being turned to more varied uses. He pro-
posed to employ a cylinder with a movable but air-tight piston to serve
as an explosion chamber, with a view to obtain a reciprocating motion.
In fact, by blowing out the air contained in such a cylinder through
valves properly disposed, the atmospheric pressure could be made to force
the piston downward, and thus indirectly to move the arm of a lever to
raise a weight or to turn a erank. The valves suggested and perhaps
actually used by Huyghens for this purpose were sufficiently rude. They
were nothing more than open but flexible leather tubes, which, after
allowing the air to escape, were expected to collapse under the pressure
from without, and prevent it from re-entering. Papin substituted for
these a much more efficient and neater contrivance. This was to make
an opening in the middle of the piston sufficiently large for the free escape
of the air, and to cover this with abell. The bell, yielding to the upward
pressure, permitted the air to pass out, but, dropping imwmediately after
into its place, effectually prevented its return. But none of these expe-
dients sufficed to make a practically useful gunpowder engine.

In 1791, John Barber, a British inventor, patented a project for a
new motive power, which may perhaps be regarded as embracing the
germ idea of the modern imflammable-gas engine. This project, how-
ever, for it amounted to no more, was of the crudest sort. The motive
foree was to be derived from the direct action of a powerful current of
flame, which he proposed to create by the combustion of inflammable gas
mingled in explosive proportions with common air. The gas was to be
generated by the destructive distillation of any combustible substances
in a tight vessel. TFrom the generator it was to be conducted into another
chamber, called the “explosion chamber,” common air being simulta-
neously introduced into the same vessel by a different channel. Under
such circumstances combustion would of course be explosive, generating
a powerfully outrushing streamn of flame, which might be maintained as
long as the gas should continue to be supplied. As the plan was to
employ only the “ »is viva” of this stream to turn a wheel or a windmill,
the unpractical nature of the scheme needs not to be pointed out.

In 1794, another British inventor, by name Robert Street, patented a
gas engine, founded on principles somewhat more rational than those
which seem to have guided Barber, inasmuch as he clearly enough per-
ceived that if heated gas is to be made the medium of applying mechan-
ical power, it is through its elasticity, and not through the momentum of
its mass, that we must expect to see the useful effect produced. But
inasmuch as Street proposed to make the eylinder of the engine itself the
generator of the gas by which the engine was to be driven, his scheme
in a practical point of view was not a whit less visionary than that of
Barber.

These early and, as they seem to us now, absurd projects, though they
bore no fruit, and were probably never even subjected to a serious experi-
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mental test, deserve mention in the history of this subject, as marking
the progress of an idea destined at length to besuccessfully wrought out.
Indeed, considered as an idea merely, it was successfully wrought out
only a few years later. The gas engine, in every essential particular,
such as it is at the present time, that is to say, actually realized in a
form available for purposes of industry, was invented as early as 1799,
and patented in France by an ingenious artisan named Lebon. Never-
theless, this machine was not a success. It attracted no notice in the
scientific world, and inspired no confidence in the industrial. After the
lapse of about half a century it was reinvented, and reinvented, doubt.
less, quite independently ; the resemblance of the modern machine to that
of Lebon being so complete that a description of one of them might
easily be supposed to have been taken from the other. At the date of
Lebow’s invention illuminating gas had not yet come into general public
use, but the mode in which he proposed to prepare the gas for his engine
was precigely that which is now in universal use in the works of the
great city gas companies. Having thus provided himself with a suffi-
cient reservoir of this essential material, his plan was to introduce a certain
charge of this into the cylinder of his engine beneath the piston, and
simultaneously through another channel to admit a proper proportion of
atmospheric air. The mixed gases were then to be exploded by means
of the electric spark, their consequent dilatation furnishing the desired
motive power. The inventor seems to have overlooked no provision
necessary to secure the perfect success of his plan. The engine was
entirely self-regulating. Tt operated two pumps, one of them designed
to introduce the supply of gas, and the other that of air. Accord-
ing to the descriptions, by which only we know it, it would seem to
have combined every feature important to secure success, and yet, as
already stated, it was not suecessful. Its failure is probably to be
attributed to.the influence of several causes, which, in the progress
of improvement in the industrial arts, and the simultaneous advance-
ment of experimental science, have since ceased to exist. In the
first place, as just remarked, inflammable gas had not yet been intro-
duced for purposes of general illumination; and the preparation of gas
for the engine must have been troublesome and disproportionably expen-
sive. Hlectrical science, moreover, had not then reached such a state of
perfection as to be in condition to suggest an apparatus for producing
the spark required to inflame the gases, capable of operating with the
unvarying certainty indispensable in such a machine; and finally, the
mechanic arts were probably yet unequal to the requisitions of a problem
involving the peculiar difficulties which the construction of this engine
presented.  In point of fact it can hardly be doubted that mechanical
difficulties were among the principal obstacles which prevented the full
realization of a project which, abstractly considered, seems to have been
entirely feasible. Many other inventors since Lebon, have occupied them-
selves with gas engines. Until within the past ten years, none have
suceeeded in establishing theirinventions in the confidence of the indus-
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trial world. Of wmachines of this class which have left no trace except
in history, it is unnecessary here to speak with minute detail. There is
one of them, however, which deserves a passing mention, as having
been distinguished from the rest by a feature which may be character-
ized as more bold than practical. This consisted in the proposed sub-
stitution of oxygen gas instead of atmospheric air in forming the
explosive mixture by which the piston was to be driven, and hydrogen
instead of coal-gas; the proportion being that required to form water
by combination; so that after explosion the vacuum of the cylinder might
be complete. It is true that immediately after the explosion, the water
of combination would exist in the state of vapor, and that this would
have a momentary elasticity so great as, by its direct action, to drive
the piston to the end of the cylinder. But this vapor would be almost
instantaneously condensed, especially if the eylinder were kept properly
cooled; and a vacuum being thus formed practically perfect, the piston,
on the opening of the valves for the admission of a new charge of gas
to the opposite side, would be urged Dby the full pressure of the atmo-
sphere upon its entire surface. If this idea could be practically realized,
it would certainly be attended with very sensible advantage. In the
gas-engine as now constructed, there is necessarily a period during each
stroke in which the effective force is zero. This is the case during a
great part of the time of admission of each successive charge of gas,
which continues for one-half the length of the stroke. If during all this
time there should be a vacuum in the opposite end of the cylinder, the
engine, instead of being powerless, would be actuated by a positive
working force upon the piston equal to one atmosphere; an advantage
which more than doubles the efficiency as yet secured in any motor of
this class. The project here described was patented by James Johnson,
a British inventor, in 1841.

Mr. Tresca, in an interesting article published in the Annals of the
Conservatoire, has expressed surprise that subsequent inventors have
not oceupied themselves more with this. idea of Johnson. But in point
of fact, the plan is much more plausible than feasible. To say nothing
of the trouble and expense of generating the gases, which in the case
of oxygen, especially, would be sufficient to defeat the economical object,
the violence of detonation of the pure gases in the proportions suggested
would be such as to endanger the safety of the machine, or to render
the power unmanageable. It is also perhaps questionable whether, in
practice, the condensation could be determined so as to take place at
the moment desired. If the piston were free to take on the velocity of
a projectile discharged from a gun, no doubt the pressure would follow
it to the end; but if, owing to the connections by which the force is to
be utilized, the motion of the piston is comparatively slow, the collapse
may occur before it reaches the limit of its course. In such a case, the
vacaum would be injurious. In order to reduce the violence of the
explosion, the quantity of gas employed in each charge might be dimin-
ished, and the charge might be allowed to dilate to some extent, as it
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would naturally do in consequence of the movement of the piston, before
being fired. But these expedients would reduce correspondingly both
the direct effect of the gas, and the indirect effect of the vacuum which
it is sought to utilize. Tt is not very surprising, therefore, considering
all the difficulties in the way, that no successful gas-engine has yet been
constructed, deriving its power from the explosion of hydrogen with
oxygen.

Three engines present themselves in the present Exposition which
derive their force from the combustion of inflammable gas. Two of these
employ the direct pressure of the gases as dilated by combustion. The
third reverts to the principle which chiefly occupied the earlier inventors,
viz: that of using the gases only as a means of clearing the cylinder of
air, and rendering available the pressure of the atmosphere. It is to
this last, which, though not earliest in the order of invention, revives
the idea which belongs to the earlier period of this history, that atten-
tion will be first directed. This prominence of position may also be con-
sidered as due to this machine, since it was rewarded by the jury with
a gold medal, while the other two just mentioned received a less honor-
able distinetion.

OTTO & LANGEN’S GAS-ENGINE.

This machine is a Prussian invention, exposed by Messrs. Langen &
Otto, of Cologne. Externally, it presents the appearance of a doric
column something more than a metre in height, upon the enlarged capital
of which is fixed a horizontal plate, which supports the arbor of the
fly-wheel and other parts of the machinery. This column is the working
cylinder. The mixed gases—common coal gas and air—are introduced
at its base, and fired by an ingenious mode of communication with a gas
Jjet, which is constantly burning. The base is surrounded by a jacket,
between which and the cylinder itself cold water is always eirculating,
to prevent too great elevation of temperature. By the explosion of the
gas, the piston, which has some weight, is driven to the top of the cyl

“inder. The collapse which immediately follows produces a vacuum, or
an approach to a vacuum, beneath the piston; and this now descends,
urged by the pressure of the atmosphere with its own weight super-
added. In order to tramnsfer this force to the working arbor of the
machine, the piston-rod is, on one side, provided with arack, which acts
on a spur wheel on the arbor. This wheel is loose upon the arbor, but
is free to turn in one direction only; that is, in the direction which cor-
responds to the rising of the piston. Inthe descent, a ratchet and catch
prevent its turning except as it turns the arbor with it. There are two
tall uprights, one on each side of the piston-rod, which serve as its guides,
and give stability to the machine. A second gear-wheel on the working
arbor turns a similar wheel on another axis which carries the eccen-
tries by which the valves are governed. These eccentrics run loose on
their shafts; but at a point of the descent of the piston when the piston
itself is near the bottecm of the cylinder, a cam on the rod causes them
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to be fixed for a single turn, during which the charge of air and gas is
admitted.

Figs. 1 and 2 in Plate II1 represent the parts of this machine which
are essential to the understanding of its mechanism and mode of opera-
tion. Tig. 1 is a section through the axis of the cylinder taken parallel
to the plane of the fly-wheel, and a projection in outline of the other
parts. A is the cylinder and B the piston represented at the lowest
point. The piston rod with its rack is distinetly shown. This rack
gears into Z, the smaller of two spur wheels on the same axis, W, which
is the axis, also, of the working arbor. The larger of these two spur
wheels gears into an equal wheel to the left. Since this larger wheel
is keyed on to the main shaft it turns constantly in the same direction
as the fly-wheel, and it keeps, of course, the wheel into which it gears
in uniform motion also. But on the axis of this wheel there are two
eccentrics, # and y, which, running loose on the arbor, are usually
motionless. But just as the piston reaches its lowest point, which is
the position shown in Fig. 1, these eccentrics are seized and carried
round for a single revolution, in consequence of the dropping of a catch,
shown at «, into the ratchet wheel ¢, which is keyed to the arbor. In
Fig. 2 this cateh is shown in its usual position of detent, it being held
free of the ratchet wheel by a projection on the lever k. When the pis-
ton reaches its lowest point the end of this lever & is acted on by a
shoulder in the piston rod, as is seen at n, Fig. 1, and the catch is
released. Talling into the ratchet ¢, it is dragged, and with it the
eccentrics, in the direction of revolution; but at its first return to the
position shown in the figure, it is caught again by the projection on the
lever &, (which has now returned to its place,) and brought to rest. The
manner in which these effects are produced may be thus explained.
There are two eccentrics on the arbor which are firmly connected
together, but which are set at about 90° from each other. One of them
acts on a lever marked m, (seen in both figures.) Its office is to lift the
piston from the lowest point through the space required for the admis-
sion of the new charge of gas. That of the second is to act on the slide
valve shown at s. This slider in the figure is in the position which it
assumes to admit of the expulsion of the products of combustion after
each explosion. On the descent of B the valve p opens outward and
the gases escape. The opening for the admission of the fresh charge is
not in the same vertical plane as that for the exhaust, and hence it does
not appear in this section.

So soon as the piston has reached its lowest point, and, acting on the
lever h through the shoulder n, has released the catch x, one of the
eccentries acting upon the lever m immediately raises the piston through
a space large enough for the aspiration of the new charge. It is, of
course, necessary that a special provision should be made for this first
movement of the piston, which is at this moment entirely detached from
the machine. The lifting of the piston, of course, releases the lever h;
and this occurs within the first quarter of a revolution, so that the
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eccentrics are necessarily caught when the revolution is complete, while
at the same time the slide valve is brought into position to cut off fur-
ther admission of gas, and to introduce a flame from a small fixed
burner for the purpose of firing the charge.

By the explosion the piston is driven to the top of the cylinder, the
gear wheel Z running loose on the arbor as it rises; but on its descent
immediately after, under the pressure of the atmosphere, this wheel is
prevented from turning by the catches k r, except as it carries the arbor
with it. As the elasticity of the gases within the cylinder falls almost
immediately nearly to zero, the effective pressure exerted on the piston
is almost an atmosphere.

In Fig. 1,(Plate I1L,) both the levers i and m are shown at their lowest
point. In Fig. 2, (Plate I1L,) v is at its highest point and m at its lowest,
the piston being now near the top of the cylinder. When, in the revolu-
tion of the eccentries, m is also at its highest point, it is higher than the
position of & as shown in either figure. ’

In regard to the performance of this machine, as it respects the quan-
tity of the combustible consumed and the amount of force developed,
information was repeatedly sought; but nothing could be ascertained on
the subject from the exhibitor, beyond the general statement that the con-
sumption of gas per horse-power per hour is in round numbers thirty cubie
feet. No details were supplied in regard to the experimental trials by
which this determination was arrived at.! Assuming it to be correct, this
engine may be said to work economically ; though less so than the steam-
engine. Thirty cubic feet of gas, with gas at twenty-five cents per one
hundred cubic feet, would amount to seven and a half cents; while six
pounds of coal, which in a steam-engine would do the same work, costs
less than two cents, coal being estimated at $6 per ton. In Paris gas
costs but seventeen cents per hundred cubic feet, and coal is higher. On
the other hand it is in favor of the gas-engine that it requires no expense
of fuel to prepare for work, and that the expenditure ceases at the
moment the engine is stopped. There is not only in this respect an
economy of expense, but an economy also of time and of the labor of

1 The desired information on this point was obtained at a later period from the results of
experiments made before the jury of class 53, which have been published by Professor Karl
Jenny, of Vienna, a member of the jury. The consumption of gas for the driving of the
engine, and that employed for maintaining the burner employed to fire the charges, were
separately measured. The power developed was determined by means of a Prony dynamo-
meter. Four experiments were made, each continuing for half an hour, with the exception
of the last, which was extended to thirty-four minutes. The power developed varied from
0.568 to 0.608-horse power; but in the mean of the four experiments was 0.582. The total
consumption of gas amounted to 1.303 cubic metre, of which 0.165 cubic metre was con-
sumed by the burner, and the remainder, 1.138 cubic metre, by the engine itself. Consider-
ing only this last, the consumption per horse-power per hour averaged 0.95 cubic metre, the
best performance requiring but 0.900 cubic metre, and the worst 1.040 cubiec metre. Taking
into consideration the consumption of the burner, the average total consumption was 1.083
cubic metre. This is twofold the amount required according to the statement of the exhib-
itor. At the same time it must be remarked that the consumption of the burner, which,
however, is but a small fraction of the whole, is the same for a large as for a small power.
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attendance. And, moreover, the machine is perfectly safe, whether as
regards liability to explosion or danger of fire. Insurance companies,
therefore, exact no premium for its installation. On the other hand, it
must be said of this machine that it does its work by no means silently ;
and that, unless in a workshop already so noisy that a littiem ore or less
of din is a matter of secondary moment, it must be a disagreeable com-
panion. It need hardly be added, that the violence of its action during
the first part of each pulsation is such as necessarily to limit its employ-
ment to low powers. The inventors offer machines at the following
rates as delivered in Cologne:

Engine of 3-horse power, .......... 350 thalers................ $130
Engine of 1-horse power, .......... 450 thalers................ 170
Engine of 2-horse power, ....... ..b80 thalers................ 220

LENOIR'S GAS-ENGINE.

The gas-engine of Mr. Lenoir, exposed in the French department,
employs, like that which has just been described, a mixture of coal gas
and common air as the source of its motive power; but it uses the direct
force developed by the explosion of the mixture to produce motion, pre-
cisely as the pressure of steam is employed in an ordinary steam-engine.
This machine was patented in 1860, and is now very extensively in use.
Paris has one hundred and fifty of these engines in operation, and there
are at least an equal number at work in the provinces of IFrance and in
foreign countries. Iingland has seven or eight, and Russia as many.
Some few have found their way to Cuba, Pern, and Chili. It is evident,
therefore, that this machine has achieved a practical success.

The essential parts of this engine are a horizontal cylinder, with a
piston which communicates motion by means of a crank to an arbor
which earries a fly-wheel, and through which the power is to be applied
to use. The fly-wheel is made very heavy for a double reason. Iirst,
there is no driving power during one-half of each stroke, and a large
reserve of accumulated force is necessary to continue the work of the
engine and to overcome the passive resistances during this period; and
secondly, the explosive energy of the gases is great, but is only of very
brief duration. The inertia of a large wheel is therefore necessary to
maintain the uniformity of movement necessary to useful work.

Plate III, Fig. 3, represents the elevation of a machine of one-horse
power, on a scale one to ten. It will be seen to resemble a steam-engine
in all its essential parts; and, as in that engine, it has valves governed
by an eccentric on the main shaft. The cross-section, Iig. 6, shows
that the cylinder is surrounded by a jacket. Between this and the
cylinder itself cold water circulates, to prevent excessive elevation of
temperature. Figs. 5 and 5a show the construction of the slide-valves,
and their relation to the cylinder is shown in Fig. 6. The cylindrical ves-
sels B and E/ are the valve-boxes. The gas enters I by the tube e. It
passes through the orifices @’ (Ifig. 5) into the cylinder by corresponding
orifices. Air enters at the same time through the free space between the
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two faces of the slider, (Fig. 5a,) which space, as the same figure shows,
communicates with the small gas-passage d’. The air and gas therefore
mingle progressively as they enter the cylinder; when the piston reaches
the middle of its course, the slider cuts off further supply, and an electric
spark from a Ruhmkorff coil fires the mixture in the c¢ylinder, and the
piston is impelled with great force toward the end of the c¢ylinder which
it is already approaching by the effect of the inertia of the fly-wheel.

It is easy to imagine many modes in which the rupture of an electric
cireuit may be periodically determined by the motion of a machine. The
mode employed in this instance is illustrated in Fig. 7. A and B
represent two elements of a Bunsen battery. A Ruhmkorff coil is
enclosed within the case represented at E. The current from A B is
carried to f through the interruptor j’. It traverses the principal
circuit of the coil in B, and then, through the wire i p, passes to the
inner ring of a circuit breaker, represented in H. This ring is metallic
and is insulated. Externally to it are the metallic ares p », which are
also insulated from the inner ring. The two rings are concentric with
the axis of the main shaft of the engine, and this shaft carries at its
extremity an insulated metallic arm K, which is always in contact with
the inner ring, and which makes and breaks contact with the outer are,
as the shaft turns. The ares p and r are connected by wires attached at
« and b, which unite at » with the other pole of the battery. A wire
from ¢ to m connects the end of the secondary coil with the metal of
the gas-admission tube T. Another insulated wire d connects the
other end of the same coil with the binding serews d’ and d/, which
communicate with the interior of the cylinder by two insulated metallic
points. TFig. 4, K shows the arrangement of these points. Their place
in the machine is shown in Fig. 3, at K and K/,

As the principal circuit is broken from time to time at H, a spark
passes from one or the other of the insulated points, at d’ or d”, to the
metal of the eylinder, firing the explosive gases, if there be any present.
It is of course easy to adjust the circuit breaker H, by turning it on its
centre, so as to produce the spark at any moment of the revolution
which may be desired.

No-air pumps are used with this engine. The inspiration of the gases
is effected by the movement of the working piston itself. The inflam-
mable gas is most advantageously taken from a gasometer; but it may
be taken directly from the tubes supplying the illumination to the build-
ing, provided there be interposed an elastic bag large enough to hold
several charges. This contrivanece is represented in the last diagram,
where ¢ is a bag of caoutchouc placed just before the point of admission
of the gas to the engine. In this bag the gas should be under some
tension. In the action of the machine, it swells and collapses in a man-
ner resembling the action of the lungs.

The proportions in which the air and gas are mingled is one part of
gas to thirteen and ahalf of air. Originally the proportion of gas
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employed was as one to nine, but practice has shown it to be more advan-
tageous to employ a greater degree of dilution.

Instead of the Bunsen battery the simpler sulphate of copper battery
of Daniell is now generally used. - When once arranged, it maintains its
action for long periods with very little attention.

The water required for the refrigeration of the cylinder may, in some
localities, require to be made the subject of a special provision. Where
there are public water-works supplying an abundance for all purposes,
there will be no difficulty ; but under other circumstances it is necessary
that the circulation be maintained by a small pump worked by the
engine. The water, however, if kept in a large reservoir exposed to the
weather, will ecool fast enough to be used repeatedly, provided the reser-
voir have a ecapacity proportioned to the power of the engine, and pro-
vided also that the supply water be drawn always from the bottom of
the reservoir, while the escape water is discharged at the top.

For a half-horse power engine the reservoir should have a capacity of
500 litres, say 130 gallons; for one-horse power, 1,200 litres, say 320
gallons; for two-horse power, 2,000 litres, say 530 gallons ; for three-horse
power, 3,000 litres, say S00 gallons.

The Lenolr engine has been made the subject of repmted experiments
by Mr. Tresea, and from his published results we obtain the most exact
information in regard to its capabilities that could be desired. In the
first place, the pressure, which is of course at its maximum immediately
after the explosion, is shown by the manometer to diminish with singu-
lar rapidity ; so that if the stroke were not quite short as compared with
that which is usual with a steam piston of similar diameter, the effect
would inevitably become negative before its completion. It appears also
that, with the proportions in the mixture above named, the maximum
pressure hardly reaches six atmospheres, a pressure not considered excess-
ive with steam; but it affects the indicator with a much more sudden
start than does steam of the same pressure.

Mr. Tresca’s first observations were made upon a machine of a little
over one-half of one-horse power. The consumption per horse-power per
hour was inferred to amount to something more than three cubic metres,
or over 100 cubic feet of gasperhorse-power per hour: With gasattwenty-
five cents per 100 cubic feet, this would make the power sufficiently expen.-
sive—too mueh so,in fact—to compete with steam in cases where steam
could possibly be employed. But as a substitute for the labor of men, in
turning a windlass, for instance, or in driving alathe, or a printing press,
and for many similar kinds of work, it may be practically economical.
And for intermittent labor, it is a very important consideration that the
consumption does not go on while the machine is at rest.

Mr. Tresca subsequently experimented on another of Mr. Lenoir’s
engines, having nearly double the power of the first, ornine-tenths of one-
horsepower. In this case the result wasmorefavorable, the consumption
being reduced to2.7 cubic metres per horse-power perhour. It is not sur

5IA
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prising that such a difference should have been found, since small engines
of all kinds are subject to a more than proportional amount of loss in
overcoming passive resistances; and in the present case it may be said
that the cooling of a small mass of hot gas confined within metal walls
will be much more rapid than that of a larger body. We may therefore
reasonably conclude that a Lenoir engine of two-horse power would not
consume more than two and a half cubic metres per horse-power per hour.
The prices at which these engines are furnished in Paris are as fol-
lows: -
Engine of 4-horse power, without governor...1,100 francs = $220.
Engine of 1-horse power, without governor...1,600 francs = $320.
Engine of 2-horse power, with governor...... 2,600 francs = $500.
Engine of 3-horse power, with governor 3,000 francs = $600.

HUGON’S GAS-ENGINE.

The third gas-engine exposed is that of Mr. Hugon. It resembles in
many respects the engine just described, but presents two or three points
of difference of some importance. The first concerns the manner of inflam-
ing the gas. Mr. Hugon, like Mr. Lenoir, first employed the electric
spark for this purpose; but, finding that inflammation sometimes failed
to occur, whether from the failure of the spark or from the imperfect
mixture of the gases, he abandoned that plan and adopted a more infal-
lible expedient. This may be understood by referring to Figs. 3, 4, and
5, which follow:

These figures represent, in section, the
cylinder, with the slide-valves designed
for the distribution and inflammation of
the gases. All the figures are similarly
lettered, and represent different succes-
sive positions of the movable parts.
These parts are distinguished by the let-
ters BE and DD. The first is designed
- for the distribution, and the second for
¢ the inflammation of the gases. The
gases are admitted from the space F,

&\\\\\\\\\\\

Z_
Oy which is the end of a large pipe in which
/’ %% ' they are mingled. In Fig. 3, the slide
%% E is in the position which opens com-
W%% munication with the part of the cylinder
L" %/ . behind the piston C. The other slide

-

Fig. 3.
the cylinder communication is

D the lower part of the ¢ylinder

D is in a corresponding position, and it
will be seen that the passage is free from
I to the upper part of the cylinder,
while between T and the lower part of
doubly cut off. But in this position of
communicates through G with H, which

is the eduction pipe for the exhaust gases.
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As the piston advances, the mixed gases continue to flow in from F
until a sufficient supply has entered the cylinder, when the slide E takes
the position shown in Fig. 4, and
communication with the reservoir
is closed. At the same time the
slide D advances to the successive
positions shown in Tigs. 4 and 5.
This slide carries, in two little
recesses marked B, two gas jets,
of which the office is to fire the
charges in the upper and lower
parts of the eylinder successively.
In Fig. 5 it will be seen that there
is an opening by which the upper
jet B is in communication with the
explosive mixture above the piston.
In this manner the mixture is fired.
But, as the effect of the explosion
is to exhaust the oxygen in the ° /// <
cylinder, the jet B is mnecessarily A %?//7/7// 7
extinguished. A provision is there-
fore necessary to insure its being Fig. 4.
rekindled before its service is again required. In order to accomplish
this object, a permanent light is placed at A, outside of the ¢ylinder. In
Fig. 3 the movable jet B
is represented just oppo-
site to A, and in this posi-
tion it is lighted by com-
munication through the
free opening on that side.
In Tig. 4 the lower jet is
in position to be lighted by
another permanent light,
marked A also. ‘

‘When the piston reaches
the end of its course the
slide D is drawn upward
so far as to open a free
communication between It
and the lower chamber of
thecylinder. A newcharge
enters on that side; and . , |
this is fired by the lower U
movable jet B. Thus the A
operation goes on indefi-
nitely.
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The space K, which is shown in all these figures, is the interval between
the cylinder and its jacket, in which cold water is kept constantly circu-
lating. This is a provision necessary in every gas engine to prevent
excessive elevation of temperature. Another expedient which contrib-
utes to the same end is the introduction into the interior of the cylinder
itself of a small quantity of water along with every charge of gas. A
double advantage results from this. Byits evaporation the water absorbs
some heat, and in becoming steam at the same time it prevents the abrupt
fall of pressure which follows the explosion when the gases are admitted
entirely dry. The reality of the advantage is made very apparent by
the curves traced by the index of the manometer, or pressure gauge,
when the water is present and when it is absent. In the two figures
which follow, the first, Fig. 6, shows the violent oscillations, and the
abrupt rise and fall of pressure, which are occasioned by the explosion
of the gases in the absence of water. The second, Fig. 7, exhibits the
evidence of the much better sustained pressure produced by the steam.

a

| \
’\)‘\ e \
/\(\ \) \

\/ —

Fig. 6. Fig. 7.

In both these figures, it will be seen that the curve descends, on the
right, for a short distance below the horizontal line. This marks the
period of admission of the gases to the cylinder when the pressure is
negative.

The introduction of water into the cylinder, as here explained, consti-
tutes the second peculiarity in which the present engine differs from
that of Mr. Lenoir. The other differences are of minor importance. Mr.
Hugon’s engine employs a kind of bellows worked by the engine for the
introduction of the gas into the space where it is mixed with air, and he
effects this mixture before the charge is introduced into the cylinder.
Mr. Lenoir draws both the gas and the air directly into the cylinder by
the motion of the working piston itself, and relies for their mingling
upon the arrangement of the admission tubes.

In the particulars of its construction this engine differs considerably
from that last described. Figs. 8 and 9, Plate III, illustrate this con-
struction. The first is a vertical section through the axis of the cylinder
and of the working shaft.
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The cylinder is shown at A, the small space « being the interval
between it and the jacket, which is filled with cold water.

B is the piston with its rod b, guided by the support 0.

C is the connecting rod, which is forked below, and attached above to
the crank.

D is the arbor moved by the crank, and carrying the pulley d, by which
the motive power is applied. The same arbor carries the fly-wheel V at
the extremity.

E is the slide carrying the portable gas jets K K, and serving also to
open the escape passage to the exhaust gases.

I is the induction slide, admitting the explosive mixture to the cylinder.

G is the compressor by which the inflammable gas is introduced into
the chamber where the mixture is formed.

1 is the reservoir of inflammable gas.

J J are the fixed gas jets, and K K the movable. The second figure
is an elevation of the machine seen laterally.

Experiments made upon this machine, at the Conservatoire des Arts et
Métiers, show that its consumption amounts to 2.6 metres cube per horse-
power per hour. In this is included the amount, which is considerable,
consumed by the jets employed to inflame the charges. It appears also
that, as in the case of the Lenoir engine, the maximum pressure is between
five and six atmospheres, and the mean (effective) pressure throughout
the stroke less than half an atmosphere.

The introduction of water into the cylinder of this machine is an
important feature of its operation, contributing to its efficiency by giving
greater permanence to the elastic force of the products of the explosion,
the steam derived from this water being one of these. It would seem
probable that, by carrying out this idea further than it is here done,
results might be attained still more favorable. An engine operating
upon this principle was constructed some years ago, in London, by
Messrs. W. and C. F. Siemens, and was exhibited at the Exposition of
18625 but it has not been brought forward again in that of 1867. 1In the
engine of the Messrs. Siemens the object aimed at was to generate as
much steam as the heat furnished by the combustion of the inflammable
gas would allow; and a regenerator was employed to receive the heat of
the exhaust gases for the purpose of transferring it to the entering charge.
Though no exact statements of the economy realized in the working of
the engine of the Messrs. Siemens appear to have been published, it
would seem, in theory, to be preferable to either of those which have
here been described, both as it regards the mode of action of the power
and the cost of maintenance.

It might be said that an engine which, while nominally a gas-engine,
owes thus its principal merit to the steam which it generates, is, in fact,
only a steam-engine in disguise, and might, therefore, better be replaced
by the steam-engine in its ordinary form. To this it may be replied that
there is a very essential difference between the present engine and the
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ordinary steam-engine, which consists in the fact that this has no boiler,
and that it generates the steam which it uses in the ¢ylinder itself. This
is a very important advantage. The dangers of explosion are removed
entirely. The machine is always ready for work. The expense ceases
the moment the work is over; and the work may be interrupted and
resumed any number of times during the day, without involving any
waste of fuel during the intervals of repose. To this it may be added
that gas-engines create no dust or ashes, and require no labor to be
expended in the transportation of fuel or the removal of cinders. More-
over their use is attended with no danger of fire to the buildings or the
apartments in which they operate; and they can, on this account, be
introduced in localities from which steam-engines would be necessarily
excluded. And finally, though in point of economy they may not com-
pete with steam, yet they may often furnish a convenient power much
cheaper than the human labor, which they will, in many cases, be employed
to replace.

It is one important disadvantage attendant on these engines, that, in
situations where illuminating gas is not manufactured on the large scale
for public use, they are unavailable without a special apparatus for gen-
erating the gas. The engine of Mr. Siemens is accompanied by such an
apparatus; but the additional trouble which its use occasions cannot but
be objectionable. It is worthy of consideration whether some of the
cheap and very volatile hydrocarbons, all of which furnish a vapor which
is explosible in mixture with common air, might not be advantageously
employed to replace coal gas. Supposing this to be successfully accom-
plished, the use of the class of motors under consideration might be very
largely extended.

IIT.~AMMONIACAL GAS-ENGINES.

If hot-air engines and inflammable gas-engines fail as yet to furnish
power comparable to that which steam affords, without a very dispropor-
tionate increase of bulk, and for high powers fail to furnish it at all, the
same objection will not hold in regard to the new motors now beginning
to make their appearance, in which the motive power is derived from
ammoniacal gas. This gas, which is an incidental and abundant product
in certain manufactures, especially that of coal gas, and which makes
its appearance in the destructive distillation of all animal substances, is
found in commerce chiefly in the form of the aqueous solution. Itisthe
most soluble in water of all known gases, being absorbed, at the tem-
perature of freezing, to the extent of more than a thousand volumes
of gas to one of water; and at the temperature of 50° I%, of more
than eight hundred to one. What is most remarkable in regard to this
property is, that, at low temperatures, the solution is sensibly instanta-
neous. This may be strikingly illustrated by transferring a bell-glass
filled with the gas to a vessel containing water, and managing the transfer
.80 that the water may not come into contact with the gas until after the
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mouth of the bell is fully submerged. The water will enter the bell with
a violent rush, precisely as into a vacuum, and if the gas be quite free
from mixture with any other gas insoluble in water, the bell will inevitably
be broken. The presence of a bubble of air may break the force of the
shock and save the bell.

This gas cannot, of course, be collected over water. In the experiment
Jjust described, the bell is filled by means of a pneumatic trough contain-
ing mercury. It is transferred by passing beneath it a shallow vessel,
which takes up not only the bell-glags but also a sufficient quantity of
mercury to keep the gas imprisoned until the arrangements for the
experiment are completed.

The extreme solubility of ammoniacal gas is, therefore, a property of:
which advantage may be taken for creating a vacuum, exactly as the
same object is accomplished by the condensation of steam. As, on the
other hand, the pressure which it is capable of exerting at given temper-
atures is much higher than that which steam affords at the same temper-
atures; and as, conversely, this gas requires a temperature considerably
lower to produce a given pressure than is required by steam, it seems to
possess a combination of properties favorable to the production of an
economical motive power.

Ammonia, like several other of the gases called permanent, may be
liquified by cold and pressure. At atemperature of —380.5 C, it becomes
liquid at the pressure of the atmosphere. At the boiling point of water
it requires more than sixty-one atmospheres of pressure to reduce it to
liquefaction. The same effect is produced at the freezing point of water
by a pressure of five atmospheres, at 21° C (70° I') by a pressure of
nine, and at 380 C (100° I¥) by a pressure of fourteen.

If a rvefrigerator could be created having a constant temperature of
00 C, or lower, liquid ammonia would furnish a motive power of great
energy, without the use of any artificial heat. The heat necessary to its
evaporation might be supplied by placing the vessel containing it in a
water-bath, fed, at least during summer, from any natural stream. Such
a condenser could not be economically maintained. A condenser at
21° G, however, and an artificial temperature in the boiler of 38° C, would
furnish a differential pressure of five atmospheres, with a maximum
pressure of fourteen. By carrying the heat as high as 500 C, (122° If,)
a differential pressure of eleven atmospheres could be obtained, with an
absolute pressure of twenty.

These pressures are too high to be desirable or safe. Moreover, con-
densation is more easily effected by solution than by simple refrigera-
tion, and hence, in the ammoniacal gas engines thus far constructed, the
motive power has been derived, not from the liquified gas, but from the
aqueous solution. The gas is expelled from the solution by elevation of
temperature. At 500 C (1220 I*) the pressure of the liberated gasis equal
to that of the atmosphere. At 80° C {176° I') it amounts to five atmo-
spheres, and at 1000 C (212° ) to seven and a half. At lower tempera-
tures the gas is re-dissolved, and the pressure correspondingly reduced.
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In the ammoniacal engine, therefore, the expulsion and resolution of
the gas take the place of vaporization and condensation of vapor in the
steam-engine. The manner of operation of the two descriptions of
machine is indeed so entirely similar, that but for the necessity of pro-
viding against the loss of the ammonia, they might be used interchange-
ably. The ammonia-engine can always be worked as a steam-engine,
and the steam-engine can be driven by ammonia, provided the ammonia
be permitted to escape after use. The advantage of the one over the
other results from the lower temperature required in the case of ammo-
nia to produce a given pressure, or from the higher pressure obtainable
at a given temperature. These circumstances are favorable to the econo-
mical action of the machine in two ways. In the first place, they consid-
erably diminish the great waste of heat which always takes place in the
furnace of every engine driven by heat; the waste, that is, which occurs
through the chimney without contributing in any manner to the opera-
tion of the machine. This waste will be necessarily greater in propor-
tion as the fire is more strongly nrged; and it will be necessary to urge
the fire in proportion as the temperature is higher at which the boiler,
or vessel containing the elastic medium which furnishes the power, has
to be maintained. In the second place, that great loss of power to which
the steam-engine is subject, in consequence of the high temperature at
which the steam is discharged into the air, or into a condenser, is very
materially diminished in the engine driven by ammoniacal gas.

TFor instance, steam formed at the temperature of 150° C (302° I') has
a pressure of nearly five atmospheres (4.8.) If worked expansively, its
pressure will fall to one atmosphere, and its temperature to 1000 C (2120 I¥)
after an increase of volume as one to four. If, now, it is discharged into
a condenser, there is an abrupt fall of temperature of 500, 60°, or 709,
without any corresponding advantage. If it is discharged into the air,
this heat is just as much thrown away. In point of fact, when steam of
five atmospheres is discharged into the air at the pressure of one, consid-
erably more than half the power which it is theoretically eapable of
exerting is lost; and when, at the same pressure, it is discharged into a
condenser, more than one-quarter of the power is in like manner thrown
away. And as the expansion given to steam is usually less than is here
supposed, the loss habitually suffered is materially greater.

The ammoniacal solution affords a pressure of five atmospheres at
800 C, (176°T,) and in dilating to four times its bulk, if it were a per-
fectly dry gas, its temperature would fall below 0° C.  But as some vapor
of water necessarily accompanies it, this is condensed as the temperature
falls and its latent heat is liberated. The water formed by condensation
dissolves also a portion of the gas, and this solution produces additional
heat. Inthis manner an extreme depression of temperature is prevented,
‘but it is practicable, at the same time, to maintain a lower temperature
in the condenser than exists in that of the steam-engine. It must be
observed, however, that owing to the very low beiling-point of the solu-
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tion it is not generally practicable to reduce the pressure in the con-
denser below half an atmosphere.

The advantages here attributed to ammoniacal gas belong also, more
or less, to the vapors of many liquids more volatile than water; as, for
instance, ether and chloroform. Engines have therefore been constructed
in which these vapors have been employed to produce motion by being
used alone, or in combination with steam. The economy of using the
heat of exhaust steam in vaporizing the more volatile liquid is obvious.
But all these vapors are highly inflammable, and in mixture with atmo-
spheric air they are explosive. The dangers attendant on their use are
therefore very great. Ammonia is neither inflammable nor explosive,
and if, by the rupture of a tube or other accident, the solution should
be lost, the engine will still operate with water alone.

The action of ammonia upon brass is injurious; but it preserves iron
from corrosion indefinitely. It contributes, therefore, materially to the
durability of boilers. A steam-engine may be converted into an ammo-
nia-engine by replacing with iron or steel the parts constructed of brass,
and by modifying to some extent the apparatus of condensation.

FROT'S AMMONIACAL GAS-ENGINE.

But one engine was exhibited in the Exposition operated by ammo-
niacal gas. This was one which had been originally constructed as a
steam-engine for the imperial marine, and which has been placed at the
disposal of the inventor, Mr. Frot, of Paris, by order of the Emperor. It
is of fifteen-horse power. This machine has been made the subject of a
series of experiments by a commission appointed by the ministry of
marine, whose report upon its performance has not yet appeared. The
inventor affirms, however, that its consumption of fuel per horse-power
per hour is not more than one-third of that of a steam-engine working
under similar conditions. The machine being itself a steam-engine, it
has been possible to make comparative experiments with all desirable
exactness, by using steam and ammonia alternately.

The modifications made in the condensing apparatus have been only
such as are necessary to re-dissolve the gas to a degree of saturation suffi-
cient to make it available for repeated use, and to return the solution to
the boiler. For this purpose the condenser has two chambers instead of
one. In the first the gas, with the steam which accompanies it, passes
through a series of tubes surrounded by water, where the steam is con-
densed and the gas is to a certain extent cooled. From this it passes
into a second, into which is at the same time injected a small quantity
of water, which, along with the water from the condensed steam, com-
pletes the solution of the gas. This vessel is called the dissolver, and
the name condenser is applied only to the one first mentioned. The dis-
solver is kept cool by means of a series of tubes passing through it, in
which the water of refrigeration circulates. The water passes first
through these tubes, and afterwards surrounds the tubes of the con-
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denser. From the dissolver the saturated solution is withdrawn by a
pump, which forces it into the boiler. But as the boiler would in this
way be liable to become overcharged with liquid, while the strength of
the solution would at the same time grow gradually weaker, care is
taken to prevent these disadvantageous consequences by drawing from
the boiler itself the water used for injection. In fact, as the gasis grad-
ually expelled by heat from the solution in the boiler, and as the specific
gravity of the solution is greater in proportion as its strength dimin-
ishes, it will happen that the lower strata will generally be reduced to
the condition of pure water, or will contain only an insignificant amount
of ammonia. This portion of the solution is gradually withdrawn in
measure as the saturated solution is introduced at the top, and after
passing through a refrigerator is employed for injection into the dis-
solver. As a further measure of economy, this water, on its way to the
refrigerator, is made to impart a portion of its heat to the saturated solu-
tion returning to the boiler, by passing through a jacket surrounding the
tube by which this solution returns.

‘With the exception of possible and trivial leakage, the same water and
the same gas, therefore, keep up a perpetual circulation between the
boiler and the dissolver, without increase or diminution. In regard to
leaks every preventive precaution is taken. The pungent nature of the
gas renders this a matter of no slight importance, apart from considera-
tions of economy. There is, however, very little leakage, if any at all.
It could only occur at the surfaces of contact of the movable parts, and
as these are lubricated with oil, the alkali saponifies the Iubricant and
produces an unctuous compound which, while it answers all the purposes
of lubrication, closes the joint effectually against the escape of gas.

Before commencing work it is necessary with this engine, as with the
steam-engine, to clear all parts of the interior from atmospheric air.
This is done, as with steam, by blowing through ; but to prevent any loss
of ammonia in the process, the air which is expelled is passed through
‘water, where it leaves in solution any ammoniacal gas which may accom-
pany it. The same vessel of water being constantly used for this purpose,
there will gradually be formed a strong solution which may at length be
employed to feed the boiler.

It is the statement of the inventor, that any steam-engine may be
transformed into an ammonia engine at a cost not exceeding thirty dol-
lars per horse-power. Ior machines of more than fifty-horse power, the
proportional expense will be less. The inventor further states, that the
cost of making the necessary changes will be largely reimbursed within
the first year by the saving of combustible. Putting the expense per
horse-power of the steam-engine for fuel at about a franc a day, or sev-
enty-three dollars a year, the saving which he proposes to effect, which
is two-thirds of the whole, will amount to forty-eight dollars per horse-
power, exceeding by more than fifty per cent. the cost of the transforma-
tion of the engine.
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Mr. Frot is not the only inventor who has occupied himself with this
application of ammonia. In 1859 a patent was taken outin Paris, by an
inventor named Delaporte, for an engine working upon the same prin-
ciple as that which has just been deseribed.

DELAPORTE’S AMMONIA-ENGINE.

Other patents have been taken out for similar machinesin America,
and perhaps in England, but it is not known how far they have been
brought into use, if, indeed, they have been so as yet at all. Tig. 8 repre-
sents one of these machines, all of which necessarily resemble each
other in substance, though they may differ in details.

Fig. 8.

‘
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Delaporte’s Ammonia-engine.

A is the boiler, D the cylinder, and B the tube communicating between
the cylinder and the boiler. C is the valve box and « the slider by means
of which the gas is introduced alternately above and below the piston.
E is the eduction pipe and F the condenser and dissolver. In this
machine, the condenser and dissolver are not separate, as in Mr. Frot’s.
The water of injection is introduced by a pipe and rose jet at the top of
the condenser F. The solution passes from I into H, from which it is
withdrawn by the piston H, passing through the reservoir k and the tubes
U and V' by which it is returned to the boiler. Asitsreturn is opposed by
the elasticity of the gas in the boiler, it must be forced in, and a small
forcing pump, is employed for this purpose. The tube V' is surrounded
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by a jacket I. The water which has been deprived by heat of its
ammonia is withdrawn from the bottom of the boiler by the lower tube,
and passes into the jacket L, where it imparts a portion of its heat to the
solution in the tube V', which is on its way to the boiler. It is then
discharged at [ by a connection, not shown, and carried through a refrig-
erator, which is also not shown, after which it is conveyed into the vessel
T, and is employed for injection into the dissolver F.

There seems to be little reason to doubt that the ammoniacal engine
is, in faet, more economical in its operation than most forms of the steam-
engine. But the principal theoretic ground on which inventors have
usually endeavored to prove that it ought to be so is one which is by
no means tenable. This ground is, that the latent heat taken up by
ammonia when expelled from its aqueous solution is less than that of
steam. As what we have denominated the economical coefficient of an
engine driven by heat is entirely independent of any question concern-
ing the latent heat of the elastic medium employed, such reasoning is
altogether fallacious. But as this species of argument is continually
presenting itself anew, not merely in the case of ammonia but in that
of a variety of other gaseous or volatile substances, it may not be inap-
propriate to devote a few words to an examination of the fallacy. In
point of fact theory is too frequently appealed to in the discussion of
economical questions connected with this subject, by persons whose
reasonings show them to be unacquainted with the fundamental truths
of thermo-dynamics, and unaware that they are contradicting established
principles of the science to which they appeal. Between two given
machines driven by heat, and performing each the same amount of work
in the same time, the question which, if either, 1s the more economical,
is really more a practical than a theoretic question, and one which
must be settled experimentally. Theory can only indicate a certain
limit beyond which economy cannot be carried, and point out the con-
ditions which favor the attainment of this limit. These are, large expan-
sion, the suppression of losses by radiation, conduetion, leakage, &c.,
and the employment of regenerators. But between two machines in
which these conditions are equally observed, and in which the maximum
and minimum temperatures are the same, theory furnishes no ground
for supposing that there will be any economical difference. The ques-
tion is not in the least affected by the substitution of one elastic medium
for another, heated air, the vapor of ether or chloroform, or ammoniacal
gas, for instance, instead of steam: while the limits of temperature are
the same, the proportion of heat converted into work, and the propor-
tion merely transferred from the furnace to the condenser without con-
tributing anything to the work performed, will be the same for all. It
is true that with the same difference between the upper and lower tem-
peratures, there will be a theoretic advantage in favor of the machine
in which the absolute temperatures are lowest, but practically the lower
limit of temperature cannot be depressed below the temperature of the
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natural waters which furnish the means of refrigeration; and this lower
limit is equally available {for all machines.

It cannot, in fact, be too much insisted on, that the largest prospect
of improvement in regard to the economy of engines driven by heat is
in the direction of the better application of the heat of the furnace. The
principal loss is in that large amount of heat which merely passes
through the flues of the chimney, without being absorbed by the elastic
medium at all, and which is, of course, mere waste.

Many inventors of engines which employ substitutes for steam, and
among them the inventor of the ammoniacal engine in the Exposition,
insist very much on the difference between the latent heats of different
vapors, as affecting the economy of the use of those media as sources of
power. Latent heatis treated by them as a dead weight to be carried, as a
simple charge upon the machine, to the efficiency of which it contributes
in no manner whatever. And yet nothing can be more true, or more
easily demonstrated, than that the proportion of heat converted into
work by a machine working between two given limits of temperature,
under the conditions required to secure the largest theoretic economy, is
always precisely the same invariable fraction of the total heat received
from the source, no matter whether this heat be received in the form of
latent or of sensible heat, and no matter what may be the nature of the
elastic medium employed to operate the machine.

It has been shown, in fact, earlier in this report, that in a machine
driven by heat which fulfils the conditions of the highest economy, there
are four stages through which the elastic medium successively passes
in performing one elementary portion of the work and coming back
again to its original condition. These are, first, expansion at the supe-
rior temperature maintained uniform by constant addition of heat;
secondly, expansion with depression of temperature, no heat being added
or taken away ; thirdly, compression at the inferior temperature main-
tained uniform by constant withdrawal of heat; and fourth, compression
with elevation of temperature without addition or subtraction of heat,
and with a final restoration of the original condition.

If we suppose the heat to be derived from an indefinite source at the
superior temperature, denoted by A, and discharged, in so far as it is
not converted into work, into an indefinite receiver maintaining con-
stantly the inferior temperature and denoted by B, then any engine
whatever, which, working under the conditions of highest economy, per-
forms between these limits an amount of work, W, must receive from A
the same amount of heat, H, and impart to B the same amount H’, no
matter what be the nature of the elastic medium through which the
work is done.

For if this be not true, then there is a possibility that, of two machines
which we will call C and D, both performing the same amount of work
‘W between the limits, A and B, of temperature, and working under
conditions of the highest economy, one may take more heat from A, and
transfer of course more heat to B than the other. Let C, for instance,
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take from A the amount of heat X, and transfer to B the amount X',
Let D in like manner take from A the amount Y, and yield to B the
amount Y/, and suppose X to be greater than Y. X’ is less than X by
the amount of work done; and Y’ is less than Y by the same amount.
That ig, X — X/ =W=Y —Y’; and X —Y=X'—7Y",

Now as the machine C or D, receiving heat from A and transferring
it to B, perforins the work, W, it is only necessary to reverse the action
of this machine, or to drive it backward, by force, in order to restore to
A the heat taken from it; which in this case will be partly taken from
B, and partly supplied by the conversion into heat of the force required
to drive the machine backward. This force will of course be that repre-
sented by the work W. Tor simplicity, let it be supposed X=2Y.
Then if the machine C be driven backward, it will transfer to A an
amount of heat equal to 2Y at every revolution; and to do this it will
consume an amount of work equal to W. But the machine D, worked
forwards, will furnish this same amount of work W, while taking from
A only the amount of heat represented by Y. The machine C worked
backward will therefore supply heat enough to work two machines like
D, or one machine like D of double power. This machine of double
power may then itself be employed to drive the machine C backward;
and in this case it will keep up the supply of heat necessary to sustain
its own movement, and will have the amount of work, W, constantly to
spare. In other words, we shall have an efficient engine without any
expenditure of any kind to maintain it ; that is to say, a perpetual motion.

Differences of latent heat and differences of specific heat have there-
fore nothing to do with the question of relative economy, in the employ-
ment of different elastic media as substitutes for steam. It is accord-
ingly unnecessary to examine the correctness of the statement of the
inventor of the engine under consideration, on which he strongly insists
as one of the reasons why it must be economical, viz., that the latent
heat of ammonia in solution is only 126° C, contrasting this with the
latent heat of steam which he states at 606°.5 C.! If it were true that
latent heat is a mere dead weight, contributing nothing to work, then it
would be equally true that the economical difference between two media
would amount to the entire difference between the latent heats of the
twoj; and in the case here presented, supposing the numbers correct,
it would be enormously more in favor of ammonia than the inventor
pretends to claim.

On the other hand, if it is true that the largest possible proportion ot
the heat which can be converted into work in the use of any meditun
whatever is expressed, as we have seen that it is, by the same invaria-
ble coefficient ; and if this coefficient is a simple function of the extremes

 This is the latent heat of water supposing it evaporated at zero. As the evaporation in
the steam-boiler takes place in fact at 100° C, or above, the latent heat will not exceed
5379 C, to which, in computing expenditure of heat may be added the difference between
100° C and the temperature of the feed water. If the boiler is fed with the water from
the condenser, 30° or 35° added to the latent heat may give the expenditure.
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of temperature between which the work is done, then it follows that a
great latent heat is an advantage, and not a disadvantage, in practical
thermo-dynamics. For the coefficient gives the value of the heat which
is converted into work in the form of a determinate fractional part of
the whole heat received by the medium; and the greater this whole heat
is the greater, of course, must be the fractional part. The formula is—

T—T
W=H —

W being the work, H the whole heat received, T the superior and 1"
the inferior temperature reckoned from the absolute zero.

This H depends on two things: first, the capacity of the medium for
heat while in the liquid state below the point of vaporization; and,
secondly, the latent heat of the vapor. Let us suppose that we have a
condenser which can be maintained at the low temperature of 60° F.
This supposition is made not as ordinarily practicable, but as a possi-
bility, in order to found a calculation upon a pretty large range of
temperature. Let us now consider the amount of work which could be
done by ocne pound of water evaporated at 212° F and condensed at
60° I, and compare it with the amount of work which a pound of ether
would do between the same temperatures. We have for water, specific
heat and density, unity ; boiling point, 212°; and latent heat of vapor,
966 units.

Between 60° and 212° a pound of water absorbs......... 152 units.
And in vaporization at 212°. .. ... o Lo oL 966 units.
Total heat absorbed, or value of H=.............. 1,118 units.

A 1yq 1520 : .
Hence, W=1,118 W=251.7 units=195,224 foot-pounds, or nearly

100 tons raised one foot.
In the case of ether, we have—

Specific heat of liquid...... . ... ... ... ... 0. 517
Specific heat of vapor.......... ... . ... ... ... 0.481
Boiling point under atmospheric pressure............ 950 .
Latent heat of vaporization.... ..................... 162.8  units.
Density of liquid. ... ... ... il 0. 716

Trom these data we find the total heat absorbed between 60° and
2120, thus:

Between 60° and 95°, 35©x 0.517... .. .. e 18. 095 units.
In vaporization. . .. ... ... oo 162.8  units.
Between 950 and 2120 ... ... L . iiiiiiiiiaaann 56. 277 units.
Total absorbed, or value of H for ether.......... 239. 172 units.

And W=239.172 192° _54.1 units=41,415 foot-pounds, or hardly 21

6720
tons raised one foot.
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This result appears paradoxical, when it is stated that the pressure of
ether vapor at 212° exceeds six and a half atmospheres, and that it con-
tinues to be nearly half an atmosphere even at the low temperature
assumed for the condenser, (60°,) while steam at 2120 has only an elastic
force equal to one atmosphere, and at 60° is reduced to the sixtieth part
of an atmosphere. The difficulty disappears when it is considered that
it is not pressure only, but volume, and change of volume during change
of temperature, which determines the work which can be done by heat
operating through a given weight of any medium. At 212° a pound of
ether vapor occupies but about one cubic foot, (0.9952 cubic foot,) while
at the same temperature a pound of steam fills a bulk of 26.36 cubic feet.
At 600 the ethereal vapor will be dilated to a bulk of only 104 cubic feet,
while the steam will have expanded to 1,200 cubic feet. Suppose one
pound of each of these vapors to occupy a cylindrical space which it is
capable of filling to a depth of one foot, the cross-section in the case of
steam would be 26.36 square feet, and in the case of ether vapor 0.9952
square foot. If, then, these vapors are further supposed to be confined
in these cylindrical cavities by movable pistons, the absolute pressure
exerted by them severally upon these pistons will be—

For steam, 26.36 sq. ft.x1 atm.=26.36x2116.8 1bs.=55798.848 1bs.
For ether=0.9952 sq. {t. x 6.5 atm.=0.9952 x 6.5 x 2116.8=13693.156 1bs.

Thus, the absolute pressure which measures the possibility of doing
work is four times as great in the case of the pound of steam as in that
of the pound of ether. And in expanding between the limits, 212° and
600, the pound of steam enlarges its bulk forty-six times, while the expan-
sion of the ether is not equal to eleven. On both these accounts water
will have the advantage of ether as a liquid to be used in elastic vapor
engines.

But as in practice expansion is carried only to a limited extent, it may
be more satistactory if we test the effects of the two vapors on the supposi-
tion that each increases its bulk by expansion to the same proportional
extent, as, for instance, in the ratio of one to two. Ither vaporized at
the temperature of 2120, and expanded with falling temperature to
double its bulk, will have a resulting pressure of very nearly three
atmospheres. If we suppose the work done in the meantime to be
equivalent to that which the mean of the initial and final pressures, con-
tinued constant from the beginning to the end of the movement, would
be capable of doing, the work of expansion will be—

0.9952 x 4.75 x 2116.8=10, 006 foot-pounds, nearly.
To which add work of enlargement by vapori-
zation. ... ... ... .. il 13, 693 foot-pounds, nearly.

Total work, ether vapor at 212° to
twice its volume. .. ... ... .. . .. 23, 699 foot-pounds, nearly.

In the case of steam, expansion to twice the volume will reduce the
pressure to 990 pounds per square foot; and if we take, as before, the
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mean of the initial and final pressures, it will give us an equivalent
constant pressure of 1,553 pounds. The work done by the pound of
steam during expansion will then be—

26.36 x 1,553=40, 937 foot-pounds, nearly.
And that done during vaporization....... =55,799 foot-pounds, nearly.

Total work, steam at 212° to twice its .
volume ... .. ...l 96, 736 foot-pounds, nearly.

‘Where the same ratio nearly is ‘manifest as before, steam performing
more than four times the work of ether vapor.

It may be observed that the work actually done during expansion is
not so great as the computation, founded on the assumption of a constant
pressure equal to the arithmetical mean between the initial and final
pressures, makes it; but the error of the result falls in the same direc-
tion in both cases, and, for the purpose at present in view, is not impor-
tant in either.

The conclusion we arrive at is, that steam, as a vehicle for heat in
machines, is preferable to ether vapor, and generally to the vapor of any
liquid which absorbs in evaporation a less amount of latent heat than
steam, so far as the physical properties and relations of the vapors
themselves are concerned. And it is obvious in this comparison that,
other considerations apart, the smaller weight and still smaller bulk of
the liquid which it is necessary to use in order to secure a determinate
amount of work when water is employed, will always be a sensible
advantage on the side of steam. On the other hand, the waste of heat
in furnaces, against which remedies are always more difficult of applica-
tion in proportion as temperatures are higher, will probably be less with
the more volatile liquids than with water, so that an ammonia engine
may very possibly, or even probably, be an economical and a useful one ;
but this will not be because the latent heat of the gas, as liberated from
the solution, is less than that due to its evaporation from the liquefied
state—say 900 units—but because it is not so.

The ammonia engine, employing the aqua ammonia of commerce,
works between the extreme temperatures of 230° F and, say, 100° T, and
is capable of utilizing a fraction of the heat received, represented by the
difference of these temperatures=130° divided by 460°+-2300=690°,
being the temperature at the upper limit reckoned from the absolute
zero. This fraction is 0.188, or nearly nineteen per cent.

A steam-engine working between 300° F and 1200 I (in the condenser)

300°.—120° 1800
Eﬁé_+3000=7w=9'2474’ or
nearly a quarter of the heat. But if discharged after dilating to four
times its original bulk it will produce only half the useful effect above
computed; that is to say, something over twelve and nearly twelve and
a half per cent.

Neither the one nor the other of these engines will probably produce,

61A

would, theoretically, be able to utilize
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in actual practice, the amount of useful effect here credited to them.
The steam-engine may give ten per cent. and the ammonia engine twelve.
But it is not here that we shall find the source of the practical economy
realized, if it has been realized, in the substitution of ammonia for steam.
This economy probably results mainly from the practicability of main-
taining the pressure in the boiler with a less intense furnace heat; and
the gain is not in the diminished heat required to produce a given work,
buat in the diminished waste in that portion of the heat which does not
enter the boiler or contribute to the work at all.

IV.—ROTARY STEAM-ENGINES.

No effort has more persistently occupied the ingenuity of inventors
than the attempt to produce rotary motion by the direct action of steam.
The varieties of rotary engine already produced are almost infinite in
number, and every year brings new competitors of the same class for the
approbation of the industrial world.

The only advantages, however, which can be claimed for a rotary over
a reciprocating engine are a greater compactness of form and a possibly
superior simplicity of construction. If in this last particular any pro-
posed rotary fails, it may be safely assumed that it will never come into
general favor. Compactness of form is desirable in the engines employed
for purposes of locomotion, whether upon land or water; but in most
other situations compactness is an advantage of secondary importance.
It is to be noted, however, that, as yet, no rotary engine has been con-
structed possessing anything approaching to the power necessary for
ocean or even for river navigation; and hence that invention in this
direction has, as yet, accomplished nothing of what is most desirable,
and what may be said to be really needed.

The principal reason of the imperfect success which has attended this
description of effort is probably to be found in the great difficulty of
securing a satisfactory packing of the piston without excessive friction,
or one which should continue to perform well permanently. A similar
difficulty exists in regard to the fixed (or occasionally movable) fulerum,
against which the steam must react in order to move the piston. On this
account there is scarcely a single rotary engine in existence in which
there is not great loss of effective pressure in consequence of the pres-
ence of steam behind the piston, and not one which could bear enlarge-
ment to the dimensions required to propel an ocean steamer without
such loss on this account as to make it economically unavailable.

THE BEHRENS ROTARY ENGINE.

The Exposition has presented several forms of rotary engine which
seem to be superior to most of their class. Of these the most remarkable
is an American invention, patented in this country in 1866, and subse-
quently in Great Britain, France, and Belgium. The construction of
this engine can hardly be explained without reference to figures. Its
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general external appearance is represented in the perspective view
annexed, Fig. 9, and its interior is shown in section in the several fig-
ures, 10, 11, 12, and 13.

Fig. 9.

Behren’s Rotary Engine.

It will be seen that there are in the same solid casting two cylindrical
cavities which overlap each other. In the centre of each cylinder is a
solid cylindrical core. Between each of these cores and the surface of
the corresponding cylinder is a piston of peculiar shape, being part of a
solid ring, filling up the intermediate space as far as it goes, and fitting
both to the cylinder internally and to the core. These pistons are firmly
attached to axes, which appear in section at C and C’in the figures.
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The manner of attachment is shown in the perspective view of one of
‘ the pistons with its axisin Fig. 10.
The axes are connected externally
to the cylinders by equal gear-
wheels, so that they move simul-
taneously and with equal veloci-
~__ ties. The two centres of motion,

mon diameter of the cylinders; and the cores ¢ and ¢/, which in their
entire dimensions would be too large to allow the pistons to revolve, are
reduced on the inner sides to a proper curvature to fit the piston exactly
as it passes. Steam is introduced through the tube B and discharged
through D. In Fig. 11 it will be seen that the pressure will be on the
concave face of I, produc- Tig. 11.

ing motion in: that piston, i
while it will be directed to
the centre of motion of E,
which will therefore form
the resisting fulerum. The
opposite state of things is
shown in Fig. 12, in which
E receives the propelling
force, and I presents the
resistance.

The simplicity of construe-
tion of this engihe highly
recommends it. Its large
surfaces of contact, cylindri-
cal in form, and therefore

Tig. 12. easily adapted to each other

NS render it little liable to loss

of power Dby leakage, and
malke special artifices of pack-
ing unnecessary. It is obvi-
ously as well adapted to water
or heated air as a motive
power as to steam. If re.
versed in direction and driven
by another motor it forms a

a :
)
@ . \ N\ most efficient pump. It can
N\ QA 0 be used with steam expan-
7 \&\\&\ 4 sively. Ithas no dead point
y - o

_ but will start equally well in
\\| any position.
On the other hand, it may

\ pr', ,.
N
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be observed that it requires a larger amount of steam per revolution to
drive it than engines of its class generally having the same cross-sec-
tion of piston and the same diameter of cylinder. It will be seen,
indeed, that, in order to bring the piston E from its position in Fig. 10
to its position in Fig. 11—that is to say, in order to effect a half revolu-
tion—the entire space marked « must be filled with steam, and also
the cavity M N between the piston and the core. But if a line be
drawn joining p s it will be a diameter of the cylinder. Hence, it is
evident that considerably more than half the ring in whieh the piston
moves has to be filled with steam every half revolution.
By assuming a position of Fig. 13.

the two pistons such as it is
just as E is about to cease
being the propeller and E/
is on the point of becoming
such, which is represented
in Fig. 13, the amount of
space which has to be use-
lessly filled with steam may
be shown distinetly enclosed
by itself, as it occupies the
closed cavity M N r s. It is ‘ )
not diffieult to find the pro- N

portion which the capacity /\\ < TR <

I(G)f this 'spaJce bears to j:he‘ l&\z\\\ s\\_\\\\\\\\\ﬁ %\&\\\\
otal supply of steam during S e EEES
the half revolution. The curved face of the piston is practically cylin-
drical, and its radins may be taken to be equal, as it is nearly, to
that of the core. Then taking the dimensions of the machine exposed,
in which the interior diameter of the cylinder is sixteen inches and
that of the core eight inches, the distance of the centres of rotation
being eleven inches, we shall find by computation that fully fifteen per
cent. of the steam admitted is productive of no effect. Thisisa disadvan-
tage, but the other merits of the engine are such that it is probably
destined to come into extensive use.

PILLNER & HILLS ROTARY ENGINE.

Another rotary engine was exhibited by Messrs. Pillner & Hill, of
Newport, England, which in external appearance presents some resem-
blance to the one just deseribed. Like that it has two eylindrical cham-
bers in the same casting, and two systems of rotary pistons. The
rotating parts, however, which are shown in Fig. 14, herewith given,
essentially differ from those of the Behrens engine, being in the form of
two deeply indented gear wheels working into each other. These wheels
by the close contact of their cogs prevent the passage of steam between
them, and they are adapted steam-tight to the interior of their eylinders
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by metallic packing in the tips of their teeth. Practically it is found to be
sufficient to pack two teeth diametrically opposite to each other in each

1

Pillner & Hill’s Rotary Engine.

wheel. It is of course necessary that the wheels, at their plane extrem-
ities, should be in close contact with the interior walls of the cylinder;
and in order to effect this, one of the cylinder heads is made adjustable,
and may from time to time, if the moving parts by friction should work

Fig. 15. loose, be brought up by a screw acting upon a wedge-
A shaped plate, as shown in Fig.15. Amnother mode of
accomplishing the same object is by affixing plates to
the lateral surfaces of the wheels, which plates are
pressed outward by springs—that is to say, by a kind
1 of metallic packing.

The manner in which the steam acts to produce motion
in this machine will be understood from an inspection of
= the figure. The induction pipe is at d, and the discharge
takes place at e. The steam enters the cylinder imme-
diately under the centre of the system and presses on
the teeth of both wheels in opposite directions. At the
M point where the teeth are interlocked, however, the
surface pressed is practically equal to buta single tooth,
while the contrary pressures are exerted upon two. The
wheels therefore rotate in the direction of the arrows
with a force equivalent to the balance of pressure—
that is, to the total pressure on a single tooth.

The efficacy of this engine depends very much upon
the accuracy with which the teeth of the gear wheels fit each other, and
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upon the preservation of this close contact throughout the movement.
It is affirmed that this object is completely secured, and that the effect
of wear is to improve rather than to injure the performance of the
machine. It is further affirmed that steam may be used in this engine
expansively.

In the model exhibited, the diameter of the cylinders is 20 inches, the
depth of the teeth mnearly four inches, and the length 36 inches. The
aggregate calculated horse-power, under a pressure of 40 pounds to the
square inch and with 200 revolutions per minute, is nearly 140. This
very greatly exceeds the power of any rotary engine heretofore con-
structed.

It hardly need be said that this engine is capable of being used as a
water engine, or as a pump for liquids. And here the remark may prop-
erly be added that, although the inventionis claimed as original by Messrs.
Pillner and Hill, it was patented in this country thirty or forty years
ago by Asahel Hubbard, of Vermont, as a water pump, and was manu-
factured on a large scale for that purpose at the works of the American
Hydraulic Company, at Windsor. The prineiple was also embodiedin a
rotary fire engine, manufactured by the same company, which enjoyed
an extensive popularity. Many of these engines, constructed in the com-
pany’s works at Windsor, were sold and used in the principal cities of
the United States earlier than the year 1836. The pump is yet in use in
many parts of the country for domestic purposes, and it is believed that
the manufacture is still continued.!

Messrs. Pillner and Hill have improved the packing of the machine,
but in principle they have made no change whatever.

THOMPSON’S ROTARY ENGINE.

A third form of rotary engine, exhibited by Mr. R. W. Thompson, of
Edinburgh, appeared to embody in its construction a greater degree of
ingenuity and originality than has been shown in any invention of its
class heretofore produced. It is called by the inventor a differential
engine, for a reason which will appear when its operation is under-
stood. This engine is represented in the figures which follow. Tig. 16
is a section through the cylinder at right angles to the axis. It will
be seen by comparing these figures that there are two pairs of pis-
tons, each pair being attached to a core which occupies but half the

! General Morin, in a passage in his treatise, ‘* Des Machines et Appareils destinés & I'616-
vation des Eaux,’” encountered since the statement in the text was written, describes this iden-
tical pump, and furnishes a figure of it, which essentially resembles the engine of Messrs. Pill-
ner and Hill, and concludes with the remark : *‘ This arrangement, early known, has been
produced in our days as new. (See the collection of Grollier de Serviere, Lyons, 1719.”)
The correspondent of the London ‘‘ Engineering,” at the Exposition, also remarks of it,
““There is nothing new in this contrivance which is a reproduction of Murdoch’s rotatory
engine of the last century, and it in its turn is a copy of the Machina Pupperheimana, fig-
ured as a pump in Leupold’s Theatrum Machinarum, published in 1727 Thus it appears
that neither the American nor the British invention can claim the merit of originality.
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length of the cylinder in the direction of the axis. Each pair of
pistons is thus attached to its own cone only for half the piston
length, while the other half projects over the core belonging to the
other pair. Neither pair of pistons can therefore pass the other,

Fig. 16.
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though they may come into contact. Ifach pair of pistons has its
independent shaft, and externally to the cylinder each of these shafts
carries an elliptical gear-wheel, which works into an equal and similar
wheel upon a shaft parallel to the piston shaft. This second shaft, which

Fig. 17. Fig. 18.
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is the working shaft, is provided with a fly-wheel regulator. The rel-
ative position of the shafts and the connection of the gearing is shown in
Fig. 19. The working shaft carries, of course, two elliptical gear-wheels;
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and these are set with their major axes at right angles to each other.
The elliptical wheels upon the piston shafts have their longer axes at
right angles to the pistons. Supposing then the engine to Dbe in that
point of the revolution which is illustrated in Fig. 16, the nearer pair of
its pistons will be vertical and the more distant pair horizontal. If we
disturb it from this position, by turning the fly-wheel by hand, it will be
evident that the remoter piston will be forced to revolve faster than the
nearer one, because the gear-wheel on the working-shaft acts in the for-
mer case by its longest radius, and in the latter by its shortest, while the -
opposite is true of the wheels on the piston shaft. The pistons will
therefore approach each other on one side and become more widely sep-
arated on the other, assuming ultimately the position shown in Fig. 17.
It is evident, however, that the velocity of rotation of the remoter piston
will be regularly retarded and that of the nearer accelerated, so that
after a time it will be the nearer which will move fastest and the more
distant which will move slowest. From the position shown in Fig.
17, therefore, the pistons will at first separate, and afterward come
together again by their opposite faces.

Now if we suppose the pistons to be moved from the position shown
in Fig. 18 to that shown in Fig. 17, we shall see that the spaces L/ and I,
will be enlarged and will draw in air through O and O, while at the
same time the spaces L; and L, will be reduced in capacity so that the
air will be expelled from them. Or if water should be supplied through
O and O/, the machine might be used as an aspiring or forcing pump,
the power operating it being applied through the shaft which carries
the fly-wheel. If, however, instead of sucking in the air or water through
O and O, we force it in with a pressure superior to that of the atmosphere,
motion will take place in the opposite direction, and the machine will
become amotor. Each piston, with its shaft and gear-wheel, may indeed
beregarded, at any given moment, as a lever, exerting an effort to turn
the working-shaft ; but each exerts its effort in an opposite direction to
the other. The power applied is the same in both cases, since it is the
pressure of the steam on the equal surfaces of the pistons; the arm of
the lever on the side of the power is also the same for both. The effect,
however, is generally unequal, because the arm on the side of the resist-
ance is usually greater for one than for the other, and, moreover, the
distance of the point of application of the force from the axis of the work-
ing-shaft is also variable. This shaft will, therefore, turn with a force
equal to the difference of the opposing forces; and this is the feature
from which the engine takes its name.

The extent of the relative movement of the pistons will depend, of
course, upon the degree of ellipticity of the gear-wheels. On supposition
that those wheels were circular, there would be no relative change of posi-
tion at all.

‘When the ellipticity to be used has been determined upon, it is easy to
calculate, or to find experimentally, what will be the limit of nearest
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approach of the pistons. This having been asecertained, it is important
that the pistons themselves should receive such form and dimensions as
to cause them, at the moment of nearest approach, to come into absolute
contact, in order that there may be no dead or useless space for the
waste of steam. It is this consideration which has caused the piston
in this engine to be constructed as shown in the figures, in the form of
sectors. But as the ways for the entrance and discharge of steam have
to be placed at a certain distance from each other, for a reason which
will presently appear, it is necessary that the piston should not be in
full contact with the cylinder except in the middle point of its bulk,
where contact is secured, as shown in the figures, by a metallie packing.

The point of nearest approach will be that at which the velocities of
the two pistons become equal; for as they approach while the following
piston moves fastest, they must begin to separate so soon as the leading
piston begins to gain. It may be said to be self-evident, and at any rate
it is easily proved, that when the velocities become equal, the radii
which are for the moment engaged in the gear-wheels on the side of the
working shaft must be equal to each other; and also that those engaged
at the same time on the side of the piston shafts must be equal to each
other. The first of these conditions requires that the major axes of the
ellipses on the working shaft should be at that moment inclined 45° to
the line connecting the centres of motion of the parallel shafts. The

Fig. 19,

End view of Thompson’s Rotary Engine.

angle simultaneously made by the major axes of the ellipses on the piston
shaft, will be the limit of nearest approach of the pistons.
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If we suppose the engine to be in the position represented in Fig. 19,
and call the piston-wheel which is presented horizontally, A; the wheel
into which it works, B; the remoter wheel on the same shaft, C; and
the remoter piston-wheel, D; then, according to what has just been stated,
B and C must advance 45° to bring the pistons to the position of nearest
approach. The proof of this is as follows:

The relative angular velocity of wheels gearing into each other is
inversely as their radii drawn to the point of contact. If these radii -
are represented for the several wheels, in the order in which they have -
been named above, by the letters R; R, Ry Ry, and if the angular velocity
of A at any moment be represented by ¢, that of B or of C, which is the
same, by s, and that of D by o, then we shall have

iRyt Rysands: o Ryt Rs
Ry Ry R, RS
‘Whence s = R, o= in o and o = =R R4
And since ¢ and » must be equal at the moment of nearest approach,
we have at that moment

R; R;=1R, Ry.

Now if the major and minor axes of the wheels be represented by @
and b, it is evident from an inspection of the figure that the distance
between the centres of motion of either of the pairs of wheels which
gear into each other, must always be equal to @ 4- b, and therefore that

R+ R=Ry+ Ry=a 4+ .

If in this equation we substitute the value of R, from the preceding,
we shall deduce as a consequence, R, = Ry; that is to say, the engaged
radii of the wheels on the working shaft are equal when the pistons are
at the point of nearest approach.

If two equal and similar ellipses be bupuposed with their major axes
at right angles, the points of intersection of their circumferences will
mark the position of equal radii; and this position must necessarily
bisect the right angle.

‘When the semi-axes @« and b are given, we may calculate the angle
made by R, and R, with the major axes of their ellipses, at the same
moment of nearest approach. The general expression for the square of
the radius of an ellipse, is

R — a? b?
T d—PcoPy
in which e represents the eccentricity, and ¢ is the angle made by the
radius with the major axis a.

By measurements made upon a wooden model of this engine placed
by the side of the engine itself which was in operation in the expo-
sition building, the minor axis of the ellipses appeared to be to the
major in the ratio of two to three. By substituting these numbers for
b and « in the foregoing formula, and putting ¢ = 45° we shall find the
values of R, and Ry to be 2.38 nearly. Then as R; 4+ Ry, = a + b =
3 + 2 =75, we deduce R; = 2.62.

?
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The general equation transformed gives
a? (R*—10?)

R? e
And by substituting the value found for R; in the place of R, and
for a and b their values as before, we shall find the value of ¢ to be
almost exactly 30°.

As this angle is reckoned from the position represented in Fig. 16,
which is the position of maximum relative velocity of the pistons, it
represents but half the angular movement of the wheel A, or of its cor-
responding pistons, since leaving the last preceding point of equal velo-
city. The total movement of A therefore between two such successive
points, during the periodin which its major axis passes the horizontal is
60°, The relative movement of D during the same time, or its total
gain on A, amounts to 1200.

From these computations it results that the pistons should fill 60°,
each, of the space in the cylinder, and that the vacant space between
them, when in the position shown in Fig. 17, should be also 60°. The
larger the disparity between the semi-axes the larger will be this vacant
space, and the smaller will be the pistons.

If we consider the expenditure of steam necessary to drive this engine,
we shall observe that each of these spaces of 60° has to be filled four
times during each complete revolution of the working shaft; that is to
say, eight sectors of the cylinder, having each 60° of are, must be filled
in the same time; the whole amounting to one and one-third times the
capacity of the cylinder.

Each piston is propelled in the direction of progress through two-
thirds only of the revolution. If during the remaining third it were
unacted upon either way, this engine, considering the effect of a single
piston only, would be only two-thirds as effective, with the same pressure
and the same number of revolutions, as one exposing the same piston
surface, and constructed on the plan of Pillner and Hill. But during
the remaining third it is urged in the opposite direction with the full
force of the steam. This negative effect must be subtracted from the
positive, so that in truth the efficacy of the engine is reduced to one-
third instead of two. On the other hand it has two pistons working
simultaneously, so that, as compared with a Pillner and Hill, of similar
piston surface, its performance is as two to three. The expenditure of
steam being, however, one-third greater, it is economically but one-half
as efficient. It is recommended nevertheless by its great compactness,
which adapts it to operations in which economy of space is important;
and it is stated by the inventor to be already in use in various parts of
the world in driving machinery, working steam-cranes on shipboard and
hoisting heavy weights.

The figures show the manner of admission and discharge of steam
sufficiently well to require no extended explanation. There are two
openings at the top, and two at the bottom of the cylinder, of which

cos?p =
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the distance from centre to centre should be exactly equal to the breadth
of the piston. Through one of these the steam enters, while it is dis-
charged through the other, as shown by the arrows. A cylindrical valve,
acting as a kind of two-way cock, shown in cross-section in Fig. 16, gives
direction to the entering and escaping steam. This is controlled by
a crank, shown in Tig. 19. In the cross-section of this valve, Fig. 16,
is shown its position when the steam is shut off. It is manifest that
the engine will rotate in either direction indifferently, and that it admits
of reversal with extreme simplicity. It bhas, however, four dead points
in every revolution, and requires a fly-wheel of considerable weight.
Like most rotaries, it can be used as a water-engine or as a pump.

THE SCHEUTZ ROTARY ENGINE,

Mr. Edward Scheutz, of Stockholm, exhibits a design of a rotary engine,
of which anideamay be gathered from the accompanying figure (IFig. 20)
which is a section through the cylinder at right angles to the axis. The
cylinder itself is contracted on two sides diametrically opposite to each
other, while the rotating body, a, which carries the pistons, preserves
its circular form. The pistons are fixed in sockets in which they slide
freely, being kept in contact with the cylinder by springs placed behind
them. In passing the contracted diameter of the cylinder, they are
pressed down completely into their sockets, and in the wider portions
they project. There are fixed also, in the cylinder itself, at the extremi-
ties of the reduced diameter, sliding plates, g and &, which are pressed
inward against the revolving body by springs, so as to maintain there
always a steam-tight contact. The steam enters at A, passing first into
a box C, in which is'an oscillating valve of distribution o, employed
when steam is worked expansively, and controlled by a crank indicated
by dotted lines at p. This crank is operated by an eccentric on the
working shaft, shown by the dotted circle at ¢, the connecting rod being
indicated by the dotted line p ¢. When steam is used without expan-
sion, this erank may be thrown out of connection, the oscillating valve
being placed in position to allow the steam to pass freely from C into d;
after which it is conducted by passages, which do not appear in the
section, to theinduction openingsin the cylinderat¢and k. The exhaust
steam leaves the cylinder at ! and m and is conducted to e, where it
escapes into the eduction pipe B. The spaces d and ¢ are openings in
a slide valve, of which the cross-section is shown, which is moved by a
lever externally to the machine, and enables the attendant to stop or
reverse the motion. By means of this slide the steam may be shut off,
or so directed that [ and m may communicate with A, and ¢ and % with B,

There is one other peculiarity which remains to be noticed, and it is
the only one (except the oscillating valve @, which is unimportant) in
which this engine differs essentially from a multitude of its class. The
openings for the introduction of steam into the cylinder, and those for
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its discharge, are double. The principal openings, ¢ k& [ and m, are near
the diameter of greatest contraction; but these are connected with
others, « and «/,» and ¢/, which communicate with the cylinder at points

Fig. 20.
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Rotary Steam-engine of E. Scheutz.

where the contraction begins. The advantage of this is, that when-
ever a piston, as s, moving in the direction of the arrow, and therefore
under a full press of steam on the side towards v, passes the point « in
its progress, the space both behind and before it in the cylinder commu-
nicates equally with the eduction pipe, and the pressure is relieved. In
passing further on, therefore, from « to %, the piston is pressed into its
socket with the minimum of frictional resistance. The same conditions
exist as the piston returns to its salient position after passing . This
advantage is not gained at any expense of motive power, there being
four pistons 90° distant from each other, while the distance from » to u
does not exceed 90°. It also follows from this construction that there
is no dead point, nor is there any dead space.

On the other hand, it may be observed, that the engine has the fault
which has been fatal to so many of its kind, of requiring large motion
of important parts within the cylinder; by which these parts, almost
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invariably, work loose. In small models, the advance and recoil of the
pistons may not be attended with serious evil, but the same can hardly
be true when these pistons are required to be very large.

It will be further obvious that the width of the ring, in the direction
of the diameter of the eylinder, into which the steam is admitted, can-
not conveniently be made so great, in proportion, as other forms of
rotary engines allow. It must nevertheless be confessed that there is
ingenuity and merit in the contrivance for avoiding the excessive fric-
tion which, in many similar engines, is consequent upon the use of slid-
ing pistons, and it is, therefore, to be regretted that the engine was
exhibited only in design, and not in a working model.

BREVAL'S ROTARY ENGINE.

Among the many forms of rotary engines which have originated in
France, but which were not -exhibited, is one by Mr. Breval, of Paris,
which is sufficiently ingenious to merit a passing notice. It isrepresented
in cross-section.! A is the cylinder. Internally it will be seen that the
same casting presents two unequal cylindrical bores. B is a cylinder
revolving within the larger bore, having a diameter exactly double
that of the smaller cylinder O, which revolves within the lesser
bore. These cylinders fit steam-tight, by their plane extremities,
to the ends of the hollow cylinder internally, and they are in inti-
mate contact with each other during most of the revolution. By a
system of gear-wheels, external to the eylinder, C is made to revolve
twice as fast as B, so that the surfaces roll on each other without fric-
tion. B carries two teeth, which are the pistons of the engine, and
which are fitted to the interior cylindrical surface of A by metallic
packings. A portion of the cylinder C is removed, in order to allow
the teeth of B to pass. The surface of the recess thus formed is epicy-
cloidal, so that the tooth maintains close contact with it during the
passage. The gearing is necessary, in order to insure the presentation
of this part of the circumference of C, exactly at the moment when the
tooth is ready to pass. In order to understand the action of the engine,
attention should be directed to the positions of the teeth, indicated
at @ and @. Steam Dbeing admitted at e behind @, while the cylin-
ders B and C Dby their contact prevent escape in that direction, the
piston is driven forward in the direction of the arrow until it reaches
the position «. At this point the steam escapes through ¢; and the
action of the induction valve is such as for a brief interval to cut off
the supply at e. But at the same time the other tooth will be passing
the cylinder C; and this will presently present itself in the position a,
at which instant the steam will again be admitted.

1 Owing to an accident the wood-cut referred to in this description is wanting, and can-
not be replaced without stopping the press longer than is desirable. The reference letters
are retained in the text for convenience of description.
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The cylinder C has a metallic packing at the points marked d.

On the opposite or lower side of A, in the mean time, the first tooth
completes its revolution without further contributing to the propelling
power. The lower half of the ring has an opening ¢ near the cylinder
C, which communicates with the atmosphere or with the eduction pipe
E, so that the pressure is equalized on the opposite sides of each piston
during the second half of its course. By employing a second cylinder
like O, at the opposite end of the horizontal diameter of A, both pistons
might be made effective, and a double power obtained, but it would be
at a considerable increase of dead space. In the construction shown,
there is dead space between the horizontal position of the piston and
the position shown in dotted lines and marked «. . This would be doubled
if a second cylinder C should be introduced, since the discharge would
have to be at ¢, and at a corresponding point diametrically opposite to
¢, while another induction opening would be required just below ¢. Two
pistons would therefore give, while in action, a double power, at the
expense of a double period of inefficiency, and a double amount of dead
space for each.

The manner in which the admission of steam is managed, so as to
commence only when the piston is at «, and to cease when it reaches c,
is shown at o. J is a circular slide valve, which is kept in revolution
on its centre by the gear-wheel k and the axis n. Its plane face is in
contact with the wall of the valve-box, through which there is an
aperture o/ communicating with the interior of the cylinder through e.
The disk is pierced throughout a considerable part of a complete circle
with an opening o. So long as this opening is in any manner super-
posed upon o, steam will be forced to enter the cylinder; but in the
position shown in the figure, which is that which the valve has when
the piston is horizontal, it is the unperforated part of the disk which
overlies o/, and therefore the steam is shut off, and will continue so
until the extremity of o reaches o/ again. It is easily seen that by
changing this valve disk for one less extensively perforated, this engine
admits of being worked expansively. The simplicity of its construction
is greatly in its favor. The principal objection to it is the amount of
dead space it necessitates; but this is hardly more than exists in the
Behrens engine.

ROOT’S DOUBLE PISTON SQUARE ENGINE.

One of the most compact forms of steam motor presented by the Expo-
sition was exhibited by the Root Steam-Engine Company of New York,
and called by them the double-piston square engine though classed by
the jury among the rotaries. Externally it has the appearance of one,
rotation seeming to be directly produced without the intervention of any
perceptible reciprocating or crank motion. By examining the interior,
this effect is seen to be caused by two pistons rectangular in form, work-
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ing at right angles to each other,and one within the other. Fig. 21 shows
the arrangement. The larger or external piston is in the form of a rec-
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Root’s Double-piston Squar

tangular frame working horizontally within a box of similar form, and
is marked E. The smaller, marked I, works vertically within I.
Through the centre of F passes the crank pin, which is carried around
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in a circle by the simultaneous action of both pistons. The smaller pis-

ton is shown separately in Fig. 24, and the crankin Fig. 25. Tig. 23 rep-

resents a plate which closes the steam-box or cylinder, I'ig. 21, the sur-

face presented being that which is external when the plate is in place.
T1A
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The circular chamber shown in F'ig. 23 is the valve box, which is closed by
another plate screwed over it. The steam, which is admitted from above,
— enters at K and is conducted to
d the valve-box by a passage in
’ the plate TFig. 23, not seen.
From the valve-box it is ad-
— mitted to the cylinder through
the openings marked G, when-
Fig. 24. Fig. 25. ever they are uncovered by the
valve. Through the same openings the exhaust steam escapes, not into
the valve-box, but into the annular channel marked H, when the valve-
plate, which is countersunk on its lower face for this purpose, covers
them. A single valve-plate serves for the entire distribution. It is
shown in Fig. 22. Its form is circular, and it has an annular counter-sink
M on the face applied to the valve face I, designed, as just stated, to allow
the exhaust steam to escape into H. Irom H this steam is conducted
through channels shown in dotted lines to the openings marked H in
Fig. 21, and thence through channels in the body of the casting to J, or to
the corresponding point at the other end of the cylinder, where the edue-
tion pipeis to be attached. The valve plate Kis fitted to the eccentric on
the centre pin D, and this eccentric is carried round by a stud in the
end of the crank, seen both in Fig. 21 and T'ig. 25, which enters an arm on
the other side of the plate I'ig. 23, for which space is made in the central
cireular recess of the smaller piston. The valve is in contact by its cir-
cumference with the internal cylindrical surface of the valve-box, on
which it rolls during the revolution, and it opens and closes the steam-
ports successively as it passes. This contrivance is remarkable at once
for its simplicity and for its ingenuity.

The pistons are packed by means of rectangular bars of steel placed
in grooves on their edges and pressed outward by springs. Oneof these
is shown in Fig. 24.

This engine is without dead points and almost without dead space,
the pistons working up to the ends of the chamber and to each other,
with only a slight recess at G, G, Fig. 21, for clearance.

It is strong in all its parts, not liable to derangement, and of almost
unexampled simplicity of construetion. Of the minor steam-engines it
is the only one which received from the jury a higher distinetion than
an honorable mention.

Of its actual performance in practice, an opinion may be formed from
a statement made by the exhibitors in their illustrated catalogue. This
statement is to the effect that one of these engines working a pile-driver
in New York raises a weight of 2,200 pounds 36 feet in six seconds, a per-
formance which is equivalent to twenty-four-horse power, (the statement
says twenty-two or upward.) The combined piston surface is 56 square
inches, the length of stroke five inches, and the number of revolutions per
minute 150. The steam pressure is not given, but with these data and
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the observed performance it may be computed. To raise 2,200 pounds
36 feet in six seconds, indicates a force of 792,000 foot-pounds per min-
ute. The course of the pistons per minute, making 150 double strokes
of five inches each, is 125 feet. The total pressure on the pistons must
therefore amount to 6,336 pounds, which is equivalent to 113 pounds
per square ineh, or more than 74 atmospheres. And as the observation
gives, of course, the net horse-power, no account being taken of friction
in the engine or in the hoisting apparatus, the actual aggregate force of
the engine ought to be considerably above that just stated, and the-
steam pressure correspondingly greater ; or, say, press'ure/ of eight atmo-
spheres. This exceeds the ordinary working pressure of steam-engines,
and hence there would appear to be somewhere a mistake. An experi-
ment lasting but for six seconds will not ordinarily be timed with suffi-
cient accuracy to serve as a test of the power of a motor; and possibly
the altitude to which the weight was raised may have been assumed to
be greater than the fact. There can be no doubt, however, of the admi-
rable performance of these engines, and there seems to beno reason why
they should not be constructed on a much larger scale than has yet been
attempted.

V.—HYDRAULIC MOTORS.

The usual and generally the most eligible mode of employing water
power is to apply it to the circumference of some description of wheel.
Occasionally, however, it may be more advantageous to use it as steam
is used, for the purpose of moving a piston. This mode of application

is especially adapted to the use of a small supply of water having alarge
fall.

HYDRAULIC ENGINES.

Hydraulic engines may be constructed on the plan of steam-engines,
either reciprocating or rotary. Some modifications will be necessary in
the construction of the parts, in order to accommodate them to the dif-
ferent plhysical properties of the denser fluid. The induction and educ-
tion pipes, for instance, should be larger than are required for steam,
and it is more important also, in this case, that they should have no
abrupt angles. Freer valve ways also are necessary ; the eduction valve
should open very promptly at the end of the stroke, and the induction
valve should not close until the stroke is quite completed—that is to say,
the influx should cease and the efflux should begin exactly at the same
moment. Any material error in making the adjustments designed to
accomplish this end, or any imperfect working of the machinery which
prevents its attainment, will produce concussions, coups de bélier, water-
ram blows, as they are called by the French, which will very certainly be
injurious and which may Dbe destructive. This is a matter, therefore,
which requires and receives the inventor’s first and most careful atten-
tion. In the hydraulic engines which have been most extensively intro-
duced and most successful in practice, provision is made by relief valves
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or other expedients to mitigate or obviate the evil resulting from this
cause; but in so far as it is possible, by the adjustments of the machine
itself, to permit the column by which it is operated to maintain a uni-
torm velocity, both true economy of power and durability of parts will
be best consulted. In the case of steam, attention to the particulars
here pointed out is not so rigidly necessary ; the difference arising from
the fact that steam is eminently compressible, while water is so only to
a degree which for ordinary purposes may be regarded as insensible.

It is only in some special industries that hydraulic engines have as
yet been extensively introduced. In the British foundries they have
been found very convenient and efficient, chiefly in the working of cranes
and other heavy machinery. They have also been employed occasionally
for the drainage of mines. A remarkably ingenious illustration of their
possible usefulness for this latter purpose may be seen at present in ope-
ration at Huelgoat, in Brittany. The great water engine of Huelgoat,
the invention of Mr. Juncker, engineer of the mines it is employed to
drain, has been often described. A very full deseription is given by Mr.
Delaunay in his Mechanics. This engine is single-acting, and it acts
directly to lift the piston of the pump by which the water is drawn from
the mines. It makes five and a half strokes per minute, the stroke being
two and a half metres, or more than eight feet in length. The piston-
rod is 230 metres (767 feet) long, and it weighs 16,000 kilograms—1,000
kilograms being about one ton. The power of the engine is derived
from a source at a height 110 metres (370 feet) above its own level.

In this case, though the direct application of the power reduces the
engine to its simplest form, yet the great inertia of the moving columns
of water requires that their movements should be very carefully regulated.
In a reciprocating engine there are moments of rest, and successive
periods in which the piston moves in opposite directions. When the
driving force is communicated to a machine through a crauk, it is a favor-
able circumstance that crank motion necessarily retards the movement
of the piston toward the end of the stroke and brings it insensibly to
zero; while at the beginning of the stroke it in like manner favors gradual
acceleration. But in the engine at Huelgoat, without some mechanical
contrivance to reduce very gradually the volume of inflowing water toward
the end of the stroke, the piston would reach the limit of its course with
its maximum velocity, and the sudden arrest of its motion would produce
a concussion which no strength of materials could resist. The ingenuity
and the simplicity of the contrivances by which this powerful machine
is made to regulate automatically its own motions, so as to prevent the
occurrence of the slightest perceptible shock, has excited the highest
admiration of every engineer who has examined its construction.

CARRET, MARSHALL & 0.8 WATER-ENGINE.
In the present Exposition the water-engines exhibited are few in num-
ber. One appears in the British department and two are presented in
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the French. The British engine, which is that of Carret, Marshall &
Co., of Leeds, is a eylinder and piston engine having a rather remarkable
peculiarity. Considering that variations of the velocity of the column
of water flowing through the machine are necessarily disadvantageous,
even when unattended with shocks or concussions, since every arrest of
the flow is attended with the loss of a sensible quantity of living force ;
and considering that, when reciprocating motion is converted into circu-
lar motion by means of a crank, the velocity of one or the other of these
motions must be variable, while irregularity in the circular motion is
inadmissible, the inventors have dispensed with the crank, and by a
mechanical contrivance displaying considerable ingenuity have caused
the force to act always tangentially to the circumference of a disk (or
rather of a pair of disks) fixed upon the main arbor or working shaft of
the machine. Thus, as the circular motion of these disks is sensibly ani-
form, that of the piston may be so likewise, and hence the influx and
efflux of the water may proceed with an invariable velocity.

The contrivance by which this application of power is effected consists
in a pair of toothed racks connected with the piston by a cross-head on
the top, and constituting a continuation of the piston; these racks being
sufficiently far apart to allow the working shaft to pass between them
without touching. The racks gear into toothed sectors which receive
from them a reciprocating motion, and which are furnished with a sys-
tem of clamps which lay hold on the disks above mentioned when the
motion corresponds with that of the revolution of the shaft, but release
them when it is in the contrary direction. The admission of the water
alternatively above and below the piston is effected by a slide-valve ope-
rated by arod carried by the piston itself; and the flowof the water from
the source is sensibly uniform in velocity not only during the stroke but
during the change of direction of the piston. The object aimed at, viz.,
the prevention of shocks, is thus perfectly secured, provided the piston
and the apparatus connected with it be light. The construction is there-
fore sufficiently well adapted to engines of small power, although the
mode of securing circular motion seems to be unnecessarily complicated.
In the engine exposed, the nominal power is one-sixth of a horse-power,
the cylinder being five and a halfinches in diameter, the stroke ten inches,
and the water pressure three atmospheres. The price of such an engine
is stated at 1,080 francs, or about $200. The inventors undertake to con-
struct engines on the same model, of any desired power or dimensions.
They give a list of dimensions and prices, which embraces a range of
from two to seven inches in the diameter of the cylinder, and in which
the prices vary from 600 to 1,640 francs. TFor movements which do not
require transformation of reciprocating into circular motion, these little
machines must be very useful, wherever a small stream of water is avail-
able with a pressure above that of the atmosphere. Thus they may be
applied to the blowing of bellows for organs or for forges, to the working
of pumps, the sawing of wood or stone, to polishing marble or glass, and
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to many similar purposes. They are recommended by their neatness
and safety, and also by their comparative cheapness.

PERRET'S WATER-ENGINE.

A reciprocating water-engine is presented in the French section of .
the Exposition by Mr. F. Ii. Perret. This is the most remarkable
machine of the kind exhibited; and it has been thought worthy of a
medal by the jury. Its construction presents some novelties, which
hardly at first view produce a favorable impression. The essential parts
of the engine are a cylinder and a double-acting piston. The motion is
communicated to a working shaft in the ordinary way. The peculiari-
ties consist in the manner of admitting and discharging the water.
This is effected through openings at each end of the cylinder which
occupy the greater part of its circumference and form a sort of annulus;
there being left only enough solid metal to connect the end of the
cylinder with the body. Thus the water is admitted to the interior from
all sides. To facilitate this, the cylinder is entirely enveloped by a
second cylinder, with a space intervening between the two, which is
filled with the water of induction. The extreme portions of the work-
ing cylinder are turned very smooth externally in a lathe, and the ends
of the enveloping cylinder are here contracted, and turned likewise on
the inside, so as tomake a joint as nearly as possible water-tight. Both
these cylinders are enveloped completely by a third and larger one,
between which and the second, there is a space for the escape of the
water on its discharge. This eylinder and the second are cast in a single
piece, and form one body. The extremities of the third, like those of
the second, are adapted accurately to the surface of the first, but there
is a space between the second and third at this surface, which is as
wide as the annular series of openings above described in the first, by
which the water is to be admitted into or discharged from the first,
which is the working cylinder. It is obvious from this disposition of
things, that in order that the machine may operate, either the inner
cylinder must move backward and forward alternately, so as to present
the openings which answer to its valves in front of the spaces which
communicate with the supply and exhaust; or that the two external
cylinders should move in this manner, while the inner one remains
fixed. Mr. Perret has chosen the first of these methods, apparently
because it presented fewest difficulties. Buat for an engine on a large
scale, either seems objectionable.

The motion of the working cylinder through the small space which is
required to effect the admission and discharge of the water, is accom-
plished by means of an eccentric upon the erank shaft, which is set at
right angles to the crank, and 90° behind it in the direction of revolu-
tion ; so that the motion of the cylinder isin a direction contrary to
that of the piston in the first half, and in the same direction in the last
half, of the stroke. The breath of the annular opening is exactly equal
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to that of the metal which separates the supply from the exhaust in the
exterior cylinders; and it will be seen that the working cylinder itself
performs the function of the slider in the valve box of the steam-
engine. It happens accordingly that there is no interval between the
shutting off of the supply and the commencement of the discharge; but
that the efflux beging the moment the influx ceases.

It would be difficult to judge of the practical usefulness of a machine
of novel character, from the imperfect opportunities which are afforded
to study its working in a place like the Ixposition. Fortunately, how-
ever, this particular engine has been made a subject of very elaborate
theoretic discussion and experimental study by a very competent critic,
M. Ordinaire de Lacolonge, who has published an extended paper on
the subject in the Amnnales du Conservatoire des Arts et Métiers, and
whose conclusions in regard to it are summed up succinetly in the fol-
lowing propositions:

The performance of the machine is better at low than at high veloci-
ties of the piston. '

‘When the motion of the piston is about one metre per second, the
performance is equal to that of other good hydraulic motors; that is, it
is above 60 per cent. of the hydraulic power expended.

The machine cannot be advantageously employed with water carrying
sand.

This water-engine is especially adapted to the utilization of small vol-
umes of water having a large fall.

And it may be further added that the machine may be placed at a
point intermediate between the source and the level of final discharge,
with the full effect due to the total head, provided the discharge be
through a tube continued to the lower level, and of such form that air
shall not enter it from below.

Mz, Perret exhibited two of his motors in the Exposition, one of which
was mounted as an oscillating engine. This form is exceptionable on
account of the large lateral friction which it introduces between the
external and internal cylinders. The other was employed to drive a
rock-perforator, the invention of Mr. De la Roche Tolay, a French engi-
neer, which itself excited a good deal of interest, being the machine
kunown as the “diamond perforator.” In thismachine the perforating tool
consists of a soft iron ring fitted to the extremity of a steel tube from
which it may be removed at pleasure, and carrying eight black diamonds
firmly set in its circumference. These eight diamonds are set alternately
on the inner and outer edges of the face of the ring which is presented
to the rock. The mineral called here black diamond, is essentially the
same thing as the transparent gem of the same name, but is of greatly
inferior value. It is found both crystallized and uncrystallized; but, for
the purpose required in this operation, the uncrystallized form is pre-
ferred, as presenting no natural cleavages. The mineral is sold by
weight, its cost being proportioned to the weight simply, and not to the
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square of the weight, as is the case with the precious diamonds.
cost of a ring, such as is deseribed above, is 175 franes, or $35.

ates the rock, of course, by friction and

The diamond perforator penetr

It receives, therefore, from the motor a motion of

not by percussion.
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rotation, being pressed in the meantime firmly against the rock by
hydraulic pressure applied through a second independent cylinder and
piston. The experiments which have been made with this perforator
give results which promise important economical advantages from its
use in rock-boring. Some of these results are as follows:

Under a pressure of eight atmospheres, 100 turns of the perforator per
minute give: in old mica schist, containing little quartz, 1.2 inch; in
similar rock, with much quartz, 0.4 inch to 0.6 inch; in quartz from the
tunnel of Mont Cenis, 0.56 inch; in very hard dolomitic limestone 0.8 -
inch.

Under the same pressure, increasing the number of turns of the perfo-
rator from 100 to 250 per minute, the advance is very exactly twice and
a half as great as before, showing that the effect is proportional to the
velocity.

In order to produce a velocity of 100 rotations per minute, an expen-
diture of seventy-five litres, or about twenty gallons of water, was neces-
sary in these experiments.

The inventors expect to be able to reduce the expense of rock-drilling
seventy-five per cent. upon the present actual cost after the apparatus has
been once set up. The application of the hydraulic motor would, however,
be attended with only a moderate economy if it should be necessary to
raise the water which is required to drive the engine by artificial means
to a suitable level.

The construction of the engine, above de- Fig. 28.
seribed, will be understood from an examina-
tion of Figs. 26, 27, and 28: a

A, (Fig.26,) is the inner cylinder. B Bmark :
the external cylinder, and C C the intermedi-
ate. P is the piston just beginning to des-
cend. The arrows show the openings for en-
trance and discharge of water. I is the
induction pipe, and T the eduction pipe. D
D are prolongations of the working eylinder,
in smaller diameter, to allow it to slide for-
ward and backward. The piston rod p passes
through a stuffing-box s, at the end of D’
There are also stuffing boxes at ¢ and #.

Fig. 27 is a view of the engine in plan, and | g
Fig. 28 is a section through G H, in which the l "
relation of the induction®and eduction pipes
to the external and intermediate cylinders is clearly shown.

COQUE’S WATER-ENGINE.
A third form of water-engine was exhibited by Mr. A. Coque, of Paris.
This is also reciprocating, and its peculiarities consist in the operating
of the induction and eduction valves by means of a cam on the working
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shaft instead of an eccentrie, in consequence of which arrangement the
change is made abruptly at the end of the stroke; and in the admission
of a small amount of air along with the water, by means of which the
danger of a hydraulic concussion is obviated. This last feature is not
without importance, as it removes one of the greatest difficulties in the
way of the successful operation of water-engines.

The inventor represents that, in case of a deficient supply of water,
the quantity of air admitted may be increased; for which purpose he
employs a second valve, capable of adjustment to the quantity required.
In this case, the air, which is admitted before the water, is first com-
pressed; and it afterwards reacts by its own elasticity, so that the engine
has to some extent the double character of a water and of an air engine.

The machine exhibited is in dimensions hardly more than a model, the
diameter of its cylinder internally being only thirty-one millimetres, or
an inch and a quarter, and the length of stroke 162 millimetres, or six
and a half inches. Its performance yields about sixty-four per cent. of
the power applied. Under a pressure of twelve metres of water (nearly
an atmosphere and a quarter) and with sixty revolutions per minute, it
furnishes actually about one-eighth of one-horse power. On alarger scale
the result might probably be still more satisfactory.

RAMSBOTTOM'S WATER-ENGINE,

None of the water-engines exhibited seem to possess the merit of those
of Messrs. Ramsbottom & Co., of Lancashire, England, which are so exten-
sively in use in the British
foundries; and some sur-
prise was felt that these
engines were not repre-
ented in the Exposition.
The following Dbrief des-
cription of one of the
Ramsbottom engines is here
intreduced for the purpose
of comparison:
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operating the same work-
ing shaft by means of two
cranks at right angles to
each other. The cylinders
are supported in a stout
. framework of cast-iron.

) The details of c9nstructi9n

. may be best understood by
Ramsbottom’s Water-engine. reference to the accompa-
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vertical, and shows the mode of suspension of the cylinders, and the
channels of induction and eduction, which are marked j, and which
are cast with the cylinder. The dotted Fig. 30.

circle ¢ shows the position of the supply
and discharge pipes. Fig. 31 shows a
cross-section of the cylinders and their
pivots, and in this will be seen the places
of attachment of the pipes just men-
tioned at K and K. The pivots are of
steel. Those intermediate between the
cylinders are firmly fixed in the support. ] ;
The external pivots admit of adjustment
by means of the screws and screw-nuts d
and /. Fig. 30, which is a section through
the line 1 and 2, Fig. 29, shows the system
of water distribution. The apertures of
induction and eduction are represented
at I and 7, and have the form of trun-
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cated circular sectors, whose centre is "“‘1 NN

the centre of motion. The spaces marked \ \\\W\\\ \N

h are divided from those marked ¢ by \\\ \\\\\\

a sectoral partition, which is of pre- V. ///////// Zi // 7
cisely the same area in cross-section Ramsbottom’s Water-engine.

as they. The apertures of admission and discharge on the side of the
cylinders are also of the same form and dimensions. The surfaces of
contact between the cylinders and the support D are perfectly plane
and polished, and are made water-tight by means of the adjusting screws
d and f of the pivots. When the piston is at the end of its course in
either direction, the eylinder will be truly vertical. In this position the
piston is momentarily at rest, and both induction and eduction valves
should be closed. Accordingly the dispo-
sition of the parts is such that, when the
cylinder is vertical, the openings by which
the channels j j communicate with the
supply and discharge pipes present them-
selves exactly opposite to the solid sector
dividing % from ¢. In the next moment
the flow of water will recommence, the
eylinder discharging itself from the full
side of the piston, and filling anew on the
opposite side. Fig. 31.

From this statement it is apparent that the influx and eflux of the
water proceeds with more and more freedom from the beginning to the
middle of the stroke, when the passages are at their maximum opening,
and that from this point to the end the reverse takes place. But it isto
be also observed that, from the nature of crank-motion, the velocity of
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the piston varies correspondingly, and that the relation of the supply of
water to the demand is very nearly constant.

Very nice adjustment is evidently necessary in these engines, in order
that the moment of the absolute closing of the valves may correspond to
that of the completion of the stroke; and as it is possible that this
perfect coincidence may not-be exactly secured or permanently main-
tained, some provision against counter-pressure and the effects of
hydraulic shocks is necessary. Air chambers and relief valves are
employed for this purpose. The relief valves open a backward commu-
nication between the cylinder and the driving column, so that if there
oceurs an obstruction to the discharge, the pressure on the two sides
of the piston will be equilibrated by the opening of the valve.

The engines constructed by Messrs. Ramsbottom on this model are
generally small, some of them having ecylinders of not more than two
inches in diameter. They have been used for a variety of industrial
purposes, as for operating printing presses, circular saws, lathes, &ec., as
well as for cranes and other machinery in foundries. Their simplicity
and neatness render them preferable to almost any other form of small
motor, wherever the hydraulic head can be easily secured for working
them. Butin general it is not a natural hydraulic head that is depended
on, and indeed no natural head could furnish, in machines of so small
model as those employed in the British foundries, anything like the
large power which they exert. The head is established in an accumula-
tor of power, which is a body of water driven into a reservoir under
heavy pressure, by forcing pumps worked by steam. For lighter indus-
tries such expedients are unnecessary. In cities in which the water
distribution is from elevated reservoirs, and in which the water supply is
sufficiently abundant to justify the application of a portion of it to
industrial uses, the water-engine is recommended by the combined
advantages of simplicity, neatness, compactness, constant readiness for
work, perfect safety, economy while working, and the absolute cessation
of expenditure during interruptions and after the work of the day is
over.

WATER-WHEELS AND TURBINES.

Omne of the most striking objects in the section of the park allotted to
France in the Exposition, was a model of one of the six great water-
wheels constructed at Marly by order of the Emperor for the purpose of
driving the water-works which supply the city and palace of Versailles.
These wheels are twelve metres (about forty feet) in diameter, con-
structed of iron, with plane wooden floats. They present no nov-
elty in principle, but are magnificent specimens of workmanship. The
only water-wheels exhibited which embraced any novelty were those of
Mzr. Delnest, of Mons, and of Mr. Sagebien, of Amiens.

The wheel of Mr. Delnest has great breadth compared with its diam-
eter, and is provided with floats called helicoidal. These are in fact
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nearly plane, but are slightly winding, screw-shaped, upon the cylin-
drical body of the wheel, so that the two opposite ends form contrary
serews which meet in the middle line at an obtuse angle. As the wheel
turns, the angle meets the water first, and according to the inventor the
inclination of the two sides facilitates the escape of air. No experi-
mental results of the performance of this wheel were given.

The other wheel mentioned, that of Mr. Sagebien, which is designed
as a kind of breastwheel, is provided with plane floats, very deep rela.
tively to the wheel, (about one-third of the radius,) and inclined so as to.
enter the water by their outer edges first. After the immersion of the
edge, therefore, there will be an enclosed space between' the float and the
cylindrical surface of the wheel which, unless the velocity of rotation
were very slow, would be liable to retain a certain amount of air. This
velocity is, however, designedly kept low, and a large diameter is given
to the wheel, by which means the water, acting by its weight upon a
long radius, imparts great power and expends nearly all the work that
is in it in making the descent. The wheel works very near to the walls
enclosing it, and the waste by escape is not considerable. The actual
velocity at the circumference is but about two feet or two and a half per
second, while the entire circumference is from seventy-five to one hun-
dred feet, so that it turns hardly more than three times in two minutes.
It is to De said in favor of this wheel that it economizes the driving
power to a remarkable degree, yielding not less than seventy per cent.
of the total. On the other hand, its revolution is so slow that for most
purposes it is necessary to employ accelerating wheel work to a greater
extent than is required by most motors, so that the economy is partially
balanced by increase of friction, greater complication of machinery,
larger cost for the original constructions and occasional repairs, and
correspondingly increased liability to derangement.

Mr. Colladon, of Geneva, exhibited in the Swiss department a wheel
adapted for use on streams whose natural current furnishes a sufficient
power to be made available without a dam, and which also are liable to
considerable changes of level. This is called a floating wheel, from the
fact that the construction permits it to follow the elevations and depres-
sions of the water as occasion may require. Although the wheel is thus
movable, the machinery which it moves is fixed; and the peculiarity
congsists only in the connections which permit the transmission of the
power in all the changes of its position. It is an expedient which in cex-
tain situations may be useful as being the only one available, though not
suited to furnish a very large amount of power, nor that, in theory, very
economically.

The hydraulic motors which in general furnish the largest useful effect
in proportion to the living force of the water which passes through them,
are the class called turbines. The theory of the turbine was ably inves-
tigated by Euler, but its practical realization was not accomplished until
1832, which is the date of the invention of the motor known as the ¢ tur-
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bine Fourneyron.,” Euler’s idea was to construet a horizontal wheel to
turn on a vertical axis, and to be driven by water directed from a
" reservoir immediately over it, upon floats of curved form fixed to its
circumference. The curvature to be given to the floats was such, that
at the top, where the impulse of the water was to be first received, they
should be nearly vertical, while at the bottom they should approach the
horizontal. Within the reservoir he proposed to place a set of curved
plates to give direction to the issuing water, in which the construction
above described should be reversed, the summits of the directrices being
nearly vertical, and their lower edges nearly horizontal. By this arrange-
ment it would happen that the water at its first discharge would strike the
faces of the floats or pallets nearly in the plane of rotation; and before
its final escape, it would transfer to the wheel nearly all its living force.
No water from the reservoir was to be admitted to the wheel except that
which was directed on the pallets.

FOURNEYRON’S TURBINE.

The TFFourneyron turbine was a departure from Euler’s plan, but it was
conformed to the general principles of his theory. The water from the
gource was admitted into a cylinder of small diameter, closed at the bot-
tom. Inthe middle of this eylinder was fixed a still smaller one, through
which the axis of the turbine ascended, being thus protected from con-
tact with the water which was confined to the annular space between the
two. The turbine itself was a horizontal disk running close to the bottom
of the cylindrical reservoir, but larger in diameter ; its floats being fixed
to the perimeter of its upper surface, and forming a ring which sur-
rounded the bottom of the reservoir. The apertures for the efflux of the
water were therefore placed in the cylindrical surface of the reservoir,
opposite to the floats, and the escape was as nearly as possible tangential
to this surface. The manner of opening and. closing these apertures of
escape was by means of an interior cylinder accurately fitting the main
cylinder of the reservoir, and this was lifted and shut down by mechani-
cal contrivances operated by the attendant from above. Other turbines,
more nearly on the plan of Euler, have since, to a great extent, super-
seded the turbine of Mr. Fourneyron. To understand their peculiarities,
and to be able to judge of their respective merits,.it is necessary to attend
to two or three preliminary considerations.

A turbine wheel will run though entirely immersed in the water;
but it will perform best if kept free from contact with all water except
that which is employed in propelling it.

As the supply of water varies, or as the work which the wheel is
required to do is greater or less, it is desirable to enlarge or diminish the
amount of water admitted to the wheel. There is of course a certain
maximum amount which cannot be exceeded, and this will be the amount
received by the wheel when all the orifices of discharge are fully open.
This maximum may be reduced in either of two ways: First, the size of
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each one of the apertures of discharge may be partially reduced ; a result
which may be obtained in the Fourneyron turbine by depressing more
or less the internal cylinder which forms, as above stated, the gate ; or,
secondly, a larger or smaller number of the openings may be entirely
closed while the remainder are left open to their full extent. The first of
these methods was employed by Mr. IFourneyron, but experience has
proved that it is disadvantageous. The floats are not filled, and the
water escapes without having fully expended its force against them. In
order to meet this difficulty, Mr. Fourneyron divided the water space
between the floats by means of horizontal partitions, so as to form three
sets of cells having the relative capacities, one, two, and three. This
allowed the gate to be raised to three different heights, but did not pro-
vide for intermediate elevations; and it increased also the proportional
amount of frictional surface. In the more recently constructed turbines
the problem has been resolved in a more general manner.

In order to secure the largest benefit from the given fall of water, it is
desirable to place the turbine as low as possible. This is inconsistent
with the condition of best performance mentioned above, which requires
that it should not be immersed, unless at least some means can be con-
trived by which it may be made to run in air, although beneath the sur-
face of the water at the foot of the fall.

THE GIRARD FREE TURBINE.

The moststriking improvement which has been made in connection with
the turbine wheel since the earliest industrial application of the machine
by Mr. Fourneyron, is one by which the important object just mentioned
has been effectually secured, and is due to Mr. Girard, of Paris, who has
also in many other ways perfected this important machine. This con-
sists in adapting to the lower part of the water cylinder an air chamber,
open at the bottom, which encloses the wheel, and from which the water
is excluded, whatever may be the level in the natural channel without,
by condensing the contained air to a suitable degree of elasticity. For
this purpose a small air-pump, worked by the machine itself, is employed
to throw air into the chamber in order to supply the loss which may
oceur by leakage, which is inconsiderable. The level of the water is thus
kept constantly below the lower extremities of the floats of the wheel,
whatever may be the changes of natural level. To prevent the loss
which might arise in consequence of the entanglement of bubbles of air
in the water escaping-from the wheel, an expedient is adopted which is
at once ingenious and effectual. The water which escapes, instead of
being left free to mingle at once with that of the stream.below, is kept
confined within an inverted trough for & sufficient distance to allow the
air which is mechanically mingled with it to rise to the top, when it is
received into a bell-shaped chamber, which arrests its further progress.
A {ube connecting this chamber with that enclosing the wheel, returns
it by the mere effect of hydrostatic pressure.
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THE FONTAINE TURBINE.

Turbines on the plan of Euler were first introduced by Mr. Fontaine,
of Chartres. Iixamples of the Fontaine turbines were exhibited by
Messrs. Brault and Berouard, also of Chartres. In the original construe-
tion of Mr. Fontaine the water was admitted to the floats of the wheel by
a system of small sliding gates or valves, each opening being provided
with a separate gate, but the whole being raised and depressed together.
The wheel itself was immediately and entirely under the cylindrical
water chamber; its extreme diameter, from out to out, including the
floats, being the same as that of the reservoir. The water openings
formed therefore a ring arranged around the circumference of the water
cylinder, and were pierced through its bottom, and not, as in the turbine
of Fourneyron, through the sides. But as the form of the directrices
was such as to be nearly vertical at top, and horizontal at bottom, the
lower lip of each of the directing plates was almost vertically under the
upper edge of the one next following; so that a valve sliding vertically
could close the channel of discharge, without intersecting either of the
bounding surfaces in such a manner as to produce any obstruction to the
water by irregularity of low or increase of friction. As all these valves
were raised and depressed together, the quantity of discharge could only
be varied, as in the case of the turbine Fourneyron, by raising them pax-
tially or wholly, according to the exigency. But this method was
attended with a disadvantage similar to that indicated in the former case.
The action of the water on the floats was not favorable unless they were
fully filled. In the case of the Fourneyron turbine, when the water was
but partially turned on, it was received on but a part of the breadth of
the float; in the present case it was received on the entire breadth, but in
a thinner sheet. The effect, however, was practically the same ; to which
it may be added, that the frictional resistance opposed to the issuing
water in the Fontaine turbine, when the valves were but partially opened,
was considerably greater in proportion to the whole force than when the
passages were entirely free.

TURBINES OF BRAULT & BETHOUARD.

The more recent improvements of the turbine have been concerned
mainly with the construction of these valves. Vertical sliding valves
have been generally abandoned. In the turbines of Messrs. Brault &
Bethouard, the valves are simply covers formed of gutta-percha, strength-
ened by metal plates, each of sufficient size to close one orifice. These
valves are connected together in a manner to facilitate the control of
them, and are in two separate sets. The mode of control will be under-
stood by considering that the orifices to be closed form a regular ring.
If we cut a ring of the same figure out of paper, and, laying it flat upon
a table, place upon it a cone, with the vertex truly at the centre of the
ring, and then cutting the paper in the dirvection of the radius, attach
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one of the cut ends to the surface of the cone by means of some adhe-
sive substance, we shall be able, by merely rolling the cone on the table,
to take up the entire ring, and by reversing the direction of the rolling,
to lay it down again ; the vertex of the cone in the meantime maintain-
ing its position at the centre where we originally placed it. This is the
expedient adopted for opening and closing the water passages in the
turbines here spoken of, only that two cones are employed instead of
one. It is only necessary to suppose in the illustration just given, that
to the surface of the ring of paper there are pasted a number of fan-
shaped bits of stiff card-board, all equal to each other, and we shall have
a representation of the valve system of Messrs. Brault & Bethouard.
It is only necessary to add that the end of the ring not secured to the
cone must be fixed to the interior of the water chamber. This system,
it will be seen, will allow the quantity of water admitted to the wheel to
be increased or diminished at pleasure, while all the orifices which are
opened at all are opened entirely. It has been mentioned that there are
two cones employed in the manner described. Thisis partly in order
to direct the action of the water symmetrically on the circumference of
the wheel, and partly because in this form the apparatus is neater. A
single cone for the whole circle would moreover require to be larger, and
would, therefore, interfere to a greater degree with the access of the
water to the openings which happen to be near if, a disadvantage which
is to some extenttrue of the actual construction. Another disadvantage
of this construction is, that in case foreign substances are brought along
by the water and lodge in the passages, the valves fail to shut closely,
and water is lost by leakage.

In several other turbines exhibited the valves were constructed with
hinges, and the mechanism controlling them was designed with a view
to vary at pleasure the number open. These answer perfectly the pur-
pose intended when the water is entirely clear, but they are liable to the
objection in regard to obstruction which has been made to the system
last described.

PROTTE'S TURBINES.

Mr. Protte, of Vendeuvre, (FFrance,) exhibited one turbine in which
all the orifices of discharge in an entire semicircle are closed by one flat
sliding cover in the form of aring. By giving to this ring a slfding
motion, having as its centre the centre of the reservoir itself, a larger or
smaller number of the orifices of discharge can be opened at pleasure.
It is apparent, however, that if, as in the ordinary construction, the
whole circumference of the water chamber were occupied by these ori-
fices, it would be impossible to uncover, by means of such a sliding semi-
circle, one aperture, without closing another. Mr. Protte endeavors to
get rid of this disadvantage by placing the discharge orifices of one-
half of the circle nearer to the centre than those of the other half. He
has, therefore, a second semicircular cover, which is a portion of a ring

81 A
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of less diameter than the first. By means of these two, all the openings
can be controlled, and a greater or smaller number uncovered at plea-
sure. It follows, of course, that the directrices of the water correspond-
ing to the second set of openings just mentioned, must be so constructed
as to convey the water to some extent in a radial as well as in a lateral
direction. In the changes of direction and increase of friction thus
introduced, there is some disadvantage, but the system of water control
is undoubtedly preferable to any of those previously described.

GIRARD’S IMPROVED TURBINE.

Mr. Girard has constructed turbines designed to admit the water only
on two opposed quadrants of the circumference. In these, the system
of sliding valves just described (which was first introduced by him)
admits of being used, without being liable to the objection pointed out
as attending that; since each annular valve cover, being but ninety
degrees in extent, may be turned entirely off from the group of open-
ings to which it belongs, without encroaching on those of the opposite
group.

Another method employed by Mr. Girard to secure effectually the
control of the discharge of the water, and at the same time to utilize
the whole circumference of the wheel, is to close the apertures of dis-
charge by slides which move outwardly in a radial direction. But,
inasmuch as there is always liability to obstruction, from the intrusion
of the debris of vegetation or other matters borne along by the stream,
when the apertures are small, he prefers in many cases to admit the
water only to a part of the circumference, a third for example, or a
fifth, and to leave all therest of the wheel uncovered ; which construction
allows access to the floats, permits obstructions to be removed without
difficulty, and greatly facilitates the execution of any necessary repairs.
As a compensation for the smaller number of floats acted upon, he
makes the apertures larger, and increases the diameter of the turbine
at the same time. These machines are called by him ¢ lateral-injection
turbines.”

RIETER’S TURBINE.

Several other lateral injection turbines were on exhibition. One of
these, by Mr. Rieter, of Switzerland, was without any system of direct-
rices. The tube which conducted the water to its circumference formed
a kind of box embracing only about a quarter of a circle, the remainder
of the wheel being free. It was said to give a return of seventy per
cent. of the force applied.

SCHIELE’S TURBINE.

Another, exhibited by the North Moor Foundry Company of England,
the invention of Mr. Schiele, possesses the great merit of extreme simp-
licity of construction, of entire accessibility at all times, and of utilizing as
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SCHIELE'S TURBINE.
Fig. 32.

HYDRAULIC MOTORS
This also is a lateral injection turbine, and requires no other

large a proportion of the power as the best Fourneyron or Girard tur-

bine.
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Its construction will be

understood by referring to the figures. 1t isenclosed in a cylindrical box
which is open both above and below, and which serves only to guide the
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water as it enters by the lateral pipe shown in Fig. 32 in elevation, and
in Fig. 33in plan. The construction of the wheel itself is seen in Fig. 34.

1g' 33.

Schiele’s Turbine—plan.

The floats have such a form as may allow
the water to expend its force in giving ro-
tary motion to the wheel, and finally to
escape in a direction up or down nearly
parallel to the axis.

The figures represent the Schiele turbine
31 as placed in the ordinary position with the
axis vertical. But it works equally well with
the axis in a horizontal position ; a fact not
equally true of ordinary turbines. This,
however, is often a great advantage in the
application of power; permitting such an arrangement as may make
the application direct, whatever may be the nature of the work to
be done. Another great advantage is that it may be placed at any
level between the head and foot of the fall, and yet make available
the force due to the entire head. In order to do this, however, the
wheel must, of course, be wholly enclosed, and the water which leaves
it must be conducted down to the lowest level in a continuous tube,
where it must either be recurved to prevent the admission of air, or,
what is better, be immersed in the water of the stream below. Under
these circumstances it acts by its weight on the wheel, precisely as, sup-
posing the top of the tube to be closed by a piston, and the water above
the wheel to be without weight, this water below would still drag down
the piston with the same force with which it would press it if it were
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introduced above. Some of the turbines of this company have been
established at points thirty feet above the foot of the fall by which they
are driven. This isan important advantage in respect to the application
of force, and may often serve to render complicated systems of transmis-
sion unnecessary.

It should be mentioned, however, that the ordinary turbine is capable
of being employed in the same manner, at a point chosen at pleasure
between the highest and lowest level. The construction adapted to this
mode of employment is commonly called the Jouval turbine; but it has
no peculiarity to distinguish it generically from the turbine of Fontaine.
The wheel is simply enclosed hermetically, and a tube is continued, as
above described, to the lowest level.

THOMPSON’S TURBINE.

An additional form of the turbine was exhibited by Messrs. William-
son, Brothers, of Kendal, England, the invention of Mr. Thompson, of
Glasgow. The peculiarity of this consisted in the admission of the
water horizontally at the circumference of the wheel, and permitting it
to escape, after having expended its force, at the axis. This is what
may perhaps be called the Fourneyron turbine inverted. The floats or
pallets of this wheel are proportionally longer, measured in the radial
direction, than those of the turbines constructed on the principle of
Euler, and they have a contrary flexure towards the centre. It is a dis-
advantage of this mode of applying the power, that the wheel cannot
be enclosed in an air chamber according to the plan of Mr. Girard, but
must necessarily be always immersed. The construction has also been
criticised, on the ground that the centrifugal force which will be imparted
to the water by the rotation of the machine will act in direet opposition
to the driving column, and will to that extent neutralize its power. But
it is to be cousidered, on the other hand, that the pressure thus seem-
ingly lost is expended in forcing the rotating water nearer to the centre
of the wheel, where its angular velocity is greater than that of the pal-
lets, and where consequently it transfers its moment of rotation almost
wholly to the wheel. Whatever amount of rotary motion is given by
the wheel itself to the water is of course lost entirely in the ordinary
turbine. If this can be by any contrivance retransferred again to the
wheel, a compensation will be effected. The fact that the resistance
opposed by the centrifugal force of water revolving within a wheel to
the pressure of the propelling column is not a source of loss when the
pressure drives the revolving water to the centre, is practically demon-
strated in the hydraulic machine called the danaid, invented by d’Ectot.

THE. DANAID.
The danaid may be described as being formed of two hollow cylinders
placed concentrically one within the other, and enclosing a small space
between them. The inner cylinder is closed at the bottom ; the outer has
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an aperture in the bottom at the centre. Between the two bottoms
there is a space of an inch or two, in which are placed a number of
partitions extending from the central aperture to the circumference,
which prevent the possibility of a rotation of the vessel without carry-
ing along with it any liquid which may be between them. But the
annular cylindrical space is without partitions. The contrivance being
placed in a vertical position, and sustained by an axis permitting free
revolution, water is introduced into the annular cavity through one or
more pipes proceeding from an elevated reservoir, and directed, at the
orifice of discharge, as nearly tangentially as possible to the cylindrical
surface. Rotary motion is imparted thus at first to the machine by
mere friction ; but as the velocity increases, the centrifugal force tends
to resist the discharge at the central orifice. The pressure of the col-
umn, however, prevails over centrifugal force, and the rotating water is
driven constantly toward the point of discharge, imparting of necessity
the living foree which it had acquired by revolution to the vessel itself,
by pressing laterally against the partitions.

In a series of experiments made in 1813 by Messrs. Prony and Carnot,
of the French Institute, on the danaid of Mr. d’Ectot, it was shown that
the work done amounted to seventy per cent., and sometimes to nearly
seventy-five per cent., of the power due to the hydraulic head. Yet
here it is evident that, but for the rotary motion given to the water,
and the consequent resistance opposed to the head by centrifugal force,
the performance would be trivial. The friction of the inflowing water
on the smooth cylindrical surfaces of metal (the machine was made of
tin) would furnish but an insignificant propelling power. Moreover,
the partitions in the circular space between the bottoms are entirely
essential to the performance of the machine.

The Thompson turbine, therefore, is liable to no theoretic objection
upon the score that it receives the water by the circumference to dis-
charge it by the centre. Itisonly importantthat the cylindrical section
of the interior of the wheel should be enlarged relatively to that of the
circumference, to correspond to the diminution of radial velocity which
takes place toward the openings for discharge.

GIRARD’S HYDRAULIC PIVOT.

Before leaving the subject of turbines, one very important and ingen-
ious invention of Mr. Girard, tending greatly to reduce the wear and
tear upon a point which is especially liable to suffer, while its failure is
a misfortune of the most serious gravity, must not be overlooked. The
pivot on which the axis of the wheel rests bears the whole weight of the
wheel and shaft, and to some extent that of the escaping water. From
the very rapid rotation there is great liability to wear away by friction.
Mr. Girard’s invention is one by which this friction is made almost wholly
to disappear, an effect which is produced by what he calls his hydraulic
pivot. The principle of this contrivance will be understood by compar-
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ing it to the piece of apparatus commonly called the hydraulic bellows,
used to illustrate the hydrostatic paradox. Or it may be compared to
an ordinary hydrostatic press, in which a very small force may coun-
terbalance a great one.

To the bottom of the revolving shaft is firmly attached a horizontal
circular plate of iron. To the support of the socket in which the shaft
is pivoted is fixed another similar and equal plate. The two meet on
their entire circumferences, and their surfaces are made so truly plane
as to form a water-tight joint. But at a little distance within the cir-
cumferences, toward the centre, these plates have an annular cavity, or
broad groove, cut into them in the lathe, which, when they are in contact,
forms a perfectly closed chamber. It suffices that one only of them
should be thus indented. A small perforation through the lower or
fixed plate is connected with a tube which is earried upward to the
hydraulic head, and is put into communication with the water of the
source. The water descending the tube enters the annular chamber
just described, and exerts an upward pressure proportioned to the area
of the ring and the height of the head. The weight of the turbine,
axis, &e., being known, it can easily be calculated what should be the
size of the ring that the weight may be just balanced. The friction on
the pivot will thus be reduced as nearly as possible to zero. If the
hydraulic pressure slightly exceeds the weight it will be all the better,
for, in that case, the opposed bearing surfaces will have a film of fluid
interposed between them, which will prevent wear altogether. The
amount of water escaping through so minute a fissure will at the same
time be so small as to be quite inappreciable.

VIL—AERIAL MOTORS.

The atmosphere presents a source of motive power which, but for its
large and capricious fluctuations, would be made much more generally
subservient than it is in fact to the uses of the industrial arts. Though
not suitable for impelling heavy machinery, its presence everywhere,
which is always a recommendation, makes it in certain circumstances
an invaluable auxiliary to the minor and especially to rural industries.
There are many territories where water powers do not exist, and where
motors driven by artificial heat are not economical except for large man-
ufactures. In such situations the wind performs a service of inappreeci-
able value in superseding the labor of men or animals. It is an objection
to the windmill that it is often idle when its service is most wanted. For
rural industries it will generally be practicable so to arrange work as to
take advantage of the favorable seasons without being too much incom-
moded by the calms; but in case a motive power is required to be at all
times available, the object may be secured by means of a windmill hav-
ing, while in action under favorable circumstances, an excess of power,
which may be used to accumulate a head of water for use in the inter-
mediate intervals.
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The practical problem of applying to use the motive power of the
wind is complicated by the frequently changing direction of the wind
itself. In most windmills the difficulty is met by making the part of the
machinery which constitutes the motor proper rotatory around a verti-
cal axis. This construction involves necessarily a weak point, and affords
opportunity for the exercise of ingenuity in devising means for securing
sufficient strength without greatly adding to the weight or increasing
the friction of the moving parts. The two objects are to a certain extent
incompatible; and it is probable that in general it is only the considera-
tion of cheapness which determines the adoption of a form which had
its origin in the infancy of mechanies.

There were exhibited in the Exposition four windmills in actual oper-
ation, and one in design. Of the four, three were French, and one was
Belgian. The number of sails was different in the different machines,
one having as many as twenty, the others sixteen, eight and six. The
peculiarities of construction which deserve attention are those which
concern the regulation of velocity under varying force of wind.

MAHOUDOU’S WINDMILL,

In the windmill of Mr. Mahoudou, of St. Epain, France, the sails,
which were of canvas and six in number, were attached at the outer
extremity of the arm to a yard possessing a certain degree of flexibility,
but stiff enough to resist the ordinary pressure of the atmosphere, and
to maintain the sail at a determinate angle of inclination. Under: a
higher degree of pressure, the springs, by yielding, reduce the amount
of surface exposed to the wind, in proportion to the excess of pressure ;
and thus serve to maintain a tolerably uniform rate of rotation.

FORMIS'S WINDMILL.

A different contrivance for the same purpose was observed in the
windmill exhibited by Mr. Formis, of Montpellier. In this machine the
sails, which are of canvas, as in the one just described, are attached on
one side to rigid arms; while they are stretched by yards attached by
one end to the arms, at points about half way from the centre, and by
the other to the free angles of the sails. From each of these free angles
a cord is carried to the top of the next following arm, and thence, pass-
ing over a pulley, is continued down the arm to the axis of rotation, and
through this axis, (which is hollow,) lengthwise, to the opposite extrem-
ity, where the whole system of cordsis united, and by means of a suita-
ble joint and lever is connected with a weight which acts as a governor.
It is evident that when the pressure of the wind is sufficient to over-
come the counterpoise, the sails will become more inclined, and will pre-
sent a smaller extent of surface to the wind. The windmill of M.
Formis was provided with eight sails.

THIRION’S WINDMILL,
A more important and more interesting machine of this class was pre-
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sented, however, from Belgium, by Mr. Thirion. In this the sails are
of wood and are from twelve to twenty in number. Each sail is hinged at
two fixed points, one at the foot of the sail and at the axis of rotation,
and the other at about half its length, where it is attached to a fixed
circle, forming part of a framework by means of which the force is to be
transmitted. Another cirele, of the same size as this, and movable in
guides, is attached to the centre of each sail through the medium of con-
necting rods. This circle, by its movement, affects simultaneously the
inclination of all the sails. It may be set, in the beginning, at any incli-
nation at pleasure; after which there can be, during the action of the
machine, no diminution of the inclination ; but in case the wind becomes
violent the inclination will be increased by the effect of a centrifugal
force governor acting on the movable circle.

‘While this contrivance has its merit, the most important and ingen-
ious peculiarity of Mr. Thirion’s windmill consists in a mode, which is
certainly entirely original, of transmitting rotary motion between shafts
which are not in the same direetion, or in parallel directions, without
the use of bevel gearing. It was not employed in the mill exhibited,
but has been in use for a number of years in other mills by the same
constructor. Thisingenious Tig. 35. Fig. 36.
invention is shown in the ;

Figs. 35 and 36 annexed. It
is a spiral formed of a plane
iron, or, rather, steel band,
which is attached at its op-
posite ends to the two shafts
to be connected. The diam-
eter of the spiral will neces-
sarily, in order to secure
sufficient strength, be con- \
siderably larger than that of !
the shaft; and the attach-

ment may be made by means of a- cast-iron cap, having on one side a
socket for the shaft and on the other a flat surface to receive the spiral.
The breadth of the iron band or ribbon which forms the spiral is aboutan -
inch and a half, and its thickness a little more than a quarter of an inch.
The total diameter of the spi-
ral is about one foot. For a
joint of transmission forming

NN NN
a right angle, about fifteen ///?/// L\\\\\(/// \\\\\\\
turns of the spiral will suffice. ///// \ \ // \ %g
The entire spiral may be made
of a single ribbon, or it may be made up, as it has been in some cases,
of a number of parts connected together, as shown in Fig. 37, by tongue

and groove. Experience has proved that this mode of transmission
performs perfectly, without being liable to get out of order or to give

=

Fig. 37. Tig. 38.
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way. Its strength is very considerable, but cannot be indefinitely
increased, since a thickness exceeding that which is adopted would
bring too great a cross-strain on the metal. A number of these joints
have been in operation without accident for several years. The mode
of securing the spiral at its extremity is shown in Fig. 38. After
the end has been riveted to the plate, a cross-bar is fastened below
the rivets, so as to prevent a flexure at the point weakened by drilling.
The windmill of Mr. Thirion, though self-adjusting to the wind, is not-
provided with the ordinary wind-vane. In fact, the sails themselves ful-
fil the usual function of the vane, only that they are no longer, as in
the ordinary construction, presented to the wind on the side of the tower
from which the blast comes; but swing round, so to say, behind the
tower. This part of the structure is therefore merely an open framework.
The weight of the sails is balanced by a heavy counterpoise, and the
whole rotating structure rests on balls, on a circular railway, resembling
in this respect the dome of an astronomical observatory.

MOERATH’S WINDMILL.

The particular windmill which seems, however, to be the most decided
improvement upon past forms of this motor, isthat which was exhibited in
designs by Mr. Moerath, of Vienna, which may be called an aerial turbine.
This is shown in Plate V, Figs. 1, 2,3, and 4, in which Fig. 2 is an eleva-
tion, showing the interior of a circular structure designed to enclose the
wheel carrying the sails. The rotation is horizontal, the wheel turning
round a central axis, shown at L. The form of the wings is exhibited in
Fig. 4, which also shows in plan a series of fixed directrices, a b, ' b’, by
which the currents of the air, coming in the direction indicated by the
arrow, are deflected upon the sails of the windmill. This machine, there-
fore, resembles the turbine of Mr. Thompson, exhibited by Williamson
& Co., the air entering by the circumference and escaping by the centre.

The sails are made of canvas, but their form is determined by the
iron arms or frames to which they are attached. These frames are
secured at top and bottom to two circular plates, which are fixed to the
axis. Beneath the whole there is also attached to the axis a pulley
which, by means of guide rollers, represented at K, (I'igs. 2 and 3,)
maintains it in position. The weight is sustained, and the level more
truly preserved, by means of the rollers S, IFig. 3, themselves resting
by their axes upon the smaller friction-rollers s /. The guiding wheels
K are sustained by brackets from the frame, shown at G in both figures.
The power is applied through conical gearing, as shown at m or «, or in
any other way.

The structure on which the motor rests may be of wood, brick or
stone ; but the chamber in which the wheel is placed is designed to be
constructed of iron, except the roof. Its base H forms a cast-iron
crown, to which are bolted the brackets G, and from which rise verti-
cally, at regular intervals, a series of rolled iron plates, which form the
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directrices for the wind and also the support for the superstructure. It
will be seen, by comparing the positions of the directrices in the plan
with the directions of the arrows, that on the side on which the wind
and wheel move in harmony, the wind can enter until its direction
becomes tangential to the structure ; while on the other side it is cut off
from entering at all, by the overlapping of the borders of the direc-
trices, up to the point where it becomes capable of such a deflection as
to favor rotation. This wheel will, therefore, turn equally well, from
whatever quarter the wind may blow.

The provision made for guarding against excessive velocity of move-
ment in the case of high winds is ingenious. To every one of the
directrices there is attached, on the outside, a shutter, wide enough to
close entirely one of the openings, but pivoted by the middle points of
its extremities, so that instead of closing one opening entirely, it closes
the adjacent halves of the two between which it is placed. Thus, when
all the shutters are closed, they meet each other half-way like the blinds
of windows. Inthe plan, Pl.V,Fig.4, these shutters are seen at d ¢, d’¢’.
In calm or in light winds they stand in the positions in which the figure
represents them. But when the velocity of movement begins to rise
above what is designed to be the limit, they are closed to a -greater or
less extent, by the effect of a self-acting apparatus represented in Iig.
2, and on an enlarged scale in Fig. 1, and through a system of connect-
ing rods shown in Fig. 3. The main axis of rotation D carries a gear
wheel r, which acts on the governor, Fig. 1, through the smaller wheel
7/, secured to the vertical axis of the governor. By the divergence of
the arms of the governor the doubly conical friction wheel y is raised,
and is brought at length to the point where its upper conical surface is
in eontact with the conical wheels Z and 2. The wheel Z is fixed to its
shaft and operates the conical gear wheels t. The wheel z is idle, its use
being merely to equilibrate the pressure. The vertical conical wheel ¢
turns the tangent screw f which rests on the perimeter of a large wheel,
seen dotted in the plan of this part of the machine, I'ig. 3. To this wheel
x are attached a number of rods [, equal to the number of shutters; and
these rods, by their opposite extremities, are fastened by hinge-joints to
the outer extremities of the shutters, severally. Anexamination of the
plan will show that if the wheel 2 be turned from right to left, the shut-
ters will be drawn inward; and if the movement be sufficiently con-
tinued, they will be closed entirely. The action of the wheel Z upon
the wheel # through the tangent screw, turns it from right to left; and
thus by the automatic action of the machine itself the shutters are par-
tially closed and the impelling force diminished. The velocity diminish-
ing, the friction wheel y will descend, and Z will cease to act. If, in
consequence of the reduction of the driving force, the retardation is in
excess, the friction wheel y will descend until it comes into contact with
Z’ and #/, of which the first isnow idle, and the second turns the bevel
wheels ¢, reversing the motion of the gear wheel x, and to a greater or
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less extent re-opening the air passages. There may thus take place a
succession of oscillations of the bevel wheel y, diminishing in extent if
the breeze remains steady, until a permanent adjustment is attained.
But if the wind varies, whether by an increase or a diminution of its
mean velocity, the bevel wheel y will act anew and effect a new adjust-
ment corresponding to the changed velocity. It is not to be understood
that the wheel x will be acted upon in response to every momentary lull
or gust, since the bevel wheel y has a sufficient freedom of movement
between Z and Z to accommodate itself to these, so long as the average
strength of the wind remains unchanged. But if there is a permanent
increase or diminution of the wind force, the necessary correction will
be made with infallible certainty.

The governor can be thrown out of gear with the machine; and if it
is desired to leave the mill at rest, the wheel z, after detaching the
governor, may be turned by hand so as to close the shutters entirely.

It is a great recommendation in favor of this motor, that it has no
such weak point about it as has been mentioned as limiting the useful-
ness or impairing the strength of all the windmills in which the entire
superstructure rotates around a vertical axis in order to present the
sails to the wind. The present machine may possess all the strength of
framework which it is possible to give to a turbine or water wheel.

It is also another and an important recommendation in its favor, that
it is not liable to damage by the most violent storms ; since, as we have
seen, the effect of an increased strength of wind is to cause the shutters
to close in proportion to the degree of the increase, so that when the
violence is excessive they close almost altogether. Observations have
been made of the action of mills of this construction which have been
long in use; and the result is that the rotation is steady, and only
slightly variable in rapidity, no matter how great may be the fluctua-
tions of the wind. In the midst of the most furious gales, the work goes
uniformly on, the wheel maintaining permanently the same mean velocity
to which it was limited in the original adjustment of the governor.

There are large portions of our country in which the windmill is almost
unknown. There are other portions, as in California, where they are
extensively used and where objects of this class frequently strike the
attention of the traveller. They would be undoubtedly much more
generally introduced, if, in their ordinary forms, they were less rude
and more efficient. They adapt themselves admirably to the circum-
stances of sparse settlements, in prairie districts and low alluvial regions,
where streams are few and sluggish, where fuel is costly, and where the
population, chiefly engaged in the cultivation of the soil, and living in com-
parative isolation from each other, find the conversion of their grains
into flour and meal for domestic uses a serious tax upon both their time
and their means. To such, the mills of Mr. Moerath, which are said not
to be expensive, (the cost was not given,) would be extremely serviceable;
while for many other light industries, such as the grinding of paints and
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drugs, or the elevation of water for irrigation, for drainage, or for the
ordinary uses of life, they are perfectly well adapted, and are probably
in point of economy as cheap as any description of motor which could
be provided for the same work,

VIL—ELECTRO-MAGNETIC ENGINES.

Several machines operated by the power of electro-magnetism made
their appearance in the Exposition. Without counting the considerable
number designed for purposes of demonstration, or intended only to
serve as philosophic toys, there were present a number which had been
constructed with a serious industrial object. It has been long since
generally considered as settled, that motive power can only be obtained
by means of electro-magnetic combinations at an expense which forbids
the employment of such a power upon a large scale; but for many minor
purposes in which the consideration of cost is unimportant, the con-
venience of application of this power has secured for it an acceptance
which is becoming every year more general. The extensive introduction
into families of the sewing machine has created a special demand for
small powers; and it is here that the electro-magnetic engine finds a
field of usefulness to which it is peculiarly adapted.

CAZAL’S ELECTRO-MAGNETIC ENGINE.

One of the machines presented in the Ixposition, the invention of
Mr. J. H. Cazal, of Paris, is expressly designed for this purpose, and has
received from the jury the distinction of an honorable mention.

This is exceedingly compact, and as it takes the place and has the
appearance of the fly-wheel of the common machine, it adds nothing to
the weight or to the seeming complication. It is formed of a thick disk
of soft iron, cut into the shape of a gear-wheel ; a deep groove being after-
wards cut down in the middle of the circumference, which is wound
with insulated wire. The ends of the wire are soldered to insulated
thimbles, which, by means of tangent-springs, introduce the battery
current in the usual way. Surrounding this magnetic wheel is a heavy
iron ring insulated on its interior surface in a manner to present eleva-
tions corresponding to the teeth or salient points of the wheel. This
ring is fixed and the whole apparatus is more or less concealed by a neat
annular metallic envelope. When the teeth of the wheel pass before
the prominent parts of the surrounding ring, there is a near approach to
contact, and the attraction is strong. When these teeth are half-way
between those points, the opposite attractions are balanced. At the
moment of nearest approach the currentis arrested; it is renewed again
at the intermediate position. In the interval, while the current is not
flowing, the magnetic wheel maintains the motion in the manner of a
fly-wheel.
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BIRMINGHAM, COMPANY’S ELECTRO-MAGNETIC ENGINE.

Another motor of this class is exposed in the British section by the
Electro-Magnetic Company of Birmingham. In none of the electro-
magnetic machines produced of late years does there seem to be much
of originality. In fact there does not appear to be room for much. The
efforts of inventors are bounded, and must be so, to the endeavor, by
varying the combinations of the parts, to secure the largest amount of
motion with the smallest differences of distance between the attracting
or repelling poles.

The engine of the Birmingham company has four sets of tixed electro-
magnets of the U or horse-shoe form, two sets at each end of an oscillat-
ing beam by which the power is to be utilized. The magnets of each set
are arranged in two tiers, one above the other. The armatures of these
several magnets are carried by rods depending from the ends of the
beam; but the rods pass freely through these armatures without being
fastened to them. When, therefore, an armature, in the descent of the
rod, comes into contact with the magnet to which it belongs, the rod
continues its motion and leaves the armature resting there. In the
return motion the rod lifts the armature again, by means of a collar or
enlargement which has been given to it at the place intended. Rach
armature has thus its collar, and these several collars have been so fixed
upon the suspended rods, that the armatures reach the faces of their
respective magnets successively, and no two at the same time.

In the action of the machine, the battery current actuates the magnets
on the side of the descent; while on the other side the current is cut off.
The machine acts therefore only by attraction. The armatures are of
soft iron. As these armatures approach their magnets successively, it
will happen that whenever one becomes inefficient, by coming into con-
tact with its magnet, the next will be in position to exert a very high
attractive force. And this force inereases until this next makes contact
with its magnet in like manner. On the whole it may be said of this
machine that it presents what may be called a judicious arrangement of
parts, but contains nothing which is new and nothing which can prop-
erly be called ingenious.

KRAVOGL'S ELECTRO-MAGNETIC ENGINE.

In the Austrian section appeared an electro-motor by Kravogl, which
by its compactness, and by the great energy which it seemed to manifest
within small space, excited much interest, but the construction was
totally, and it might be said ingeniously, concealed; and neither the
exhibitor nor any representative of his was present to give any informa-
tion in regard to it. On attaching the battery it was instantly set in
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motion, but this fact was the only evidence presented of the character
of the machine, since no electro-magnet was visible.

1 Since this report was written, the following description of the machine above mentioned
has appeared in a report on the electro-dynamic apparatus of the Exposition, made by
Robert Sabine, Esq., of the British Commission :

¢ A new construction of electro-motor is shown by M. Kravogl, of Innsbruck, in which
a hollow heavy wrought-iron wheel is rotated by means of a permanent magnet creeping up
inside it. In principle the apparatus resembles exactly a tread-mill. Inside the outer case
of iron in the centre of the section is a circular tube of brass, and in the annular space
between the two tubes three coils of insulated wire are wound at right angles to the tangents
of the periphery and connected with contacts properly placed at the axis. Inside the interior
brass tube ot ring is a magnet carried on anti-friction wheels, and occupying, perhaps, one-third
of the whole circle. When a current is sent through the wire swrrounding the magnet, the
latter is deflected, or creeps up the ring on one side or the other according to the direction of
the current, and by doing so displaces the centre of gravity of the whole system towards
that side. In consequence the wheel must turn slightly on its axis to compensate this dis-
placement. But while it does so the magnet creeps up still further, so that the wheel acquires
a continuous rotatory motion. There is very little friction in this machine, and it is proba-
bly one of those in which the equivalent of mechanical force, gained by an expenditure of
an unit of current, would be found the highest. This is not saying much, however, for in
the best constructed machine this found value must fall far short of the theoretical equiva-
lent.”

From this statement it appears that whatever may be the coefficient of effective force in
Mr. Kravogl’s machine, the absolute amount of work which it is capable of performing must
always be extremely limited ; since at maximum it cannot exceed the weight of the magnet
lifted through a space equal to that deseribed by a point in the periphery of the wheel taken
at the mean distance of the magnet from the centre of motion. In the machine exhibited,
the magnet, though of course concealed from observation, could not, from the visible dimen-
sions of the apparatus, have exceeded a pound or two in weight. To construct a machine
on this principle, of any considerable power, it would be necessary very greatly to enlarge
these dimensions.
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GENERAL OBSERVATIONS.

Next in importance to the creation of a new motive power may be
placed any material improvement in the methods of making available
the powers which we have. Nature often furnishes us with such powers
in abundance in situations where they cannot be conveniently converted
to use. The positions of waterfalls are determined by geographical acei-
dents. These do not always conspire with the canses which promote the
growth of towns and the development of industries. If it were possible
to transfer the immense forces which are thus unprofitably expending
themselves to points where there are hands to direct them, and material
on which to employ them, they might be made productive of incalculable
wealth, which is now lost, and of immeasurable benefit to mankind, which
fails at present to be realized.

It is even the case not only with natural but with artificial motors that
it is sometimes convenient, and sometimes, indeed, necessary, to apply
the power which they furnish at a distance from the source. The exca-
vation of the tunnel under the Alps furnishes just now an example of
this description. The drainage of mines and the raising of minerals from
their depths furnishes another. In Russia, in the year 1864, the great
government manufactory of gunpowder at Okhta was destroyed by a
frightful explosion. In the reconstruction of the works it was determined
by the minister of war, on the suggestion of General Constantinoff, to
erect the several buildings at such a distance from each other that the
explosion of one of them should not involve, as happens usually in such
cases, the ruin of all the rest. This new manufactory, which has gone
into operation during the present year,'is composed of thirty-four differ-
ent workshops or laboratories, to which motive power is transmitted from
three turbines, of a total force equal to two hundred and seventy-four

1 The delay in the publication of this report makes it necessary to remark that the state-
ment in the text relates to the year 1867.
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horse-power, along a line nearly a mile in length. Considerations of
safety may in like manner often make it desirable to separate by a con-
siderable interval an operation of ordinary industry from the prime
mover on which it depends.

Hitherto, in most cases in which such a transmission of power to a
distance has been attempted by mechanical means, the losses necessarily
incurred have been enormous. Indeed, beyond a certain quite moderate
distance, the fraction of the whole fome available at the point of appli-
cation becomes too small to compensate the expense and trouble of the
operation, and the undertaking is left unattempted. In the great water-
engine at Huelgoat, of which mention has already been made, the trans-
mission of the power is as direct as possible, and is reduced to the last
degree of simplicity, and yet so cumbrous are the connections that a force
of fifty horse-power is consumed in merely giving motion to the machine
without any load. A similar example, but on a comparatively small
scale, may be seen at Niagara Falls, near the suspension bridge. In this
place there is a gorge through which the waters of the river are forced
with an abundance of wasted power sufficient to turn all the machinery in
the world. But this power is expending itself between two precipitous
cliffs three hundred feet deep. No fraction of it can be turned to use with-
out being first lifted perpendicularly upward through this greas interval.
For the most part, therefore, it has been allowed to run to waste.

An attempt has been made, nevertheless, to draw from it the insig-
nificant amount of power necessary to drive a saw-mill on the brink of
the precipice, and for this purpose a waterwheel has been established at
the river’s edge, and connected with the saw-mill by means of several
long iron rods. These rods are jointed that they may follow the irregu-
larities of the face of the precipice, and receive the support and guidance
of stays attached to the rock. The object to be accomplished in this case
is small, and the power is abundant, so that a little more or less of waste
is a matter of no consequence; but thls renders the example morestriking,
since the power required to move the apparatus of transmission cannot
be less than that which is needed to drive the mill.

The great charge upon the prime mover which these cumbrous modes.
of transmission entail restricts within narrow bounds the extent to which
they can be employed. A discovery which shall greatly enlarge these-
limits cannot but prove to be an inestimable benefit to the world. By
bringing into use, and employing to give activity to industry, forces
which must otherwise be wholly and permanently unavailable, such an
invention is practically a creation of force.

HIRN’S TELODYNAMIC CABLE.

An invention of this kind is presented in the present Exposition,
originating with Mr. C. F. Hirn, of Logelbach, on the Rhine. It rests
upon a very simple principle, the substitution of velocity of motion
for mass of matter moved. No truth is more familiar than that a given

914
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force may be equally represented by a heavy body moving slowly, or a
light one moving rapidly. With a smart blow from a light hammer we
may easily erush a pebble, while a gentle blow from a very heavy one
may produce no effect. In the machine called thewheel and axle a small
weight acting on the wheel may raise a large one suspended from the
axle through a given space in a given time; but a still smaller one at the
wheel will do the same work, provided the size of the wheel be sufficiently
enlarged and the velocity of its circumference correspondingly increased.

In the attempts which have hitherto been made to transmit power to
distances, it has been the ordinary working velocity of the prime mover
which has been transferred from the source to the point of application.
In this form we have seen that force is not advantageously transmissible.
It was a simple idea, but one truly ingenious, and fertile of admirable
results, to transform this power into a shape in which, while it should
not be directly applicable to the uses for which it is required, it should,
nevertheless, possess the property which it did not possess before, of
transportability.

Itis this transformation which is the essential part of Mr. Hirn’s inven-
tion. The motor is made to give a high velocity to a pulley wheel, and
this wheel is employed to carry a cable which passes over another pulley
at the point where the power is to be applied to use. The cable may be
light in proportion as the velocity with which it travels is greater.
Theoretically there is no limit to the extent to which this transformation
may be carried. A hair or a spider web, if it move fast enough, may
convey the force of a thousand horses. Grant that the velocity may be
made equal to that of light, and a quantity of matter in the cable wholly
inappreciable to the senses will suffice for the same purpose. But
there is a practical limit to the velocity with which a pulley can be run,
and the cable must have strength to overcome the inertia of the pulleys
and the passive resistances of friction on the pivots and of the air.
Happily the object in view may be sufficiently attained without tran-
scending the limits here indicated.

The invention thus described, when first presented to the mind, seems
easy enough of application. Great difficulties were, nevertheless, encoun-
tered by the inventor in reducing it to practice. The cable, though light,
requires, when the distance is considerable, to be supported at inter-
mediate points. Tor this purpose smaller pulleys are introduced at
intervals of about one hundred and fifty metres. The cable itself is
of wire, about one centimetre in diameter, the extreme pulleys four
metres, and the intermediate ones half as large. The great pulleys
are driven with a velocity of from one hundred to one hundred and
fifty revolutions per minute, or from fifty to seventy-five miles an
hour at their circumferences. The smaller must, of course, make twice
as many revolutions. In the earlier experiments the wear of the mate-
rial was found with this rapidity of motion to be enormous. Continual
failure was the consequence. One after another different kinds of wood
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and different metals were successively tried in the construction of the
pulleys. But though their surfaces were made as smooth as possible
they rapidly destroyed the cable. They were then covered with leather,
with India-rabber, and with other yielding materials, but the cable
destroyed these coatings still more rapidly. The substance which was
found at last to answer the purpose, and to present a surface, which,
without being worn itself, should not wear the cable, was gutta-percha.
This is driven compactly into a groove enlarged at the bottom in order
to secure it firmly to the wheel, and it has been found so durable that,
after a period of seven years use, it still remains sensibly unaltered.
The series of experiments which resulted finally in this success extended
from 1852 to 1860. In estimating the credit due to the inventor, this
perseverance, under discouragements so numerous and protracted, will
not be regarded as the least of his merits.

Plate IV will serve to render the general description above given of
the telodynamic cable more clear. In Fig. 1 the position of the prime
mover is at the extreme left, and that of the receiving station at the
right. In this view there are presented two intermediate pairs of pulley
supports. Iig. 2 shows the transmission over an eminence intervening
between the source of power and the point of application.

The receiving pulley must run, of course, with the same velocity as the
transmitting pulley, and as this last has attained its excessive speed of
rotation by means of a train of acecelerating wheels, connected by bands
or gear work, so at the point of application the veloeity must be reduced
again by a corresponding train retarding.

In Fig. 4 a, and Fig. 4 b, are shown upon a larger scale the arrange-
ments of the pulleys of the intermediate or supporting stations. The
wheels are made as light as is consistent with strength, not only for the
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